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Introduction

This book is designed to fill the need for a concise, basic book for
those who are in need of acquiring practical information on the
installation, operation, and servicing of air-conditioning equipment
in the home, as well as in the commercial and industrial applications.
The subject is presented in a simple non-technical language, yet the
treatment is sufficiently complete to enable the reader to diagnose
and correct troubles that may occur from time to time.

The material in this book has been carefully organized to pro-
vide a practical understanding of the construction, operation, and
fundamentals so important to diagnosing operating faults in an air-
conditioning system. A complete description of the purpose and
function of each operating component, along with a full coverage
of refrigerants used in various applications, is included.

Each chapter is fully illustrated. Numerous troubleshooting
charts will assist the operator or service technician in the proper
diagnosis and prompt repair procedure to use when a malfunction
occurs.

xxiii
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Chapter 1
Air-Conditioning Fundamentals
Air conditioning may be defined as the simultaneous control of all
(or at least the first three) of those factors affecting both the physical
and chemical conditions of the atmosphere within any structure.
These factors include temperature, humidity, motion, distribution,
dust, bacteria, odors, and toxic gases, most of which affect human
health and comfort to a greater or lesser degree.

Air that has been properly conditioned has had one (or a combi-
nation) of the foregoing processes performed on it. For example, it
has been heated or cooled; it has had moisture removed from it (de-
humidified); it has been placed in motion by means of fans or other
apparatus; and it has been filtered and cleaned. These processes may
be placed in the following order for ready reference:

1. Heating.
2. Cooling.
3. Humidifying.
4. Dehumidifying.
5. Circulating.
6. Cleaning and filtering.

The impression prevailing in many instances is that refrigerating
or heating equipment cools or heats a room. This is only partly true
since all the work performed by the equipment is on the air within
the room, not on the room itself. In this connection, it is good to
remember that air is only a vehicle or conveyance used to transport
heat and moisture from one point to another. Air is a tangible item,
and every cubic foot of air surrounding a person has a certain weight,
depending on its temperature, the amount of moisture it is carrying,
and its altitude above sea level.

Properties of Air
Air is a mixture made up primarily of two gases, being approx-
imately 23 parts oxygen and 77 parts nitrogen by weight. Other
gases in air include carbon dioxide, carbon monoxide, ozone, neon
(in small quantities), and certain gases that are of no particular in-
terest in the field of air conditioning.

Ozone is produced by sparks around electrical equipment and
by the discharge of atmospheric electricity or lightning. Neon is
a gas in its normal form and is used in signs for advertising.

1
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2 Chapter 1

Carbon monoxide is not present in the atmosphere except in con-
gested motor traffic. It is dangerous, being produced by the incom-
plete combustion of carbon. It is also given off by stoves, furnaces,
and cigarettes. Air containing carbon monoxide in excess of 1/10 of
1 percent is fatal to human beings.

Oxygen, the most important constituent of air, constitutes about
one-fourth of the air by weight and one-fifth of the air by volume,
and on it depends the existence of all animal life. Nitrogen is a
relatively inert gas whose principal function is to dilute oxygen.

Air Circulation
Air-conditioning equipment must circulate a sufficient volume of air
at all times for two main reasons:

� The air must be constantly moving to carry away the mois-
ture and heat immediately surrounding the body. If this is not
done, the occupants soon become uncomfortable, even though
the relative humidity of the room as a whole is comparatively
low.
� The air must be constantly drawn into the conditioner and

passed out over the cool evaporator so that the moisture it
absorbs from the room may be condensed and eliminated
through the drain.

Although the movement of a sufficient volume of air at all times is
most essential, direct drafts must be prevented. The condensation of
moisture on the evaporator surface during summer operation pro-
duces a measure of cleaning because this moisture absorbs a con-
siderable amount of impurities from the air passing over the moist
evaporator surfaces. As the condensation of moisture continues, it
drips off the evaporator and is carried off to the drain, taking the
impurities with it. For very dirty air, special provision must be made
by installing air filters.

Cleaning and Filtering
There are numerous air-cleaning and filtering devices on the market.
Such devices serve to eliminate particles carried in the air that are
detrimental to health and comfort and that cause property damage.
These may be classified as dust, fumes, and smoke. Dust and fumes
will settle in still air, whereas smoke is actuated by motion rather
than by gravity and, if not removed, will remain in motion in the air.

Air washing is effective in removing dust and fumes such as smoke
because they are soluble in water, but carbons, soot, and similar
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Air-Conditioning Fundamentals 3

substances are not removed by this method of cleaning. Dry and
viscous filters have been developed to make it possible to cleanse air
of these substances. To fulfill the essential requirements of clean air,
an air cleaner should have the following qualifications:

� It should be efficient in the removal of harmful and objection-
able impurities in the air (such as dust, dirt, pollens, bacteria,
and so on).
� It should be efficient over a considerable range of air velocities.
� It should have a large dust-holding capacity without excessive

increase of resistance.
� It should be easy to clean and handle, or be able to clean itself

automatically.
� It should leave the air passage through the filter or cleaner

free from entrained moisture or charging liquids used in the
cleaner.

Basic Information
To obtain a clear concept of the functioning of air-conditioning sys-
tems, you must understand the physical and thermal properties un-
derlying the production of artificial cold. Since air conditioning deals
largely with the problem of removal of heat from a room or space,
the following definitions should be understood.

Heat Transfer
First, it should be noted that heat is an active form of energy, much
the same as mechanical and electrical energy. Heat may be trans-
ferred by three methods: conduction, convection, and radiation.

� Conduction is heat transfer that takes place chiefly in solids,
wherein the heat is passed from one molecule to another with-
out any noticeable movement of the molecules.
� Convection is heat transfer that takes place in liquids and

gases, where the molecules carry the heat from one point to
another.
� Radiation is heat transfer in wave motion (such as light and

radio waves) that takes place through a transparent medium
without affecting that medium’s temperature. An illustration
of this is the sun’s rays passing through air. The air temperature
is noticeably affected. Radiant heat is not apparent until it
strikes an opaque surface, where it is absorbed and manifests
itself in a temperature rise.
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4 Chapter 1

Sensible Heat
Sensible heat is that form of heat that causes a change in the temper-
ature of a substance. This heat can be measured by a thermometer.
For example, when the temperature of water is raised from 32◦F to
212◦F, an increase in the sensible-heat content is taking place.

Specific Heat
The British thermal unit (Btu) required to raise the temperature of
one pound of a substance 1◦F is termed its specific heat. (The Btu
is discussed later in this chapter.) By definition, the specific heat of
water is 1.00, but the amount of heat required to raise the temper-
ature of various substances through a given temperature range will
vary. Since water has a very large heat capacity, it has been taken
as a standard; and since 1 pound of water requires 1 Btu to raise
its temperature 1◦F, its rating on the specific heat scale is 1.00. Iron
has a lower specific heat—its average rating is 0.130; ice is 0.504,
and air is 0.238. The more water an object contains (as in the case
of fresh food or air), the higher the specific heat.

Latent Heat
Latent heat (meaning hidden heat) is a form of heat that causes a
substance to change its physical state from a solid to liquid, a liquid
to vapor, or vice versa. For example, when a liquid is evaporated to
a gas, the change of physical state is always accompanied by the ab-
sorption of heat. Evaporation has a cooling effect on the surround-
ings of the liquid since the liquid obtains from its surroundings the
necessary heat to change its molecular structure. This action takes
place in the evaporator of an air-conditioning system. Any liquid
tends to saturate the surrounding space with its vapor. This prop-
erty of liquids is an important element in all air-conditioning work.

On the other hand, when a gas is condensed to a liquid, the
change of physical state is always accompanied by the giving up
of heat. This action takes place in the condensing unit of an air-
conditioning system because of the mechanical work exerted on the
gas by the compressor.

Latent Heat of Fusion
The change of a substance from a solid to a liquid, or from a liquid
to a solid, involves the latent heat of fusion. One pound of water at
a temperature of 32◦F requires the extraction of 144 Btu to cause it
to freeze into solid ice at 32◦F. Every solid substance has a latent-
heat value in varying degrees, and that amount required to convert
it, or bring about a change of state, is termed the latent heat of
fusion. This heat, assimilated or extracted, as the case may be, is not
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measurable with a thermometer because the heat units are absorbed
or expanded in intermolecular work, separating the molecules from
their attractive forces so that a change of state is effected.

Latent Heat of Evaporation
The change of a substance from a liquid to a vapor or from a vapor
back to a liquid involves the latent heat of evaporation. Careful
measurements have determined that the conversion of 1 pound of
pure water at 212◦F to steam at 212◦F requires 970 Btu when carried
out at the normal pressure of the atmosphere encountered at sea
level. If heat is added and a count is kept of the Btu expended, it will
be found that when all the water has been changed to steam, 970
heat units will have been used. The further addition of heat would
serve only to heat the steam, such as would be possible if it had been
trapped or the experiment performed in a closed vessel so that heat
could be applied to it.

Superheat
Superheat is a term used frequently, especially for refrigerant control
adjustment. Superheat is sensible heat absorbed by a vapor or gas
not in contact with its liquid, and consequently it does not follow the
temperature–pressure relationship. Therefore, superheat is sensible
heat absorbed by the vapor raising the temperature of the vapor or
gas without an appreciable change in pressure.

A gas is usually considered a vapor in a highly superheated state,
or a vapor not near its condensing point. Water in the air that is close
to the condensing point is termed water vapor. Inasmuch as super-
heat is sensible heat, its effect can be measured with a thermometer
and is merely the temperature rise in degrees Fahrenheit. Therefore,
a 10◦F superheat means a vapor that has absorbed sufficient heat
to raise the vapor temperature 10◦F above the temperature of the
vaporizing liquid.

Pressure–Temperature Relationship
Extensive investigation of gases and their behavior has shown that a
given weight expands or contracts uniformly 1/459 of its original vol-
ume for each degree it is raised or lowered in temperature above or
below 0◦F, provided the pressure on the gas remains constant. This
fact is known as the law of Charles. Following this same reasoning,
assume −459◦F as absolute zero.

Actually, this temperature or condition has never been attained.
The law of conservation of matter states that matter can be neither
created nor destroyed, although it can be changed from one form
into another. Temperature within a few degrees of absolute zero
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has been reached by liquefying oxygen, nitrogen, and hydrogen, but
these (like other gases) change their physical state from gas into
liquid and fail to disappear entirely at these low temperatures. The
fact that absolute zero has never been reached is also explained by
another law, known as the law of conservation of energy. It has
already been explained that heat is a form of energy. This law states
that energy can be neither created nor destroyed, although it can be
changed from one form into another.

Having considered the effect of temperature on a gas, the next
step is the effect of pressure on gases to aid the study of refrigeration.
In 1662, Robert Boyle announced a simple relation existing between
the volume of a gas and the pressure applied to it, which has since
become known to scientists as Boyle’s law:

At constant temperature, the volume of a given weight of gas
varies inversely as the pressure to which it is subjected. The
more pressure applied to a gas, the smaller its volume becomes
if the temperature remains the same; likewise, if the pressure
is released or reduced, the volume of the gas increases.

Mathematically, this might be expressed:

P × V = p × v

where P is the pressure on the gas at volume V , and p is the pressure
on the same weight of gas at volume v.

Boyle’s law has been found to be only approximately true, espe-
cially for the refrigerant gases, which are more easily liquefied. The
variations from the law are greater as the point of liquefaction or
condensing of any gas is reached, although the material movement
of air is determined by this law. It will be found that if the temper-
ature is held constant and sufficient pressure is applied to a given
weight of gas, it will change from the gaseous state into the liquid
state. The point at which this change of state takes place is known
as the point of liquefaction or condensing.

There is a definite relationship existing between the pressure, tem-
perature, and volume at which a given weight of gas may exist. The
relationship is used extensively in scientific work and is known as
the combined law of Boyle and Charles. It may be expressed math-
ematically as follows:

P × V
T

= p × v
t

where P and p are expressed in the absolute pressure scale in pounds
per square foot; V and v are expressed in cubic feet; and T and
t are expressed in degrees on the absolute-temperature scale.
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When the pressure, temperature, or volume of a gas is varied,
a new set of conditions is created under which a given weight of
gas exists in accordance with the preceding mathematical equation.
If a gas is raised to a certain temperature (which varies with each
individual gas), no matter how much pressure is applied to it, it
will be found impossible to condense. This temperature is known as
the critical temperature. The pressure corresponding to the critical
temperature is termed the critical pressure. Above the critical points,
it is impossible to vaporize or condense a substance.

Measurements and Measuring Devices
The instrument commonly used for measuring temperature is known
as the thermometer, which operates on the principle of the expan-
sion and contraction of liquids (and solids) under varying intensities
of heat. The ordinary thermometer charged with mercury operates
with a fair degree of accuracy over a wide range. It becomes use-
less, however, where temperatures below −38◦F (38 degrees below
zero Fahrenheit) are to be indicated, because mercury freezes at this
point; and another liquid, such as alcohol (usually colored for easy
observation), must be substituted. The upper range for mercurial
thermometers is quite high (about 900◦F) so it is at once apparent
that for ordinary service and general use the mercury thermometer
is usually applicable.

Thermometer
In operation, the thermometer depends on the effect of heat on the
main body of mercury or alcohol that expands or contracts in a bulb
or reservoir. This action raises or lowers the height of the liquid in the
capillary tube forming the thermometer stem. Several thermometer
scales are in existence and are used in various countries. The English
(or Fahrenheit) scale is commonly used in the United States, the
Celsius in France, and the Reamur in Germany. Since the Celsius
scale is so widely used in scientific work in all countries, an illustra-
tion of the comparison of thermometers is shown in Figure 1-1 so
that any one scale may be converted to another. The freezing point
on the Fahrenheit scale is fixed at 32◦, and on both the Celsius and
Reamur scales it is placed at 0◦. On the Fahrenheit scale, the boiling
point of pure water under the normal pressure encountered at sea
level is 212◦; on the Celsius scale, it is 100◦; and in the case of the
Reamur, it is 60◦.

If it is desired to convert 50◦ Celsius to Fahrenheit, the method
would be in accordance with the following formula:

◦F = 9/5
◦C + 32



P1: GDZ/FFX P2: GDZ/FFX QC: GDZ/FFX T1: GDZ

GB076-01 GB076-Miller-Sample July 14, 2004 22:26 Char Count= 0

8 Chapter 1

212°
210
200
190
180
170
160
150
140
130
120
110
100
90
80
70
60
50
40
32°
25
20
10
0°

100°

90°

80°

70°

60°

50°

40°

30°

20°

10°

0°

18
0 

DI
VI

SI
ON

S

10
0 

DI
VI

SI
ON

S

BOILING POINT OF WATER

FREEZING POINT OF WATER

FAHRENHEIT CELSIUS

TO CONVERT DEGREE
CELSIUS TO DEGREE

FAHRENHEIT USE FORMULA:
F = 9/5C + 32

TO CONVERT DEGREE
FAHRENHEIT TO DEGREE
CELSIUS USE FORMULA:

C = 5/9 (F – 32)

Figure 1-1 Relationship between Fahrenheit and Celsius temperature
scales.

Therefore,

50 × 9/5 + 32 = 122◦F

Or, using a calculator, it becomes

50 × 1.8 + 32 = 122◦F (since 9/5 = 1.8)

To convert 50◦F to Celsius:
◦F = 5/9 × (◦C − 32), or 0.5555555 × ◦C − 32

Therefore,

0.5555555 × 50 − 32 = 10◦F (since 5/9 = 0.5555555)

Barometer
The barometer is an instrument for the measurement of atmospheric
pressure. In its earliest form, it consisted simply of a glass tube some-
what in excess of 30 inches in length filled with mercury. This tube
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was inverted in a cup partially filled with mercury, as shown in
Figure 1-2. The height of the mercury column in the tube is a mea-
sure of the existing atmospheric pressure.

MERCURY TUBE

760 MM
29.92 IN

ATMOSPHERIC PRESSURE

MERCURY BOWL

Figure 1-2 Method of obtaining barometric pressure.

Standard atmospheric pressure at sea level is 29.921 inches of
mercury. Most of the pressure gages used in engineering calculations
indicate gage pressure, or pounds per square inch (psi). Barometer
readings may be converted into gage pressure by multiplying inches
of mercury by 0.49116. Thus, if the barometer reads 29.921 inches,
the corresponding gage pressure equals 0.49116 × 29.921, or
14.696 psi. Table 1-1 is a convenient conversion table based on the
standard atmosphere, which, by definition, equals 29.921 inches of
mercury (in Hg), or 14.696 psi.

Sling Psychrometer
Relative humidity is measured by an instrument known as the sling
psychrometer, which uses two mercury thermometers mounted side
by side (see Figure 1-3). One of the thermometers is the same
type used to measure the temperature of the air; it is called the
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Table 1-1 Atmospheric Pressure for Various
Barometer Readings

Barometer (in Hg) Pressure (psi) Barometer (in Hg) Pressure (psi)

28.00 13.75 29.75 14.61
28.25 13.88 29.921 14.696
28.50 14.00 30.00 14.74
28.75 14.12 30.25 14.86
29.00 14.24 30.50 14.98
29.25 14.37 30.75 15.10
29.50 14.49 31.00 15.23

dry-bulb thermometer. The other, called the wet-bulb thermometer,
has a small wick saturated with water attached to its bulb. If the air
is dry (less humid), the evaporation from the saturated wick will be
faster and consequently the temperature will be lower.

Pressure Gages
Pressure gages, as the name implies, are used for pressure measure-
ments on refrigeration systems as a means of checking performance.
Gages for the high-pressure side of the system have scales reading
from 0 to 300 pounds per square inch gage (psig), or for higher pres-
sures, from 0 to 500 psig (Figure 1-4). Gages for the low-pressure
part of the system are termed compound gages since their scales
are graduated for pressures above atmospheric pressure in pounds
per square inch gage and for pressures below atmospheric pressure
(vacuum) in inches of mercury. The compound gage is calibrated
from 30 inches of vacuum to pressures ranging from 60 to 150 psig,
depending on gage design.

British Thermal Unit
The unit of measuring the quantity of heat is the British thermal unit
(Btu) and is the heat required to raise the temperature of 1 pound
of pure water (at its greatest density) 1◦F.

Refrigeration Capacity Measurements
The cooling effect is measured by a unit known as a ton of refrig-
eration. A ton of refrigeration is obtained when 1 ton (2000 lb) of
ice at 32◦F is melted to water at 32◦F in 24 hours. If it is remem-
bered that the latent heat of fusion is 144 Btu/lb, it follows that
the ton represents a unit cooling effect of 144 × 2000, or 288,000
Btu/24 hr, 12,000 Btu/hr, or 200 Btu/min. Thus, for air-conditioning
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Figure 1-3 Sling psychrometer. Note the thermometers plus a slide
rule for obtaining relative humidity.
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calculation, the size of the required condensing unit (expressed in
tons) can be obtained by dividing the heat gain of the structure
(expressed in Btu/hr) by 12,000. The foregoing may be written as
follows:

Refrigeration (in tons) = Btu/hr heat gain
12,000

Summary
Factors affecting both physical and chemical conditions of the atmo-
sphere are temperature, humidity, motion, distribution, dust, bac-
teria, odor, and toxic gases. Air is a mixture of two gases: oxygen
and nitrogen. There are still other gases in the air, such as carbon
dioxide, carbon monoxide, ozone, and neon in small quantities. The
air must be constantly moving to carry away the moisture and heat.

Air filters are used to eliminate particles of dirt or dust carried in
the air that are detrimental to health and comfort. Water filters are
effective in removing dust and some fumes and smoke, but carbon
and soot are not removed by this method. Dry filters and electronic
filters make it possible to clean the air of most harmful dust and
pollen.

Heat is an active form of energy much the same as mechanical
and electrical energy. Heat is transferred by three methods: con-
duction, convection, and radiation. Conduction means the flow of
heat through a solid substance (such as iron). The transfer of heat by
convection means the carrying of heat by air rising from a heated sur-
face. Radiation takes place in the absence of matter, as in the passage
of heat through the vacuum inside the bulb of an incandescent lamp.

Sensible heat is a form of heat that causes a change in the tem-
perature of a substance. Specific heat is the Btu required to raise
the temperature of one pound of substance one degree Fahrenheit.
Latent heat is the form of heat that changes the physical state of a
substance, such as solid to liquid or liquid to a vapor. Latent heat
of fusion is the point at which a substance changes from a solid to
a liquid or from a liquid to a solid.

Latent heat of evaporation is the point at which a substance
changes from a liquid to a vapor or from a vapor back to a liq-
uid. It takes 970 Btu to change 1 lb of pure water at 212◦F to steam
when atmospheric pressure is at sea level. Superheat is sensible heat
absorbed by a vapor or gas not in contact with its liquid and con-
sequently does not follow the temperature–pressure relationship.

A thermometer is an instrument used for determining the temper-
ature of a body or space. The barometer is an instrument used for
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measuring the atmospheric pressure. Standard atmospheric pressure
at sea level is 29.921 in Hg, or 14.696 psi.

Review Questions
1. Name the three most important factors that affect human

health and comfort.
2. What factors besides heating and cooling are necessary in an

air-conditioning system?
3. What are the chemical constituents of air?
4. Why is air movement a necessary part of air conditioning?
5. What are the devices used for cleaning and filtering air?
6. What are the three principal methods by which heat may be

transferred through space?
7. If the specific heat of water is taken as 1.00, what is the specific

heat of iron?
8. How does latent heat affect the change of state in various

substances?
9. What is meant by “the latent heat of evaporation”?

10. What is superheat?
11. State the relations between pressure, temperature, and volume

for a given weight of gas.
12. How many Btus are required to convert 1 pound of water at

32◦F to 1 pound of ice at the same temperature?
13. Define the law of conservation of matter.
14. Define Boyle’s law.
15. State the relations between the various temperature scales.
16. What instrument is commonly used for measurement of

atmospheric pressure?
17. State the relations between absolute and gage pressure.
18. What is a British thermal unit?
19. What is a ton of refrigeration, and what is the Btu equivalent?
20. What is the old name used for degrees Celsius?
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Chapter 2
Psychrometry
Psychrometry is that branch of physics relating to the measurement
or determination of atmospheric conditions, particularly regarding
the moisture mixed with air. In calculations of all air-conditioning
situations, you should understand that the dry air and water vapor
composing the atmosphere are separate entities, each with its own
characteristics. This water vapor is not dissolved in the air in the
sense that it loses its own individuality, but merely serves to moisten
the air.

Air and Water-Vapor Mixtures
Water vapor is a gaseous form of water at a temperature below
the boiling point of water. It is the most variable constituent of the
atmosphere. At certain temperatures and barometric pressures, it is
extremely unstable in either gaseous or liquid form. This is evident
by the formation and disappearance of clouds and fog. Water vapor
constitutes about 3 percent of the total air by volume in hot, humid
weather, and about 1/5 of 1 percent of total air by volume in dry,
cold weather. Water vapor is actually steam at very low pressure.
Hence, its properties are those of steam at low temperatures, and its
actions are comparable to steam.

Humidifying and Dehumidifying
The air becomes humidified when moisture is added to it and is de-
humidified when moisture is removed. Perhaps it may seem strange
that the addition of moisture to air and the removal of moisture from
air are two of the six important essentials of proper air conditioning.
It does seem odd that the amount of moisture in the air of a room
should have any effect on the personal comfort of the occupant. An
excess or deficiency of moisture, however, does have a very notice-
able effect that will immediately become apparent once the meaning
of the somewhat mysterious term relative humidity is understood.

Relative Humidity
Relative humidity may be defined as the ratio of the quantity of
vapor actually present in the air to the greatest amount possible at
any given temperature. It follows that the relative humidity of air
at any given temperature can be obtained merely by dividing the
amount of moisture actually in the air by the amount of moisture
that the air can hold at that temperature, and then multiplying the
result by 100 to get the percentage factor.

15
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Relative Humidity Measurements
Relative humidity is measured by an instrument known as the sling
psychrometer (Figure 2-1), which consists simply of two ordinary
thermometers securely fastened in a frame to which a chain is at-
tached. By means of this chain, the instrument can be rapidly whirled
around so the thermometer bulbs contact the maximum amount of
air. Around the bulb of one thermometer is a small piece of cloth,
which is dampened with water before taking a reading. The theory
of the instrument is simply that the evaporation of moisture from
the bulb of the wet thermometer causes it to read lower than the one
that is dry. The rate of evaporation depends directly on the amount
of moisture in the air at the time the test is made. The difference
between the readings of the two thermometers enables one to find
the relative humidity.

Figure 2-1 Typical sling
psychrometer.
(Courtesy Taylor Instrument Company.)

Grains of Moisture
Grains of moisture represent the weight of water vapor present in
1 cubic foot of air. The grain is a unit of weight. It is the basic unit
of the English weight system, derived from the weight of a grain of
wheat. There are 7000 grains in a pound, so 1 grain of moisture
weighs 1/7000 (0.000142) pound.
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Specific Volume
Specific volume is the number of cubic feet of moist air required
to contain 1 pound of dry air molecules. Specific volume is the re-
ciprocal of the specific gravity. It is equal to the number of cubic
centimeters occupied by 1 gram of a substance when the specific
gravity is referred to water at 40◦C (39.2◦F) as a standard.

Dew-Point Temperature
The saturation temperature for any given quantity of water vapor
in the atmosphere is known as the dew point. By definition, for
a given atmospheric pressure, the dew point is the temperature of
saturation at which moisture begins to change into the form of tiny
water droplets or dew.

Effective Temperature
As applied to air conditioning, the effective temperature is an empir-
ically determined index of the degree of warmth or cold as apparent
to the human body. It takes into account the temperature, moisture
content, and motion of the surrounding air. Effective temperatures
are not strictly a degree of heat in the same sense that dry-bulb tem-
peratures are. For example, the effective temperature can be lowered
by increasing the rate of airflow even though wet- and dry-bulb tem-
peratures remain constant. For space cooling and heating, however,
the air-movement factor is considered a constant at approximately
20 ft/min. Under this condition, effective temperature is determined
by the wet- and dry-bulb thermometer readings only.

Dry-Bulb Temperature
An ordinary thermometer is used to measure dry-bulb temperature.
Two types of liquid are used in thermometers: colored alcohol and
mercury. The alcohol thermometer is more common because it is
less expensive and can measure the normal range of air temperature.
Since mercury freezes at approximately −38◦F, mercury thermome-
ters are not practical for measuring extremely low temperatures.

Wet-Bulb Temperature
Wet-bulb temperature is the temperature at which the air becomes
saturated if moisture is added to it without the addition or sub-
traction of heat. Thus, if the bulb of an ordinary thermometer is
surrounded with a moistened wick, placed in a current of air, and
superheated with water vapor, the reading obtained will be at some
point below the dry-bulb temperature. The minimum reading thus
obtained is the wet-bulb temperature of the air.
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Wet-Bulb Depression
Since outdoor summer air is rarely fully saturated, there is normally a
considerable difference between its dry- and wet-bulb temperatures.
The difference between the two temperatures is called the wet-bulb
depression. For example, if the dry-bulb temperature reading is 80
and the corresponding wet-bulb temperature is 65, the wet-bulb
depression is 80 − 65, or 15.

Temperature-Humidity Index
The temperature-humidity index numerically describes the human
discomfort resulting from temperature and moisture. It is computed
by adding dry- and wet-bulb temperature readings, multiplying
the sum by 0.4, and adding 15. Summer estimates indicate about
10 percent of the populace are uncomfortable before the index
passes 70, more than 50 percent are uncomfortable after it passes 75,
and almost all are uncomfortable at 80 or above.

Total Heat Content
Total heat content is the amount of heat energy stored in the gaseous
air and water vapor, measured in British thermal units (Btu). All the
different methods of treating air can be pictured on the psychromet-
ric chart. The magnitude of the changes required can be determined
by plotting the conditions of the air entering and leaving the appa-
ratus, and then connecting the two points by a straight line.

Psychrometric Charts
A psychrometric chart is a graphical representation of the funda-
mental mathematical relationship dealing with the thermodynamic
properties of moist air. The various charts shown in the figures on the
following pages will be found valuable in making air-conditioning
calculations. The chart readings can be obtained for dry-bulb,
wet-bulb, and dew-point temperatures and other heat-treatment
properties.

Three basic formulas can be utilized to determine (1) the total
heat to be removed from both the gases and water vapor; (2) the
sensible heat removed from the air only; and (3) the latent heat
removed in condensing the water vapor:

Total heat = ft3/min × 4.5 (h1 − h2) = Btu/hr
Sensible heat = ft3/min × 1.08 (DB1 − DB2) = Btu/hr
Latent heat = ft3/min × 68 (WB1 − WB2) = Btu/hr
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where the following is true:

h1 = total heat for entering air (Btu/lb)
h2 = total heat for leaving air (Btu/lb)
DB1 = entering air for dry-bulb temperature
DB2 = leaving air for dry-bulb temperature
WB1 = entering air for wet-bulb temperature
WB2 = leaving air for wet-bulb temperature

Most air-conditioning calculations are made assuming normal
sea-level pressure and standard temperatures, but occasionally the
altitude or high-temperature industrial applications will require
converting from standard conditions to those actually present. Use
Table 1-1 (Chapter 1) to obtain corrected atmospheric pressure.

Psychrometric Chart Instructions
In Figure 2-2, note the point encircled in the center of the chart,
which represents a condition of 80◦F dry-bulb temperature and
50.9 percent relative humidity. The lines on the chart sloping up-
ward to the left represent constant wet-bulb temperature, which,
in this case, is 67◦F. The moisture content of the encircled point is
78 grains per pound of dry air. The total heat in Btu per pound, as
noted, is scaled at the extreme right. The heat removed in the cooling
of air can be obtained by finding the difference in the total heat cor-
responding to the wet-bulb temperature at the beginning and the
final conditions. For example, if air is to be cooled from a condition
of 65◦F dry-bulb temperature and 60 percent relative humidity, the
total heat (from Figure 2-2) is 24.5 Btu/lb of dry air.

When calculating the amount of refrigeration required for a par-
ticular job, it is generally necessary to make allowances for the var-
ious conditions, such as heat losses caused by leakage (infiltration),
the heating effect caused by electrical apparatus, and body heat from
persons, which exists in theaters and auditoriums where a large num-
ber of persons are gathered (Figure 2-3).

Calculation Examples
It is now possible to proceed with illustrative examples of a general
nature so that the solutions can be used on other problems if other
details are known.
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Figure 2-2 Psychrometric charts. (Courtesy Acme Industrial, Inc.)

80°F DB

65°F WB

45%
 RH

57 DP
68 GR

Figure 2-3 Simplified
psychrometric chart showing
the method of obtaining
readable values from chart in
Figure 2-2.
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Example 1
Given 80◦F dry-bulb and 65◦F wet-bulb temperature, find the dew
point, relative humidity, and grains of moisture per pound of dry air.

Solution
Figure 2-4 shows the solution schematically. The intersection on
the chart of the two temperature conditions shows a dew point of
57.0 and a relative humidity of 45 percent. There are 68 grains of
moisture/lb of dry air.

DRY-BULB
TEMPERATURE

W
ET

-B
ULB

TE
M

PE
RA

TU
RE GRAIN

S
DEW

 POIN
T

HUMIDITY

VOLUME

TOTAL HEAT PER

POUND OF DRY AIR

SENSIBLE HEAT RATIO

SATURATION
LINE

RELATIVE

Figure 2-4 Schematic solution
for Example 1.

Example 2
Find the total heat load for cooling 6000 ft3/min of air entering at
83◦F dry-bulb and 70◦F wet-bulb, and leaving at 60◦F dry-bulb and
58◦F wet-bulb.

Solution
Figure 2-5 shows the schematic solution. Locate the entering and
leaving conditions on chart. Read the total heat of 34.1 Btu/lb for
entering air and 25.2 Btu/lb for leaving air. The total heat may be
obtained by substitution of values:

Total Heat = ft3
/min × 4.5(h1 − h2)

= 6000 × 4.5(34.1 − 25.2)

= 240,300 Btu/hr (approx.)
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60°F DB

WB

WB
58°F

70°F

83°F DB

25.2 h 2

34.1 h 1

Figure 2-5 Schematic
solution for Example 2.

Example 3
Find the apparatus dew point for air entering at 82◦F dry-bulb and
68◦F wet-bulb, and leaving at 59◦F dry-bulb and 57◦F wet-bulb.

Solution
Figure 2-6 shows the schematic solution. By extending the line to
connect the entering and leaving conditions of air to the saturation
curve, the apparatus dew point or average surface temperature of
the coil can be found. Following this procedure, the apparatus dew
point is 54.5.

57°F WB

54.5 A DB

59°F DB 82°F DB

68°F WB

Figure 2-6 Schematic
solution for Example 3.

Example 4
Assume that air is entering at 81◦F dry-bulb and 69◦F wet-bulb, and
leaving at 56◦F dry-bulb and 54◦F wet-bulb. If the total heat load
is 460,000 Btu/hr, what is the sensible heat factor?
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Solution
Figure 2-7 shows the schematic solution. By using the sensible-heat
factor (as noted on the chart), the ratio of the sensible heat to the
total load can easily be found. First, locate the entering and leav-
ing conditions and draw a straight line connecting the two points
on the chart. Next, locate the sensible-heat ratio reference point
on the chart for 81◦F dry-bulb and 69◦F wet-bulb. Draw a line
through the reference point parallel with the line representing the
entering and leaving conditions. Extend the line and read 0.54
sensible-heat factor. The sensible heat load equals 0.54 × 460,000,
or 248,400 Btu/hr.

54°F WB

56°F DB 81°F DB

69°F WB

0.54

SE
N

SI
BL

E 
HE

AT
 F

AC
TO

R Figure 2-7 Schematic
solution for Example 4.

Example 5
Find the dry-bulb and wet-bulb temperatures for an air mixture of
7500 cubic feet per minute (ft3/min) of inside air at 76◦F dry-bulb
and 63◦F wet-bulb, mixed with 2500 ft3/min of outside air entering
at 95◦F dry-bulb and 75◦F wet-bulb.

Solution
With reference to the schematic solution in Figure 2-8, the following
chart readings will indicate the procedure. Locate the conditions for
inside and outside air on the chart. Draw a line connecting the two
points. The ratio of inside to outside air is 2:1. Divide the line into
four equal parts. Count up one equal part of the line from the inside
air condition. This point represents the conditions of the air mixture,
which are 80.9◦F dry-bulb and 66.4◦F wet-bulb.



P1: GDZ/FFX P2: GDZ/FFX QC: GDZ/FFX T1: GDZ

GB076-02 GB076-Miller-Sample July 14, 2004 20:6 Char Count= 0

24 Chapter 2
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Figure 2-8 Schematic
solution for Example 5.

Example 6
It is desired to install a central air-conditioning system in a 3000-
seat theater for outside conditions of 90◦F dry-bulb and 60 percent
relative humidity, and inside conditions of 80◦F dry-bulb and 63◦F
dew-point temperature. The heating effect caused by the electric
lights is 1500 Btu/min, and the heat leakage through the walls, ceil-
ing, and so on, is 3000 Btu/min. The sensible heat is assumed to be
7.0 Btu/min per person, and the amount of water vapor emitted is
18.9 grains. To summarize, the heating values are as follows:

Sensible heating effect of audience = 7 × 3000 = 21,000 Btu
Heat leakage = 3000 Btu
Heating effect due to illumination = 1500 Btu
Heat equivalent due to fan (est. 45 hp) = 1900 Btu
Total heating effect per minute = 27,400 Btu

Solution
If the specific heat of air at 64.7◦F and saturated with moisture is
taken as 0.2472 and the temperature rise of the air is 15.3◦F, the
heat capacity of the air will be 15.3 × 0.2472 = 3.78 Btu. The total
amount of air to be circulated by the fan to absorb 27,400 Btu/min
is 27,400 ÷ 3.78, or 7250 lb, approximately. The volume of 1 lb
of air saturated with moisture at 64.7◦F is 13.5 ft3. Thus, the total
capacity of the fan per minute is 7250 × 13.5, or 97,875 ft3, and
the amount supplied per person is 32.6 ft3/min.

From the preceding discussion, it will be noted that the amount
of water vapor emitted is 18.9 × 3000 ÷ 7000, or 8.1 lb/min. The
refrigeration required to condense this amount will be 8.1 × 1061,
or 8600 Btu, making a total of 36,000 Btu/min to be removed from
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the air if all of it is to be recirculated. If only one-half is to be recir-
culated and the other half is to be exhausted into the atmosphere,
there will be 18,000 Btu/min of refrigeration required for the air to
be recirculated. The fresh air will enter the spray chamber at 90◦F
and 60 percent relative humidity, which corresponds to a dew-point
temperature of 74.2 and a moisture content of 127 grains/lb of dry
air. The refrigeration required to cool this air to the temperature of
the spray chamber, taken from the total heat curve, is 41.3 – 29.3,
or 12.0 Btu/lb, and the total refrigeration is 7250 ÷ 2 × 12.0, or
43,500 Btu. The total demand on the refrigeration equipment be-
comes 43,500 + 18,000, or 61,500 Btu. Adding 5 percent for safety,
the amount becomes 64,600 Btu/min, or 323.0 tons of refrigeration.

Comfort Chart
Because of the possibility of shock to the human system, it is not
desirable to have too great a difference between indoor and outdoor
temperatures, particularly during the summer season. Some of the
indoor temperatures given in Table 2-1 may seem high at first, but
they have been selected as the result of many tests and can be consid-
ered reasonably correct. Deviations from this table must be made
for climatic characteristics of the various sections of the country
and the length of time spent in the conditioned area. Where several
hours are spent in the conditioned area, the temperatures shown in
the table are in order.

Table 2-1 Recommended Air Velocities in Ducts

Outside Desirable Indoor Desirable Temperature
Temperature Temperature Reduction

100◦ 82◦ 18◦

95◦ 80◦ 15◦

90◦ 78◦ 12◦

85◦ 76.5◦ 8.5◦

80◦ 75◦ 5◦

75◦ 73.5◦ 1.5◦

70◦ 72◦

It should be remembered that, from the standpoint of physical
comfort, low humidity with high temperature is comparable to high
humidity with lower temperatures. From this, it is apparent that
to obtain the greatest physical comfort in cold weather without
high temperatures, it is necessary to increase the humidity of the
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room conditioned. It also explains why persons in some parts of the
country do not suffer unduly even though the outside air tempera-
tures are 120◦F or more but with low relative humidity.
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Figure 2-9 Comfort charts. (Courtesy American Society of Heating & Ventilating Engineers.)

With reference to the comfort chart in Figure 2-9, it should be
noted that both summer and winter comfort zones apply to inhab-
itants of the United States only. Application of the winter comfort
line is further limited to rooms heated by central systems of the
convection type. The line does not apply to rooms heated by radi-
ant methods. Application of the summer comfort line is limited to
homes, offices, and so on, where the occupants become fully adapted
to the artificial air conditions. The line does not apply to theaters,
department stores, and so on, where the exposure is less than three
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hours. The optimum comfort line shown pertains to Pittsburgh and
other cities in the northern portion of the United States and South-
ern Canada at elevations not in excess of 1000 feet above sea level.
An increase of approximately 1◦F should be made for every 5◦ re-
duction in north latitude.

Summary
Water vapor is a gaseous form of water at a temperature below
its boiling point. At certain temperatures and barometric pressures,
water is extremely unstable in either gaseous or liquid form. The
air becomes humidified when moisture is added and is dehumidified
when moisture is removed. An excess or deficiency of moisture has
a very noticeable effect on comfort.

Relative humidity may be defined as the ratio of the quantity of
moisture actually present in the air to the greatest amount possible
at any given temperature. The relative humidity of the air at any
given temperature can be obtained merely by dividing the amount
of moisture actually in the air by the amount of moisture the air
can hold at that temperature. Relative humidity is measured by an
instrument called the sling psychrometer.

Grains of moisture is the weight of water vapor present in 1 cubic
foot of air. A grain is the basic unit of the English weight system, and
7000 grains = 1 lb. One grain of moisture weighs 1/7000 (0.000142)
pound.

The saturation temperature for any given quantity of water va-
por in the atmosphere is known as the dew point. For a given at-
mospheric pressure, it is the temperature at which moisture begins
to change into the form of tiny water droplets or dew. Total heat
content is the amount of heat energy stored in the gaseous air and
water vapor, and is measured in British thermal units (Btu).

When calculating the amount of refrigeration required for a par-
ticular job, it is generally necessary to make allowances for various
conditions, such as heat loss from infiltration, heat from electrical
apparatus, and body heat. Most air-conditioning calculations are
made assuming sea-level pressure and standard temperature.

Review Questions
1. What is meant by the term psychrometry?
2. State the amount of water vapor present in the air during hot,

humid weather.
3. What is the purpose of humidification and dehumidification

of air?
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4. What is meant by the term relative humidity?
5. How is relative humidity measured?
6. Define dew point, effective temperature, and dry- and wet-bulb

temperature.
7. What is meant by wet-bulb depression?
8. What is the function of the psychrometric chart in making

air-conditioning calculations?
9. Describe the construction and use of the sling psychrometer.

10. If it is assumed that the dry- and wet-bulb temperatures register
80◦F and 65◦F, respectively, what is the temperature humidity
index?
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Chapter 3
Heat Leakage
The thermal properties of building materials affect the design of the
air-conditioning and heating systems. The rate of heat flow through
walls, floors, and ceilings is usually the basis for calculating the heat
and/or cooling load required for a particular building or space.

In addition, consideration must be given to air leakage that takes
place through various apertures, which must be properly evaluated.
This air leakage takes place through cracks around windows and
doors, through walls, fireplaces, and chimneys. Although the leak-
age or air infiltration through fireplaces and chimneys may be con-
siderable, it is usually neglected since the dampers should be closed
during periods of extremely hot weather.

In this connection, you should note that, because of the numer-
ous variables affecting air-conditioning loads, it is often difficult to
calculate precisely the required size of an air-conditioning unit for a
particular building or space. This will easily be realized when con-
sideration is given to the fact that most of the components of the
cooling load vary greatly during a 24-hour period. Economic con-
sideration should thus be the determining factor in the selection of
equipment for cooling-season operation in comfort air conditioning,
since available weather and other necessary data vary for different
locations.

Heat leakage is always given in Btu per hour per degree Fahren-
heit temperature difference per square foot of exposed surface
(Btu/ft2/hr/◦F). Prior to designing an air-conditioning system, an es-
timate must be made of the maximum probable heat loss for each
room or space to be cooled. Therefore, before attempting to place
even a small room cooler into service, check the walls and determine
just what size unit will do a good job of cooling and dehumidifying.

Heat losses may be divided into two groups:
� Losses through confining walls, floors, ceilings, glass, or other

surfaces
� Infiltration losses caused by leaks through cracks and crevices

around doors and windows

The heat leakage through walls, floors, and ceilings can be deter-
mined by means of a formula and depends on the type and thickness
of the insulating material used. The formula for heat leakage is as
follows:

H = K A (t1 − t2)

29
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where the following is true:

H = the heat required

K = heat-transfer coefficient, Btu/ft2/hr/◦F

A = area, ft2

t1 − t2 = temperature gradient through wall, ◦F

Calculation Examples
A real-world example shows how this formula works.

Example
Calculate the heat leakage through an 8-inch brick wall having an
area of 200 ft2 if the inside temperature is 70◦F and the outside
temperature is 10◦F.

Solution
If it is assumed that the heat-transfer coefficient of a plain brick wall
is 0.50, substitution of values in the foregoing equation will be as
follows:

H = 0.50 × 200 (70 − 10) = 6000 Btu

The heat leakage through floors, ceilings, and roofs may be
estimated in the same manner. The K (heat-transfer coefficient)
depends on the construction and particular insulating materials
used.

Reference Tables
Tables 3-1 to 3-20 cover almost every type and combination of walls,
floors, and ceilings encountered in the field. Partition walls are also
included so that these may be estimated for heat leakage. Although
the K values given in the tables do not agree entirely with the data
given in various handbooks, they will give sufficiently close values
for adaptation since, in most instances, only approximate values can
be obtained. In making use of the data, remember that the outside
area is used as a basis for estimating. Ceiling and floor construction
must also be determined, and, in some situations, the four walls of
the room may not be of the same construction (since one or more
of the walls may be partitions).
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X

Y
K = X + Y

X = WALL

Y = INTERIOR CONSTRUCTION

Table 3-1 Concrete Wall (No Exterior Finish)—Values
of K in Btu/ ft2/hr/1◦F

Thickness (X)

6 8 10 12 16
Wall Construction (Y) inches inches inches inches inches

Plain wall—no interior finish 0.58 0.51 0.46 0.41 0.34
1/2-inch plaster—direct on concrete 0.52 0.46 0.42 0.38 0.32
1/2-inch plaster on wood lath,

furred
0.31 0.29 0.26 0.24 0.22

3/4-inch plaster on metal lath,
furred

0.34 0.32 0.29 0.27 0.24

1/2-inch plaster on 3/8-inch
plasterboard, furred

0.32 0.30 0.27 0.25 0.22

1/2-inch plaster on 1/2-inch board
insulation, furred

0.21 0.20 0.19 0.18 0.17

1/2-inch plaster on 1-inch
corkboard, set in 1/2-inch cement

0.16 0.15 0.14 0.14 0.13

1/2-inch plaster on 11/2-inch
corkboard, set in 1/2-inch cement

0.15 0.14 0.14 0.13 0.12

1/2-inch plaster on 2-inch
corkboard, set in 1/2-inch cement

0.13 0.12 0.11 0.10 0.09

1/2-inch plaster on wood lath on
2-inch fur, 15/8-inch gypsum fill

0.20 0.19 0.18 0.17 0.16
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EXTERIOR 1” STUCCO 
ON WIRE MESH

Z
X Y

X = CONCRETE

Y = INSULATION

Z = EXTERIOR STUCCO 1”

K = X + Z + Y

Table 3-2 Concrete Wall (Exterior Stucco Finish)—Values of
K in Btu/ ft2/hr/1◦F

Thickness of Concrete (X)

Wall 6 8 10 12 16 18
Construction (Y) inches inches inches inches inches inches

Plain walls—no interior
finish

0.54 0.48 0.43 0.39 0.33 0.28

1/2-inch plaster direct on
concrete

0.49 0.44 0.40 0.36 0.31 0.27

1/2-inch plaster on wood
lath, furred

0.31 0.29 0.27 0.25 0.23 0.22

3/4-inch plaster on metal
lath, furred

0.32 0.30 0.28 0.26 0.24 0.23

1/2-inch plaster on
3/8-inch plasterboard,
furred

0.31 0.29 0.27 0.25 0.23 0.22

1/2-inch plaster on wood
lath on 2-inch furring
strips with 15/8-inch
cellular gypsum fill

0.20 0.19 0.18 0.17 0.16 0.15

1/2-inch plaster on
1/2-inch board
insulation, furred

0.22 0.21 0.20 0.19 0.18 0.17

1-inch 0.17 0.16 0.15 0.145 0.140 0.13
1/2-inch plaster on

11/2-inch sheet cork
set in cement

0.145 0.140 0.135 0.130 0.12 0.11

2-inch 0.12 0.118 0.115 0.110 0.105 0.100
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1/2” CEMENT MORTAR

X

Y

4”

X = CONCRETE

Y = INTERIOR FINISH

K  = X + 1/2”  CEMENT + 4” BRICK + Y

Table 3-3 Concrete Wall (Brick Veneer)—Values
of K in Btu/ ft2/hr/1◦F

Concrete (X)

6 8 10 12
Wall Construction (Y) inches inches inches inches

Plain wall—no interior finish 0.39 0.36 0.33 0.30
1/2-inch plaster direct on concrete 0.37 0.34 0.30 0.29
1/2-inch plaster on wood lath, furred 0.24 0.23 0.21 0.20
3/4-inch plaster on metal lath, furred 0.27 0.25 0.23 0.22
1/2-inch plaster on wood lath, on

2-inch furring strips, with 15/8-inch
cellular gypsum fill

0.18 0.17 0.16 0.15

1/2-inch plaster on 3/8-inch
plasterboard, furred

0.25 0.24 0.22 0.21

1/2-inch plaster on 1/2-inch board
insulation, furred

0.17 0.16 0.14 0.12

1/2-inch plaster on 1-inch board
insulation, furred

0.15 0.14 0.12 0.11

1/2-inch plaster on 11/2-inch board
insulation, furred

0.13 0.12 0.11 0.10

1/2-inch plaster on 2-inch board
insulation, furred

0.11 0.10 0.09 0.08
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Z

Z = 4” CUT STONE

X
Y

Y = INSULATION

K = X + Y + Z
X = CONCRETE 

1/2” MORTAR

Table 3-4 Concrete Wall (4-in Cut Stone)—Values of K in
Btu/ ft2/hr/1◦F

Thickness of Concrete (X)

6 8 10 12 16
Wall Construction (Y) inches inches inches inches inches

Plain walls—no interior finish 0.46 0.42 0.38 0.34 0.30
1/2-inch plaster direct on concrete 0.42 0.38 0.34 0.32 0.28
3/4-inch plaster on metal lath, furred 0.29 0.27 0.26 0.24 0.22
1/2-inch plaster on wood lath,

furred
0.28 0.26 0.25 0.23 0.21

1/2-inch plaster on 3/8-inch
plasterboard, furred

0.28 0.26 0.25 0.23 0.21

1/2-inch plaster on wood lath on
2-inch furring strips, filled with
15/8-inch gypsum

0.18 0.175 0.17 0.16 0.15

1/2-inch plaster on 1/2-inch board
insulation, furred

0.21 0.20 0.19 0.18 0.17

1/2-inch plaster on 1-inch board
insulation, furred

0.16 0.155 0.15 0.14 0.13

1/2-inch plaster on 1-inch sheet
cork, set in 1/2-inch cement or
mortar

0.15 0.145 0.140 0.135 0.130

11/2-inch 0.138 0.135 0.130 0.125 0.12
2-inch 0.115 0.110 0.108 0.105 0.100
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K = X + Y
X = WALL
Y = INTERIOR FINISH

Y

X

Table 3-5 Cinder and Concrete Block Wall—Values of K in
Btu/ ft2/hr/1◦F

Thickness (X) and Kind of Blocks

Concrete Cinder

8 12 8 12
Wall Construction (Y) inches inches inches inches

Plain wall—no interior finish 0.46 0.34 0.31 0.23
1/2-inch plaster—direct on blocks 0.42 0.32 0.29 0.21
1/2-inch plaster on wood lath, furred 0.28 0.23 0.22 0.17
3/4-inch plaster on metal lath, furred 0.29 0.24 0.23 0.17
1/2-inch plaster on 3/8-inch

plasterboard, furred
0.28 0.23 0.22 0.17

1/2-inch plaster on 1/2-inch board
insulation, furred

0.21 0.18 0.17 0.14

1/2-inch plaster on 1-inch board
insulation, furred

0.16 0.14 0.14 0.11

1/2-inch plaster on 11/2-inch sheet
cork set in 1/2-inch cement

0.13 0.12 0.12 0.10

1/2-inch plaster on 2-inch sheet cork
set in 1/2-inch cement

0.11 0.10 0.10 0.09

1/2-inch plaster on wood lath, on
2-inch furring strips, 15/8-inch
gypsum fill

0.18 0.16 0.16 0.13
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1/2” MORTAR

4”

X = WALL & EXTERIOR
Y = INTERIOR FINISH

K   FACTORS GIVEN FOR 
TOTAL WALL THICKNESS
(X + 1/2” MORTAR + 4” BRICK + Y )

X
Y

Table 3-6 Cinder and Concrete Block Wall
(Brick Veneer)—Values of K in Btu/ ft2/hr/1◦F

Thickness (X) and Kind of Blocks

Concrete Cinder

8 12 8 12
Wall Construction (Y) inches inches inches inches

Plain wall—no interior finish 0.33 0.26 0.25 0.18
1/2-inch plaster—direct on blocks 0.31 0.25 0.23 0.18
1/2-inch plaster on wood lath, furred 0.23 0.19 0.18 0.15
3/4-inch plaster on metal lath, furred 0.24 0.20 0.19 0.15
1/2-inch plaster on wood lath, on

2-inch furring strips, 15/8-inch
gypsum fill

0.16 0.14 0.14 0.12

1/2-inch plaster on 1/2-inch board
insulation, furred

0.18 0.16 0.15 0.13

1/2-inch plaster on 1-inch board
insulation, furred

0.14 0.13 0.12 0.10

1/2-inch plaster on 3/8-inch
plasterboard, furred

0.23 0.19 0.18 0.15

1/2-inch plaster on 11/2-inch sheet
cork, set in 1/2-inch cement mortar

0.12 0.11 0.11 0.09

1/2-inch plaster on 2-inch sheet cork,
set in 1/2-inch cement mortar

0.10 0.09 0.09 0.08
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Y
X

4”

1/2”  CEMENT MORTAR

K  VALUES GIVEN FOR 
TOTAL WALL THICKNESS:
X + 1/2” MORTAR + 4” BRICK + Y

X = WALL & EXTERIOR
Y = INTERIOR FINISH

OUTSIDE

Table 3-7 Brick Veneer on Hollow Tile Wall
(Brick Veneer)—Values of K in Btu/ ft2/hr/1◦F

Tile Thickness (X)

4 6 8 10 12
Wall Construction (Y) inches inches inches inches inches

Plain wall—no interior finish 0.29 0.27 0.25 0.22 0.18
1/2-inch plaster on hollow tile 0.28 0.25 0.24 0.21 0.17
1/2-inch plaster on wood lath,

furred
0.20 0.19 0.18 0.17 0.15

3/4-inch plaster on metal lath,
furred

0.21 0.20 0.19 0.18 0.16

1/2-inch plaster on 3/8-inch
plasterboard, furred

0.20 0.19 0.18 0.17 0.15

1/2-inch plaster on wood lath,
on 2-inch furring strips,
with 15/8-inch cellular
gypsum fill

0.14 0.13 0.12 0.11 0.10

1/2-inch plaster on 1/2-inch
board insulation, furred

0.16 0.15 0.14 0.13 0.12

1/2-inch plaster on 1-inch
board insulation, furred

0.14 0.13 0.12 0.11 0.10

1/2-inch plaster on 11/2-inch
board insulation, furred

0.13 0.12 0.11 0.10 0.09

1/2-inch plaster on 2-inch
board insulation, furred

0.12 0.11 0.10 0.09 0.08
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1/2” CEMENT

Z

X Y

K = X + Y + Z X = TILE

Y = INSULATION

Z = 4” CUT STONE

Table 3-8 Hollow Tile Wall (4-in Cut-Stone Veneer)—Values
of K in Btu/ ft2/hr/1◦F

Thickness of Tile (X)

6 8 10 12
Wall Construction (Y) inches inches inches inches

Plain walls—no interior finish 0.30 0.29 0.28 0.22
1/2-inch plaster—direct on hollow tile 0.28 0.27 0.26 0.21
3/4-inch plaster on metal lath, furred 0.22 0.21 0.20 0.18
1/2-inch plaster on wood lath, furred 0.21 0.20 0.19 0.17
1/2-inch plaster on 3/8-inch plasterboard,

furred
0.21 0.20 0.19 0.17

1/2-inch plaster on 1/2-inch cork board
set in 1/2-inch cement

0.17 0.16 0.15 0.14

1/2-inch plaster on 1-inch corkboard set
in 1/2-inch cement

0.14 0.13 0.13 0.12

1/2-inch plaster on 11/2-inch corkboard
set in 1/2-inch cement

0.13 0.12 0.11 0.10

1/2-inch plaster on 2-inch corkboard set
in 1/2-inch cement

0.11 0.10 0.09 0.08

1/2-inch plaster on wood lath, 2-inch
furring, with 15/8 gypsum fill

0.15 0.14 0.13 0.12

1/2-inch plaster on 1/2-inch board
insulation

0.18 0.17 0.16 0.15
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Y
X

K  VALUES GIVEN FOR 
TOTAL WALL THICKNESS
X + Y + STUCCO FINISH

X = TILE THICKNESS
Y = INTERIOR FINISH

EXTERIOR STUCCO

Table 3-9 Hollow Tile Wall (Stucco Exterior)—Values of K in
Btu/ ft2/hr/1◦F

Tile Thickness (X)

6 8 10 12 16
Wall Construction (Y) inches inches inches inches inches

Plain wall with stucco—no
interior finish

0.32 0.30 0.28 0.22 0.18

1/2-inch plaster—direct on
hollow tile

0.31 0.29 0.27 0.21 0.17

1/2-inch plaster on wood lath,
furred

0.22 0.20 0.18 0.16 0.12

3/4-inch plaster on metal lath,
furred

0.23 0.21 0.19 0.17 0.13

1/2-inch plaster on 3/8-inch
plasterboard, furred

0.21 0.20 0.18 0.16 0.12

1/2-inch plaster on wood lath, on
2-inch furring strips, with
15/8-inch cellular gypsum fill

0.16 0.15 0.14 0.13 0.12

1/2-inch plaster on 1/2-inch board
insulation, furred

0.15 0.14 0.13 0.12 0.11

1/2-inch plaster on 1-inch board
insulation, furred

0.13 0.12 0.11 0.10 0.09

1/2-inch plaster on 11/2-inch
board insulation, furred

0.12 0.11 0.10 0.09 0.08

1/2-inch plaster on 2-inch board
insulation, furred

0.11 0.10 0.09 0.08 0.07
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X

Y

K = X + Y
X = WALL
Y = INTERIOR CONSTRUCTION

Table 3-10 Limestone or Sandstone Wall—Values of K in
Btu/ ft2/hr/1◦F

Thickness (X)

8 10 12 16
Wall Construction (Y) inches inches inches inches

Plain wall—no interior finish 0.56 0.50 0.48 0.39
1/2-inch plaster—direct on stone 0.50 0.45 0.42 0.36
3/4-inch plaster on metal lath, furred 0.33 0.31 0.29 0.26
1/2-inch plaster on wood lath, furred 0.31 0.29 0.28 0.25
1/2-inch plaster on 3/4-inch plasterboard,

furred
0.31 0.30 0.28 0.25

1/2-inch plaster on wood lath, 2-inch
furring strips, with 15/8-inch cellular
gypsum fill

0.20 0.19 0.18 0.17

1/2-inch plaster on 1/2-inch board
insulation, furred

0.23 0.22 0.21 0.19

1/2-inch plaster on 1-inch board
insulation, furred

0.17 0.16 0.15 0.14

1/2-inch plaster on 11/2-inch corkboard,
set in 1/2-inch cement

0.14 0.14 0.13 0.12

1/2-inch plaster on 2-inch corkboard, set
in 1/2-inch cement

0.11 0.11 0.10 0.10

1/2-inch plaster on wood lath, on 2-inch
furring strips, with 2-inch cellular
gypsum fill

0.19 0.18 0.17 0.16
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1/2” M0RTAR

INTERIOR FINISH

K = X + Y
X = WALL
Y = INTERIOR
Z = 4” STONE 81/2” MORTAR

Y

XZ
4”

Table 3-11 Brick Wall (4-in Cut Stone)—Values of K in
Btu/ft2/hr/1◦F

Thickness (X)

Wall 8 9 12 13 16 18 24
Construction (Y) inches inches inches inches inches inches inches

Plain wall—no
interior finish

0.33 0.29 0.26 0.25 0.22 0.20 0.16

1/2-inch plaster—
direct on brick

0.31 0.28 0.25 0.24 0.21 0.19 0.15

3/4-inch plaster on
metal lath, furred

0.23 0.22 0.20 0.19 0.18 0.17 0.15

1/2-inch plaster on
wood lath, furred

0.22 0.21 0.19 0.18 0.17 0.15 0.12

1/2-inch plaster on
3/8-inch plaster-
board, furred

0.23 0.22 0.20 0.19 0.18 0.17 0.14

1/2-inch plaster, lath,
2-inch furring
strips, with 15/8-
inch gypsum fill

0.16 0.15 0.14 0.13 0.12 0.11 0.10

1/2-inch plaster on
1/2-inch sheet cork

0.18 0.16 0.15 0.14 0.13 0.12 0.11

1/2-inch plaster on
1-inch sheet cork

0.14 0.13 0.12 0.11 0.10 0.10 0.09

1/2-inch plaster on
11/2-inch sheet
cork

0.12 0.12 0.11 0.11 0.10 0.10 0.09

1/2-inch plaster on
2-inch sheet cork

0.11 0.10 0.10 0.09 0.09 0.08 0.08
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K = X + Y
X = WALL
Y = INTERIOR CONSTRUCTION  X

Y

Table 3-12 Solid Brick Wall (No Exterior Finish)—Values of K in
Btu/ft2/hr/1◦F

Thickness (X)

Wall 8 9 12 13 16 18 24
Construction (Y) inches inches inches inches inches inches inches

Plain wall—no
interior finish

0.39 0.37 0.30 0.29 0.24 0.23 0.18

1/2-inch plaster—
direct on brick

0.36 0.35 0.28 0.27 0.23 0.20 0.16

3/4-inch plaster on
metal lath, furred

0.26 0.25 0.23 0.21 0.19 0.18 0.15

1/2-inch plaster on
wood lath, furred

0.25 0.24 0.21 0.19 0.18 0.17 0.14

1/2-inch plaster on
3/8-inch plaster-
board, furred

0.24 0.23 0.20 0.18 0.17 0.16 0.14

1/2-inch plaster on
1/2-inch board
insulation, furred

0.20 0.19 0.18 0.17 0.16 0.15 0.13

1/2-inch plaster on 1/2-
inch sheet cork, set
in 1/2-inch cement

0.18 0.17 0.16 0.15 0.14 0.13 0.12

1/2-inch plaster on 1-
inch sheet cork, set
in 1/2-inch cement

0.15 0.14 0.13 0.12 0.11 0.10 0.09

1/2-inch plaster on
11/2-inch sheet cork,
set in 1/2-inch cement

0.14 0.13 0.12 0.11 0.10 0.09 0.08

1/2-inch plaster on 2-
inch sheet cork, set
in 1/2-inch cement

0.13 0.12 0.11 0.10 0.09 0.08 0.07

1/2-inch plaster on
11/2-inch split
furring, tiled

0.28 0.26 0.23 0.22 0.20 0.19 0.17
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PLASTER BASE

PLASTER BASE

PLASTER

PLASTER

2” × 4” STUDDING

Table 3-14 Interior Walls and Plastered Partitions
(No Fill)—Values of K in Btu/ft2/hr/1◦F

Single Partition, Double Partition,
Plaster Base One Side Plastered Two Sides Plastered

Wood lath 0.60 0.33
Metal lath 0.67 0.37
3/8-inch plasterboard 0.56 0.32
1/2-inch board (rigid) insulation 0.33 0.18
1-inch board (rigid) insulation 0.22 0.12

11/2-inch corkboard 0.16 0.08
2-inch corkboard 0.12 0.06

FLOORING

SPACE BETWEEN
FLOOR AND 
CEILING

CEILING

JOIST

Table 3-15 Frame Floors and Ceilings (No Fill)—Values
of K in Btu/ft2/hr/1◦F

1-inch Yellow 1-inch Sub Oak
Type of Ceiling 1-inch Pine Flooring or Maple on
with 1/2-inch No Yellow Pine and 1/2-inch 1-inch Yellow
Plaster Flooring Flooring Fiberboard Pine Flooring

No ceiling 0.45 0.27 0.32
Metal lath 0.66 0.24 0.20 0.24
Wood lath 0.60 0.27 0.19 0.23
3/8-inch plasterboard 0.59 0.28 0.20 0.24
1/2-inch rigid

insulation
0.34 0.20 0.15 0.17
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4”

4”

4”

BARE–NO PLASTER

PLASTERED 
ONE SIDE

PLASTER

PLASTERED 
BOTH SIDES     

1/2”

1/2”

Table 3-16 Masonry Partitions—Values
of K in Btu/ft2/hr/1◦F

Bare, One Side Two Sides
Wall No Plaster Plastered Plastered

4-inch brick 0.48 0.46 0.41
4-inch hollow gypsum tile 0.29 0.27 0.26
4-inch hollow clay tile 0.44 0.41 0.39
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IMBEDDED SLEEPERS

AIR SPACE

PLASTER

PLASTER BASE

OAK OR MAPLE 
FLOOR WOOD FLOORING OR 

SUBFLOOR

CONCRETE

Table 3-18 Concrete Floors and Ceilings—Values of K in Btu/
ft2/hr/1◦F

Floor Type

Oak or Maple
Tile or 1-inch Yellow on Yellow Pine,

Type of Ceiling No Terrazzo Pine on Wood Sub Floor on
and Base Thickness Flooring Floor Sleepers Sleeper

No ceiling 4 0.60 0.57 0.38 0.29
6 0.54 0.52 0.35 0.28
8 0.48 0.46 0.33 0.26

10 0.46 0.44 0.31 0.25

1/2-inch 4 0.56 0.53 0.38 0.30
plaster—
direct on 6 0.51 0.49 0.35 0.29
concrete

8 0.47 0.44 0.33 0.27
10 0.42 0.41 0.31 0.26

Suspended 4 0.33 0.32 0.24 0.20
or furred
ceiling on 6 0.31 0.30 0.23 0.19
3/8-inch
plasterboard, 8 0.29 0.28 0.22 0.18
1/2-inch
plaster 10 0.28 0.27 0.21 0.17

(continued )
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Table 3-18 (continued)

Floor Type

Oak or Maple
Tile or 1-inch Yellow on Yellow Pine,

Type of Ceiling No Terrazzo Pine on Wood Sub Floor on
and Base Thickness Flooring Floor Sleepers Sleeper

Suspended 4 0.36 0.34 0.26 0.21
or furred 6 0.34 0.32 0.24 0.20
metal lath, 8 0.32 0.30 0.23 0.19
3/4-inch 10 0.31 0.29 0.22 0.18
plaster

Suspended or 4 0.22 0.21 0.20 0.18
furred on 1/2-inch 6 0.21 0.20 0.19 0.17
rigid insulation, 8 0.20 0.19 0.18 0.16
1/2 -inch plaster 10 0.19 0.18 0.17 0.15

11/2 -inch cork- 4 0.16 0.15 0.14 0.13
board in 1/2-inch 6 0.15 0.14 0.13 0.12
mortar, 1/2-inch 8 0.14 0.13 0.12 0.11
mortar, 1/2 inch 10 0.13 0.12 0.11 0.10
plaster
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JOIST

CEILING

FLOORING

FILL

Table 3-19 Frame Floors and Ceilings (with Fill)—Values
of K in Btu/ ft2/hr/1◦F

1-inch Sub
Type of 1-inch 1-inch Yellow Oak, Maple
Ceiling Insulation or Yellow Pine Flooring on 1-inch
with 1/2-inch Fill Between No Pine and 1/2-inch Yellow Pine
Plaster Joists Flooring Flooring Fiberboard Flooring

Wood lath 1/2-inch flexible
insulation

0.220 0.150 0.120 0.140

Wood lath 1/2-inch rigid
insulation

0.240 0.160 0.130 0.150

Wood lath Flaked 2-inch
gypsum

0.150 0.120 0.105 0.120

Wood lath Rock wool,
2-inch

0.120 0.095 0.080 0.090

Corkboard
1/2-inch

None 0.155 0.115 0.100 0.105

Corkboard
1/2-inch

None 0.120 0.100 0.085 0.095
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Summary
Building materials affect the design of air-conditioning and heating
systems. Heat loss through walls, floors, and ceilings is a prime
consideration when calculating and installing an air conditioner.

Heat leakage is always given in Btu per hour per degree Fahren-
heit temperature difference per square foot of exposed surface
(Btu/ft2/hr/◦F). Prior to designing an air-conditioning system, an es-
timate must be made of the maximum heat loss of each room or
space to be cooled. One ton of refrigeration equals 12,000 Btu/hr.
It is an easy matter to calculate the required size of equipment since
all that is necessary is to divide the combined sum of leakage and
cooling loads (in Btu/hr) by 12,000 to obtain the condensing unit
capacity.

Review Questions
1. How do the thermal properties of building materials affect the

design of air-conditioning systems?
2. What is meant by air leakage in buildings, and what is the

method of air-leakage reduction?
3. State the various factors affecting the size of an air-

conditioning system in residential projects.
4. Define the method of heat-leakage calculation.
5. Upon what factors is the heat-leakage formula based?
6. Calculate the heat leakage in Btu/hr for a plain 10-inch con-

crete wall (no exterior finish) having an area of 325 ft2 for a
temperature difference of 40◦F.

7. Why is the heat leakage through walls, ceilings, and floors
an important consideration when installing air-conditioning
plants?

8. What is meant by heat loss?
9. What does infiltration mean when speaking of heat loss?

10. What are K values?
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Chapter 4
Ventilation Requirements
By definition, ventilation is the process of supplying or removing air
to or from any building or space. Such air may or may not have
been conditioned. Methods of supplying or removing the air are
accomplished by natural ventilation and mechanical methods.

Natural ventilation is obtained by opening or closing window
sashes and by using vents or ventilators above the roof, chimney
drafts, and so on. Mechanical ventilation is produced by the use
of fans or other means to force the air through the space to be
ventilated.

Air Leakage
Air leakage caused by cold air outside and warm air inside takes
place when the building contains cracks or openings at different
levels. This results in the cold and heavy air entering at low levels
and pushing the warm and light air out at high levels; the same
draft takes place in a chimney. When storm sashes are applied
to well-fitted windows, very little redirection in infiltration is se-
cured, but the application of the sash does give an air space that
reduces heat transmission and helps prevent window frosting. By
applying storm sashes to poorly fitted windows, a reduction in leak-
age of up to 50 percent may be obtained. The effect, insofar as air
leakage is concerned, will be roughly equivalent to that obtained by
the installation of weather stripping.

Natural Ventilation
The two natural forces available for moving air through and out of
buildings are wind forces and temperature difference between the
inside and the outside. Air movement may be caused by either of
these forces acting alone, or by a combination of the two, depending
on atmospheric conditions, building design, and location.

Wind Forces
In considering the use of natural forces for producing ventilation,
the conditions that must be considered are as follows:

� Average wind velocity
� Prevailing wind direction
� Seasonal and daily variations in wind velocity and direction
� Local wind interference by buildings and other obstructions

53
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When the wind blows without encountering any obstructions to
change its direction, the movements of the air stream (as well as
the pressure) remain constant. If, on the other hand, the air stream
meets an obstruction of any kind (such as a house or ventilator), the
air stream will be pushed aside as illustrated in Figure 4-1. In the
case of a simple ventilator (see Figure 4-2), the closed end forms an
obstruction that changes the direction of the wind. The ventilator
expands at the closed end and converges at the open end, thus pro-
ducing a vacuum inside the head, which induces an upward flow of
air through the flue and through the head.

OBSTRUCTION
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NATURAL WIND FLOW
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Figure 4-1 Diagram of wind action where the airstream meets an
obstruction such as a building or ventilator.

Temperature-Difference Forces
Perhaps the best example of the thermal effect is the draft in a stack
or chimney known as the flue effect. The flue effect of a stack is
produced within a building when the outdoor temperature is lower
than the indoor temperature. It is caused by the difference in weight
of the warm column of air within the building and the cooler air
outside. The flow caused by flue effect is proportional to the square
root of the draft head, or approximately:

Q = 9.4A
√

h(t − t0)

where the following is true:

Q = air flow, ft3/min

A = free area of inlets or outlets (assumed equal), ft2

h = height from inlets to outlets, ft
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Figure 4-2 Airflow in a roof ventilator.

t = average temperature of indoor air, ◦F
t0 = temperature of outdoor air, ◦F

9.4 = constant of proportionality (including a value of
65 percent for effectiveness of openings)

The constant of proportionality should be reduced by 50 percent
(constant = 7.2) if conditions are not favorable.

Combined Wind and Temperature Forces
Note that when wind and temperature forces are acting together,
even without interference, the resulting air flow is not equal to the
sum of the two estimated quantities. However, the flow through any
opening is proportional to the square root of the sum of the heads
acting on that opening. When the two heads are equal in value,
and the ventilating openings are operated so as to coordinate them,
the total airflow through the building is about 10 percent greater
than that produced by either head acting independently under ideal
conditions. This percentage decreases rapidly as one head increases
over the other. The larger head will predominate.

Roof Ventilators
The function of a roof ventilator is to provide a storm and weath-
erproof air outlet. For maximum flow by induction, the ventilator
should be located on that part of the roof where it will receive the full
wind without interference. Roof ventilators are made in a variety of
shapes and styles (see Figure 4-3). Depending on their construction
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and application, they may be termed as stationary, revolving, tur-
bine, ridge, and syphonage.

Figure 4-3 Essential parts of
a turbine and syphonage roof
ventilator.

Ventilator Capacity
Several factors must be taken into consideration in selecting the
proper ventilator for any specific problem:

� Mean temperature difference
� Stack height (chimney effect)
� Induction effect of the wind
� Area of ventilator opening

Of the several other minor factors, only one requires close at-
tention. This is the area of the inlet air openings (see Figure 4-4).
The action of a roof ventilator is to let air escape from the top of a
building, which naturally means that a like amount of air must be
admitted to the building to take the place of the air exhausted. The
nature, size, and location of these inlet openings are of importance
in determining the effectiveness of the ventilating system.

Figure 4-4 Typical ventilator arrangement.
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Fresh-Air Requirements
Table 4-1 is a guide to the amount of air required for efficient ven-
tilation. This information should be used in connection with the
ventilator-capacity tables provided by fan manufacturers to assist in
the proper selection of the number and size of the units required.

Table 4-1 Fresh-Air Requirements

Minimum Air Cubic Feet of
Type of Building or Changes Air per Minute
Room per Hour per Occupant

Attic spaces (for cooling) 12–15
Boiler room 15–20
Churches, auditoriums 8 20–30
College classrooms 25–30
Dining rooms (hotel) 5
Engine rooms 4–6
Factory buildings

Ordinary manufacturing 2–4
Extreme fumes or 10–15
moisture

Foundries 15–20
Galvanizing plants 20–30∗

Garages
Repair 20–30
Storage 4–6

Homes (night cooling) 9–17
Hospitals

General 40–50
Children’s 35–40
Contagious diseases 89–90

Kitchens
Hotel 10–20
Restaurant 10–20

Libraries (public) 4
Laundries 10–15
Mills

Paper 15–20∗

Textile-general 4
(continued )
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Table 4-1 (continued)

Minimum Air Cubic Feet of
Type of Building Changes Air per Minute
or Room per Hour per Occupant

buildings
Textile-dye houses 15–20∗

Offices
Public 3
Private 4

Pickling plants 10–15†

Pump rooms 5
Restaurants 8–12
Schools

Grade 15–25
High 30–35

Shops
Machine 5
Paint 15–20∗

Railroad 5
Woodworking 5

Substations (electric) 5–10
Theaters 10–15
Turbine rooms (electric) 5–10
Warehouses 2
Waiting rooms (public) 4

∗Hoods should be installed over vats or machines.
†Unit heaters should be directed on vats to keep fumes superheated.

Mechanical Ventilation
Mechanical ventilation differs from natural ventilation mainly in
that the air circulation is performed by mechanical means (such
as fans or blowers). In natural ventilation, the air is caused to
move by natural forces. In mechanical ventilation, the required air
changes are effected partly by diffusion, but chiefly by positive cur-
rents put in motion by electrically operated fans or blowers, as
shown in Figure 4-5. Fresh air is usually circulated through registers
connected with the outside and warmed as it passes over and through
the intervening radiators.

Volume of Air Required
The volume of air required is determined by the size of the space to
be ventilated and the number of times per hour that the air in the
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Figure 4-5 Typical mechanical ventilators for residential use showing
placement of fans and other details.

space is to be changed. In many cases, existing local regulations or
codes will govern the ventilating requirements. Some of these codes
are based on a specified amount of air per person, and others on the
air required per square foot of floor area.

Duct-System Resistance
Air ducts may be designed with either a round or a rectangular
cross section. The radius of elbows should preferably be at least 11/2
times the pipe diameter for round pipes, or the equivalent round
pipe size in the case of rectangular ducts. Accuracy in estimating
the resistance to the flow of air through the duct system is im-
portant in the selection of blowers for application in duct systems
(see Figure 4-6).

Figure 4-6 Central-station
air-handling unit.
(Courtesy Buffalo Forge Company.)

Resistance should be kept as low as possible in the interest of
economy, since underestimating the resistance will result in failure
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of the blower to deliver the required volume of air. You should care-
fully study the building drawings with consideration paid to duct
locations and clearances. Keep all duct runs as short as possible,
bearing in mind that the airflow should be conducted as directly
as possible from the source to the delivery points. Select the loca-
tions of the duct outlets to ensure proper air distribution. The ducts
should be provided with cross-sectional areas that will permit air
to flow at suitable velocities. Moderate velocities should be used in
all ventilating work to avoid waste of power and to reduce noise.
Lower velocities are more frequently used in schools, churches, the-
aters, and so on, instead of factories and other places where noise
caused by airflow is not objectionable.

Air Filtration
The function of air filters as installed in air-conditioning systems
is to remove the airborne dust that tends to settle in the air of the
ventilated space and may become a menace to human health if not
properly removed.

Effect of Dust on Health
The effect of dust on health has been properly emphasized by com-
petent medical authorities. The normal human breathes about 17
times a minute. The air taken into the lungs may contain large quan-
tities of dust, soot, germs, bacteria, and other deleterious matter.
Most of this solid matter is removed in the nose and air passages
of the normal person. However, if these passages are dry and per-
mit the passage of these materials, colds and respiratory diseases
result. Air-conditioning apparatus remove these contaminants from
the air and further provide the correct amount of moisture so that the
respiratory tracts are not dehydrated, but are kept properly moist.
Among the airborne diseases are mumps, measles, scarlet fever,
pneumonia, colds, tuberculosis, hay fever, grippe, influenza, and
diphtheria.

Dust is more than just dry dirt. It is exceedingly complex, with
variable mixtures of materials, and, as a whole, is rather uninvit-
ing, especially the type found in and around human habitation.
Dust contains fine particles of sand, soot, earth, rust, fiber, animal
and vegetable refuse, hair, chemicals, and compounds, all of which
are abrasive, irritating, or both. The U.S. Weather Bureau estimates
that there are 115,000 particles of dust per cubic inch of ordinary
city air, and that each grain of this dust at breathing level contains
from 85,000 to 125,000 germs. The proximity of factories using oil
or coal-burning equipment and the presence of considerable street
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traffic will aggravate this condition and increase the dust and germ
content.

The Mellon Institute of Industrial Research conducted a series
of experiments to determine dust precipitation in three large cities.
The measurements published were the average amounts measured
in more than ten stations in each of the cities and were for a pe-
riod of one year. It was observed that precipitation was consider-
ably greater in the industrial districts. It is certainly plain that fil-
tered air is almost a necessity, especially in large buildings where
a number of individuals are gathered. Hotels, theaters, schools,
stores, hospitals, factories, and museums require the removal of dust
from the atmosphere admitted to their interiors, not only because
a purer product is made available for human health and consump-
tion, but also so that the fittings, clothing, furniture, and equipment
will not be damaged by the dust particles borne by the fresh air
stream.

The air filter is one part of the air-conditioning system that should
be operated the year around. There are times when the air washer
(the cooling and humidifying apparatus) is not needed, but the filter
is one part of the system that should be kept in continuous operation,
purifying the air.

Various Dust Sources
The dust removed in the filters may be classified as poisonous, in-
fective, obstructive, or irritating and may originate from an animal,
vegetable, mineral, or metallic source. Industry produces many dele-
terious fumes and dusts, for example, those emanating from grind-
ing, polishing, dyeing, gilding, painting, spraying, cleaning, pulver-
izing, baking, mixing of poisons, sawing, and sand blasting. This
dust must be filtered out of the air because of its effect on health
and efficiency, to recover valuable materials, to save heat by reusing
filtered air, and to prevent damage to equipment and products in the
course of manufacturing.

Air-Filter Classification
Air-cleaning equipment may be classified according to the following
methods used:

� Filtering
� Washing
� Combined filtering and washing
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There are several types of filters divided into two main classes:
dry and wet. The wet filters may again be subdivided into what is
known as the manual and automatic self-cleaning types.

Dry Filters
Dry filters are usually made in standard units of definite rated ca-
pacity and resistance to the passage of air. At the time the instal-
lation is designed, ample filter area must be included so that the
air velocity passing through the filters is not excessive; otherwise,
proper filtration will not be secured. The proper area is secured by
mounting the proper number of filters on an iron frame. A dry filter
(see Figure 4-7) may be provided with permanent filtering material
from which the dirt and dust must be removed pneumatically or by
vibration. Or, it may be provided with an inexpensive filter medium
that can be dispensed with when loaded with dirt and replaced with
a new slab.

Figure 4-7 Typical air-filter
panel absorber containing
activated charcoal for
heavy-duty control of odors
and vapors.
(Courtesy Barneby Cheney Corporation.)

A dry-type filter is known as a dry plate. The cells are composed
of a number of perforated aluminum plates, arranged in series and
coated with a fireproof filament. Air drawn through the cell is split
into thin streams by the perforations so that the dust particles are
thrown against the filament by the change in the direction of the air
between the plates. The filament tentacles hold the dust particles and
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serve to purify the air. Dust particles are deposited on the intervening
flat surfaces. When the plate is loaded with dirt and requires clean-
ing, this may be accomplished in two ways.

In moderate-sized installations, the operator removes the cells
from the sectional frame, rests one edge on the table or floor, and
gently raps the opposite side with the open hand, causing the col-
lected dirt to drop out and restoring the efficiency of the filter. Larger
installations (see Figure 4-8), where a great number of cells are used,
or where an abnormally high dust load is encountered, use a me-
chanical vibrator in which the cell is placed and rapped for about a
minute to free it of dust. Under average dust conditions, cells must
be cleaned or replaced about twice a year.

Figure 4-8
Activated-charcoal
room-purification filter panel
absorber. Filter absorbers of
this type are recommended
for central air-condition-
ing-system purification of
recirculated air in occupied
spaces, purification of
exhaust to prevent
atmospheric pollution, etc.
They are suitable for light-,
medium-, and heavy-duty
requirements.
(Courtesy Barneby Cheney Corporation.)

Packed-type filters contain a fibrous mat so that the slow move-
ment and irregular path taken by the air permits it to leave be-
hind all particles of dirt in the mazes of the fibrous mat (see Figure
4-8). This type of unit must be removed every 12 to 15 weeks under
average conditions.

Wet (or Viscous) Filters
The wet (or viscous) filter makes use of an adhesive in which the
dust particles are caught and held upon impingement. It also makes
use of densely packed layers of viscous-coated metal baffles, screens,
sinuous passages, crimped wire, and glass wool inserted in the path
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of the air. The air divides into small streams that constantly change
their direction and force the heavier dirt particles against the viscous-
coated surfaces, where they are held.

The three major types of wet (or viscous) air filters are replace-
able, manually cleaned, and automatically cleaned.

Wet Replacement Type
The glass-wool air filter is of the viscous-type replacement cell. Glass
wool, being noncorrosive and nonabsorbing, maintains its density
and leaves all the viscous adhesive free to collect and hold dirt and
dust. This type of filter lends itself to both small and large installa-
tions. A carton of 12 filters weighs about 37 pounds. After the filter
replacement has been completed, the dirty filters can be put into the
original shipping container and removed from the premises.

Manually Cleaned Type
The manually cleaned type is usually made in the form of a standard
cell with a steel frame containing the filter media. The cell is fitted
into the cell frame (see Figure 4-9), with the use of a felt gasket to
prevent leakage of air past the cell. As a usual practice, cleaning
is necessary about once every eight weeks. This is made a simple
matter by the use of automatic latches so that the filter sections can
be pulled out of the frame, immersed in a solution of water and
washing soda or cleaning compound, allowed to dry, then dipped
into charging oil, drained to remove excess oil, and then replaced in
the filter.

Automatic Viscous Filters
The automatic filter is of the self-cleaning type and utilizes the
same principle of adhesive dust impingement as the manual and re-
placement types, but the removal of the accumulated dirt from the
filter medium is entirely automatic. The self-cleaning type may be di-
vided into two distinct systems: immersion variety and flushing type.

The immersion-type air filter (see Figure 4-10) makes use of an
endless belt that rotates the filter medium and passes it through an
oil bath, washing the dirt off. The dirt, being heavier than the oil,
settles to the bottom into special containers, which are removed
and cleaned from time to time. The usual speed of the filter is
from 11/2 to 3 inches every 12 minutes. Such an apparatus is
particularly adapted for continuous operation. The sediment can
be removed and the oil changed or added without stopping the ap-
paratus.

The flushing type is constructed of cells in the form of a unit
laid on shelves and connected by metal aprons. The dirt caught by
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Figure 4-9 Typical open-frame
industrial air purifier. Each filter
unit contains one or more
activated charcoal absorbers,
including blower and motor.
(Courtesy Barneby Cheney Corporation.)

the cells is flushed down into a sediment tank by flooding pipes,
which travel back and forth over the clean-air side of the cells. The
aprons catch the heavier dust particles before they get to the cells
so that the cells are more efficient. This type does not flush the cells
while the system is in operation. In many cases, duplicate units are
provided so that one unit can be flushed while the other bears the
full load. Some of the flushing mechanisms are interlocked with the
fan circuit, especially where a single unit is used, so that flushing
cannot take place unless the fan is shut down. If air is permitted to
pass through the filter while it is being flushed, oil will be carried
along with the air.

A cylindrical absorber (shown in Figure 4-11) can be used for
the control of odor problems by forcing air through two perforated
metal walls enclosing an annular bed of activated charcoal. A motor-
operated blower draws contaminated air through the charcoal-filled
container and recirculates pure odor-free air through the room or
space to be purified.
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Figure 4-10 Typical automatic viscous filter. In a self-cleaning filter of
this type, brushes on an endless carrier chain periodically sweep col-
lected materials from the upstream side of the panels. Used in textile
mills, laundries, and other ventilation systems involving a high volume of
coarse, bulky contaminants. (Courtesy Rockwell-Standard Corporation.)

The wall-mounted air purifier shown in Figure 4-12 is equipped
with a washable dust filter and centrifugal blower. Air purifiers of
this type are ideal for toilets, utility rooms, public rest rooms, and
similar odor-problem areas.

In residential-type air conditioners, however, unit filters provide
the necessary dust protection, particularly since they are manufac-
tured in a large variety of types and sizes. Where lint in a dry state
predominates, a dry filter is preferable because of its lint-holding ca-
pacity. Throwaway filters are used increasingly where the cleaning
process needs to be eliminated.

Filter Installation
Air filters are commonly installed in the outdoor air intake ducts of
the air-conditioning system and often in the recirculating air ducts
as well. Air filters are logically mounted ahead of heating or cooling
coils and other air-conditioning equipment in the system to prevent
dust from entering. Filters should be installed so that the face area is
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Figure 4-11 Cylindrical-type
canister air purifier.
(Courtesy Barneby Cheney Corporation.)

Figure 4-12 Wall-mounted
air purifier.
(Courtesy Barneby Cheney Corporation.)
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at right angles to the airflow wherever possible (see Figure 4-13). In
most cases, failure of an air-filter installation can be traced to faulty
installation, improper maintenance, or both.

CASING

FILTERS FILTERS

TIGHT SEALS AIR LEAKS

Figure 4-13 Good (left) and poor (right) air-filter installations. They
should fit tightly to prevent air from bypassing the filter.

The American Society of Heating and Ventilating Engineers gives
the most important requirements for a satisfactory and efficiently
functioning air-filter installation as follows:
� The filter must be of ample size for air it is expected to handle.

An overload of 10 to 15 percent is regarded as the maximum
allowable. When air volume is subject to increase, a larger
filter should be installed.
� The filter must be suited to the operating conditions, such

as degree of air cleanliness required, amount of dust in the
entering air, type of duty, allowable pressure drop, operating
temperatures, and maintenance facilities.
� The filter type should be the most economical for the spe-

cific application. The first cost of the installation should be
balanced against depreciation as well as expense and conve-
nience of maintenance.

The following recommendations apply to filters and washers in-
stalled with central fan systems:
� Duct connections to and from the filter should change their

size or shape gradually to ensure even air distribution over the
entire filter area.
� Sufficient space should be provided in front as well as behind

the filter to make it accessible for inspection and service. A
distance of 2 feet may be regarded as the minimum.
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� Access doors of convenient size should be provided in the
sheet-metal connections leading to and from the filters.
� All doors on the clean-air side should be lined with felt

to prevent infiltration of unclean air. All connections and
seams of the sheet-metal ducts on the clean-air side should be
airtight.
� Electric lights should be installed in the chamber in front of

and behind the air filter.
� Air washers should be installed between the tempering and

heating coils to protect them from extreme cold in winter.
� Filters installed close to air inlets should be protected from the

weather by suitable louvers, in front of which a large-mesh
wire screen should be provided.
� Filters should have permanent indicators to give a warning

when the filter resistance reaches too high a value.

Humidity-Control Methods
Humidifiers, by definition, are devices for adding moisture to the air.
Thus, to humidify is to increase the density of water vapor within a
given space or room. Air humidification is affected by vaporization
of water and always requires heat for its proper functioning. Thus,
devices that function to add moisture to the air are termed humidi-
fiers, whereas devices that function to remove moisture from the air
are termed dehumidifiers.

Humidifiers
As previously noted, air humidification consists of adding mois-
ture. Following are the types of humidifiers used in air-conditioning
systems:
� Spray-type air washers
� Pan evaporative humidifiers
� Electrically operated humidifiers
� Air-operated humidifiers

Air-Washer Method
An air washer essentially consists of a row of spray nozzles inside a
chamber or casing. A tank at the bottom of the chamber provides
for collection of water as it falls through the air and comes into
intimate contact with the wet surface of the chamber baffles. The
water is generally circulated by means of a pump, the warm water
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being passed over refrigerating coils or blocks of ice to cool it before
being passed to the spray chamber. The water lost in evaporation
is usually replaced automatically by the use of a float arrangement,
which admits water from the main as required. In many locations,
the water is sufficiently cool to use as it is drawn from the source.
In other places, the water is not cool enough and must be cooled by
means of ice or with a refrigerating machine.

The principal functions of the air washer are to cool the air passed
through the spray chamber and to control humidity. In many cases,
the cooling coils are located in the bottom of the spray chamber so
that as the warm spray descends, it is cooled and ready to be again
sprayed by the pump. In some cases, the water is passed through
a double-pipe arrangement and is cooled on the counter-current
principle.

Figure 4-14 shows a sketch of an air washer. In this case, the spray
pipes are mounted vertically. In some instances, the spray pipes are
horizontal so that the sprays are directed downward. As some of the
finer water particles tend to be carried along with the air current, a
series of curved plates or baffles is generally used, which forces the
cooled and humidified air to change the direction of flow, throwing
out or eliminating the water particles in the process.

Pan Humidifiers
Figure 4-15 shows the essential parts of the pan-type humidifier.
The main part is a tank of water heated by low-pressure steam or
forced hot water where a water temperature of 200◦F or higher is
maintained. The evaporative-type humidifier is fully automatic, the
water level being controlled by means of a float control. In operation,

STRAINERPUMPMOTOR

SPRAY
NOZZLES

DRAIN

SUMP

WATER
LEVEL

Figure 4-14 Elementary diagrams showing essential parts of air-
washer unit with identification of parts.
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when the relative humidity drops below the humidity-control set-
ting, the humidifier fan blows air over the surface of the heated
water in the tank. The air picks up moisture. The air is blown to the
space to be humidified. When the humidity control is satisfied, the
humidifier fan stops.

Figure 4-15 Typical evaporative pan humidifier showing operative
components. (Courtesy Armstrong Machine Works.)

Electrically Operated Humidifiers
Dry-steam electrically operated humidifiers operate by means of a
solenoid valve, which is energized by a humidistat. When the relative
humidity drops slightly below the desired level set by the humidistat
(see Figure 4-16), a solenoid valve actuated by the humidistat admits
steam from the separating chamber to the re-evaporating chamber.
Steam passes from this chamber through the muffler directly to the
atmosphere. The fan (which is energized when the solenoid valve
opens) assists in dispersing the steam into the area to be humidified.
When the relative humidity reaches the desired level, the humidistat
closes the solenoid valve and stops the fan.

Air-Operated Humidifiers
Air-operated humidifying units operate in the same manner as elec-
trical units, except that they utilize a pneumatic hygrostat as a hu-
midity controller and an air operator to open or close the steam
valve (see Figure 4-17). A decrease in relative humidity increases
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STRAINER

FAN

SOLENOID VALVE

HUMIDISTAT

STEAM VALVE

STEAM CHAMBER

TEMPERATURE SWITCH

Figure 4-16 Armstrong dry-steam humidifier for direct discharge of
steam into the atmosphere of the area to be humidified.
(Courtesy Armstrong Machine Works.)

the air pressure under a spring-loaded diaphragm to open the steam
valve wider. An increase in relative humidity reduces the pressure
under the diaphragm and allows the valve to restrict the steam flow.
In a humidifier operation of this type, the steam supply is taken off
the top of the header (see Figure 4-18). Any condensate formed in
the supply line is knocked down to the humidifier drain by a baffle
inside the inlet of the humidifier-separating chamber.

Any droplets of condensation picked up by the stream as it flows
through the humidifier cap when the steam valve opens will be
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SEPARATOR

STAINLESS STEEL JACKETED
STEAM DISTRIBUTION MANIFOLD

MODULATING AIR OR
ELECTRIC MOTOR OPERATOR

Figure 4-17 Armstrong dry-steam humidifier with steam-jacket dis-
tribution.

thrown to the bottom of the re-evaporating chamber. Pressure in this
chamber is essentially atmospheric. Since it is surrounded by steam
at supply pressure and temperature, any water is re-evaporated to
provide dry steam at the outlet. The humidifier outlet is also sur-
rounded by steam at supply pressure to ensure that there will be no
condensation or drip at this point. A clamp-on temperature switch is
attached to the condensate drain line to prevent the electric or pneu-
matic operator from opening the steam valve until the humidifier is
up to steam temperature.

Dehumidifiers
The removal of moisture from the air is termed dehumidification. Air
dehumidification is accomplished by one of two methods: cooling
and adsorption. Dehumidification can be accomplished by an air
washer, providing the temperature of the spray is lower than the
dew point of the air passing through the unit. If the temperature of
the spray is higher than the dew point, condensation will not take
place. Air washers having refrigerated sprays usually have their own
recirculating pump.
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Figure 4-18 Operation of Armstrong dry-steam humidifier for area
humidification.

Electric Dehumidification
An electric dehumidifier operates on the refrigeration principle. It
removes moisture from the air by passing the air over a cooling
coil. The moisture in the air condenses to form water, which then
runs off the coil into a collecting tray or bucket. The amount of
water removed from the air varies, depending on the relative hu-
midity and volume of the area to be dehumidified. In locations with
high temperature and humidity conditions, 3 to 4 gallons of wa-
ter per day can usually be extracted from the air in an average-size
home.

When the dehumidifier is first put into operation, it will remove
relatively large amounts of moisture until the relative humidity in
the area to be dried is reduced to the value where moisture dam-
age will not occur. After this point has been reached, the amount of
moisture removed from the air will be considerably less. This reduc-
tion in moisture removal indicates that the dehumidifier is operating
normally and that it has reduced the relative humidity in the room
or area to a safe value.

The performance of the dehumidifier should be judged by the
elimination of dampness and accompanying odors rather than by
the amount of moisture that is removed and deposited in the bucket.
A dehumidifier cannot act as an air conditioner to cool the room
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or area to be dehumidified. In operation, the air that is dried when
passed over the coil is slightly compressed, raising the temperature
of the surrounding air, which further reduces the relative humidity
of the air.

Controls
As mentioned previously, the dehumidifier (see Figure 4-19) operates
on the principles of the conventional household refrigerator. It con-
tains a motor-operated compressor, a condenser, and a receiver. In
a dehumidifier, the cooling coil takes the place of the evaporator, or
chilling unit, in a refrigerator. The refrigerant is circulated through
the dehumidifier in the same manner as in a refrigerator. The refrig-
erant flow is controlled by a capillary tube. The moisture-laden air
is drawn over the refrigerated coil by means of a motor-operated
fan or blower.

DEHUMIDIFIER

Figure 4-19 Automatic electric
dehumidifier.
(Courtesy Westinghouse Electric Corporation.)

The dehumidifier operates by means of a humidistat (see Figure
4-20), which starts and stops the unit to maintain a selected humidity
level. In a typical dehumidifier, the control settings range from DRY
to EXTRA DRY to CONTINUOUS to OFF. For best operation,
the humidistat control knob is normally set at EXTRA DRY for
initial operation over a period of 3 to 4 weeks. After this period,
careful consideration should be given to the dampness in the area
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being dried. If sweating on cold surfaces has discontinued and the
damp odors are gone, the humidistat control should be reset to
DRY. At this setting, more economical operation is obtained, but the
relative humidity probably will be higher than at the EXTRA DRY
setting.

CALIBRATING
MARK STOP PIN

HIGH LIMIT
STOP

LOW LIMIT
STOP

Figure 4-20 Typical humidistat designed to control humidifying
or dehumidifying equipment or both with one instrument.
(Courtesy Penn Controls, Inc.)

After 3 or 4 weeks of operation at the DRY setting, if the moisture
condition in the area being dried is still satisfactory, the operation
of the dehumidifier should be continued with the control set at this
position. However, if at the setting the dampness condition is not
completely corrected, the control should be returned to the EX-
TRA DRY setting. Minor adjustments will usually be required from
time to time. Remember that the control must be set near EX-
TRA DRY to correct the dampness conditions but as close to DRY
as possible to obtain the most economical operation.

Adsorption-Type Dehumidifiers
Adsorption-type dehumidifiers operate on the use of sorbent ma-
terials for adsorption of moisture from the air. The sorbents are
substances that contain a vast amount of microscopic pores. These
pores afford a great internal surface to which water adheres or is
adsorbed. A typical dehumidifier based on the honeycomb desiccant
wheel principle is shown schematically in Figure 4-21. The wheel is
formed from thin corrugated and laminated asbestos sheets rolled
to form wheels of various desired diameters and thickness. The
wheels are impregnated with a desiccant cured and reinforced with a
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heat-resistant binder. The corrugations in the honeycomb wheel
form narrow flutes perpendicular to the wheel diameter. Approx-
imately 75 percent of the wheel face area is available for the adsorp-
tion or dehumidifying flow circuit, and 25 percent is available for
the reactivation circuit. In the smaller units, the reactivated air is
heated electrically; in the larger units, it is heated by electric, steam,
or gas heaters.

REACTIVATION
AIR INLET FILTER

HUMID
AIR

INLET
FILTER

REACTIVATION
AIR HEATER

HONEYCOMB 
DESICCANT WHEEL

REACTIVATION
SECTOR

ROLLS AND
DRIVE MOTOR

WET AIR OUTLET

REACTIVATION
FAN

DRY AIR OUTLET

DRY AIR FAN

Figure 4-21 Assembly of components operating on the honeycomb
method of dehumidification. (Courtesy Cargocaire Engineering Corporation.)

Figure 4-22 shows another industrial adsorbent dehumidifier of
the stationary-bed type. It has two sets of stationary adsorbing beds
arranged so that one set is dehumidifying the air while the other set
is drying. With the dampers in the position shown, air to be dried
flows through one set of beds and is dehumidified while the drying
air is heated and circulated through the other set. After completion
of drying, the beds are cooled by shutting off the drying air heaters
and allowing unheated air to circulate through them. An automatic
timer controller is provided to allow the dampers to rotate to the
opposite side when the beds have adsorbed moisture to a degree that
begins to impair performance.

Air-Duct Systems
Air ducts for transmission of air in a forced-air heating, ventila-
tion, or air-conditioner system must be carefully designed from the
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Figure 4-22 Stationary bed–type solid-absorbent dehumidifier.

standpoint of economy, as well as for proper functioning. When
designing air ducts, the following methods may be used:

� Compute the total amount of air to be handled per minute by
the fan, as well as the fractional volumes composing the total,
which are to be supplied to or withdrawn from different parts
of the building.
� Locate the supply unit in the most convenient place and as

close as possible to the center of distribution.
� Divide the building into zones, and proportion the air volumes

per minute in accordance with the requirements of the different
zones.
� Locate the air inlets or outlets for supply and recirculation,

respectively. At the positions so located on the building plans,
indicate the air volumes to be dealt with. The position of the
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outlets and inlets should be such as to produce a thorough
diffusion of the conditioned air throughout the space supplied.
� Determine the size of each outlet or inlet based on passing the

required amount of air per minute at a suitable velocity.
� Calculate the areas, and select suitable dimensions for all

branch and main ducts. Do this based on creating equal fric-
tional losses per foot of length. This involves reducing the ve-
locities in smaller ducts.
� Ascertain the resistance of the ducts that sets up the greatest

friction. In most cases, this will be the longest run, although
not so invariably. This will be the resistance offered by the duct
system as a whole to the flow of the required amount of air.
� Revise the dimensions and areas of the shorter runs so that the

ducts themselves will create resistances equal to the longest
run. This will cut down the cost of the sheet metal, and the
result will be just the same as if dampers were used. Too high
a velocity, however, must be avoided.
� To compensate for unforeseen contingencies, volume dampers

should be provided for each branch.

Heat Gains in Ducts
In any air-conditioning installation involving a duct system, invari-
ably there is an accession of heat by the moving air in the ducts be-
tween the coils and supply grilles when air is supplied below room
temperature. If the ducts are located through much of their length
in the conditioned space, then, of course, this heat absorption has
no affect on the total load and frequently may be disregarded.

More frequently, however, the supply ducts must pass through
spaces that are not air-conditioned. Under these conditions, the heat
absorbed by the air in the ducts can be regarded as an additional load
on the cooling equipment. The temperature rise in a duct system of
a cooling installation depends on the following factors:
� Temperature of the space through which the duct passes
� Air velocity through the duct
� Type and thickness of insulation, if any

The first factor establishes the temperature differential between
the air on either side of the duct walls. The dew point of the air
surrounding the duct may also have some effect on the heat pickup,
as condensation on the duct surface gives up the heat of vaporiza-
tion to the air passing through the system. The highest air velocities
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consistent with the acoustic requirements of the installation should
be used, not only for economy in the sheet metal material used, but
also to reduce the heat pickup in the ducts.

The amount of heat absorbed by a unit area of sheet-metal duct
conveying chilled air is almost directly proportional to the temper-
ature difference between the atmosphere surrounding the duct and
the chilled air, irrespective of the velocity of the latter. The heat
pickup rate will be influenced somewhat by the outside finish of the
duct and by the air motion, if any, in the space through which the
duct passes.

Heat leakage in Btu per hour per square foot per degree differ-
ence in temperature for uncovered galvanized iron ductwork will
be between 0.5 and 1.0, with an average value of 0.73. The rate of
leakage, of course, will be greatest at the start of the duct run and
will gradually diminish as the air temperature rises. Covering the
duct with the equivalent of 1/2-inch rigid insulation board and seal-
ing cracks with tape will reduce the average rate of heat pickup per
square foot of surface per hour to 0.23 Btu per degree difference.

To summarize, the designer of a central unit system should ob-
serve the following:

� Locate the equipment as close to the conditioned space as pos-
sible.
� Use duct velocities as high as practical, considering the acoustic

level of the space and operating characteristics of the fans.
� Insulate all supply ducts with covering equivalent to at least

1/2 inch of rigid insulation, and seal cracks with tape.

Suitable Duct Velocities
Table 4-2 gives the recommended air velocities in feet per minute for
different requirements. These air velocities are in accordance with
good practice. It should be understood that the fan-outlet velocities
depend somewhat on the static pressure, as static pressures and fan-
housing-velocity pressures are interdependent for good operating
conditions. Fan-outlet velocities are also affected by the particular
type of fan installed.

Air-Duct Calculations
For the sake of convenience, this section outlines a simplified air-
duct sizing procedure, which eliminates the usual complicated en-
gineering calculation required when designing a duct system. Refer
to Figures 4-23 to 4-25, which show the plans of a typical family
residence having a total cubic content of approximately 19,000 ft3.
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Table 4-2 Recommended Air Velocities

Residences,
Broadcasting Schools,
Studios, Theaters, Industrial

Designation etc. Public Buildings Applications

Initial air intake 750 800 1000
Air washers 500 500 500
Extended surface
heaters or coolers
(face velocity) 450 500 500
Suction connections 750 800 1000
Through fan outlet
For 11/2-inch static — 2200 2400

pressure
For 11/4-inch static — 2000 2200

pressure
For 1-inch static 1700 1800 2000

pressure
For 3/4-inch static 1400 1550 1800

pressure
For 1/2-inch static 1200 1300 1600

pressure
Horizontal ducts 700 900 1000–2000
Branch ducts and 550 600 1000–1600

risers
Supply grilles 300 300 grille 400 opening

and openings
Exhaust grilles and 350 400 grille 500 opening

and openings
Duct outlets at — 1000 —

high elevation

It is desired to provide humidification, ventilation, filtration, and air
movement to all rooms on both the first and second floors.

The air conditioner located as shown in Figure 4-23 had a total
air-handling capacity of 1000 cubic feet per minute (ft3/min). If the
rooms are to have individual air mains, Table 4-3 shows the methods
of computing the amount of air to be supplied each room.

Column 2 in the table expresses the capacity of the individual
room as a percentage of the total volume. For example, 3000 ft3

is 30 percent of the total space (10,000 ft3) to which air mains
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Figure 4-23 Basement floor of a typical family residence showing air-
conditioner and heat-duct layout.

will lead. Column 3 indicates the cubic feet of air per minute to
be supplied to the individual rooms. These figures are attained as
follows. The air conditioner will handle 1000 ft3 of air per minute;
30 percent of this is 300 ft3/min. Similarly, 10 percent is 100 ft3/min,
which would indicate the quantity of air to be supplied to the living
room and chamber No. 3, respectively. Having thus established the
air quantity to be delivered to each of the rooms, the design of the
ducts can now be considered.

For duct sizes, consider the branch duct to both the living room
and chamber No. 1 (see Table 4-3). Note that the branch leading
into chamber No. 1 handles 150 ft3/min. The duct to the living
room handles 300 ft3/min. Obviously, the connecting air main will
handle 300 + 150, or 450, ft3/min, in accordance with the foregoing
recommendation, allowing a velocity of 600 ft/min for the branches
and 700 ft/min for the supply air main. Therefore, the necessary
duct areas can be calculated using the following formula:

a × 144 (in2/ft2)
b
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Figure 4-24 First-floor layout of residence of Figure 4-23. Vertical air
discharges are located in the floor of the living room, dining room, and
study. Air is returned to the unit through the floor grilles in the entrance
hall. Sizes for air mains are shown on the basement plan.

where the following is true:

a = necessary air supply to room, ft3/min
b = recommended velocity for a main or branch

Living-room (300 ft3/min) branch:

300 × 144
600

= 72 in2 = 12 × 6 in branch

Chamber No. 1 (150 ft3/min) branch:

150 × 144
600

= 36 in2 = 10 × 31/2 in branch
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Figure 4-25 Second-floor layout of residence of Figures 4-23 and
4-24. Air discharges are located in the basement of the three chambers.

Total (450 ft3/min) main:

450 × 144
700

= 93 in2 = 16 × 6 in main

The remaining duct work may be calculated similarly. It is rec-
ommended that the main air supply leaving the unit be the same size

Table 4-3 Air-Duct Calculation

Room % of Supply,
Rooms Volume, ft3 Total Volume ft3/min

First floor Living room 3000 30 300
Dining room 2000 20 200
Study 1000 10 100

Second floor Chamber No. 1 1500 15 150
Chamber No. 2 1500 15 150
Chamber No. 3 1000 10 100
Total volume 10,000 100 1000
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as that of the outlet of the unit up to the first branch takeoff. The
return main to the unit should run the same size as the inlet of the
unit (that is, for a distance of approximately 24 inches). It should
be provided with a large access door in the bottom of this length of
the full-size duct. Figure 4-26 is helpful as a further simplification
in sizing the air ducts.
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Figure 4-26 Air-duct sizing method.

Example
It is desired to size a main duct for 250 ft3/min at 500 ft/min velocity.
What cross-sectional area is required?

Solution
Locate 250 ft3/min on the left-hand side of Figure 4-26. With a ruler
or straightedge, carry a line across horizontally to the 500 velocity
line and read off on the base line 72 in2, or 1/2 ft2, which is the area
required. All branches, risers, or grilles may be sized in the same
manner.

Resistance Losses in Duct Systems
In general, it can be said that duct sizes and the depth of a duct in
particular are affected by the available space in the building. For this
reason, although the round duct is the most economical shape from
the standpoint of friction per unit area and from the standpoint of
metal required for construction per unit of area, it is rarely possible,
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except in industrial buildings, to use round ducts largely. Square
duct is the preferable shape among those of rectangular cross
section. Headroom limitations usually require that the duct be
flattened.

To illustrate the use of charts when sizing a duct system, consider
the following example.

Example
Assume a system requiring the delivery of 5000 ft3/min. The distri-
bution requirement is the movement of the entire volume a distance
of approximately 80 ft, with the longest branch beyond that point
conveying 1000 ft3/min for an additional 70 feet. Assume further
that the operating characteristics of the fan and the resistance of
the coils, filters, and so on, allow a total supply-duct resistance of
0.10-inch water-gage resistance pressure. The supply duct is not to
be more than 12 inches deep.

Solution
The total length of the longest run is 80 + 70 = 150 feet:

100
150

× 0.10 = 0.067-inch water gage

Starting at this resistance at the bottom of Figure 4-27, fol-
low upward to the horizontal line representing 5000 ft3/min. At
this point, read the equivalent size of round duct required that is
approximately 28 inches in diameter. Move diagonally upward to
the right on the 28-inch-diameter line, and then across horizon-
tally on this line in Figure 4-27 to the vertical line representing the
12-inch side of a rectangular duct. At this point, read 60 inches as
the width of the rectangular duct required on the intersecting curve
line.

Thus, for the main duct run, the duct size will be 60 × 12 inches.
For the branch conveying 1000 ft3/min, from the point where the
0.067-inch resistance line intersects the 1000-ft3/min line, read
16 inches as the equivalent round duct required. Following through
on Figure 4-27 as for a larger duct, read 12 × 18 inches as the size
of the branch duct.

Duct runs should take into account the number of bends and off-
sets. Obstructions of this kind are usually represented in terms of the
equivalent length of straight duct necessary to produce the same re-
sistance value. Where conditions require sharp or right-angle bends,
vane elbows composed of a number of curved deflectors across the
air-stream should be used.
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Figure 4-27 Graphic representation of air-duct areas.
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Fans and Blowers
The various devices used to supply air circulation in air-conditioning
applications are known as fans, blowers, exhausts, or propellers.
The different types of fans may be classified with respect to their
construction as follows:

� Propeller
� Tubeaxial
� Vaneaxial
� Centrifugal

A propeller fan consists essentially of a propeller or disk-type
wheel within a mounting ring or plate and includes the driving-
mechanism supports for either belt or direct drive. A tubeaxial fan
consists of a propeller or disk-type wheel within a cylinder and in-
cludes the driving-mechanism supports for either belt drive or direct
connection. A vaneaxial fan consists of a disk-type wheel within a
cylinder and a set of air guide vanes located before or after the wheel.
It includes the driving-mechanism supports for either belt drive or
direct connection. A centrifugal fan consists of a fan rotor or wheel
within a scroll-type housing and includes the driving-mechanism
supports for either belt drive or direct connection. Figure 4-28 shows
the mounting arrangements.

PROPELLER TUBEAXIAL VANEAXIAL CENTRIFUGAL

GUIDE

MOTORMOTOR MOTOR

VANE

GUIDE
VANE

Figure 4-28 Various fan classifications showing mounting arrange-
ment.

Fan performance may be stated in various ways, with the air
volume per unit time, total pressure, static pressure, speed, and
power input being the most important. The terms, as defined by the
National Association of Fan Manufacturers, are as follows:

� Volume handled by a fan is the number of cubic feet of air per
minute expressed as fan-outlet conditions.
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� Total pressure of a fan is the rise of pressure from fan inlet to
fan outlet.
� Velocity pressure of a fan is the pressure corresponding to the

average velocity determination from the volume of air-flow at
the fan outlet area.
� Static pressure of a fan is the total pressure diminished by the

fan-velocity pressure.
� Power output of a fan is expressed in horsepower and is based

on fan volume and the fan total pressure.
� Power input of a fan is expressed in horsepower and is mea-

sured as horsepower delivered to the fan shaft.
� Mechanical efficiency of a fan is the ratio of power output to

power input.
� Static efficiency of a fan is the mechanical efficiency multiplied

by the ratio of static pressure to the total pressure.
� Fan-outlet area is the inside area of the fan outlet.
� Fan-inlet area is the inside area of the inlet collar.

Air Volume
The volume of air required is determined by the size of the space to
be ventilated and the number of times per hour that the air in the
space is to be changed. Table 4-4 shows the recommended rate of
air change for various types of spaces.

In many cases, existing local regulations or codes will govern the
ventilating requirements. Some of these codes are based on a spec-
ified amount of air per person and on the air required per square
foot of floor area. Table 4-4 should serve as a guide to average con-
ditions. Where local codes or regulations are involved, they should
be taken into consideration. If the number of persons occupying the
space is larger than would be normal for such a space, the air should
be changed more often than shown.

Horsepower Requirements
The horsepower required for any fan or blower varies directly as the
cube of the speed, provided that the area of the discharge orifice re-
mains unchanged. The horsepower requirements of a centrifugal fan
generally decrease with a decrease in the area of the discharge orifice
if the speed remains unchanged. The horsepower requirements of a
propeller fan increase as the area of the discharge orifice decreases
if the speed remains unchanged.
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Table 4-4 Volume of Air Required

Space to Be Ventilated Air Changes per Hour Minutes per Change

Auditoriums 6 10
Bakeries 20 3
Bowling alleys 12 5
Club rooms 12 5
Churches 6 10
Dining rooms (restaurants) 12 5
Factories 10 6
Foundries 20 3
Garages 12 5
Kitchens (restaurants) 30 2
Laundries 20 3
Machine shops 10 6
Offices 10 6
Projection booths 60 1
Recreation rooms 10 6
Sheet-metal shops 10 6
Ship holds 6 10
Stores 10 6
Toilets 20 3
Tunnels 6 10

Drive Methods
Whenever possible, the fan wheel should be directly connected to the
motor shaft. This can usually be accomplished with small centrifugal
fans and with propeller fans up to about 60 inches in diameter. The
deflection and the critical speed of the shaft, however, should be
investigated to determine whether or not it is safe.

When selecting a motor for fan operation, it is advisable to select
a standard motor one size larger than the fan requirements. It should
be kept in mind, however, that direct-connected fans do not require
as great a safety factor as that of belt-driven units. It is desirable to
employ a belt drive when the required fan speed or horsepower is
in doubt, since a change in pulley size is relatively inexpensive if an
error is made (see Figure 4-29).

Directly connected small fans for various applications are usually
driven by single-phase AC motors of the split-phase, capacitor, or
shaded-pole type. The capacitor motor is more efficient electrically
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Figure 4-29 Drive and mounting arrangement for various types of
propeller fans.

and is used in districts where there are current limitations. Such
motors, however, are usually arranged to operate at one speed. With
such a motor, if it is necessary to vary the air volume or pressure of
the fan or blower, the throttling of air by a damper installation is
usually made.

In large installations (such as when mechanical draft fans are
required), various drive methods are used:

� A slip-ring motor to vary the speed.
� A constant-speed, directly connected motor, which, by means

of moveable guide vanes in the fan inlet, serves to regulate the
pressure and air volume.

Fan Selection
Most often, the service determines the type of fan to use. When op-
eration occurs with little or no resistance, and particularly when no
duct system is required, the propeller fan is commonly used because
of its simplicity and economy in operation. When a duct system is
involved, a centrifugal or axial type of fan is usually employed. In
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general, centrifugal and axial fans are comparable with respect to
sound effect, but the axial fans are somewhat lighter and require con-
siderably less space. The following information is usually required
for proper fan selection:

� Capacity requirement in cubic feet per minute
� Static pressure or system resistance
� Type of application or service
� Mounting arrangement of system
� Sound level or use of space to be served
� Nature of load and available drive

The various fan manufacturers generally supply tables or charac-
teristic curves that ordinarily show a wide range of operating par-
ticulars for each fan size. The tabulated data usually include static
pressure, outlet velocity, revolutions per minute, brake horsepower,
tip or peripheral speed, and so on.

Fan Applications
The numerous applications of fans in the field of air conditioning
and ventilation are well known, particularly to engineers and air-
conditioning repair and maintenance personnel. The various fan
applications are as follows:

� Exhaust fans
� Circulating fans
� Cooling-tower fans
� Kitchen fans
� Attic fans

Exhaust fans are found in all types of applications, accord-
ing to the American Society of Heating and Ventilating Engineers.
Wall fans are predominantly of the propeller type, since they op-
erate against little or no resistance. They are listed in capacities
from 1000 to 75,000 ft3/min. They are sometimes incorporated
in factory-built penthouses and roof caps or provided with match-
ing automatic louvers. Hood exhaust fans involving ductwork are
predominantly centrifugal, especially in handling hot or corrosive
fumes.

Spray-booth exhaust fans are frequently centrifugal, especially
if built into self-contained booths. Tubeaxial fans lend themselves
particularly well to this application where the case of cleaning and
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of suspension in a section of ductwork is advantageous. For such
applications, built-in cleanout doors are desirable.

Circulating fans are invariably propeller or disk-type units
and are made in a vast variety of blade shapes and arrangements.
They are designed for appearance as well as utility. Cooling-tower
fans are predominantly the propeller type. However, axial types are
also used for packed towers, and occasionally a centrifugal fan
is used to supply draft. Kitchen fans for domestic use are small
propeller fans arranged for window or wall mounting and with var-
ious useful fixtures. They are listed in capacity ranges of from 300 to
800 ft3/min.

Attic fans are used during the summer to draw large volumes
of outside air through the house or building whenever the out-
side temperature is lower than that of the inside. It is in this man-
ner that the relatively cool evening or night air is utilized to cool
the interior in one or several rooms, depending on the location
of the air-cooling unit. It should be clearly understood, however,
that the attic fan is not strictly a piece of air-conditioning equipment
since it only moves air and does not cool, clean, or dehumidify. Attic
fans are used primarily because of their low cost and economy of
operation, combined with their ability to produce comfort cooling
by circulating air rather than conditioning it.

Fan Operation
Fans may be centrally located in an attic or other suitable space
(such as a hallway), and arranged to move air proportionately from
several rooms. A local unit may be installed in a window to provide
comfort cooling for one room only when desired. Attic fans are
usually propeller types and should be selected for low velocities to
prevent excessive noise. The fans should have sufficient capacity to
provide at least 30 air changes per hour.

To decrease the noise associated with air-exchange equipment,
the following rules should be observed:

� The equipment should be properly located to prevent noise
from affecting the living area.
� The fans should be of the proper size and capacity to obtain

reasonable operating speed.
� Equipment should be mounted on rubber or other resilient

material to assist in preventing transmission of noise to the
building.
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If it is unavoidable to locate the attic air-exchange equipment
above the bedrooms, it is essential that every precaution be taken
to reduce the equipment noise to the lowest possible level. Since
high-speed AC motors are usually quieter than low-speed ones, it is
often preferable to use a high-speed motor connected to the fan by
means of an endless V-belt, if the floorspace available permits such
an arrangement.

Attic-Fan Installation
Because of the low static pressures involved (usually less than 1/8
inch of water), disk or propeller fans are generally used instead
of the blower or housed types. It is important that the fans have
quiet operating characteristics and sufficient capacity to give at least
30 air changes per hour. For example, a house with 10,000 ft3 con-
tent would require a fan with a capacity of 300,000 ft3/hr or 5000
ft3/min to provide 30 air changes per hour.

The two general types of attic fans in common use are boxed-in
fans and centrifugal fans. The boxed-in fan is installed within the
attic in a box or suitable housing located directly over a central
ceiling grille or in a bulkhead enclosing an attic stair. This type of
fan may also be connected by means of a direct system to individual
room grilles. Outside cool air entering through the windows in the
downstairs room is discharged into the attic space and escapes to
the outside through louvers, dormer windows, or screened openings
under the eaves.

Although an air-exchange installation of this type is rather simple,
the actual decision about where to install the fan and where to pro-
vide the grilles for the passage of air up through the house should
be left to a ventilating engineer. The installation of a multi-blade
centrifugal fan is shown in Figure 4-30. At the suction side, the fan
is connected to exhaust ducts leading to grilles, which are placed in
the ceiling of the two bedrooms. The air exchange is accomplished
by admitting fresh air through open windows and up through the
suction side of the fan; the air is finally discharged through louvers
as shown.

Another installation is shown in Figure 4-31. This fan is a cen-
trifugal curved-blade type, mounted on a light angle-iron frame,
which supports the fan wheel, shaft, and bearings. The air inlet in
this installation is placed close to a circular opening, which is cut in
an airtight board partition that serves to divide the attic space into
a suction and discharge chamber. The air is admitted through open
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Figure 4-30 Installation of a centrifugal fan in a one-family dwelling.
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Figure 4-31 Belt-driven fan in a typical attic installation.
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windows and doors and is then drawn up the attic stairway through
the fan into the discharge chamber.

Fan Operation
The routine of operation to secure the best and most efficient results
with an attic fan is important. A typical operating routine might
require that, in the late afternoon when the outdoor temperature
begins to fall, the windows on the first floor and the grilles in the
ceiling or the attic floor be opened and the second-floor windows
kept closed. This will place the principal cooling effect in the liv-
ing rooms. Shortly before bedtime, the first-floor windows may be
closed and those on the second floor opened to transfer the cooling
effect to the bedrooms. A suitable time clock may be used to shut
the motor off before arising time.

Summary
Ventilation is produced by two basic methods: natural and mechan-
ical. Natural ventilation is obtained by open windows, vents, or
drafts, whereas mechanical ventilation is produced by the use of
fans.

Thermal effect is possibly better known as flue effect. Flue effect
is the draft in a stack or chimney that is produced within a building
when the outdoor temperature is lower than the indoor temperature.
This is caused by the difference in weight of the warm column of air
within the building and the cooler air outside.

Air may be filtered two ways: dry filtering and wet filtering. Vari-
ous air-cleaning equipment (such as filtering, washing, or combined
filtering and washing devices) is used to purify the air. When de-
signing the duct network, ample filter area must be included so that
the air velocity passing through the filters is sufficient. Accuracy in
estimating the resistance to the flow of air through the duct system
is important in the selection of blower motors. Resistance should be
kept as low as possible in the interest of economy. Ducts should be
installed as short as possible.

The effect of dust on health has been properly emphasized by
competent medical authorities. Air-conditioning apparatus removes
these contaminants from the air and further provides the correct
amount of moisture so that the respiratory tracts are not dehydrated,
but are kept properly moist. Dust is more than just dry dirt. It is a
complex, variable mixture of materials and, as a whole, is rather un-
inviting, especially the type found in and around human habitation.
Dust contains fine particles of sand, soot, earth, rust, fiber, animal
and vegetable refuse, hair, and chemicals.
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Humidifiers add moisture to dry air. The types of humidifiers
used in air-conditioning systems are spray-type air washers, pan
evaporative, electrically operated, and air operated.

The function of an air washer is to cool the air and to control
humidity. An air washer usually consists of a row of spray nozzles
and a chamber or tank at the bottom that collects the water as it
falls through the air contacting many baffles. Air passing over the
baffles picks up the required amount of humidity.

Dehumidification is the removal of moisture from the air and is
accomplished by two methods: cooling and adsorption. Cooling-
type dehumidification operates on the refrigeration principle. It re-
moves moisture from the air by passing the air over a cooling coil.
The moisture in the air condenses to form water, which then runs
off the coil into a collecting tray or bucket.

Various types of fans are used in air-conditioning applications
and are classified as propeller, tubeaxial, vaneaxial, and centrifugal.
The propeller and tubeaxial fans consist of a propeller or disk-type
wheel mounted inside a ring or plate and driven by a belt or direct
drive motor.

A vaneaxial fan consists of a disk-type wheel mounted within a
cylinder. A set of air-guide vanes is located before or after the wheel
and is belt-driven or direct drive. The centrifugal fan is a fan rotor
or wheel within a scroll-type housing. This type of blower is better
known as a squirrel-cage unit. Whenever possible, the fan wheel
should be directly connected to the motor shaft. Where fan speeds
are critical, a belt drive is employed, and various size pulleys are
used.

Review Questions
1. Define what is meant by the term ventilation as applied to a

building or space.
2. How do natural and mechanical ventilation differ?
3. What precautions are normally taken to prevent excessive air

leakage in residential buildings or homes?
4. What is the function of air filters as installed in an air-

conditioning system?
5. State the effect of dust and other impurities on the health of

humans.
6. What are the advantages in using throwaway- or replaceable-

type filters?
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7. Where are air filters usually placed in residential air-
conditioning installations?

8. Describe the function of a humidifier in an air-conditioning
system.

9. Name four types of humidifiers.
10. What is the principal function of an air washer?
11. Describe the essential difference between an electrically and

air-operated humidifier.
12. What kind of controls are normally employed on electric-type

dehumidifiers?
13. What are the factors contributing to heat gains in air ducts?
14. What are the methods used to reduce heat gains in air ducts?
15. How may the total air-handling capacity for residential occu-

pancy be calculated?
16. What are the various devices used to supply air circulation in

an air-conditioning system?
17. Explain the difference in construction between a propeller and

a tubeaxial fan.
18. How is the power input of a fan usually measured?
19. What type of fan or blower is usually employed in air-duct

systems?
20. Give a typical attic-fan operating routine for best results.
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Chapter 5
Room Air Conditioners
A room air conditioner is generally considered to be a unit suitable
for placement in any particular room. The room in question may
be in an office, a home, or a small shop. Room air conditioners are
usually classed according to their design and method of installation
(such as window units and portable units).

As the name implies, window units are installed on the win-
dowsill. Portable units can be moved from one room to another as
conditions and occupancy dictate. The advantages of this type of air
conditioner are the relatively low-cost summer cooling in the room
selected, as well as the portability and ease of installation. Figure
5-1 shows a typical window air-conditioning unit. When properly
installed, sized, and serviced, the room air-conditioning unit gives a
large measure of comfort, free from irritating exhaust that accom-
panies sweltering hot spells and extremely high humidity.

The window-type air conditioner may be divided into three func-
tional systems: electrical, refrigerant, and air path. The electrical
system consists of the motor-compressor, unit control switch, fan
and fan motor, starting and running capacitors, starting relay (when
used), thermostat, and necessary wiring. The refrigerant system
consists of the compressor, condenser, drier-strainer, capillary tube,
evaporator, tubing, and accumulator. Some systems have the refrig-
erant flow controlled by means of an automatic expansion valve
instead of the conventional capillary-tube method. The air path con-
sists of an air discharge and intake grille, air filter, vent door, vent
controls, and so on. Figure 5-2 shows the component parts of a
window air conditioner.

Operation
Although the various types of room air conditioners differ in cabinet
design as well as in arrangement of components, they all operate on
the same principle. The evaporator fan draws the recirculated air
into the unit through the louvers located on the side. The air passes
through the air-filter evaporator. It is then discharged through the
grille on the front of the unit into the room. The part of the unit
extending into the room is insulated to reduce the transfer of heat
and noise.

The condenser and compressor compartment extends outside of
the room. The compartment is separated from the evaporator com-
partment by an insulated partition. The condenser air is drawn

101
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Figure 5-1 Exterior view of a typical room air conditioner.
(Courtesy Gibson Refrigerator Sales Corporation.)

FRONT
GRILLE

CONTROL PANEL

COMPRESSOR

CONDENSER

EVAPORATOR

FAN

Figure 5-2 Cutaway view showing component parts of a room air
conditioner. (Courtesy Gibson Refrigerator Sales Corporation.)
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through the sections of the condenser coil on each side of the con-
denser fan housing. The air passes through the compressor compart-
ment. It is discharged through the center section of the condenser
covered by the fan housing. It circulates the air, as well as disposing
of the condensed water from the evaporator, which drops into the
base and flows to the condenser end of the unit.

Cooling Capacity
The cooling capacity of an air-conditioning unit is the ability to re-
move heat from a room and is usually measured in Btu per hour.
The higher the Btu rating, the more heat will be removed. The ca-
pacity rating is usually given on the unit’s nameplate, together with
other necessary information (such as voltage and wattage require-
ments). It is important that the room air-conditioning units be large
enough for the room or rooms to be cooled. When dealing with
large units, the term ton of refrigeration is most often used. A ton of
refrigeration is equivalent to 12,000 Btu/hr. A room air conditioner
rated at 10,000 Btu, for example, will supply 10/12, or 0.83, ton of
refrigeration.

Capacity Requirements
Following are the important variables to keep in mind when esti-
mating the Btu requirements for a room cooling installation:
� Room size in square feet of floor area
� Wall construction (whether light or heavy)
� Heat gain through ceiling
� The proportion of outside wall area that is glass
� The exposure of the room’s walls to the sun

Additional factors to be taken into account are room ceiling
height, number of persons using the room, and miscellaneous heat
loads (such as wattage of lamps, radio and television sets in use in
the room, and so on).

Table 5-1 should be used to obtain the approximate cooling ca-
pacity in Btu. The following steps outline the procedure for using
the table (which shows the Btu requirements for various sizes of
rooms). In each case, it is assumed that the rooms have an 8-foot
ceiling height. The procedure is as follows:

1. Measure the room to be cooled for square footage (length in
feet times width in feet).
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Table 5-1 Room-Cooling Requirements in Btu

Space Above Room Being Cooled

Occupied Room Attic Insulated Flat Roof

Area Being Cooled Has Exposed Walls Facing . . .Approx.
Btu
Capacity North North North
Required or East South West or East South West or East South West

6000 400 200 100 200 100 64 250 120 80
7000 490 250 125 235 130 97 295 155 105
8000 580 300 150 270 160 130 340 190 130
10,000 750 440 390 340 270 200 470 340 240
12,000 920 580 470 410 320 225 550 375 275
13,000 1000 660 550 450 350 250 600 400 300
16,000 1290 970 790 570 480 390 750 650 540

2. Determine the direction the room faces to determine which
exposure to use.

3. Determine the condition of the space above the room to be
cooled (such as occupied, attic, or insulated flat roof).

For example, to determine the required amount of cooling for a
room 23 feet long and 13 feet wide, multiplication of the two fig-
ures will give 299 square feet. It is further assumed that the space
above the room to be cooled is occupied and that the room has
an exposed wall with windows facing south. Table 5-1 indicates
that the room described will require a unit having a capacity of ap-
proximately 8000 Btu. A room of the same size and facing south
with an uninsulated attic above it will require a cooling capacity of
approximately 10,500 Btu.

Table 5-1 indicates the approximate Btu capacity required to cool
different rooms with the approximate area and other conditions
as described. The table will also permit checking an installed unit
where unsatisfactory performance might be suspected resulting from
improper sizing or inadequate unit capacity.

Installation Methods
After the unit is removed from the crate, the mounting frame should
be located on the sill of the selected window. The window should
be on the shady side of the room. If this is not possible and the unit
must be exposed to the sun, then some shading of the unit should
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be used for greater efficiency. Awnings are most effective since they
shade both the unit and window at the same time, but the awning
must not restrict the free flow of air to and from the unit. The awning
top must be held away from the building side so that the hot air can
escape. Venetian blinds or shades are a second choice to cut down
a great amount of solar heat transmitted to the room through the
windows.

Before installing the unit, it should be determined first that it is the
correct size for the room and that the electrical power plug is correct
and adequate. Whatever type of installation is used, ensure that the
location will permit proper distribution of the cooled air throughout
the room (as shown in Figure 5-3) and that there is no obstruction
to the outside air flow that could cause restriction or recirculation of
outside air back into the unit. The installation instructions provided
with the unit should be studied and followed closely. The installation
information included here is only general and not intended to replace
or substitute the instructions supplied with the unit. The installation
should be made as neat as possible. Make certain that the unit is
properly secured and that the installation is made so there is a good
tight seal from the outside. It is very important that no openings are
left through which rain or warm air from the outside could enter
around the unit.

Figure 5-3 Air circulation with an accompanying cooling effect pro-
vided by a typical window-mounted air-conditioning unit.
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Double-Hung Window Installation
Most window units are manufactured for installation in sliding win-
dows with free openings from 27 to 40 inches in width. The proper
installation of these units is very important to their continued satis-
factory performance, and manufacturers’ instructions and illustra-
tions should be carefully studied and adhered to. The following is a
step-by-step procedure that will assist in reducing installation time:

1. The depth of the unit will determine if it is to be mounted
flush to the inside finished wall or at any point between these
extremes.

2. Measure and mark the center of the windowsill with a line, as
shown in Figure 5-4. Extend the line to the outside sill for use
in installing the mounting-frame support. The purpose of the
window angles is to hold the side panel in the window channel.
Outside of the panel, place the window angle and adjust it for
height; outline and drill pilot holes. Screw the angle firmly
in place. Repeat the operation with the other angle on the
opposite side of the window frame.

L

L/ 2

L/ 2

cL

cL

Figure 5-4 Method of measuring windowsill to establish mounting
position of an air-conditioning unit.

3. Place the mounted assembly (see Figure 5-5) in the window,
aligning the center hole in the lower frame with the centerline
mark on the windowsill. Lower the window to the top of the
frame. Extend sides of the mounted assembly to the full width
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of the window, as shown by arrows. Install sash-locking brack-
ets after seating the window firmly on the assembly frame.

FILLER BOARD

ALIGN

UNIT SUPPORT
ARRANGEMENT

(WHEN REQUIRED)

SASH-LOCKING BRACKET

Figure 5-5 Method of installing unit-support frame and filler boards.

4. Break off excess filler board by pressing outward at the near-
est notch beyond the unit opening of the mounting frame, as
shown in Figure 5-6. This operation is easier (especially for
wider windows) if a pair of pliers is used.

5. Install the screws as shown in Figure 5-7 if permanent instal-
lation is desired. Use of screws is recommended.
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FILLER BOARDS

cL
Figure 5-6 Method of filler-board installation.

MOUNTING FRAME SUPPORT FILLER BOARD

Figure 5-7 Method of securing sill clamp to wooden windowsill.

6. Install the bottom unit seal in the groove of the frame, as shown
in Figure 5-8. Stretch the seal material to fill the groove com-
pletely.

7. Install the sill clamp in lieu of the sill-fastening screws for stone
sills or other such materials, as shown in Figure 5-9.
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SEALING MATERIAL

Figure 5-8 Unit seal arrangement.

TOP RAIL FILLER BOARD

MOUNTING FRAME SUPPORT SILL CLAMP

Figure 5-9 Sill-clamp mounting in stone or masonry sill construction.

8. Install the top rail and seal assembly (see Figure 5-10) on top
of the unit case in the holes provided for flush mounting only.

9. Remove the unit decorative grille (see Figure 5-11) and in-
stall locking screws (two) on flush-mount installations only.
Reinstall the grille.
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TOP RAIL

UNIT SUPPORT FILLER BOARD

SILL CLAMP

Figure 5-10 Method of installing top rail and seal assembly.

TOP RAIL FILLER BOARD

SILL CLAMP

AIR-CONDITIONING UNIT

Figure 5-11 Placement of air-conditioning unit.
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10. Install the side seals by forcing them between the unit (filler
boards and unit frame).

11. Install the sash-to-glass seal, cutting it to fit the window glass
width, as shown in Figure 5-12.

CUT LINE

SEALING MATERIAL

TOP RAIL

AIR-CONDITIONING UNIT

FILLER BOARD

Figure 5-12 Sealing-installation arrangement.

Casement Window Installation
So many different types of casement windows are manufactured that
it would be impossible to give a single procedure to cover them all.
Each job will require special treatment, thought, and planning. With
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FILLER PANEL

CASEMENT W
INDOW W

ITH GLASS

AND MULLIONS REMOVED

Figure 5-13 Necessary changes required to permit installation of
window-mounted air-conditioning unit in casement-type window.

reference to Figure 5-13, installation is accomplished by removing
sufficient glass and mullions to allow for passage of the unit. It
is necessary to build up the windowsill until the top is above the
horizontal cross member forming the bottom of the frame on the
metal window. If the outer cabinet is allowed to rest on this cross
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member, any vibration will be transmitted to the window frame and
wall and will be amplified. This starting procedure is basic to all
casement windows.

Measure the height and width of the opening left by the removed
glass, and cut a piece of 1/4-inch Masonite or equivalent material to
fit. This board is referred to as a filler panel. Cut out the center of
the filler panel to the exact outside dimensions of the outer cabinet.
In cutting the height in the board, allow for the height of the bot-
tom cross member on the window frame. Install the outer cabinet,
as described previously (in the section titled Double-Hung Window
Installation). Install the filler panel in the opening, and seal the edges
to the window frame with putty or caulking compound. The hori-
zontal cross member of the supporting frame may be secured to the
temporary sill by using the holes provided for this purpose, or the
clamping assembly may be used if it is practical for the installation.
Install chassis and the insides of the cabinet.

Alternative Method
Measure the height of the opening. From this subtract height of
the unit. Cut a piece of plywood, Masonite, or Plexiglas equal in
height to fit the measurement obtained as a result of the foregoing
subtraction and with a width equal to the opening. Install the outer
cabinet in the exact center of the opening and secure rigidly. Install
the filler board across the top of the unit. Cement these in place at
the window frame.

Casement windows with small glass panes will require the cutting
out of a horizontal cross member, as well as vertical mullions. In this
case it may be advisable to reinstall the cross members at a height
equal to the height of the outer cabinet. Cut and reinstall the glass
above the cross members. The regular side panels supplied with the
unit may be used to fill in the sides, or Plexiglas may be used.

Wall Installations
In certain locations, it may be desirable to cut through the existing
wall and install the air conditioner in the opening thus provided.
When cutting through the existing wall, carefully measure the air
conditioner to be installed and cut a hole in the wall large enough
to provide for the conditioner as well as the required framing and
insulating sleeves.

Frame Construction
Figure 5-14 illustrates a typical framing preparation. Insert the cab-
inet into the opening. Screw through the cabinet into the framing,
as shown. The existing knockouts can be used for either of the two
positions. Additional holes will have to be drilled along the length
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WOOD HEADER
OR FRAMING

WOOD HEADER
OR

FRAMING

WOOD  SIDING

CAULK COMPLETELY
AROUND UNIT

TRIM
COLLAR

ANCHORING SCREWS

6"

BRICK VENEER

9"

7"

Figure 5-14 Method of wood-header arrangement to provide support
in frame-wall installation.

of the cabinet for other positions. Also screw the bottom rails to the
framing, using No. 14 screws. After assembling the cabinet securely,
the wood-trim strips can be nailed around the cabinet.

Caulking and flashing should be used around the outside to pro-
vide a weather-tight seal. Instead of caulking at the bottom, a pan
with side flanges and a drip rail may be used to protect the wall
opening. The pan should be sloped to the rear and should provide
a weather-tight seal.

Concrete Block or Brick Construction
To prepare the wall, remove all plaster, furring strips, and so on
from the installation area. Be careful not to break the plaster or
exterior wall surface beyond the hole’s dimensions. After obtain-
ing the proper opening, insert the cabinet and secure it with ma-
sonry nails. The existing knockouts can be used for either of the two
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positions. Additional holes will have to be drilled along the length
of the cabinet for other positions.

After installation, cement the cabinet to the existing masonry
on the outside. Use caulking and flashing to provide a weather-
tight seal. Instead of caulking at the bottom, a pan with side flanges
and a drip rail may be used to protect the wall opening. The pan
should be sloped to the rear and should provide a weather-tight seal.
Wood-trim strips may be applied around the inside of the cabinet
to complete the installation.

Outside Support Bracket
If the air conditioner extends more than 14 inches beyond the outside
of the wall opening, the cabinet will require additional support from
the outside. This support may be obtained by using the mounting
legs and brackets, and corresponding nuts, bolts, and washers as
supplied with the mounting kit for the standard window installation.
Make sure that the mounting brackets rest firmly against the wall
at the wall opening, as shown in Figure 5-15.

Figure 5-15 Support-bracket arrangement in typical window instal-
lation.
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Console-Type Room Air-Conditioning Systems
The console air conditioner is a self-contained unit that can come
in 2-hp to 10-hp sizes. These units are used in small commercial
buildings, restaurants, stores, and banks. They may be water-cooled
or air-cooled.

Figure 5-16 shows an air-cooled console conditioner. In installa-
tions of this type, the unit should be located so that it can be vented
to the outside to get rid of the hot air produced by the compressor
and the condenser.

COLD AIR OUT

FAN
MOTOR

CONTROL
PANEL

FILTER

WARM AIR
INTAKE

STARTER

COMPRESSOR
MOTOR

COMPRESSOR

EXPANSION
VALVE

COILS

Figure 5-16 Cut-away view of a self-contained console air conditioner.

There are also water-cooled console air conditioners. They re-
quire connections to the local water supply, as well as a water drain
and condensate drain (Figure 5-17). Note the location of the parts in
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CABINET

WATER TO
DRAIN

CONDENSATE TO
DRAIN

WATER FROM
LOCAL SOURCE

FRONT
PANEL

Figure 5-17 Plumbing connections for a water-cooled, self-contained
console air conditioner.

Figure 5-16. Water is used to cool the compressor. In both models,
the evaporator coil is mounted in the top of the unit (see Figure 5-18).
Air blown through the evaporator is cooled and directed to the
space to be conditioned. In some areas, a water-cooled model is not
feasible.

Since the evaporator coil also traps moisture from the air, this
condensate must be drained. This dehumidifying action accounts for
large amounts of water on humid days. If outside air is brought in,
the condensate will be more visible than if inside air is recirculated.
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WARM
AIR
IN

BLOWER

COMPRESSOR

CONDENSER

FLOOR

COLD
AIR
OUT

OUTSIDE WALL

EVAPORATOR

Figure 5-18 A self-contained console air conditioner, showing air flow
over the evaporator.
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Installation and Service
The console air conditioner is produced by the factory ready for
installation. It must be moved to a suitable location and hooked
to electrical and plumbing supplies. Once located and connected,
it must be checked for level. Electrical and plumbing work must
conform to local codes.

Servicing the unit is simple because all the parts are located in
one cabinet. Remove the panels to gain access to the compressor,
valves, blowers, filter, evaporator, and motors. A maintenance sched-
ule should be set up and followed. Most maintenance consists of
changing filters and checking pressures. Cleaning the filters, clean-
ing the inside of the cabinet with a vacuum, and cleaning the evapo-
rator fins are the normal service procedures. Water connections and
electrical control devices should be checked for integrity. Clean the
fan motor. Oil the bearings on the blowers and motors whenever
specified by the manufacturers.

Window-Mounted Console-Type Air Conditioners
It is extremely desirable that a survey of the room is made prior to the
actual installation of a console unit. Determine the most favorable
location, taking into account the desirable location in the room,
exposure of the window, width of the window, its height from the
floor, and location of the electrical supply outlet. In this connection,
it should be realized that since these types of units usually have a
considerably larger cooling capacity than windowsill units, it will
be necessary to install a special electrical connection from the meter
or distribution panel directly to the location of the unit.

Figure 5-19 shows the installation of a typical console room air
conditioner in a double-hung window. A normal installation of this
type will allow the window to be opened or closed without interfer-
ence from the duct or window filler panels. To completely close the
window, the rain hood must be retracted. To adjust the height of the
unit to obtain the necessary height for the duct outlet (windowsill
height may differ by several inches), special wooden bases made up
of several sections are usually employed (see Figure 5-20).

Installing Ducts
The standard duct (see Figure 5-21) usually furnished with the
console-type unit is approximately 8 inches deep. The unit end has
a removable flange that slides on vertical tracks attached to the back
of the unit. The window end of the duct has a rain hood fitted in it.
When the window is up, the rain hood is pushed out manually and
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AIR DUCT

CONSOLE AIR-
       CONDITIONING
                UNIT

Figure 5-19 Console-type air-conditioning unit installation in standard
double-hung window.

secured in the open position by inserting a screw in each side of the
duct after the holes in the duct and rain hood are lined up.

The distance between the window and the nearest permissible
location of the unit is measured direct and laid out on the duct,
measuring from the window end. Remove the screws holding the
removable fitting to the duct, scribe, and cut. File off all burrs and
break the sharp edges. Use the standard duct if the dimension is 8
inches or less. If the dimension is greater than 8 inches, the standard
and accessory ducts can be connected together to give a total distance
of 20 inches. When cutting the accessory duct, be sure to take the
measurement from the flared end to allow the extension piece to fit
over the standard section. Use the unit fitting to locate new holes
in the cut end. Drill with a 1/8-inch drill and reassemble. Installation
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WOODEN BASE
5 SECTIONS.

EACH 3/4’ THICK

DOWEL-PIN HOLE

Figure 5-20 Typical wooden base assembly. Wooden base may be
used to increase the height of console units to permit the standard duct
to rest on windowsill.

NOTE:
Duct may be cut here
to suit requirements.

UNIT FITS OVER END
OF EITHER DUCT

ACCESSORY
12-IN DUCT

STANDARD 8-IN DUCT

RAIN HOOD

Figure 5-21 Typical air-duct units as used with console-type air con-
ditioners.
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of a console air conditioner in casement windows does not differ in
any appreciable degree from installation of the windowsill-mounted
type.

Electrical System
To ensure that the room air-conditioning unit operates properly, you
should check the available electrical power supply before the unit is
installed. If an existing branch circuit is to be used, you must ensure
that it is the proper rating and that the voltage is correct for the unit
to be installed (120 volts or 240 volts, whichever appears on the
unit nameplate). You should also ensure that the electric supply at
the outlet is adequate to maintain proper unit operation (see Figure
5-22.)

The following specifications for the operation of room air-
conditioning units from electric branch circuits are accepted by the
National Electrical Code and most local codes and ordinances:

� The unit nameplate amperage should not exceed 80 percent of
the branch circuit rating. For example, a No. 14 wire circuit
is rated at 15 amperes; 80 percent of 15 = 12 amperes, which
is maximum loading.
� If a unit nameplate amperage is greater than 50 percent of

the circuit rating, then there should be no other outlet in that
circuit available for additional loading by other electrical ap-
pliances, lights, and so on.
� If the unit amperage does not exceed 50 percent of the circuit

rating, then a multiple-outlet circuit can be used if the addi-
tional loading of the circuit combined with the unit amperage
does not exceed 80 percent of the circuit rating.

It should be noted also that the determination of a circuit’s ad-
equate rating does not necessarily establish that there is adequate
voltage available for satisfactory operation of the unit. It is suggested
(particularly on 120-volt circuits) that a voltage check be made with
the circuit loaded by a current draw comparable to that of the unit
nameplate amperage. The voltage under this loading should not
drop lower than 10 percent below the unit nameplate voltage. If the
voltage drops too low at the outlet, but remains satisfactory at the
meter, a new branch circuit is necessary.

Electrical load testers are available with selectable wattage that
permits simulating a unit current draw. These instruments have a
power cord with a wall plug that can be installed directly in the
electrical outlet used for the unit. If the voltage does not drop below
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Figure 5-22 Line cords and plugs for various voltages as used on air-
conditioning units.
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90 percent of the unit nameplate voltage with this loading, the cir-
cuit should be satisfactory. It may be necessary, however, to install
a new circuit for the unit. In some instances, it may be found that
there is not enough power supplied to the building, which may re-
quire changes in the fuse box and/or the power-supply wiring to the
building. It is recommended that the local power company be con-
tacted regarding any questions or problems encountered with either
the electric power supply or the electric wiring.

Electrical Components
Figure 5-23 shows the electrical system of a typical room air con-
ditioner, consisting of a motor compressor with thermal overload
protector, starting relay (when used), starting capacitors, running
capacitor, fan motor, fan capacitor (on some models), main thermo-
stat, unit control switch (on-off switch and fan speed switch com-
bined), reactor (choke coil on some models), and connecting wires.

+ +
+

THERMOSTATMAIN SWITCH

GRN GRN

FROST CONTROL

FAN MOTOR

COMPRESSOR

FAN
CAPACITOR

WHT

WHT

WHT

DOTTED
SIDE

ORG

RED

BLK BRN

GROUND

LINE CORD

X M M

S

C

L

H

P C
S

R

O. L.

Figure 5-23 Schematic diagram showing electrical connection for typ-
ical room air-conditioning unit. (Courtesy of Hotpoint Co.)

Compressors
Motor compressors used on room air conditioners are similar to
those used in household refrigeration. In operation, the compressor
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action necessary for the circulation of the refrigerant is obtained by
a piston reciprocating inside a cylinder similar to that of an auto-
mobile engine. Half of the shaft rotation is used to draw gas into the
cylinder, and the other half is used for compression and discharge.
Reciprocating compressors are usually furnished in two styles: a
single cylinder (pancake type), with a speed of 3500 rpm, and a
twin-cylinder type with a speed of 1750 rpm. Figure 5-24 shows the
interior and exterior views of a pancake-type compressor.

Figure 5-24 View of single
cylinder, pancake-type
compressor. (top) Exterior
view; (bottom) cutaway view.
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Starting Relay
The starting-relay coil is in series with the motor run winding. The
high current draw on start causes the relay contacts to close, connect-
ing the starting capacitor to the compressor-start winding circuit. As
the motor speed increases, current through the run winding drops
off and the relay contacts open. This cuts out the starting capaci-
tor, and the compressor continues to run with a running capacitor
remaining in the start winding circuit.

Following are the most common faults of a starting relay:

� Relay contacts fail to open when the compressor has started.
� Relay contacts do not close while the compressor is starting.

If the relay contacts fail to open when the compressor has started,
starting capacitor failure would likely result and the compressor
would draw high amperage. If the relay contacts were not closed
when the compressor was starting, difficulty could be encoun-
tered.

Overload Protector
The overload protector protects the motor against excessive over-
load and is usually located inside the compressor terminal cover.
It opens the circuit to the compressor motor on abnormally high
amperage or objectionably high motor temperature. The overload
protector on most models consists of a snap-action, bimetal disk
with contacts. The motor current passes through this disk. In the
case of overload (failure of the compressor to start or unusual volt-
age conditions), the current through the disk will be high, thereby
increasing its temperature and causing it to automatically open and
stop the motor. Because of its direct contact with the compressor
body, as the motor temperature rises, the heat of the compressor
body will increase the overload disk temperature. This lessens the
required current to open the circuit.

Some models have a heater combined with the bimetal disk. Ex-
cessive current through this heater causes the temperature to rise and
heat the disk. When the overload protector trips for any reason, the
motor circuit remains open until the compressor cools sufficiently
to cause the disk to snap closed, closing the circuit.

Starting Capacitors
All capacitors have two ratings: a microfarad (µF) rating and a volt-
age rating. The microfarad rating identifies the capacitor’s electrical
capacitance, while the voltage rating identifies the maximum volt-
age. A 240-volt capacitor may be used on a 120-volt circuit, but a
120-volt capacitor cannot be directly connected across 240 volts.
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Starting capacitors are the electrolytic type and are used in the
motor-start winding circuit to affect an increase in starting torque.
All starting capacitors are intended for short and infrequent com-
pressor starts. Any operating fault that would cause a starting ca-
pacitor to remain in the circuit for more than several seconds could
be the cause of its failure. Such causes could be low voltage, faulty
relay, some fault of the compressor, short cycling, or a compres-
sor motor failure. The cause of repeated capacitor failure should be
investigated as being one those mentioned previously.

If a starting capacitor becomes shorted internally, starting trouble
and possible blown fuses would result. If a capacitor should have a
broken internal connection to either terminal or any internal open
circuit to its terminals, the compressor may not start. If a replace-
ment is available, the simplest way to check a capacitor is to install
a new one. If the trouble is corrected, discard the old capacitor.

Run-Capacitors
Run-capacitors differ from start-capacitors in that they are heavy-
duty, oil-filled capacitors that can remain in the circuit continuously.
Running capacitors have a much lower microfarad (µF) rating than
start-capacitors of comparable size. The run-capacitor remains in
the motor-start winding circuit at all times during compressor op-
eration. This capacitor also increases starting torque and improves
the motor’s running abilities. The run-capacitor also reduces the
running amperage by increasing the power factor.

Fan Motors
There are usually two types of fan motors. Some air conditioners use
a permanent split-phase capacitor motor, and others use a shaded-
pole type. The capacitor type is more efficient electrically, and it is
used where there are current limitations. It can be identified since it
requires a fan capacitor. The number of fan-motor leads will vary
from two to four, depending on the type of motor used and its appli-
cation. Shaded-pole motors will have either two or three leads, de-
pending on whether the speed winding is incorporated in the motor
or a reactor is used to reduce the fan speed. Similarly, capacitor-type
motors will either have three or four leads for the same reason.

It is very important that the fan-motor leads be connected cor-
rectly to prevent damage to the motor. Reversal of the run and phase
leads will result in motor rotation reversal on capacitor-type motors.
All fan motors have a thermal overload protector embedded in the
windings to protect the motor from damage in case of overheat-
ing. Certain types of air conditioners employ a reactor (sometimes
called a choke coil) that is used to reduce the speed of the fan motor



P1: GDZ/FFX P2: GDZ/FFX QC: GDZ/FFX T1: GDZ

GB076-05 GB076-Miller-Sample July 15, 2004 16:29 Char Count= 0

128 Chapter 5

externally. When connected in the fan-motor circuit, the reactor
adds reactance, lowering the voltage to the fan motor and thereby
reducing the motor speed.

Thermostats
The thermostat (or temperature control) stops and starts the com-
pressor in response to room temperature requirements. Each ther-
mostat has a charged power element containing either a volatile liq-
uid or an active vapor charge. The temperature-sensitive part of this
element (thermostat feeler bulb) is located in the return air stream.
As the return air temperature rises, the pressure of the liquid or
vapor inside the bulb increases, which closes the electrical contacts
and starts the compressor. As the return air temperature drops, the
reduced temperature of the feeler bulb causes the contacts to open
and stops the compressor.

The advent of transistors and the semiconductor chips or inte-
grated circuits has produced a more accurate method of monitoring
and adjusting temperatures within a system. The microprocessor
makes use of the semiconductor and chip’s abilities to compare tem-
peratures and to program on and off cycles, as well as monitor the
duration of each cycle. This leads to more accurate temperature
control.

Figure 5-25 shows a microprocessor-based thermostat. As you
can see from the front of the control panel, you can adjust the

RUN
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PRESENT
DAY TIME

HOLD
TEMP SET

HEAT  COOL

DAY WAKE LEAVE

PERIOD TIME
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RETURN
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FAN ON  AUTO
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        LEAVE
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Figure 5-25 Microprocessor thermostat used for residential temper-
ature and cooling control.
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program to do many things and, in the process, save energy, whether
it is operating the furnace for heat or the air-conditioning unit for
cooling. These units usually come with a battery so that the mem-
ory can retain whatever is programmed into it. The battery is also a
backup for the clock so that the program is retained even if the line
power is interrupted.

Unit Control Switch
The unit control switch may be located on top of the cabinet or on
one of the sides, depending upon the particular design. The con-
trol switch is usually of the knob- or rotary-control dial type and
normally has four positions, marked OFF, FAN, COOL, and EX-
HAUST. The damper controls are usually marked SHUT, VENT,
and OPEN. To provide cooling, the switch dial is turned to the
COOL position, and the damper dial to SHUT or VENT depending
on whether or not outside air is desired.

To operate the unit as a ventilator, the switch dial is turned to FAN
and the damper dial is turned as far open as desired. In the OPEN
position, the unit passes in 100 percent of outside air. To exhaust
room air, the switch is turned to the EXHAUST position, and the
damper dial is turned to the VENT position. When a thermostat is
installed for automatic cooling, the compressor and fans will cycle
according to dial requirements.

Service Operations
Room-air-conditioner servicing is similar to refrigerator servicing.
An air conditioner is a refrigerant system that removes heat from
a room. (In a refrigerator, the heat is removed from the food.) An
evaporator is employed to remove the heat, and a condenser is used
to liquefy the refrigerant. Air movement over the evaporator and
condenser surface is accomplished by a fan. Hot air usually con-
tains a greater percentage of moisture than colder air. When the
evaporator fan moves hot humid air over the cold surface of the
evaporator, a quantity of the moisture in the air will condense (form
water droplets) in addition to the air itself being cooled. In this man-
ner, the relative humidity of the recirculated air is also reduced. The
condensate water is drained into the condenser section, where it is
dissipated.

Servicemen who have a good knowledge of refrigeration com-
bined with the understanding that an air conditioner removes heat
and humidity from a room by the process of refrigeration will be
able to competently service air conditioners. Since most portable air-
conditioning units of present design contain compressors of the her-
metic or sealed type, the only parts that can be serviced in the field
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are the relay, control switch, fan, fan motor, starting and running
capacitors, air filters, and cabinet parts. The refrigerating system
(consisting of the cooling unit, condensers, compressors, and con-
necting lines) generally cannot be serviced in the field.

Dismantling Window Air Conditioners
This section lists the procedure and steps necessary to dismantle
window air conditioners. The procedure can be used in its entirety
or in part, according to the service required. The procedure covers
only those parts of the unit that can be serviced in the field and
is not a complete disassembly. By presenting a dismantling proce-
dure, it is possible to eliminate repetition of certain steps common to
many service operations. Keep in mind that individual manufactur-
ers may recommend a slightly different procedure. In all instances,
follow the instructions of the manufacturer when dismantling an
air conditioner. When reassembling the unit, the steps should be
reversed.

To dismantle the air conditioner, proceed as follows:

1. Disconnect the air conditioner from the source of electric sup-
ply, and remove the cabinet.

2. Remove the electric control boxes. Remove the screws that
secure each box to the partition. Remove the control-box cov-
ers, and disconnect the motor leads. Remove the control box
assemblies from the unit.

3. Remove the fan motor and fans. Loosen both fans, and remove
them from the shaft. Remove the access panel that fits down
over the cooling-unit fan shaft. Loosen and remove the motor
cradle supports at each end of the motor. Lift the motor up
and out.

Electrical Testing
In the event of operating trouble, a thorough check of the electrical
system is sometimes necessary. By checking the electrical system, a
great deal of time can be saved because such a check usually reveals
the more obvious troubles. To make a complete electrical test of
the unit and its controls, a volt-ohmmeter is the safest and easiest
instrument to use. It may be used to check the line voltage to see if it
is high enough, and, by using the ohm-resistance scales, continuity
checks can also be performed.

When checking the electrical system, refer to the wiring diagrams
such as those shown in Figure 5-26 and Figure 5-27. However, keep
in mind that the diagrams shown are only typical; the arrangement
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Figure 5-26 Wiring diagram of typical air-conditioning unit having one
fan motor and a sealed-type compressor unit.

and wiring of components may vary, depending on the manufacturer
of the particular unit.

Testing for Current Supply
With the volt-ohmmeter set on the proper AC voltage scale, first
check the convenience outlet that the unit is plugged into to be
certain that current is available. Next, with the unit plugged into
the outlet and the volt-ohmmeter on the same setting, place one of
the test leads on terminal N and the other on terminal L. If the
proper voltage is recorded, current is being supplied to the relay.

Testing Fan Motors
Depending on the size of the unit, it may be equipped with one or
two fan motors. In some smaller units, only one fan motor is used,
in which case the shaft of the motor extends to operate two fans
(one for the evaporator and one for the condenser).

To check for continuity, always pull the plug on the supply cord
from the source of supply so as not to damage the ohmmeter portion
of the instrument. To check the evaporator fan motor, turn the switch
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to the running position. Remove the connector from the wires tied
together in the switch box. Place the ohmmeter test leads between
terminal 1 of the switch and the wire ends from which the connector
was removed, which is the lead that goes to the fan motor. If the ohm-
meter shows continuity, the circuit to and through the motor is okay.

Most motors are of the high-impedance type, which can stall and
not burn out, but some have internal overload protection. If the
motor has overload protection and is hot, allow it to cool a few
minutes. If the ohmmeter has given an infinity reading, test again. If
the meter still reads infinity, replace the fan motor. If the fan motor
checks out, check the switch by putting one lead of the ohmmeter
on N or L1 (they are tied together), and touch the other lead to
terminal 1 and then to terminal 2. If the switch has been turned on,
you should get a 0-ohm reading each time. If the switch is defective,
replace it with a switch having the same part number.

To check the condenser fan motor, turn the switch to the run-
ning position. If the condenser fan motor does not operate, remove
the junction box cover and switch, first disconnecting the whole
unit from the power source. Remove the connector from the wires
tied together. Place the ohmmeter leads on the wire that goes to the
condenser motor from the connection where you removed the con-
nector, and connect the other ohmmeter lead to terminal 3 of the
switch. If the ohmmeter reads relatively low, the winding is probably
okay. If it reads 0 ohm, the winding is probably open in the motor.
If the motor is hot, wait a few minutes and read again if the first
reading was 0 ohm.

To check the evaporator and condenser fan motor when only
one fan motor is used, disconnect the whole unit from the source of
supply. Turn the switch to the ON position, and remove the junction-
box cover and switch. Remove the connector from the wires tied
together in the switch box. Pick out the wire that goes to the motor,
and place one ohmmeter test lead on this wire end and the other lead
on terminal 1. If the motor is okay, you should get a comparatively
low resistance reading. If the meter reads 0 ohm and the motor is hot,
let the motor cool a few minutes and recheck. If the meter still reads
0 ohm, the winding is probably open, so replace the motor. You
should check the switch-contact continuity, as explained previously.

Capacitor (Starting)
Most units have an electrolytic start-capacitor in the start-winding
circuit to increase the starting torque. If this capacitor develops a
short internally, starting trouble and possible blown fuses will result.
If the capacitor develops an open circuit, the compressor will not
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start. If a replacement is available, the simplest way to check the
capacitor is to install a new one. If a replacement is not readily
available, a check can be performed in the following manner.

To check a capacitor, disconnect the capacitor leads. Ensure that
the capacitor has not retained a charge by placing the blade of an
insulated screwdriver across the terminals. Touch the capacitor leads
or terminals with the test probes of an ohmmeter, and observe the
meter deflection. A satisfactory capacitor will show at least 100,000
ohm (100 K) of resistance. It may take several seconds to arrive at
this reading. A shorted capacitor causes the ohmmeter pointer to
indicate a continuous low resistance. The pointer moves to the zero
end of the scale and remains there as long as the probes are in contact
with the terminals. An open capacitor causes no deflection of the
pointer, meaning that there is no path or continuity through the
capacitor, which should be replaced. It is essential that the capacitor
be replaced with an exact duplicate.

Compressor Motor Relay
The relay opens the circuit to the compressor motor starting winding
after the compressor has started. The duration of this start (or of
the time that the starting winding is energized) is, under normal
conditions, very short—usually 2 or 3 seconds. A defective relay may
fail to close, which results in starting trouble. It may fail to open,
which results in overload trip-outs, capacitor failure, or blown fuses.

Relay Check
Check the capacitor before making any relay-operation checks, since
a shorted or open capacitor will not allow the motor to operate.
Disconnect the entire unit from the supply source. Disconnect lead
S from the relay, and check the continuity from S to L. The reading
should be 0 ohm. Replace lead S to the relay, and disconnect lead
M at the relay, testing the resistance between M and L. The reading
should be 0 ohm. These tests indicate that the starting and running
contacts of the relay are closed. To double-check, in most cases relays
may be opened and visual inspection of the contacts made. If the
contacts show much burning or discoloration, even though they are
making contact, replace the relay as a preventive measure.

Compressor Motor Overload
The overload is a protective device used in conjunction with the
relay to open the compressor motor circuit at abnormally high cur-
rents or dangerously high motor temperatures. The overload con-
sists of a heater and a snap-action bimetal disk on which contacts
are mounted. A heater is connected in series with the common
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terminal of the motor windings. In the case of overloads, the current
through the heater is high, thereby increasing its temperature. This
heats the bimetal disk, thus causing it to automatically snap open
and open the motor-winding circuit. Because of the direct contact of
the overload to the compressor body, as the motor temperature rises,
the heat of the compressor body increases the overload-disk temper-
ature, thereby reducing the current required to open the circuit.

If the overload trips for any reason, the circuit will remain open
until the compressor body (or shell) cools sufficiently to cause the
disk to snap closed. It will then close the circuit to the motor. This
protector is nonadjustable and must be replaced if it fails to function
properly. To check the overload, disconnect the power cord from
its source, remove leads 2 and 3 from the overload, and check the
continuity between terminals 2 and 3. The meter should read 0 ohm.
If the test shows a high resistance, the points are open and the relay
should be replaced.

Often, you will not find an overload protector as shown in Fig-
ure 5-28 because it is a part of the start-relay. Some of the causes
of overload trip-outs are low voltage, shorted capacitor, failure of
the compressor to start, and excessive operating pressures or tem-
peratures. It is a good idea to have a clamp-on–type AC ammeter to
check running currents.

Compressor and Motor
The compressor motor is a capacitor-type, split-phase motor that
has two windings. The starting winding has the capacitor in series
with it to give great starting torque, with the winding composed of
a smaller-size wire than the running winding. By using a capillary-
tube method of refrigeration, the starting load is normally rather
low. At the start, the running winding is energized, drawing a larger
starting current, which causes the relay to close the starting winding
contacts, energizing the starting winding almost immediately.

As the motor comes up to speed, the current value drops. At
about 65 percent of full speed, the current drops low enough for the
starting relay to open the circuit to the starting winding and the full
load is then carried by the running winding. If the load is too heavy,
the current draw will be large and the overload protective device
will open and stop the motor until the overload protection cools,
when it will again attempt to start the motor.

To check the continuity of the compressor motor winding, dis-
connect the three motor leads C, S , and R (Figure 5-28), making
sure the entire unit is unplugged from the source of electrical supply.
The ohmmeter should show continuity between any two of the three
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terminals, with a larger resistance between terminals C and S than
between C and R . If the ohmmeter shows no resistance on any of
the tests, an open winding is indicated.

While making the preceding test, you should test the compres-
sor motor for grounding. This is done by putting the ohmmeter on
its highest scale and touching one lead to the compressor housing
and the other to each of the motor terminals, one at a time. If the
winding is not grounded, the ohmmeter should read full scale (or
the maximum resistance) in ohms.

TO: LINE

TO: LINE

OVERLOAD
PROTECTOR

C

M

S

S

R

1
1

23

NOTE: If start capacitor is installed, wire-start 
capacitor between terminals #1 and #2 of 
relay and do not use jumper wire shown.

Figure 5-28 Note location of the overload protector in line that leads
to SCR connections on the compressor. (Courtesy of Tecumseh.)
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It must be remembered that faults other than motor trouble may
be the cause of compressor failure or of a motor drawing high cur-
rent. Some of the compressor failure causes are a stuck compressor,
high head pressure, low voltage, or a plugged capillary tube.

Oiling of Motors
The fan motors should be oiled at the start of each cooling season,
or every six months if the unit is operated all year. Use a good grade
of electric motor oil or SAE No. 20 automobile oil. A few drops in
each oil hole are sufficient.

Leaks in System
In the event that any part of the condensing unit develops a leak,
it will be necessary to repair the leak before the unit can be put
into operation. A leak is usually discovered by the presence of oil
around the point at which the leak developed. It must not be as-
sumed, however, that the presence of oil on any part of the unit is a
positive indication of a leak. Always check the suspected area with
an approved leak detector.

Filters
The filters should be inspected at regular intervals. Refer to indi-
vidual manufacturer’s instructions for filter removal and cleaning.
Periodic cleaning of filters ensures maximum air delivery by the air
conditioner at all times. Best results can be obtained if filters are
replaced every year and cleaned often between replacements.

Interior Cleaning
The interior of the unit should be cleaned periodically of all dust,
grease, and foreign matter. Special attention should be given to the
condenser and evaporator coils. Regular cleaning will ensure con-
tinuous good service of the unit.

Winter Care
In many parts of the United States, service of the cooling unit will
not be required during the winter months. Such a unit can be easily
removed from the window and stored in a convenient place. This
prevents condensation of moisture in the unit. It also makes available
a greater window area. Before the unit is stored, however, it should
be checked for dirt in the evaporator and condenser, and cleaned
when necessary. The evaporator should be cleaned once a year. Avoid
the development of objectionable odors and possible accumulation
of dirt this way.
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The coils can be cleaned by the use of a stiff bristle brush and
a strong solution of soap and water. All parts should be rinsed off
after cleaning. It is also advisable to wash out the drain pan and
retouch with an asphalt paint. When storing the unit, it should be
put on blocks to take the weight off the sponge rubber mounting.
At the beginning of the cooling season when the unit is reinstalled,
the fan motors should be oiled. After the unit has been reinstalled
and started, it should be checked after a few minutes of operation
to ascertain that the temperature drop across the evaporator is 10◦F
or more.

Refrigerant-System Service
When a unit operates but does not have its normal cooling capacity,
the refrigerant system should be checked. Check for some obvious
symptom (such as partial icing of the evaporator, an abnormally
warm suction line, or other unusual condition) that could indicate
a loss of refrigerant or a restricted capillary tube.

The refrigerant system of most room air-conditioning units is a
sealed-type circuit. Should trouble develop that requires opening the
refrigerant circuit, the usual caution and requirements for repair of
a capillary-tube–type system are necessary. This requires equipment
for evacuating and leak testing, as well as a means of accurate refrig-
erant charging. Observe all appropriate safety precautions specific
to the refrigerant.

Evaporator Temperature
Under average operating conditions of outdoor and indoor temper-
atures, all evaporator return bends should be cold and at the same
approximate temperature. On most models, this check can be eas-
ily made by removing the front grille. If the first evaporator passes
are iced over, or if there is a noticeable temperature increase of the
return bends of the last several passes, it could be an indication of
either restriction or loss of refrigerant. It must be remembered, how-
ever, that with higher outdoor temperatures, the very last evaporator
pass will not have as much refrigerant to effect cooling as it would
have at lower temperatures. Therefore, it will be at a slightly higher
temperature if the outside temperature is high.

Frequently, servicemen check the dry-bulb temperature drop
across the evaporator to determine if the unit is cooling satisfactorily.
The temperature drop across the evaporator is not the same on all
units. Higher outdoor dry-bulb temperatures and high inside relative
humidity tend to reduce the dry-bulb temperature drop across the
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evaporator. On most units with an outdoor temperature between
80◦F and 90◦F and with an indoor relative humidity between 40
and 50 percent, the temperature drop across the evaporator should
be between 17◦F and 20◦F. Where proper evaporator air flow is
maintained, a 20◦F dry-bulb temperature drop would normally in-
dicate satisfactory cooling. When the room air relative humidity is
considerably higher than 50 percent, a smaller dry-bulb tempera-
ture drop across the evaporator will be obtained. When the relative
humidity is considerably below 40 percent, a higher temperature
will result. It is, therefore, important that room air relative humid-
ity be checked and considered when checking air temperature drop
across the evaporator as a check for proper cooling.

Compressor Amperage
With normal evaporator loading and average outdoor temperatures,
if proper cooling is being accomplished, the compressor motor will
draw the approximate amperage shown on the unit nameplate. If a
unit is drawing considerably below compressor nameplate amper-
age, the refrigerant system may not be producing proper cooling,
assuming that there is a normal flow of air over the evaporator and
that the evaporator loading is not abnormally low.

Refrigerant Leaks
Whenever a shortage of refrigerant is suspected, this condition can
be confirmed by identifying the source of leakage. A leak-test oper-
ation can be performed with a halide leak detector. The end of the
exploring hose is passed around areas where a refrigerant leak is
suspected. The air drawn into the hose passes through a copper re-
actor plate and through a small flame. If any refrigerant is contained
in this air, the color of the flame turns slightly green. If a consider-
able quantity of refrigerant is leaking, the flame turns purple. When
the location of leak has been determined, it is sometimes difficult to
pinpoint the exact leak location. Soapsuds can be used to pinpoint
the exact source of leak.

Automatic Expansion Valves
Automatic expansion valves are used on some room air conditioners
instead of the capillary tubes to control the flow of refrigerant into
the evaporator. These valves are set to maintain a normal suction
pressure. They are factory adjusted and sealed, and no field adjust-
ment is required. A small bleed port in the valve permits pressure
equalization from the high to low side on shutdown. A small liquid-
line strainer is located in the liquid line ahead of the expansion valve.
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Table 5-2 Room Air Conditioner Troubleshooting Guide

Symptom Possible Cause Possible Remedy

Unit will not
run.

Blown fuse Replace fuse.

Broken or loose wiring Check for an electrical
short at wall receptacle.

Low voltage Check voltage. Voltage
should be within 10
percent of that shown on
the unit nameplate.

Defective unit starting
switch

Check voltage at switch. If
there is proper voltage at
switch but no continuity
through it, replace switch.

Fan runs, but
compressor
will not
operate.

Inoperative thermostat If turning thermostat to its
coldest setting does not
start compressor (and
room temperature is above
75◦F) but shorting across
its terminals does, change
thermostat.

Loose or broken wiring Check unit wiring and
wiring connections at the
unit, start-switch and
compressor.

Start-capacitor faulty
(if used)

Check start-capacitor (if
used).

Run-capacitor faulty Check run-capacitor.
Relay faulty (if used) Check relay (if used).
Off on overload or
overload fault

Check for overheated
compressor or for
defective overload.

Low voltage Check voltage.

Unit blows
fuses.

Shorted or incorrect
unit wiring

Check unit wiring.

Shorted start- or
run-capacitor

Check capacitors.

Shorted or stuck
compressor

Check compressor.

Compressor starting
difficulty

Check for low voltage;
check start-capacitor and
relay.

Incorrect fuse Check fuse size.
(continued)
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Table 5-2 (continued)

Symptom Possible Cause Possible Remedy

Compressor
cycles off and
on.

Low voltage Check voltage and
amperage with unit
operating. If low, check
other appliance loads.

Restricted air across
the condenser

Check condenser fan and
check for any restriction of
condenser air.

Recycling of condenser
discharge air back into
unit

Check for inadequate
clearance for proper
discharging of condenser
air; check for any cause of
hot discharge air
re-entering the unit.

Dirty or plugged
condenser

Check and clean all dirt or
lint from condenser coil
fins. Clean air filter.

Thermostat feeler bulb
out of position

Check bulb for proper
location in return air. Bulb
should not touch the
evaporator coil.

Faulty or incorrect
overload

Check if overload has
tripped. Refer to
Capacitor, Overload and
Relay Chart for correct
overload. Check
compressor temperatures.
If compressor is not
overheated, and if
amperage is not high and
overload trips out, change
overload.

Unit vibrates
or rattles.

Compressor shipping
block not removed or
shipping bolts not
removed or properly
loosened

Remove shipping bolt and
shipping block on
externally spring-mounted
compressors only.

Discharge or suction
tube striking metal
surface

Bend tube slightly for
clearance where striking.

Loose compressor
junction-box cover or
capacitor

Tighten.

(continued)
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Table 5-2 (continued)

Symptom Possible Cause Possible Remedy

Loose or bent fan
blades

Replace fan.

Fan motor out of
alignment or loose on
mounting

Check alignment and
tighten mounting.

Water drips
from unit.

Unit not properly
leveled

Level unit. Most models
can be tipped slightly
toward outside.

Condensate drain to
condenser pan plugged

Clean condensate drain.

Condenser-fan slinger
ring out of position

Check motor mounting
and alignment for proper
positioning of
condenser-fan slinger ring
in water sump.

Evaporator drip pan,
shroud, or other
source of water
leaking and requires
sealing

Use Permagum or other
sealing compound to seal
leak.

Noisy fan
operation.

Fan striking Check for proper
positioning and clearance
of fans.

Loose fan or fan motor Check for fan tightness on
shaft. Check for loose fan
blade, fan looseness at
rubber hub, and loose
fan-motor mounting.

Bent fan blades Replace fan blades.

Unit not
cooling
properly.

Clogged air filter Check air filter for dirt.
Clean or replace.

Outside air entering
the unit

Check for proper closing
of outside air doors.

Air across condenser
restricted

Check condenser air.

Dirty or blocked
condenser

Check condenser for
blocked dirt or lint. Clean
or replace.

(continued)
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Table 5-2 (continued)

Symptom Possible Cause Possible Remedy

Hot condenser
discharge air
re-entering unit

Check for restriction or
obstruction to condenser
discharge air that could
cause it to re-enter unit.

Compressor or
refrigerant system
faulty

If compressor runs but the
evaporator does not get
cool, this indicates an
inefficient compressor,
restricted capillary tube, or
lost refrigerant charge.

Evaporator
ices over.

Clogged or dirty air
filter

Clean or replace air filter.

Evaporator fan motor
tripping on overload

Check for overheated
evaporator fan motor and
tripping off on its internal
overload.

Unit operating at too
low room temperature

If room temperature drops
below 70◦F, the
evaporator may ice over.

Outside temperature
too low

Check for unit being
operated when it is
unusually cool outside.

Troubleshooting Guide
(Window-Mounted Units)
The troubleshooting guide shown in Table 5-2 lists the most com-
mon operating faults and suggests possible causes and remedies.
This guide provides a quick reference to the cause and correction of
a specific fault.

Summary
A room air conditioner is usually considered a unit suitable for place-
ment in any particular room. The room may be an office, a home, or
a small shop. Room air conditioners are usually classed according
to their design and method of installation (such as window units
and portable units).

Although the various types of room air conditioners differ in cab-
inet design as well as in arrangement of components, they all operate
on the same principle. The evaporator fan draws the recirculated air
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into the unit through the louvers located on the side. The air passes
through the air-filter evaporator. It is then discharged through the
grill on the front of the unit into the room.

A ton of refrigeration is 12,000 Btu/hr. Room air conditioners are
rated in Btu/hr. The amount of cooling capacity can be determined
by checking a table of values for various Btu ratings.

A number of installation methods may be employed in mounting
air conditioners in the window of a desired room. Some units come
with filler boards to make the unit fit any size window. A console-
type air-conditioning unit can be made to fit a standard double-hung
window.

Line cords and plugs vary according to the voltage and current
the unit will draw. At least six different standard-type plugs are
available for window or room air conditioners.

The electrical components of a room air conditioner consist of a
motor-compressor (with thermal overload protector), starting relay
(when used), starting capacitor, running capacitor, fan motor, fan
capacitor on some models, main thermostat, unit control switch
(made up of the ON-OFF and speed selection switches).

Compressors may be of single- or double-cylinder type. Rotary
compressors are used in some units to reduce the noise inherent with
the reciprocating types.

Room air-conditioner servicing is similar to refrigerator servic-
ing. An air conditioner is a refrigerant system that removes heat
from a room, whereas a refrigerator removes the heat from the food
compartment and from the food inside it.

When checking the electrical system, refer to the wiring diagram.
Keep in mind that the compressor motor is a capacitor-type, split-
phase motor that has two windings. Fan motors should be oiled at
the start of each cooling season, or every six months if the unit is
operated all year. Use a good grade of electrical oil or SAE No. 20
automobile oil. A few drops in each oil hole are sufficient.

Filters should be inspected at regular intervals. Periodic cleaning
of filters ensures maximum air delivery by the air conditioner at all
times.

Before the unit is stored for the winter, it should be checked for
dirt in the evaporator and condenser and cleaned when necessary.
The evaporator should be cleaned once a year, as recommended.
This prevents the development of objectionable odors and possible
accumulation of dirt. The coils should be cleaned by the use of a
stiff bristle brush and a strong solution of soap and water. All parts
should be rinsed off after cleaning.
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A trouble-shooting guide should be consulted to check the symp-
toms and possible causes of trouble along with the possible remedy.

Review Questions
1. Where can a room air conditioner be most useful?
2. List at least six parts of a room air conditioner.
3. List five important variables to keep in mind when estimating

the Btu requirements for a room-cooling installation.
4. What affect does a west-facing wall have on a room when

figuring the room cooling requirements in Btus?
5. Why are filler boards sometimes needed in an air-conditioner

installation?
6. How does the console type air conditioner differ from that of

the window type?
7. What are the three specifications that the National Electrical

Code states for operation of room air-conditioning units?
8. Draw the plug arrangement for a crowfoot 240-volt plug.
9. What is the symbol used in the schematic diagram of a typical

air-conditioning unit for representing the compressor motor?
10. Where is the start-relay located in the electrical circuit of a

room air conditioner?
11. In what circuit is the overload protector located?
12. What is the difference between a run-capacitor and a start-

capacitor?
13. Name two types of fan motors.
14. What is another name for a choke coil?
15. What is the difference between an air conditioner and a refrig-

erator?
16. How do you test fan motors for proper operation?
17. What does CSR stand for on a compressor motor housing?
18. How often should fan motors be oiled?
19. What is one indication of a refrigerant leak in an air-

conditioner system?
20. What happens to the color of a flame when this method is used

to detect a refrigerant leak?
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Chapter 6
Refrigerants
Refrigeration is a process of removing heat from a substance or
a space. A desirable refrigerant should possess chemical, physical,
and thermodynamic properties that permit its efficient application
in refrigerating systems. In addition, there should be no danger to
health or property in case of its escape because of leaks or other
problems in a refrigerating system.

Desirable Properties
The following are requirements of a good refrigerant for commercial
use:
� Low boiling point
� Safe and nontoxic
� Easy to liquefy at moderate pressure and temperature
� High latent heat value
� Operation on a positive pressure
� Not affected by moisture
� Mixes well with oil

In the past, refrigerants were selected for use principally for their
boiling points, pressures, and stability within the system or unit,
regardless of other important necessary properties (such as non-
flammability and nontoxicity). Other factors must be taken into
account when selecting a chemical compound for use as a refrig-
erant, including molecular weight, density, compression ratio, heat
value, temperature of compression, compressor displacement, and
design or type of compressor, to mention only a few of the major
considerations.

Chlorofluorocarbon Compounds (CFCs)
Chlorofluorocarbon compounds (CFCs) are organic compounds
made of carbon, fluorine, chlorine, and hydrogen. CFCs were man-
ufactured under the trade name Freon. They were developed dur-
ing the 1930s. After World War II these halogenated hydrocarbons,
mostly trichlorofluoromethane (CFC-11, or F-11) and dichlorodi-
fluoromethane (CFC-12, or F-12), were used as aerosol-spray pro-
pellants, refrigerants, solvents, and foam-blowing agents. They were
ideal for these and refrigeration use because they were nontoxic and

147
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nonflammable. They also have the added advantage of being readily
converted from a liquid to a gas and from a gas to a liquid.

Growing concern over stratospheric ozone depletion and its dan-
gers caused a ban to be imposed on the use of CFCs in aerosol-spray
dispensers in the late 1970s. This ban was by the United States,
Canada, and the Scandinavian countries. By 1990, 93 nations agreed
to end production of ozone-depleting chemicals by the end of the
century. In 1992, most of those same countries agreed to end their
production of CFCs by 1996.

Classifications
For all practical purposes, the refrigerants listed in Table 6-1 are
no longer used, but it is possible that you will run across them in
older installations. The refrigerants still encountered in old equip-
ment are: Freon-12, Freon-22, Freon-502, and ammonia (NH3).
Some information will be given on the others (for purposes of in-
formation only). Table 6-2 provides pressures and temperatures for
the commonly used refrigerants.

Table 6-1 Characteristics of Typical Refrigerants

Heat of Vaporization
Boiling at Boiling Point,

Name∗ point, ◦F Btu/lb (at 1 atm)

Sulfur dioxide (SO2) 14.0 172.3
Methyl chloride (CH3Cl)∗ −10.6 177.80
Ethyl chloride (C2H5Cl) 55.6 177.00
Ammonia (NH3) −28.0 554.70
Carbon dioxide (CO2) −110.5 116.00
Freezol (isobutane) [(CH3)3CH] 10.0 173.50
Freon-11 (CCl3F)∗ 74.8 78.31
Freon-12 (CCl2F)∗ −21.7 71.04
Freon-13 (CClF3)∗ −114.6 63.85
Freon-21 (CHCl2F)∗ 48.0 104.15
Freon-22 (CHClF2)∗ −41.4 100.45
Freon-113 (CCl2F CClF2)∗ 117.6 63.12
Freon-114 (CClF2)∗ 38.4 58.53
Freon-115 (CClF2CF3)∗ −37.7 54.20
Freon-502 −50.1 76.46

∗Note: The Freon family of refrigerants, originally designated as Freon-12,
Freon-13, etc., are presently listed under various tradenames, such as Ucon-12,
Ucon-22, or simply Refrigerant-12, Refrigerant-22, sometimes abbreviated R-12,
R-22, R-113, etc., depending on the particular refrigerant characteristics desired.
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Table 6-2 Refrigerant Pressure versus Temperature

Pressure at Sea Level (pai) Gage

Temperature, ◦F R-12 R-22 R502 R717 (NH3)

−40 11.0∗ 0.5 4.1 8.7∗

−35 8.4∗ 2.6 6.5 5.4∗

−30 5.5∗ 4.9 9.2 1.6∗

−25 2.3∗ 7.4 12.1 1.3
−20 0.6∗ 10.1 15.3 3.6
−15 2.4 13.2 18.8 6.2
−10 4.5 16.5 22.6 9.0
−5 6.7 20.1 26.7 12.2
0 9.2 24.0 31.1 15.7
5 11.8 28.2 35.9 18.6

10 14.6 32.8 41.0 23.8
15 17.7 37.7 46.5 28.4
20 21.0 43.0 52.5 33.5
25 24.6 48.8 58.8 39.0
30 28.5 54.9 65.6 45.0
35 32.6 61.5 72.8 51.6
40 37.0 68.5 80.5 58.6
45 41.7 76.0 88.7 66.3
50 46.7 84.0 97.4 74.5
55 52.0 92.6 106.6 83.4
60 57.7 101.6 116.4 92.9
65 63.8 111.2 126.7 103.1
70 70.2 121.4 137.6 114.1
75 77.0 132.2 149.1 125.8
80 84.2 143.6 161.2 138.3
85 91.8 155.7 174.0 151.7
90 99.8 168.4 187.4 165.9
95 108.2 181.8 201.4 181.1

100 117.2 195.9 216.2 197.2
105 126.6 210.8 231.7 214.2
110 136.4 226.4 247.9 232.3
115 146.8 242.7 264.9 251.5
120 157.6 259.9 282.7 271.7
125 169.1 277.9 301.4 293.1
130 181.0 296.8 320.8
135 193.5 316.6 341.3
140 206.6 337.2 362.6

*In Hg (mercury) standard atmosphere.
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Refrigerants may be divided into three classes according to their
manner of absorption or extraction of heat from the substances to
be refrigerated:
� Class 1—This class includes refrigerants that cool by the ab-

sorption or extraction of latent heat from the substances to
be refrigerated. These refrigerants and their characteristics are
listed in Table 6-1.
� Class 2—These refrigerants cool substances by absorbing their

sensible heats. They are air, calcium chloride brine, sodium
chloride (salt) brine, alcohol, and similar nonfreezing solu-
tions. The purpose of Class 2 refrigerants is to receive a reduc-
tion of temperature from Class 1 refrigerants and convey this
lower temperature to the area to be air conditioned. By doing
this, a lesser amount of Class 1 refrigerant is required (which
is more expensive than Class 2 refrigerant). The results are the
same, and less of the system is subject to the problems that
accompany Class 1 refrigerant.
� Class 3—This group consists of solutions that contain ab-

sorbed vapors of liquefiable agents or refrigerating media.
These solutions function by nature of their ability to carry liq-
uefiable vapors, which produce a cooling effect by the absorp-
tion of their latent heat. Examples are ammonia and lithium
bromide, with water as the absorbing agent. (See Chapter 13
for a discussion of absorption-type air conditioning.)

Class 1 refrigerants are employed in the standard compressor type
of refrigeration systems. Class 2 refrigerants are used in conjunction
with Class 1 refrigeration, in some cases. Class 3 refrigerants are
used with Class 2 systems in the same manner as Class 1 systems.

Early Types of Refrigerants
Many of the early refrigerants have distinct properties. These refrig-
erants include the following:
� Sulfur dioxide
� Methyl chloride
� Ethyl chloride
� Ammonia
� Carbon dioxide
� Freezol (isobutane)
� Calcium chloride
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Sulfur Dioxide
Sulfur dioxide (SO2) is a colorless gas or liquid that is toxic and has
a very pungent odor. It is obtained by burning sulfur in air. It is not
considered a safe refrigerant, especially in quantities. It combines
with water, forms sulfurous, and sulfuric acid, which is corrosive to
metal and has an adverse effect on almost anything that it meets.
It boils at about 14◦F (standard conditions) and has a latent heat
value of 166 Btu/lb.

Sulfur dioxide has the disadvantage that it operates on a vacuum
to give temperatures required in most refrigeration work. Should
a leak occur, moisture-laden air would be drawn into the system,
which eventually corrodes the metal parts and causes the compressor
to stick up or stop. Also, in relation to Freon or methyl chloride,
approximately one-third more vapor must be pumped to get the
same amount of refrigeration. This means that either the condensing
unit will have to be sped up to give the desired capacity, or the size
of the cylinders will have to be increased proportionately. Sulfur
dioxide does not mix well with oil. The suction line must be on a
steady slant to the machine; otherwise, the oil will trap out, making
a constriction in the suction line. On many installations, it is not
possible to avoid traps and, on these jobs, sulfur dioxide is not
satisfactory.

Because of its characteristic pungent odor, comparatively small
leaks are readily detected. Even the smallest leaks are readily located
by means of an ammonia swab. A small piece of cloth or sponge may
be secured to a wire, dipped into strong aqua ammonia or household
ammonia, and then passed over points where leaks are suspected.
A dense white smoke forms where the sulfur dioxide and ammonia
fumes come in contact. Where no ammonia is available, leaks may
be located by the usual soap bubble or oil test.

Methyl Chloride
Methyl chloride is a good refrigerant. However, because it will burn
under some conditions and is slightly toxic, it does not conform to
some city codes. Roughly speaking, the average relative concentra-
tion by weight of refrigerant vapor in a room of a given size that
produces an undesirable effect on a person breathing the air thus
contaminated may be specified approximately as follows:
� Carbon dioxide—100
� Methyl chloride—70
� Ammonia—2
� Sulfur dioxide—1
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In other words, methyl chloride is 35 times safer than ammonia
and 70 times safer than sulfur dioxide. To produce any serious effects
from breathing methyl chloride, a considerable quantity is required.
For example, in a room 20 × 20 × 10 feet, it is necessary to liberate
about 60 lb of methyl chloride to produce a dangerous condition.

Methyl chloride has a low boiling point. Under standard atmo-
spheric pressure, it boils at −10.6◦F. It is easy to liquefy and has a
comparative high latent-heat value of approximately 178 Btu/lb un-
der standard conditions. It will operate on a positive pressure as low
as −10◦F and mixes well with oil. In its dry state, it has no corrosive
effect on metal. However, in the presence of moisture, copper plat-
ing of the compressor parts results and (in severe cases of moisture)
a sticky black sludge is formed, which is detrimental to the working
parts of the system.

Leaks are readily detected by means of a special leak-detecting
halide torch. Some torches use alcohol as a fuel, normally producing
a colorless flame that turns green when the leak-detector tube picks
up very minute concentrations of methyl chloride, and brilliant blue
with stronger concentrations. The space where the torch is being
used should be well ventilated to prevent possible harmful effects of
combustion products. Since the pressure in all parts of the system is
above atmospheric (except in low-temperature applications), a soap-
bubble or oil test also effectively locates leaks. Methyl chloride is
not irritating, and, consequently, does not serve as its own warning
agent for leaks to anywhere near the degree that sulfur dioxide does.
In some cases, a warning agent is added, such as a small percentage
(1 percent) of acrolein.

Ethyl Chloride
Because of the low pressure at which it evaporates, ethyl chloride
is not commonly used in domestic units. In many respects, ethyl
chloride is quite similar to methyl chloride. It has a boiling point
of 55.6◦F at atmospheric pressure, with a critical temperature of
360.5◦F at a pressure of 784 lb absolute. Ethyl chloride is a colorless
liquid or gas with a pungent ether-like odor and sweetish taste. It
is neutral toward all metals, which allows the use of iron, copper,
and even tin and lead in the construction of the unit. Since ethyl
chloride softens all rubber compounds or gasket material, it is best
to employ only lead as gasketing.

For the lower temperatures required for the preservation of food-
stuffs, ethyl chloride must be evaporated at pressures below atmo-
spheric. This is somewhat of a disadvantage because it is quite dif-
ficult to detect leaks in the low or evaporating side. Large leaks will
allow air or brine to be filtered or sucked into the system. On the
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other hand, the low pressure similarly encountered on the high or
condensing side (ranging from 6 to 20 psig) has resulted in the use
of rotary compressors. Since the displacement required per unit of
refrigeration in the compressor cylinder is excessively large, the ro-
tary method of compression serves to keep down the size of the unit
itself, whereas a reciprocating compressor usually presents a rather
bulky appearance. Rotary compressors operate with less noise and
do not have the pounding found in the reciprocating type, espe-
cially in starting up where liquid refrigerant may enter the suction
line.

Like methyl chloride, ethyl chloride presents the same difficulties
of lubrication and leak detection, with the added disadvantages of
operating under low pressures and the detection of leaks, and a small
quantity of some liquid having a powerful or penetrating odor is
sometimes added to the system. The most common method of leak
detection, however, is to put pressure on the system and apply a
soapy solution on the suspected points. In locations where there is
no danger of explosion, a halide torch may be used. The flame will
turn green when held under the leak if ethyl chloride is present.

Ammonia
Ammonia is used in absorption types of refrigeration equipment,
which are operated by heat instead of by electric motors. It is a col-
orless gas with a pungent characteristic odor. Its boiling temperature
at normal atmospheric pressure is −28◦F, and its freezing point is
−107.86◦F. It is very soluble in water, 1 volume of water absorbing
1.148 volumes of ammonia at 32◦F. It is combustible or explosive
when mixed with air in certain proportions (about 1 volume of
ammonia to 2 volumes of air) and much more so when mixed with
oxygen. Because of its high latent-heat value (555 Btu at 18◦F), large
refrigeration effects are possible with relatively small-sized machin-
ery. It is very toxic and requires heavy steel fittings. Pressures of 125
to 200 psi are not unusual with this refrigerant. Water-cooled units
are essential.

There are two common methods for the detection of small
ammonia leaks. One is the employment of a sulfur candle, which
will give off a very thick, white smoke if it contacts escaping am-
monia. The other method is to test with phenolphthalein paper. The
faintest trace of ammonia vapor will cause the moistened paper strip
to turn pink, while a large amount of continued exposure will turn it
a vivid scarlet color. Phenolphthalein paper usually may be secured
from ammonia producers. Both of the preceding tests are convenient
and accurate. Ammonia is also labeled R-717, while water is labeled
R-718.
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Carbon Dioxide
Carbon dioxide is a colorless gas at ordinary temperatures, with a
slightly pungent odor and acid taste. It is harmless to breathe except
in extremely large concentrations when the lack of oxygen will cause
suffocation. It is nonexplosive, nonflammable, and does not support
combustion. The boiling point of carbon dioxide is so extremely low
that at 5◦F, a pressure of well over 300 psi is required to prevent
its evaporation. At a condenser temperature of 80◦F, a pressure of
approximately 1000 psi is required to solidify the gas. Its critical
temperature is 87.8◦F, and its triple point is −69.9◦F.

Because of its high operating pressure, the compressor of a carbon
dioxide refrigeration unit is very small even for a comparatively
large refrigerating capacity. However, because of its low efficiency
(compared with other common refrigerants), it is seldom used in
household units. However, it is used in some industrial applications
and aboard ships.

Leakage of carbon dioxide gas can be detected by making sure
that there is pressure on the part to be tested. Then, use a soap
solution at the suspected points. Leakage into the condenser water
can be tested with the use of bromothymol blue. Both the water
entering and leaving the condenser should be tested at the same time
because of the sensitivity of the test. When carbon dioxide is present,
the normal blue color of the water containing the test chemicals will
change to yellow.

Freezol (Isobutane)
Freezol is a colorless gas with a characteristic natural-gas odor. It is
stable and does not react with water. It does not decompose to form
foreign gases in refrigerating systems and has no corrosive action
on metals. Freezol has a boiling point of 10◦F, which permits the
production of the desired temperature at atmospheric pressure with
a positive back-pressure. Its condensing pressure is approximately
49 lb gage at 90◦F. When used as a refrigerant, any good grade
of refrigerating oil may be employed as a lubricant in the system.
The gas has a specific volume of 6.3 ft3/lb at 60◦F and at normal
atmospheric pressure. For the detection of leaks, put pressure on the
system and apply a soapy solution to the suspected points.

Calcium Chloride (CaCl2)
Calcium chloride brine is used extensively in commercial plants as
a simple carrying medium for refrigeration. In the indirect system
of refrigeration, some refrigeration medium, such as brine, is cooled
down by the direct expansion of the refrigerant and is then pumped
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through the material or space to be cooled, where it absorbs its sen-
sible heat. Brine systems are used to advantage in large installations
where there is danger because of leakage of the large amount of re-
frigerant present and where the temperature fluctuates in the space
to be refrigerated.

For small refrigerated rooms or spaces where it is desired to op-
erate the refrigerating machine only part of each day, the brine coils
are supplemented by holdover or congealing tanks. A holdover tank
is a steel tank containing strong brine in which direct expansion coils
are immersed. During the period of operation of the refrigeration
machine, the brine is cooled down. During the shutdown period,
the refrigerant is capable of absorbing heat, the amount depend-
ing on the quantity of brine, its specific heat, and the temperature
head.

Congealing tanks serve the same general purpose, but operate on
a different principle. Instead of storing brine, they contain a com-
paratively weak brine solution that freezes or congeals to a slushy
mass of crystals during the period of operation. This mass of con-
gealed brine, in addition to its sensible heat, is capable of absorbing
heat equivalent to its latent heat of fusion. For the same refrigerating
effect, congealing tanks can be made much smaller than holdover
tanks because advantage is taken of the latent heat of fusion of
the brine. This results in a considerable saving in construction and
maintenance costs.

In modern refrigeration plants, however, the tendency is to op-
erate with brine at low temperature, which permits the use of less
brine, less piping or smaller-diameter pipe, smaller pumps, and lower
pumping cost. In other words, instead of cooling a large volume
of brine to a given temperature, the same number of refrigeration
units is utilized in cooling a smaller volume of brine to a lower
temperature. This practice results in greater economy of installation
and operation. The use of an extremely low freezing brine (such as
can be obtained with calcium chloride) is particularly desirable in
the case of shell-type coolers. Unexpected low temperatures some-
times may occur in the tubes of such a cooler, either through excess
vacuum on the cold side of the refrigerating unit, or from shutting
down a brine agitator, or both. Salt brine with a minimum possi-
ble freezing point of −6◦F may solidify under such conditions and
cause considerable trouble and loss of operating time. In some cases
where this has occurred, the cooler has been ruined completely.

With the exception of ammonia and brine, the refrigerants just
discussed will seldom be found in the field today. They are the early
refrigerants used before the Freons.
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Freon Refrigerants
The Freon family of refrigerants has been one of the major fac-
tors responsible for the impressive growth of not only the home
refrigeration and air-conditioning industry, but also the commercial
refrigeration industry. The safe properties of these products have
permitted their use under conditions where flammable or more toxic
refrigerants would be hazardous.

Classifications
Following are common Freon refrigerants:

� Freon-11—Freon-11 has a boiling point of 74.8◦F and has
wide usage as a refrigerant in indirect industrial and commer-
cial air-conditioning systems employing single or multistage
centrifugal compressors with capacities of 100 tons and above.
Freon-11 is also employed as brine for low-temperature ap-
plications. It provides relatively low operating pressures with
moderate displacement requirements.
� Freon-12—The boiling point of Freon-12 is −21.7◦F. It is the

most widely known and used of the Freon refrigerants. It is
used principally in household and commercial refrigeration
and air-conditioning units, for refrigerators, frozen-food cab-
inets, ice cream cabinets, food-locker plants, water coolers,
room and window air-conditioning units, and similar equip-
ment. It is generally used in reciprocating compressors, rang-
ing in size from fractional to 800 hp. Rotary compressors are
useful in small units. The use of centrifugal compressors with
Freon-12 for large air-conditioning and process-cooling appli-
cations is increasing.
� Freon-13—The boiling point of Freon-13 is −144.6◦F. It is

used in low-temperature specialty applications employing re-
ciprocating compressors and generally in cascade with Freon-
12 or Freon-22.
� Freon-21—Freon-21 has a boiling point of 48◦F. It is used

in fractional-horsepower household refrigerating systems and
drinking-water coolers employing rotary vane-type compres-
sors. Freon-21 is also used in comfort-cooling air-conditioning
systems of the absorption type where dimethyl ether or
tetraethylene glycol is used as the absorbent.
� Freon-22—The boiling point of Freon-22 is −41.4◦F. It is used

in all types of household and commercial refrigeration and
air-conditioning applications with reciprocating compressors.
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The outstanding thermodynamic properties of Freon-22 per-
mit the use of smaller equipment than is possible with simi-
lar refrigerants, making it especially suitable where size is a
problem.
� Freon-113—The boiling point of Freon-113 is 117.6◦F. It

is used in commercial and industrial air-conditioning and pro-
cess water and brine cooling with centrifugal compression. It
is especially useful in small-tonnage applications.
� Freon-114—The boiling point of Freon-114 is 38.4◦F. It

is used as a refrigerant in fractional-horsepower household
refrigerating systems and drinking-water coolers employing
rotary vane-type compressors. It is also used in indirect in-
dustrial and commercial air-conditioning systems and in in-
dustrial process water and brine cooling to −70◦F employing
multistage centrifugal-type compressors in cascade of 100 tons
refrigerating capacity and larger.
� Freon-115—The boiling point of Freon-115 is −37.7◦F. It is

especially stable, offering a particularly low discharge temper-
ature in reciprocating compressors. Its capacity exceeds that
of Freon-12 by as much as 50 percent in low-temperature
systems. Its potential applications include household refrig-
erators and automobile air conditioning.
� Freon-502—Freon-502 is an azeotropic mixture composed of

48.8 percent Freon-22 and 51.2 percent Freon-115 by weight.
It boils at −50.1◦F. Because it permits achieving the capac-
ity of Freon-22 with discharge temperatures comparable to
Freon-12, it is finding new reciprocating compressor applica-
tions in low-temperature display cabinets and in storing and
freezing of food.

Properties of Freons
The Freon refrigerants are colorless and almost odorless, and their
boiling points vary over a wide range of temperatures. Those Freon
refrigerants that are produced are nontoxic, noncorrosive, nonirri-
tating, and nonflammable under all conditions of usage. They are
generally prepared by replacing chlorine or hydrogen with fluorine.
Chemically, Freon refrigerants are inert and thermally stable up to
temperatures far beyond conditions found in actual operation. How-
ever, Freon is harmful when allowed to escape into the atmosphere.
It can deplete the ozone layer around Earth and cause more harmful
ultraviolet rays to reach the surface of the Earth.
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Physical Properties
The pressures required to liquefy the refrigerant vapor affect the de-
sign of the system. The refrigerating effect and specific volume of the
refrigerant vapor determine the compressor displacement. The heat
of vaporization and specific volume of the liquid refrigerant affect
the quantity of refrigerant to be circulated through the pressure-
regulating valve or other system device.

Flammability
Freon is nonflammable and noncombustible under conditions where
appreciable quantities contact flame or hot metal surfaces. It requires
an open flame at 1382◦F to decompose the vapor. Even at this tem-
perature, only the vapor decomposes to form hydrogen chloride
and hydrogen fluoride, which are irritating but are readily dissolved
in water. Air mixtures are not capable of burning and contain no
elements that will support combustion. For this reason, Freon is
considered nonflammable.

Amount of Liquid Refrigerant Circulated
It should be noted that the Freon refrigerants have relatively low
heat values, but this must not be considered a disadvantage. It sim-
ply means that a greater volume of liquid must be circulated per
unit of time to produce the desired amount of refrigeration. It does
not concern the amount of refrigerant in the system. Actually, it is
a decided advantage (especially in the smaller- or low-tonnage sys-
tems) to have a refrigerant with low heat values. This is because the
larger quantity of liquid refrigerant to be metered through the liquid-
regulating device will permit the use of more accurate and more pos-
itive operating and regulating mechanisms of less sensitive and less
critical adjustments. Table 6-3 lists the quantities of liquid refriger-
ant metered or circulated per minute under standard ton conditions.

Volume (Piston) Displacement
For reason of compactness, cost of equipment, reduction of fric-
tion, and compressor speed, the volume of gas that must be com-
pressed per unit of time for a given refrigerating effect, in general,
should be as low as possible. Freon-12 has a relatively low volume
displacement, which makes it suitable for use in reciprocating com-
pressors, ranging from the smallest size to those of up to 800-ton
capacity, including compressors for household and commercial re-
frigeration. Freon-12 also permits the construction of compact ro-
tary compressors in the commercial sizes. Generally, low-volume
displacement (high-pressure) refrigerants are used in reciprocating
compressors; high-volume displacement (low-pressure) refrigerants
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Table 6-3 Quantities of Refrigerant Circulated per Minute
Under Standard Ton Conditions

Pounds ln3 Liquid Specific
Expanded Ft3/lb Liquid Expanded Gravity Liquid

Refrigerant per Minute 86◦F per Minute 86◦F (Water-1)

Carbon dioxide 3.528 0.0267 162.8 0.602
Freon-22 2.887 0.01367 67.97 1.177
Ammonia 0.4215 0.02691 19.6 0.598
Freon-12 3.916 0.0124 83.9 1.297
Methyl chloride 1.331 0.01778 40.89 0.898
Sulfur dioxide 1.414 0.01184 28.9 1.358
Freon-114 4.64 0.01112 89.16 1.443
Freon-21 2.237 0.01183 45.73 1.360
Freon-11 2.961 0.01094 55.976 1.468
Methylene chloride 1.492 0.01198 30.88 1.340
Freon-113 3.726 0.01031 66.48 1.555

Cu in. liquid refrig./min = 200 Btu/min
Btu refrig. effect/lb

× vol. liquid/lb 86◦F × 1728

are used in large-tonnage centrifugal compressors; intermediate-
volume (intermediate-pressure) refrigerants are used in rotary com-
pressors. There is no standard rule governing this usage.

Condensing Pressure
Condensing (high-side) pressure should be low to allow construc-
tion of lightweight equipment, which affects power consumption,
compactness, and installation. High pressure increases the tendency
toward leakage on the low side as well as the high side when pressure
is built up during idle periods. In addition, pressure is very important
from the standpoint of toxicity and fire hazard.

In general, a low-volume displacement accompanies a high-
condensing pressure, and a compromise must usually be drawn
between the two in selecting a refrigerant. Freon-12 presents a bal-
ance between volume displacement and condensing pressure. Extra-
heavy construction is not required for this type of refrigerant, and so
there is little or nothing to be gained from the standpoint of weight
of equipment in using a lower-pressure refrigerant.

Evaporating Pressure
Evaporating (low-side) pressures above atmospheric are desirable
to avoid leakage of moisture-laden air into the refrigerating systems
and permit easier detection of leaks. This is especially important
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with open-type units. Air in the system will increase the head pres-
sures, resulting in inefficient operations, and may adversely affect
the lubricant. Moisture in the system will cause corrosion and, in
addition, may freeze out and stop operation of the equipment.

In general, the higher the evaporating pressure, the higher the
condensing pressure under a given set of temperatures. Therefore,
to keep head pressures at a minimum and still have positive low-
side pressures, the refrigerant selected should have a boiling point
at atmospheric pressure as close as possible to the lowest tempera-
ture to be produced under ordinary operating conditions. Freon-12,
with a boiling point of −21.7◦F, is close to ideal in this respect for
most refrigeration applications. A still lower boiling point is of some
advantage only when lower operating temperatures are required.

Pressure-Temperature Chart
Figure 6-1 shows a logarithmic-scaled chart giving the relation be-
tween pressure and corresponding temperatures in degrees Fahren-
heit for common refrigerants. The axis of the abscissa shows the
temperature, and the axis of the ordinate shows the pressure in
pounds per square inch gage and absolute, respectively.

Thus, to ascertain the pressure of a refrigerant at any particu-
lar temperature, follow the desired temperature until the curve of
that particular refrigerant is reached. The corresponding pressure
is found on the pressure axis. For example, the temperature corre-
sponding to a pressure of 25 psi for sulfur dioxide is approximately
60◦F, and the corresponding temperature at the same pressure for
dichlorodifluoromethane (Freon-12) is approximately 27.2◦F.

Refrigerant Characteristics
The freezing point of a refrigerant should be below any temperature
that might be encountered in the system. The freezing point of all re-
frigerants, except water (32◦F) and carbon dioxide (−69.9◦F, triple
point), are far below the temperatures that might be encountered in
their use. Freon-12 has a freezing point of −247◦F.

Critical Temperature
The critical temperature of a refrigerant is the highest temperature at
which it can be condensed to a liquid, regardless of a higher pressure.
It should be above the highest condensing temperature that might
be encountered. With air-cooled condensers, in general, this would
be above 130◦F. Loss of efficiency caused by superheating of the
refrigerant vapor on compression and by throttling expansion of
the liquid is greater when the critical temperature is low.
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Figure 6-1 Vapor pressure of common refrigerants at various tem-
perature ranges.

All common refrigerants have satisfactorily high critical temper-
atures, except carbon dioxide (87.8◦F) and ethane (89.8◦F).

These two refrigerants require condensers cooled to temperatures
below their respective critical temperatures, thus generally requiring
water.
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Hydrofluorocarbons (HFCs)
There are some hydrofluorocarbon refrigerants (such as R-134a)
that are made to eliminate the problems with refrigerants in the at-
mosphere caused by leaks in systems. The R-134a is a nonozone-
depleting refrigerant used in vehicle air-conditioning systems.
DuPont’s brand name is Suva, and the product is produced in a plant
located in Corpus Christi, Texas, as well in Chiba, Japan. Accord-
ing to DuPont’s Web site, R-134a was globally adopted by all vehi-
cle manufacturers in the early 1990s as a replacement for CFC-12.
The transition to R-134a was completed by the mid-1990s for
most major automobile manufacturers. Today, there are more than
300 million cars with air conditioners using the newer refrigerant.

Latent Heat of Evaporation
A refrigerant should have a high latent heat of evaporation per unit
of weight so that the amount of refrigerant circulated to produce
a given refrigeration effect may be small. Latent heat is important
when considering its relationship to the volume of liquid required
to be circulated. The net result is the refrigerating effect. Since other
factors enter into the determination of these, they are discussed
separately.

The refrigerant effect per pound of refrigerant under standard
ton conditions determines the amount of refrigerant to be evapo-
rated per minute. The refrigerating effect per pound is the difference
in Btu content of the saturated vapor leaving the evaporator (5◦F)
and the liquid refrigerant just before passing through the regulating
valve (86◦F). While the Btu refrigerating effect per pound directly
determines the number of pounds of refrigerant to be evaporated
in a given length of time to produce the required results, it is much
more important to consider the volume of the refrigerant vapor
required rather than the weight of the liquid refrigerant. By consid-
ering the volume of refrigerant necessary to produce standard ton
conditions, it is possible to make a comparison between Freon-12
and other refrigerants so as to provide for the reproportioning of the
liquid orifice sizes in the regulating valves, sizes of liquid refrigerant
lines, and so on.

A refrigerant must not be judged only by its refrigerating effect
per pound, but the volume per pound of the liquid refrigerant must
also be taken into account to arrive at the volume of refrigerant to
be vaporized. Although Freon-12 has relatively low refrigerating ef-
fect, this is not a disadvantage, because it merely indicates that more
liquid refrigerant must be circulated to produce the desired amount
of refrigeration. Actually, it is a decided advantage to circulate large
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quantities of liquid refrigerant because the greater volumes required
will permit the use of less sensitive operating and regulating mech-
anisms with less critical adjustment.

Refrigerants with high Btu refrigerating effects are not always
desirable, especially for household and small commercial installa-
tions, because of the small amount of liquid refrigerant in the sys-
tem and the difficulty encountered in accurately controlling its flow
through the regulating valve. For household and small commercial
systems, the adjustment of the regulating-valve orifice is most critical
for refrigerants with high Btu values.

Specific Heat
A low specific heat of the liquid is desirable in a refrigerant. If the ra-
tio of the latent heat to the specific heat of a liquid is low, a relatively
high proportion of the latent heat may be used in lowering the tem-
perature of the liquid from the condenser temperature to the evapo-
rator temperature. This results in a small net refrigerating effect per
pound of refrigerant circulated and, assuming other factors remain
the same, reduces the capacity and lowers the efficiency. When the
ratio is low, it is advantageous to precool the liquid before evapora-
tion by heat interchange with the cool gases leaving the evaporator.

In the common type of refrigerating systems, expansion of the
high-pressure liquid to a lower-pressure, lower-temperature vapor
and liquid takes place through a throttling device such as an expan-
sion valve. In this process, energy available from the expansion is
not recovered as useful work. Since it performs no external work, it
reduces the net refrigerating effect.

Power Consumption
In a perfect system operating between 5 and −86◦F conditions,
5.74 Btu is the maximum refrigeration obtainable per Btu of en-
ergy used to operate the refrigerating system. This is the theoretical
maximum coefficient of performance on cycles of maximum effi-
ciency (for example, the Carnot cycle). The minimum horsepower
would be 0.821 hp/ton of refrigeration. The theoretical coefficient
of performance would be the same for all refrigerants if they could
be used on cycles of maximum efficiency.

However, because of engineering limitations, refrigerants are used
on cycles with a theoretical maximum coefficient of performance of
less than 5.74. The cycle most commonly used differs in its basic
form from (1) the Carnot cycle, as already explained in employing
expansion without loss or gain of heat from an outside source, and
(2) in compressing adiabatically (compression without gaining or
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losing heat to an outside source) until the gas is superheated above
the condensing medium temperature. These two factors, both of
which increase the power requirement, vary in importance with dif-
ferent refrigerants. But, it so happens that when expansion loss is
high, compression loss is generally low, and vice versa. All com-
mon refrigerants (except carbon dioxide and water) show about the
same overall theoretical power requirement on a 5 to −86◦F cycle.
At least the theoretical differences are so small that other factors are
more important in determining the actual differences in efficiency.

The amount of work required to produce a given refrigerat-
ing effect increases as the temperature level to which the heat is
pumped from the cold body is increased. Therefore, on a 5 to −86◦F
cycle, when gas is superheated above 86◦F temperature on compres-
sion, efficiency is decreased and the power requirement increased
unless the refrigerating effect caused by superheating is salvaged
through the proper use of a heat interchanger.

Volume of Liquid Circulated
Volumes of liquid required to circulate for a given refrigerant effect
should be low. This is to avoid fluid-flow (pressure-drop) problems
and to keep down the size of the required refrigerant change. In
small-capacity machines, the volume of liquid circulated should not
be so low as to present difficult problems in accurately controlling
its flow through expansion valves or other types of liquid metering
devices.

With a given net refrigerating effect per pound, a high density of
liquid is preferable to a low volume. However, a high density tends
to increase the volume circulated by lowering the net refrigerating
effect. See Table 6-1 for the volumes of liquid that are required to
be circulated for the various refrigerants.

Simple Refrigeration System
The principle of using the latent heat of vaporization of a liquid
(such as sulfur dioxide) for producing refrigeration can be illus-
trated very easily by thinking of a refrigerator of very simple design,
similar to the one shown in Figure 6-2. The refrigerator is made up
of a box that is completely insulated on all six sides to prevent as
much heat transfer by conduction, convection, and radiation as pos-
sible. A series of finned coils with one end connected to the cylinder
charged with sulfur dioxide is located in the top of the cabinet. Two
pounds of sulfur dioxide are charged into the coil, after which the
compressed cylinder is sealed and disconnected from the line, with
the charging end of the pipe open to the atmosphere.
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Figure 6-2 Typical refrigeration cycle.

Since the liquid sulfur dioxide is exposed to the air, the only
pressure to which the liquid is subjected is atmospheric pressure,
which is approximately 14.7 psi absolute pressure, or 0 psig. At
this pressure, the liquid sulfur dioxide will boil or vaporize at any
temperature higher than 14◦F. For example, if the temperature of the
room in which the refrigerator is located is 70◦F, the temperature
of the cabinet at the time the sulfur dioxide liquid is added will
also be 70◦F. The liquid sulfur dioxide in the coils, therefore, will
start boiling and vaporizing immediately because the surrounding
temperature is above the boiling point (14◦F) of the liquid. As the
liquid boils away, it will absorb heat from the cabinet because for
every pound of sulfur dioxide liquid vaporized, 168 Btu of heat will
be extracted from the cabinet. As soon as the temperature of the
cooling coil is reduced to a point lower than the cabinet temperature,
the air in the cabinet will start circulating in the direction shown by
the arrows in Figure 6-2 because heat will always flow from the
warmer to the colder object.

With this method, however, the 2 lb of sulfur dioxide liquid will
soon vaporize and the colorless gas will be given off to the air outside
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the cabinet. It has a sharp odor. Refrigeration will then stop until a
new charge is placed in the cooling coil. Sulfur dioxide is expensive
and difficult to handle, and so some means must be used to reclaim
the vapor in order to use the original charge continuously and in-
definitely. The inconvenience of recharging the coil must also be
prevented, and the refrigerator must be built so that it will auto-
matically maintain the proper food preservation temperatures at all
times, with absolutely no inconvenience to the customer. This is ac-
complished by the compressor pulling the warm sulfur dioxide gas
from the cooling unit and pumping it into the condenser, where it is
changed to a liquid, ready to return to the cooling unit.

Handling Refrigerants
As mentioned at the beginning of this chapter, one of the require-
ments of an ideal refrigerant is that it must be nontoxic. In reality,
however, all gases (with the exception of pure air) are more or less
toxic or asphyxiating. It is therefore important that wherever gases
or highly volatile liquids are used, adequate ventilation be provided,
because even nontoxic gases in air produce a suffocating effect.

Vaporized refrigerants (especially ammonia and sulfur dioxide)
bring about irritation and congestion of the lungs and bronchial
organs, accompanied by violent coughing, vomiting, and, when
breathed in sufficient quantity, suffocation. It is of the utmost im-
portance, therefore, that the serviceman subjected to a refrigerant
gas find access to fresh air at frequent intervals to clear his lungs.
When engaged in the repair of ammonia and sulfur dioxide ma-
chines, approved gas masks and goggles should be used. Carrene,
Freon (F-12), and carbon dioxide fumes are not irritating and can
be inhaled in considerable concentrations for short periods without
serious consequences.

It should be remembered that liquid refrigerant would refrigerate
or remove heat from anything it meets when released from a con-
tainer. In the case of contact with refrigerant, the affected or injured
area should be treated as if it has been frozen or frostbitten.

Storing and Handling Refrigerant Cylinders
Refrigerant cylinders should be stored in a dry, sheltered, and well-
ventilated area. The cylinders should be placed in a horizontal po-
sition, if possible, and held by blocks or saddles to prevent rolling.
It is of the utmost importance to handle refrigerant cylinders with
care and to observe the following precautions:
� Never drop the cylinders, or permit them to strike each other

violently.



P1: GDZ/FFX P2: GDZ/FFX QC: GDZ/FFX T1: GDZ

GB076-06 GB076-Miller-Sample July 15, 2004 2:39 Char Count= 0

Refrigerants 167

� Never use a lifting magnet or a sling (rope or chain) when
handling cylinders. A crane may be used when a safe cradle or
platform is provided to hold the cylinders.
� Caps provided for valve protection should be kept on the

cylinders at all times except when the cylinders are actually
in use.
� Never overfill the cylinders. Whenever refrigerant is discharged

from or into a cylinder, weigh the cylinder and record the
weight of the refrigerant remaining in it.
� Never mix gases in a cylinder.
� Never use cylinders for rollers, supports, or for any purpose

other than to carry gas.
� Never tamper with the safety devices in valves or on the

cylinders.
� Open the cylinder valves slowly. Never use wrenches or tools

except those provided or approved by the gas manufacturer.
� Make sure that the threads on regulators or other unions are

the same as those on the cylinder valve outlets. Never force a
connection that does not fit.
� Regulators and gages provided for use with one gas must not

be used on cylinders containing a different gas.
� Never attempt to repair or alter the cylinders or valves.
� Never store the cylinders near highly flammable substances

(such as oil, gasoline, or waste).
� Cylinders should not be exposed to continuous dampness, salt

water, or salt spray.
� Store full and empty cylinders apart to avoid confusion.
� Protect the cylinders from any object that will produce a cut

or other abrasion on the surface of the metal.

Cylinder Capacity
To determine the allowable capacity of any cylinder or other autho-
rized container, first find the weight of water it will hold by weighing
it full of water and subtracting the container weight. This water ca-
pacity in pounds multiplied by 1.25 will give its allowable shipping
capacity for sulfur dioxide. The water capacity multiplied by 0.75
will give its allowable shipping capacity for methyl chloride. Thus,
for example, a cylinder weighs 120 lb empty and 243 lb when com-
pletely filled with water. Its water capacity is therefore 243–120, or
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123 lb. It will hold 1.25 × 123, or 154, lb of sulfur dioxide, and
0.75 × 123, or 92, lb of methyl chloride.

First Aid
The following procedures are recommended for persons suffering
from exposure to refrigerants.

Ammonia Fumes
Take the patient into fresh air and call a physician promptly. If the
patient is unconscious, apply artificial respiration. Ammonia gas is
lighter than air. Keep the head as low as possible in the presence
of ammonia. Keep near the floor in going to the rescue of anyone
overcome by ammonia, and keep a wet sponge or cloth over the
mouth and nostrils.

Sulfur Dioxide
Liquid sulfur dioxide on any part of the body produces freezing
that should be treated as any ordinary frostbite. Freezing any part
of the body constricts the blood vessels in that area. The natural
restoration of circulation will hold in check unnecessary swelling
and destruction of the tissues.

Every eye freezing should immediately have the service of an eye
specialist to determine the presence of ulcers and to prevent later
infection. Do not rub the affected eye.

Methyl Chloride
Excessive exposure to methyl chloride develops the characteristic
symptoms of drowsiness, mental confusion, nausea, and possible
vomiting. In any instance of excess exposure, the patient should be
removed immediately to fresh air, and a physician should be called.
Like other refrigerant gases, methyl chloride vaporizes rapidly when
it escapes, and any person who contacts liquid methyl chloride
would be subject to a freezing action. The treatment is the same
as for any freeze and is of relatively minor importance except when
the eyes are the affected part.

In case of an accident involving the eyes, the person should be
taken to an eye specialist as soon as possible.

Freons
Should the liquid gas of Freons contact the skin, the injury should be
treated in the same manner as though the skin had been frostbitten
or frozen. An eye injury should be treated the same as that described
for methyl chloride. It is best to wear gloves when handling Freon
cylinders. The eyes should be protected by goggles.
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Summary
Refrigeration, regardless of the means by which it is obtained, may
be defined as a process of removing heat from a substance or from
space. Refrigerants, being the prime source without which mechan-
ical refrigeration systems would not be possible, have been fully
described in this chapter.

Refrigerants are generally divided into three classes according
to their manner of absorption or extraction of heat from the sub-
stance to be refrigerated. Refrigerants are selected principally for
their boiling points, pressures, and stability within the system. This
includes molecular weight, density, compression ratio, heat value,
temperature of compression, and compressor displacement.

The Freon family of refrigerants has been one of the major fac-
tors responsible for the large growth in the refrigeration and air-
conditioning field. This is largely because the properties of Freon
permit their use under conditions where flammable or more toxic
refrigerants would be hazardous to use. Freon has been determined
to harm the environment. As a response to this threat to both the
atmosphere and living organisms on Earth, newer refrigerants have
been developed. One of the new refrigerants is referred to as R-134a,
made by DuPont. It is a hydrofluorocarbon compound (HFC).

Review Questions
1. Name the desirable properties of a good refrigerant for com-

mercial use.
2. How are commercial refrigerants classified?
3. What is the purpose of calcium chloride brine as used in com-

mercial refrigeration plants?
4. Why is ammonia employed in preference to other refrigerants

in commercial plants?
5. State the boiling point and heat of vaporization at the boiling

point for Freon-12.
6. In what respect does the Freon family of refrigerants differ

from such refrigerants as methyl or ethyl chloride?
7. Name the chemical and physical properties of Freons.
8. Why is Freon-12 preferred in both commercial and household

refrigeration units, but banned by most of the world?
9. What is meant by the critical temperature of a refrigerant?

10. Why does a high latent heat of evaporation per unit of weight
affect the desirability of a refrigerant?
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11. Describe the methods of leak detection in a refrigeration
system.

12. What precautions should be observed in the storage and han-
dling of refrigerant cylinders?

13. Enumerate the procedures recommended when suffering from
exposure to various refrigerants.

14. Why were hydrofluorocarbon refrigerants developed?
15. What is the name of the new refrigerant used in automobile

air-conditioning systems?
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Chapter 7
Compressors for Air
Conditioners
The components necessary for operating a gas-compression refrig-
eration system may be divided into two parts: mechanical and elec-
trical. The mechanical components are the compressor, condenser,
receiver, evaporator, and various types of refrigerant controls. In ad-
dition, suitable pipelines with the necessary shutoff valves, strain-
ers, driers, heat interchangers, fans, pumps, and so on are required,
depending on the size of the system and other factors. The elec-
trical components consist of such items as the compressor motor,
compressor contactor or relay, compressor starter, overload protec-
tor, capacitor, potential relay, pressure switch, transformers (when
used), evaporator fan, condenser fan, evaporator-fan relay, thermo-
stat, and so on, as shown in Figure 7-1.

Mechanical Components
The most common mechanical components for air conditioners con-
sist of the following:

� Compressors
� Condensers
� Receivers
� Evaporators
� Refrigerant controls
� Expansion valves

Compressors
Compressors are manufactured in various sizes (depending on re-
quirements) and are classified according to their method of opera-
tion as reciprocating, rotary, and centrifugal. The function of any
compressor is to provide the necessary pumping action to remove
the refrigerant gas from the evaporator, compress the gas, and fi-
nally discharge the gas into the condenser, where it is liquefied. The
pumping action of the compressor provides the means of lifting the
gas from the condition of low to that of high pressure, and the vol-
ume of gas to be compressed is dependent on the compressor piston
displacement. The compressor and component parts are shown in
Figure 7-2.

171
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Figure 7-1 Diagram for a compressor with a single-phase capacitor-
start motor using a potential relay and motor-overload protector.
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Condensers
When the refrigerant gas leaves the compressor and enters the con-
denser, it contains the full load of heat, which consists of the heat
picked up in the evaporator, the heat of cooling the liquid from
the condenser to the evaporator temperature, the heat picked up
in the suction line and cylinder chamber, and the heat of compres-
sion. The function of the condenser is to remove this heat and return
the refrigerant to the refrigerant control, thus enabling the system
to repeat its cycle.

Several types of condensers are used, the most common being the
water-cooled types used on commercial and larger systems. These
include the following:
� The double-pipe, flooded atmospheric
� The bleeder shell-and-tube
� The shell-and-coil

Air-cooled condensers are most universally used on household
and smaller air-conditioning units. They are usually of the natural
draft or fan-cooled types, furnished with plain or finned tubes or
plates, and either series pass or parallel pass.

Receivers
The receiver is the reservoir for excess liquefied refrigerant that is
not being used in the system. Unless other conditions prevent it, the
receiver should have sufficient capacity to hold the total amount of
refrigerant in the system. Liquid receivers are most commonly made
of drawn steel shells welded together to provide maximum strength.

Evaporators
The evaporator is that part of the system where the useful cooling
is accomplished by removing the heat from the area to be cooled.
This is done by bringing the temperature of the liquid refrigerant
below the temperature of the surrounding medium. The heat passes
into the liquid refrigerant and is absorbed as latent heat, changing
the state of the refrigerant from a liquid into a vapor. It is then
withdrawn by action of the compressor.

There are two general types of evaporators: dry and flooded. In
the dry type, the refrigerant enters in the liquid state, and the design
provides for complete evaporation with the vapors slightly super-
heated. In the flooded type, not all of the refrigerant is evaporated,
and the liquid/vapor mixture leaving the evaporator flows into a
surge drain from which the vapors are drawn into the compressor
suction line; the liquid is recirculated through the evaporator.
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Refrigerant Controls
In addition to the compressor, condenser, receiver, and evapora-
tor, several auxiliaries are required for proper operation of an air-
conditioning system. Certain devices must be furnished for the con-
trolled expansion of the refrigerant from the high condenser pressure
to the low evaporator pressure. Controls are also necessary for the
on-off operation of the compressor, flow of the condensing medium,
and safety purposes. Proper piping is required for interconnection
of the various parts of the system.

Expansion Valves
To control the rate of flow of the liquefied refrigerant between the
high- and low-side pressures of the system, some form of expan-
sion device must be provided. This device is usually an expansion
valve. Automatic expansion valves are pressure-controlled devices
that operate to maintain a constant pressure in the evaporator. Such
an expansion valve is usually applied to evaporators of the direct-
expansion type, but it is not satisfactory for fluctuating loads such
as those encountered in air-conditioning installations.

Thermostatic expansion valves are similar in construction to au-
tomatic expansion valves but, in addition, incorporate a power ele-
ment responsive to changes in the degree of superheat of the refrig-
erant gas leaving the evaporator coil. This power element consists
of a bellows connected by means of a capillary tube to a feeler bulb
fastened to the suction line from the evaporator. (For further details
of air-conditioning components, see Chapters 5, 8 to 11, and 13.)

Refrigeration Cycle
In the great majority of air-conditioning applications (and almost
exclusively in the smaller-horsepower range), the vapor-compression
system is used. In larger applications, however, absorption systems
and steam-jet vacuum systems are frequently used. The centrifugal
system, which is largely an adaptation of the vapor-compression
cycle, is used in large-capacity industrial applications.

The vapor-compression refrigeration cycle consists of a series of
changes of state needed to restore the refrigerant to a condition in
which it will possess the ability to extract heat from the space to be
cooled. For all vapor-compression–type systems, the cycle consists
of the following four processes:

1. Heat gain in the evaporator (the vaporizing process).
2. Pressure rise in the compressor (the compressing process).
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3. Heat loss in the condenser (the condensing process).
4. Pressure loss in the expansion valve (the pressure-reducing

process).

Briefly, and with reference to Figure 7-2, the cycle of operation
that is the cooling process consists of four separate steps as follows:

1. Vaporizing Process—As the low-temperature, low-pressure re-
frigerant in the evaporator absorbs the heat from the material
and space that is being refrigerated, it is transformed from a
liquid to a vapor.

2. Compression Process—The compressor draws the heat-laden
vapor from the evaporator through the return piping. It then
compresses this vapor until the temperature is above that of
the condensing medium.

3. Condensing Process—When the compressor has raised the
temperature of the vapor to a temperature above that of the
condensing medium (usually 15◦F to 25◦F), the heat of vapor-
ization will flow from the vapor to the condensing medium and
condense the refrigerant to a high-pressure liquid. This high-
pressure liquid then flows to the receiver, where it is stored
until it is supplied to the cooling unit through the expansion
valve.

4. Pressure-Reducing Process—As the compressor withdraws the
refrigerant vapor from the evaporator, the cooling unit must
be supplied with more low-temperature, low-pressure refrig-
erant capable of absorbing heat. This is accomplished by a
liquid control valve known as an expansion valve. This valve
has the following functions: It reduces the pressure of the high-
pressure vapor from the receiver to a low-pressure liquid capa-
ble of absorbing heat; it maintains a constant supply of liquid
in the evaporator; and it acts as a dividing point between the
high- and low-pressure sides of the system.

Refrigerants
By definition, a refrigerant is a substance that produces a refrigera-
tion effect by its absorption of heat while expanding or vaporizing.
A desirable refrigerant should possess chemical, physical, and ther-
modynamic properties that permit its efficient application in refrig-
erating systems. In addition, there should be little or no danger to
health or property in case of leaks in the refrigeration system.
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The selection of a practical refrigerant is determined by the type
of condensing unit and system in which it is to be used. Differences
in units and systems are to allow for differences in characteristics
of the available refrigerants. They also occur because of the type
of application, initial cost, compactness, and so on. Reciprocating,
rotary, and centrifugal condensing units are used extensively. Dry ex-
pansion and flooded systems with high-side floats, low-side floats,
expansion valves, and capillaries as refrigerant controls employed in
conjunction with condensing-unit systems have proved ideal for all
applications, and each varies from the other in refrigerant require-
ments. (For further refrigerant information, see Chapter 6.)

Compressors
The function of any compressor in a mechanical refrigeration system
is to establish a pressure difference in the system to create a flow
of the refrigerant from one part of the system to the other. It is
this difference in pressure between the high side and the low side
that forces liquid refrigerant through the control valve and into the
cooling unit. The vapor pressure in the cooling unit must be above
the pressure at the suction side of the condensing unit to force the
low-side vapor to leave the cooling unit and flow to the condensing
unit.

Compressors employed in air conditioning may be divided into
several classes with respect to their construction and operation.
These include the following:
� Single cylinder
� Multicylinder

With respect to the method of compression, they are classified as
follows:
� Reciprocating
� Rotary
� Centrifugal

With respect to the drive employed, they are classified as follows:
� Direct drive
� Belt drive

With respect to location of the prime mover, they may be classified
as:
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� Independent (belt-drive)
� Semi-hermetic (direct-drive motor and compressor in separate

housings)
� Hermetic (direct-drive motor and compressor in same housing)

Reciprocating Compressors
Cylinder design in reciprocating compressors may vary as to the
number, arrangement, and action (such as single- and double-
acting), as shown in Figures 7-3 to 7-6. Reciprocating units are
manufactured with from one to 16 cylinders, with the arrangement
being V-, W-, or radial-type, depending on requirements.
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Figure 7-3 Direct-drive reciprocating compressor with arrangement
of component parts. (Courtesy Dunham-Bush, Inc.)

Drive Methods
Reciprocating compressors are usually motor-driven and may be
subdivided as to whether they are of open or hermetic design. The
division of compressors into the open or closed design is depen-
dent on whether the compressor is driven by an externally mounted
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Figure 7-4 Typical reciprocating hermetic compressor showing ar-
rangement of parts with a motor terminal for across-the-line or part-
winding starting and built-in thermal protection. (Courtesy Dunham-Bush, Inc.)

motor, or the motor is sealed within the compressor housing. If the
motor is enclosed within the compressor housing, the compressor
is classified as closed, or hermetic. The hermetic type of compressor
eliminates the necessity of shaft seals, thus preventing refrigerant
leakage and, in addition, reducing operating noise.

Compressor Valves
The function of compressor valves is to direct the flow of refriger-
ant through the compressor. These are termed suction or discharge
valves, according to the function they perform. The suction and dis-
charge valves (Figure 7-7) may be arranged with both located in the
compressor head, or with the suction valve on top of the piston and
the discharge valve in the compressor head. The valves are usually
classified according to their construction as poppet, ring-plate, or
reed.

Pistons and Piston Rings
The piston is an important part of the compressor mechanism. It
consists essentially of a long cylindrical casting closed at the top and
open at the bottom end. It has attached at an intermediate point a
wrist pin that transmits the pressure to the refrigerant gas by means
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Figure 7-5 Sectional view of vertical hermetic compressor.

of the connecting rod attached to the crankshaft. In this manner, the
pumping action of the compressor provides the necessary circulating
feature of the refrigerant in a mechanical refrigeration system.

Pistons employed in the majority of compressors are made from
the best grade of cast iron. They are carefully machined, polished,
and fitted to the cylinders at close tolerances. There are several differ-
ent designs of pistons. Some early models were not equipped with
piston rings, but were lapped to the cylinder in a very close fit.
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Figure 7-6 Cutaway view of a Frick ellipse reciprocating compressor
equipped for automatic operation. (Courtesy the Frick Company.)
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Figure 7-7 Sectional view
through a Garland valve showing
arrangement of parts.

At present, however, two or more piston rings are employed, their
function being to ensure proper lubrication and sealing of the cylin-
der walls.

When assembled, pistons should fit the cylinder walls so that
when inserted they do not drop of their own weight, but must be
urged through with the fingers. This fit is usually obtained by allow-
ing 0.0003 inch of clearance per inch of cylinder diameter. Thus,
a 31/2-inch cylinder would have a 0.00105-inch clearance between
piston and cylinder wall (see Figure 7-8).
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Figure 7-8 Operation of the valves in a reciprocating compressor.

If cylinders are scored, they must be honed after reboring to en-
sure a high degree of wall finish that maintains cylinder propor-
tions over long periods. After rings have been fitted, the compres-
sor should be operated overnight to permit the rings to wear in.
The compressor should then be drained and flushed with petroleum
spirits or dry-cleaning fluid and dehydrated before being returned
to service.

Connecting Rods
The connecting rod, as the name implies, serves as the connecting
link between the piston and the crankshaft. It transforms the rotary
motion of the crankshaft into the reciprocating motion of the piston.
One end of the connecting rod is connected to the piston by means
of a hardened, ground, and highly polished steel wrist pin, and the
other end is connected to the crankshaft (see Figure 7-9). Several
different methods are used to secure the piston wrist pin and rod. In
some designs, the wrist pin is tightly clamped to the connecting rod
with the moving bearing surface in the piston, while others have a
bushing in the connecting rod.

Crankshafts
The duty performed by this part of the compressor is to convert
the rotating motion of the crankshaft into the reciprocating motion
of the piston. In its simplest form, it consists essentially of a shaft
having a lever or arm (known as a crank integral) attached at right
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Figure 7-9 Compressor piston and connecting rod arrangement.
(Courtesy the Trane Company.)

angles to the shaft. The outer end of the lever has a pin that engages
with the large bearing on the connecting rod, as shown in Figure
7-10. Crankshafts are commonly made of steel forgings, which are
machined to the proper tolerances for the main and connecting rod
bearings. The double crank is employed in all two-cylinder com-
pressors, while the single crank is used on the single-cylinder type.

JOURNALS

COUNTERWEIGHTS

Figure 7-10 Typical one-piece crankshaft. (Courtesy the Trane Company.)

Crankshafts are equipped with counterweights and are carefully
balanced to ensure smooth and vibrationless compressor operation.
Some types of compressors are equipped with what is known as
the eccentric shaft. This is a different application of the crankshaft
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principle. It employs an assembly consisting of the main shaft (over
which an eccentric is fitted) and an outer eccentric strap.

Shaft Seals
The function of the shaft seal in a refrigerating compressor is to
prevent the gas from escaping from the compressor at the point
where the shaft leaves the compressor housing. This problem was
difficult to solve in the early stages of the refrigeration industry.
The shaft, of necessity, must revolve, and yet the refrigerant must
not be allowed to escape (when there is a pressure within the
crankcase), nor must air be allowed to enter when the pressure of the
crankcase is below 0 lb. A typical compressor shaft seal is shown in
Figure 7-11.

BEARING
HOUSING

CRANKSHAFT

MAIN
BEARING

FLEXIBLE STEEL
SEALING RING

WATER
CONNECTION

OIL
PRESSURE

TO SEAL

KEY

FLYWHEELSHIELD4-SPRINGS

Figure 7-11 Compressor shaft seal showing cooling-water connec-
tion. (Courtesy of Frick Company.)

The solution to the problem of crankshaft leaks was found in the
development of a bellows-type seal, which is now a part of most
compressors. The seal is an assembly of parts consisting of a special
bronze seal ring soldered to a bellows, which, in turn, is soldered
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to a brass seal flange. A spring surrounds the bellows, with one end
resting against the seal ring and the other against the seal flange. The
face of the seal ring is lapped flat and smooth. When assembled in
the compressor, the seal ring presses against a shoulder on the shaft
(which has also been lapped), forming a gas- and oil-tight joint at
this point. The bellows provides the degree of flexibility necessary
to keep the seal ring in perfect contact with the shaft, and the seal
flange is clamped against a lead gasket around an opening in the
side of the compressor.

Lubrication and Cooling
The method of lubrication depends largely on the size of the com-
pressor. Forced lubrication is universally used on large compressors,
while the splash method is used on smaller units. Large compres-
sors are usually water-cooled, with the water jacket cooling only
the cylinder walls or both the cylinder walls and compressor head.
Small compressors are usually air-cooled with an extended finned
surface cast on the cylinder exterior. In this connection, it should be
noted that, although water-cooling is more effective, cylinder cool-
ing removes only a portion of the superheat in the refrigerant gas.
The removal of heat from the cylinder will also result in a decrease
in the work of compression, with an accompanied reduction in the
condenser load.

Rotary Compressors
Since they are hermetically sealed, resulting in an improved drive
method (the motor and compressor being located in a common en-
closure), rotary compressors are presently manufactured in large
quantities, particularly in fractional-tonnage applications. By defi-
nition, a hermetic compressor is one in which the electric motor and
compressor are contained within the same pressure vessel, with the
motor shaft integral with the compressor crankshaft. The motor is
in constant contact with the refrigerant.

In operation, the rotary-type compressor performs the same func-
tion as the reciprocating compressor. The compression of the gas
establishes a pressure difference in the system to create a flow of
refrigerant from one part of the system to the other. The rotary-
type compressor, however, employs a slightly different method of
accomplishing the compression of the gas. The rotary compressor
compresses gas because of the movement of the rotor in relation to
the pump chamber.

The two types or configurations of rotary compressors are the
stationary-blade rotary compressor and the rotating blade rotary
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compressor. Figure 7-12 is an example of the stationary blade type.
Note how the sliding barrier operates inside the steel cylinder.

STEEL CYLINDER

SLIDING BARRIER

RING

CAM

MOTOR

Figure 7-12 Parts of a stationary blade rotary compressor.

The only moving parts in a stationary blade rotary compressor
are a steel ring, an eccentric or cam, and a sliding barrier. Figure 7-13
labels the parts of this type of operation, while Figure 7-14 shows
how the rotation of the off-center cam compresses the gas refrigerant
in the cylinder of the rotary compressor. The cam is rotated by an
electric motor. As the cam spins, it carries the ring with it. The ring
rolls on its outer rim around the wall of the cylinder.

CYLINDER
WALL

ROLLER

DISCHARGE
PORT

BLADE

SPRING

INTAKE
PORT

Figure 7-13 Parts labeled for a stationary blade rotary compressor.
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CYLINDER

CRESCENT-SHAPED SPACE

RING

Figure 7-14 Operation
of the rotary compressor.

The gas must have a pathway to be brought into the chamber.
Note that in Figure 7-15 the vapor comes in from the evaporator
and goes out to the condenser through holes that have been drilled
in the compressor frame. Note that the gas is compressed by an
offset rotating ring. Figure 7-16 shows how the refrigerant vapor
in the compressor is brought from the evaporator as the exit port
is opening. When the compressor starts to draw the vapor from
the evaporator, the barrier is held against the ring by a spring. This
barrier separates the intake and exhaust ports. As the ring rolls
around the cylinder, it compresses the gas and passes it on to the
condenser (see Figure 7-17). The finish of the compression portion
of the stroke or operation is shown in Figure 7-18. The ring rotates
around the cylinder wall. It is held in place by the spring tension of

REFRIGERANT VAPOR FROM EVAPORATOR

TO CONDENSER

Figure 7-15 Beginning of the compression phase in a rotary comp-
ressor.
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the barrier’s spring and the pressure of the cam being driven by the
electric motor.

EXIT PORT

INLET PORT

REFRIGERANT VAPOR IN COMPRESSION

REFRIGERANT VAPOR FROM EVAPORATOR

Figure 7-16 Beginning of
the intake phase in a rotary
compressor.

REFRIGERANT VAPOR IN COMPRESSION

REFRIGERANT VAPOR FROM EVAPORATOR

TO CONDENSER Figure 7-17 Compres-
sion and intake phases half
completed in a rotary
compressor.

This type of compressor is not used as much as the reciprocat-
ing hermetic type of compressor, because there are some problems
with lubrication. Better seals are still being developed. This type of
compressor is used in some home refrigerators and air conditioners.
However, they have been known to become overworked in very hot
climates and have been replaced by the reciprocating type.

The other type of rotary compressor is the rotating blade type (see
Figure 7-19). This type has a roller centered on a shaft that is eccen-
tric to the center of the cylinder. Usually, there are two spring-loaded
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EXIT PORT

INLET PORT

REFRIGERANT VAPOR IN COMPRESSION

REFRIGERANT VAPOR FROM EVAPORATOR

Figure 7-18 Finish of the
compression phase of the
rotary compressor.

CYLINDER
WALL

BLADES
DISCHARGE
PORT

CONTACT
POINT

ROLLER

INTAKE
PORT

Figure 7-19 Rotating blade compressor.

roller blades, mounted 180◦ apart. The blades sweep the sides of the
cylinder. The roller is so mounted that it touches the cylinder at a
point between the intake and discharge ports. As the roller rotates,
vapor moves into the cylinder through the intake port and is trapped
in a space between the cylinder wall, the blade, and the point of con-
tact between the roller and the cylinder. Vapor is compressed as the
next blade passes the contact point and the vapor space becomes
smaller and smaller. When the vapor has been compressed to a cer-
tain pressure, it leaves by way of the exhaust port on its way to the
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condenser. This type of rotary compressor, like the stationary blade
model, requires extremely close tolerances.

Some manufacturers make rotary-blade compressors for com-
mercial applications. They are used primarily with ammonia. Thus,
there is no copper or copper alloy tubing or parts. Most of the am-
monia tubing and working metal is stainless steel.

Scroll Compressors
The scroll compressor (see Figure 7-20) has been utilized by the
industry in response to increasing the efficiency of air-conditioning
equipment in order to meet the U.S. Department of Energy Standards
of 1992, which apply to all air conditioners. All equipment must
have a Seasonal Energy Efficiency Ratio (SEER) of 10 or better. The
higher the number, the more efficient the unit is. The scroll compres-
sor seems to be the answer to more efficient compressor operation.

Scroll Compression Process
Figure 7-21 shows how two spiral-shaped members fit together. A
better view is shown in Figure 7-22. The two members fit together
forming crescent-shaped gas pockets. One member remains station-
ary, while the second member is allowed to orbit relative to the
stationary member.

This movement draws gas into the outer pocket created by the
two members, sealing off the open passage. As the spiral motion
continues, the gas is forced toward the center of the scroll form
as the pocket continuously becomes smaller in volume, creating in-
creasingly higher gas pressures. At the center of the pocket, the high-
pressure gas is discharged from the port of the fixed scroll member.
During the cycle, several pockets of gas are compressed simultane-
ously, providing a smooth, nearly continuous compression cycle.

This results in a 10 to 15 percent more efficient operation than
with the piston compressors. A smooth, continuous compression
process means very low flow losses. No valves are required, thus
eliminating all valve losses. Suction and discharge locations are
separate. This substantially reduces heat transfer between suction
and discharge gas. There is no re-expansion volume. This increases
the compressor’s heat pump capacity in low-ambient operation. In-
creased heat pump capacity in low-ambient temperatures reduces
the need for supplemental heat when temperatures drop.

During summer, this means less cycling at moderate temperatures
and allows better dehumidification to keep the comfort level high.
When temperatures rise, the scroll compressor provides increased
capacity for more cooling.
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Figure 7-20 Scroll compressor. (Courtesy of Lennox.)
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Figure 7-21 Scroll compression process. (Courtesy of Lennox.)

Figure 7-22 Two halves of the scroll compressor. (Courtesy of Lennox.)

During the winter, the scroll compressor heat pumps deliver more
warm air to the conditioned space than conventional models.

Operation
The scroll compressor has no valves and low gas pulses, which al-
lows for smooth and quiet operation. It has fewer moving parts
(only two gas compression parts as compared to 15 components in
piston-type compressors) and requires no compressor start compo-
nents. There is no accumulator or crankcase heater required, nor is
a high-pressure cut-out needed.
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The radial compliance design features a superior liquid-handling
capacity. This allows small amounts of liquid and dirt to pass
through without damaging the compressor. At the same time, this
eliminates high stress on the motor and provides high reliability.
Axial compliance allows the scroll tips to remain in continuous
contact, ensuring minimal leakage. Performance actually gets better
over time, because there are no seals to wear and cause gas leakage.

Scroll Compressor Models
Examples of air-conditioner units with the scroll compressor are the
Lennox HP-20 and HS-22.

HP-20 Model
The HP-20 is also designed for efficient use in heat pump instal-
lations (see Figure 7-23). It has a large coil surface area to deliver
more comfort per watt of electricity. Copper tube/aluminum fin coil
provides effective heat transfer for efficient heating and cooling (see
Figure 7-24). The scroll compressor technology has been around for
a long time, but this was one of the first to make use of it in heat
pumps.

HS-22 Model
The HS-22 model also uses a Copeland-compliant scroll compressor
(see Figure 7-25). The insulated cabinet allows it to operate without
disturbing the neighbors in closely arranged housing developments.
The cabinet with vertical air discharge creates a unit with sound
ratings as low as 7.2 bells.

The condensing unit has a SEER rating as high as 13.5. The scroll
compressor is highly efficient with a large double-row condenser coil
to increase the efficient use of energy even more.

Centrifugal Compressors
Centrifugal compressors are essentially high-speed machines and
best suited for steam-turbine drives. Because they are designed for
the same high speed as the turbine, they may be directly connected.
Where high-pressure steam is generated, the turbine can act as a
reducing valve, and the low-pressure steam that leaves the turbine
can be used for heating and other purposes. In smaller sizes, a great
many applications are driven by electric motors and equipped with
gear-type speed increasers. Centrifugal compressors are used with
low-pressure refrigerants, and both evaporator and condenser usu-
ally work below atmospheric pressure.

Compression of the refrigerant is accomplished by means of cen-
trifugal force. Because of this, centrifugal compressors are best suited
for large refrigerant volumes and low-pressure differentials. They
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Figure 7-23 HP-20 model with a heavy-duty scroll compressor: (1)
cabinet, (2) coil area, (3) copper tubing, (4) fan, (5) scroll compressor.
(Courtesy of Lennox.)

are well-suited to low-temperature refrigerating cycles, especially
those using petroleum or halogenated hydrocarbons as a refrigerant.

Centrifugal-compressor installations are economically advanta-
geous where steam-turbine drive is permitted, since the installa-
tion and labor required for such an installation is relatively small
compared to that required for a comparable gas-engine–driven
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Figure 7-24 Copper tubing
in the condenser with
aluminum fins. (Courtesy of Lennox.)

12

3

4
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5

Figure 7-25 HS-22 model: (1) scroll compressor, (2) cabinet, (3) fan,
(4) copper tubing in condenser, (5) coil area in compressor, (6) filter-
drier. (Courtesy of Lennox.)
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compressor plant. This is mainly because of the compactness and
lightness of the unit compared to the amount of horsepower in-
volved. In addition, a centrifugal compressor will occupy only a
fraction of the space ordinarily required for refrigerating equipment.
Refrigerating units of the centrifugal type are available in various
sizes varying from 100 to 2500 tons capacity, and are manufactured
for use with electric motors, steam turbines, or internal-combustion
engines.

Construction Features
Because the centrifugal compressor differs radically in construction
from the familiar reciprocating and rotary types, note that its oper-
ating parts consist of the following (see Figure 7-26):
� The compressor motor, consisting of a dependable double

squirrel-cage type is for operation from a standard 50- or 60-
Hertz power source. The compressor is effectively cooled by
controlled liquid injection and is protected against damage
from abnormal operation.
� The overhung steel motor shaft smoothly transmits power to

the impeller shaft through matched, hardened, ground, and
crowned helical gearing.
� The impeller shaft design cushions the impeller and gearing

against unusual stresses that could be set up by abnormal sys-
tem operation.

HERMETIC
COMPRESSOR

MOTOR

IMPELLER
SHAFT

OIL
FILTER DIFFUSER

BLOCK

TWO-SPEED
GUIDE VANE

EMERGENCY
LUBRICATION

SYSTEM

ALUMINUM
SHROUD

IMPELLER

FORGED
STEEL
SHAFT

COMPRESSOR
SHELL

Figure 7-26 Cutaway view of a single-stage centrifugal compressor.
(Courtesy Westinghouse Electric Corporation—Air Conditioning Division.)
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� Emergency lubrication is provided by a built-in emergency sys-
tem. Should a power failure occur, oil under pressure is avail-
able for the coast-down period.
� Oil is supplied to the bearings and is cleaned by a 10-µ oil filter.

A check valve on the discharge side of the filter reservoir al-
lows easy filter replacement without the need for system pump
down.
� The movable diffuser block is positioned by the guide-vane

piston. As loads vary, the diffuser block is moved to match
the diffuser passage to the gas flow and to allow quiet, stable
operation from 1 to 100 percent of unit capacity.
� A two-speed, hydraulically operated guide-vane activating pis-

ton positions the vanes at speed one (the normal response to
variations in the chiller water temperature leaving the unit).
A built-in compensating control allows automatic override of
normal operation and quick response at speed two to close the
valves for low suction pressure or current-limiting duty.
� The inlet guide vanes modulate the compressor capacity and

direct the refrigerant gas into the impeller in a manner that
minimizes refrigerant pressure losses.
� An aluminum closed-shroud impeller is precision cast. It in-

corporates an unusual noise-abatement system. It is mounted
on the impeller shaft by means of a rugged self-centering type
of friction mounting.

Lubrication System
A separately driven hermetic oil-pump assembly supplies oil at con-
trolled temperature and pressure to all bearing surfaces, and is the
source of hydraulic pressure for the capacity-control system. The
oil pump is automatically started. It must run for a fixed period be-
fore the compressor is started and after it has stopped. In addition,
temperature and pressure controls prevent the compressor from
operating unless oil pressure and temperature are at satisfactory
levels.

Oil is collected from a well located at the bottom of the gear
casing and is returned to the oil pump through an external oil line.
Any refrigerant returning to the pump with the oil is purged from the
pump housing after entrained oil has been separated. Oil is separated
as the refrigerant gas passes through an unusual centrifuge type of
oil separator that is mounted on the pump motor rotor, as shown
in Figure 7-27.
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Figure 7-27 Oil-lubrication system of a single-stage centrifugal refrig-
erant compressor.
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Oil from the pump is supplied to the compressor and control
system after it has been cooled. All bearing surfaces are pressure-
lubricated. Drive gears are operated in a controlled oil-mist atmo-
sphere, which efficiently cools and lubricates them. Oil is made avail-
able under pressure to the unit-control system and is used to position
the inlet guide vanes in response to changes in temperature of the
chiller water leaving the unit. Should a power failure occur, an emer-
gency oil system guarantees adequate oil flow under pressure and
prevents damage that could occur during a spin-down period with
the oil pump stopped.

Installation and Maintenance
The selection of space in which the condensing unit is to be located
is very important. If the unit is to be installed within an enclosure
or room having only natural ventilation and a volume of less than
2500 ft3, an exhaust fan or a suitable water coil and fan must be
installed to cool the air.

Foundation
Because of the weight of the unit, a concrete foundation that is level
and strong must be provided. The foundation must be constructed
and the unit so installed that it sits level in all directions (see Figure
7-28). Sufficient space should be provided around the foundation to
permit any necessary service operation and especially at the end of
the unit in order to provide room for cleaning the condenser tubes.

Use similar
method for
anchoring

motor.

Distance A—thickness
of compressor foot plus 
nut and washer plus 1"

for grouting.

ANCHOR BOLT HOLES

MOTOR
BASE

ANCHOR
BOLT

CENTER LINE OF PULLEYS

SLEEVE

TEMPLATE
A

Figure 7-28 Method of setting anchor bolts and template prior to
pouring concrete foundation.
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Motor and Belts
In condensing-unit installations having belted compressors, the pro-
cedure is generally as follows:

1. Align the motor pulley with the compressor flywheels by
stretching a string from the outer edge of one flywheel to the
outer edge of the other (or, by using a long rigid straight edge).
It may be necessary to loosen the motor mounting bolts and
slide the motor forward or backward to get the pulley prop-
erly aligned. Do not slide the pulley further out or closer in on
the motor shaft for this initial alignment. A slight adjustment
may be made in this manner, if necessary, after the condensing
unit is assembled and operating.

2. To install the belts, start by placing a belt in the pulley groove
nearest the motor. Then place the belt in the flywheel groove
that lines up with this rear groove in the pulley. With the motor
mounting base in its lowest position, the belt may be put on
using only the hands. Never use a pry bar, screwdriver, or wood
strips, because this will result in broken fibers and shorten the
belt life.

3. Adjust the belt tension by raising the motor mounting base
by means of the nuts on the adjusting screws. Proper tension
will allow some give in the belt when depressed with the hand.
Be sure that all four corners of the motor base are the same
distance above the condensing-unit frame, because the motor
must be level. It may be necessary to move the motor slightly at
this time to equalize the tension in the belt to the compressor.

Compressor Flow-Back Protection
In most air-conditioning and refrigeration systems, it is possible to
control the refrigerant feed so that liquid refrigerant does not re-
turn to the compressor during operation. Some systems have poor
operation of the expansion valve. Also, some have sudden changes
in loading and will periodically return liquid refrigerant to the com-
pressor. This is not usually in sufficient quantities to do real damage.
However, there are certain systems that, by their very design, will
periodically flood the compressor with excessive amounts of liquid
refrigerant. Principally, these prove to be systems in which there is a
periodic reversal of the refrigerant cycle to do one of the following:
� Provide hot gas for defrosting an evaporator.
� Furnish heat for release purposes in ice-making apparatus.
� Change from cooling to heating cycle, or vice versa, in heat-

pump systems.
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These systems are almost identical in operation and in the effect
on the compressor. Consider an air-source heat pump for a typical
analysis of what happens. The flow back occurs when reversing
the cycle in either direction. During the cooling cycle, the outdoor
coils act as condensers and have warm liquid continually draining
from them. The lines to which the thermal expansion-valve bulbs
are strapped are now hot-gas lines and are hot. When the cycle
reverses to heating, the outdoor coils change from condensers to
evaporators. The liquid that has been draining from them during
the condensing cycle is now dumped into the suction line. Of even
greater significance, the thermal expansion valves also open wide
as the result of their bulbs being on warm lines (lines that were
previously hot-gas lines). Therefore, these valves will flow through
until control is re-established at the bulbs. The two effects constitute
a substantial liquid flow back through the suction line.

When there is no way to control the hazard of periodic flowback
of substantial proportions through the suction line, it is necessary
to take measures to protect the compressor against it; otherwise,
compressor life will be materially shortened. The most satisfactory
method appears to be a trap arrangement that catches the liquid
flowback and may do one of the following:

� Meter it slowly into the suction line when it is cleaned up with
a liquid-suction heat interchanger.
� Evaporate 100 percent of the liquid in the trap itself and au-

tomatically return the oil to the suction line.

Valve Maintenance
Sometimes the suction-valve reed is held off its seat by corrosion and
dirt lodged under it, thus leaving the cylinder open to the low side.
In this case, there will be no refrigeration, the condenser will not get
warm, and the power consumption by the drive motor will be low.
To determine if the inlet valve is causing these conditions, connect
the compound and pressure gage, and start the unit. The pressure
gage will not show an increase in pressure, and the compound gage
will not show any decrease in pressure and will fluctuate. Flushing
the valve may wash the obstruction away and permit it to function
normally. If the discharge valve is held open by something lodged
under it (such as corrosion or dirt), the cylinder will remain open to
the high side and there will be no refrigeration.

Connect the compound and pressure gage to determine if the
discharge valve leaks. Operate the unit until the low-side pressure
is reduced to normal. Shut off the unit. Immediately place your ear



P1: GDZ/FFX P2: GDZ/FFX QC: GDZ/FFX T1: GDZ

GB076-07 GB076-Miller-Sample July 14, 2004 22:27 Char Count= 0

Compressors for Air Conditioners 201

close to the compressor. If the valve leaks, a hissing noise produced
by escaping gas can be heard. The low-side pressure will rise rapidly,
and the high-side pressure will fall rapidly, equalizing the pressures.
The rapidity of this action will determine how badly the valve leaks.

Shaft-Seal Leaks
To determine whether a compressor is leaking at the seal, proceed
as follows. Close the shutoff valves by turning the stem clockwise as
far as possible. To ensure adequate refrigerant pressure in the com-
pressor crankcase and on the seal-bearing face, attach a refrigerant
drum containing the correct refrigerant to the suction shutoff valve
outlet port. In making this connection, there should be a gage in the
line from the drum to the compressor to determine accurately the
pressure in the compressor.

Test pressures for this purpose should be approximately 70 to
80 lb. If the compressor is located in a cool location, it may be neces-
sary to raise the pressure in the drum by adding heat. In this process,
care must be taken not to exceed 100 psi, since greater pressure may
damage the bellows assembly of the seal. With this pressure on the
crankcase of the compressor, test for leaks with a halide torch, mov-
ing the finder tube close around the seal nut, crankshaft, seal-plate
gasket, and where the seal comes in contact with the seal plate. If
this does not disclose a leak, turn the flywheel over slowly by hand,
holding the finder tube close to the aforementioned parts.

After a leak has been detected, locate the exact place where it is
leaking, if possible. If the leak is around the seal-plate gasket, replace
the gasket. If the leak should be at the seal seat or nut, replace with a
new seal plate, gasket, and seal assembly. To replace the seal, observe
the following instructions:

1. Remove the compressor from the condensing unit in the usual
manner.

2. Remove the flywheel, using a puller. Leave the flywheel nut
on the crankshaft so that the wheel puller will not distort the
threads.

3. Remove the seal guard, seal nut, and seal assembly.
4. Remove the seal plate and gasket.
5. When assembling the seal, put a small quantity of clean com-

pressor oil on the seal face (both plate and seal).
6. Reverse these operations to reassemble. Make sure the seal

plate is bolted in place and the seal guard is at the top.
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Compressor Knocks
A knock in the compressor may be caused by a loose connecting rod,
eccentric strip and rod, eccentric disk, piston pin, crankshaft, or too
much oil in the system. A compressor knock can be determined by
placing the point of a screwdriver against the crankcase and your
ear against the handle. A knock can then very easily be heard. It
will not be possible to determine what causes the knock before the
compressor is disassembled. Sometimes it may be possible to deter-
mine a looseness of the aforementioned parts without completely
disassembling the compressor.

First, remove the cylinder head and valve plate to expose the head
of the piston. Now, start the motor and press down on the top of the
piston with the finger. Any looseness can be felt at each stroke of the
piston. The loose part should be replaced. It is always good to check
the compressor oil level first before analyzing and determining the
compressor repairs. Oil knocks are usually caused by adding too
much oil in servicing.

It should never be necessary to add oil to a system unless there
has been a leakage of oil. A low charge is sometimes diagnosed as
lack of oil. Always ensure that a low oil level is actually caused by
lack of oil rather than a low charge before adding oil to the system.

Stuck or Tight Compressor
The reason for a compressor being stuck-up is usually the result of
moisture in the system, or a lack of lubrication. When this occurs,
the compressor should be thoroughly cleaned out. The compressor
should be completely disassembled and the parts thoroughly cleaned
and refitted. New oil and refrigerant should be put into the cleaned
system. A tight compressor will result when a cylinder head, seal
cover, or similar part has been removed and not replaced carefully,
or when the screws have been tightened unevenly.

Compressor Removal
To remove a compressor from the unit, proceed as follows:

1. Attach a compound gage to the suction-line valve. Close the
suction-line shutoff valve and run the compressor until 20 to
25 inches of vacuum is obtained. Then close the discharge
shutoff valve. Before removing any fittings, crank the suction-
line valve to bring the gage reading back to zero.

2. Before removing the service valves, loosen the pressure gage
and relieve the pressure in the head of the compressor. Remove
the belt and cap screws holding the suction, and discharge



P1: GDZ/FFX P2: GDZ/FFX QC: GDZ/FFX T1: GDZ

GB076-07 GB076-Miller-Sample July 14, 2004 22:27 Char Count= 0

Compressors for Air Conditioners 203

valves to the compressor. If the compressor is to be taken away
from the premises for repairs, place service valves over both the
discharge and suction-line openings to prevent air and mois-
ture from entering and oil from leaking out. Loosen the four
nuts that hold the compressor to the base, and bend the tubing
away from the compressor just enough to permit the assem-
bly to be lifted out. Care should be taken not to loosen the
mounting pads and washers on which the compressor rests.

Compressor Replacement
The reinstallation of a compressor is roughly a reversal of the pro-
cess of removing it. First, place the mounting pads and washers in
position. Place the compressor carefully on the base in the same
position it occupied before removal. Bolt the compressor in place.
Replace the suction and discharge valves, using new gaskets. After
the compressor and valves are bolted in place, the compressor must
be evacuated to remove the air.

Compressor Startup
When starting a water-cooled compressor after winter shutdown,
the following procedure is suggested:

1. Install a pressure gage on the condenser, and check for pres-
sure. If there is no pressure in the condenser, determine how
the charge was lost and repair the leak before opening any
valves.

2. Permit the refrigerant to flow through the system. To do this,
open the liquid-line valves.

3. Check the entire system for refrigerant leaks, using a halide
leak detector.

4. If the system is gas tight, connect the water lines, open the hand
valve in the water lines, and open the discharge and suction
valves.

Caution
Be sure the condenser has not been frozen before turning on the
water.

5. Install the belts and check for correct tension after a short
period of operation.

6. Check the motor for oiling. If old oil is heavy or dirty, replace
with new oil of the proper viscosity.
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Winter Shutdown of Water-Cooled Compressors
Where water-cooled refrigeration and air-conditioning systems are
not operated in the winter, it is necessary to service them before
discontinuing their operation. They should be pumped down, water
drained from the condensers and piping, belts loosened, and motors
oiled. The compressor should be thoroughly tested for leaks, and
any found should be corrected.

To pump down and discontinue service, attach head and suction
gages, and close the liquid shutoff valve at the receiver. Run the
compressor until a suction pressure of from 2 to 5 psig is obtained.
If, on stopping the compressor, the suction pressure rises, repeat
until this pressure is steady. Close the suction and discharge shutoff
valves to confine the refrigerant charge in the receiver. Open the
main switch and be sure to tag it with a warning not to start the
compressor without first opening the discharge and suction stop
valves, because damage to the compressor may result. Tighten all
packing nuts on valve stems. Cap all valve stems tightly.

The condenser is usually of sufficient capacity to hold the com-
plete charge. However, if it is not, the overcharge must be pumped
into an empty drum. Never fill a receiver completely with a liquid re-
frigerant (indicated by a rise in head-gage pressure above the safety
cutout pressure) so that no gas space exists. If the compressor room
temperature increases, there is danger of rupturing the receiver. Shut
off the water supply to the compressor, and disconnect the outlet wa-
ter line from the condenser. This will allow the water to drain from
the condenser. After the water has all drained out, connect the air
line or an automobile tire pump to the blowout plug, and proceed to
force the remaining water (if any) out of the condenser. Condensers
with removable heads can be effectively drained by shutting off the
waste supply and removing the condenser heads, thus allowing all
the water to drain.

On compressors of large capacity, it will be necessary to arrange
for a connection to accommodate the airline, or pump. After all
water has been forced from the condenser, it is recommended that
all water lines be disconnected from the condenser and the water
valves drained by removing the drain plug from the bottom of the
water valves. For frequent and quick draining, it is suggested that a
tee and drain valve be installed between the water-regulating valve
and condenser inlet. The safest, surest way to prepare condensers
for winter shutdown is to flush them out with an antifreeze solution.
After the condenser has been treated with the antifreeze solution and
drained, the condenser inlet and outlet water connections should be
plugged in order to maintain the remaining antifreeze solution in
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the condenser. Remove the belts from the compressor motor, but
not from the flywheel, so that they will not take a permanent set.
It is also advisable to oil the motor to protect the bearings from
corrosion.

Compressor Characteristics
This section discusses some common characteristics of compressors.

Compressor Performance
The performance of a compressor is measured by its ability to pro-
vide the maximum refrigeration effect with the least power input.
Other desirable factors are maximum trouble-free life expectancy at
the lowest possible cost and a wide range of operating conditions.
The performance factor of a compressor may be written as follows:

Performance factor = capacity, Btu
power input, watts

Compressor Capacity
Capacity of a compressor means the useful refrigeration effect that
can be accomplished. It is equal to the difference in the total enthalpy
between the refrigerant liquid at a temperature corresponding to the
pressure leaving the compressor and the refrigerant vapor entering
the compressor. It is measured in Btu.

Mechanical Efficiency
Mechanical efficiency of a compressor is defined as the ratio of the
work delivered to the gas (as obtained by an indicator diagram) to
the work delivered to the compressor shaft.

Volumetric Efficiency
Volumetric efficiency is defined as the ratio of the actual volume
of a refrigerant gas pumped by the compressor to the volume dis-
placed by the compressor piston. The compression ratio of a com-
pressor is the ratio of the absolute head pressure to the absolute
suction pressure. Factors determining compressor efficiency include
the clearance volume above the piston, clearance between the piston
and the cylinder walls, valve-spring tension, and valve leakage. For
a given compressor, the effect of compressor efficiency because of
design factors is constant, and volumetric efficiency will vary almost
inversely with the compression ratio.

Compressor Efficiency Test
An efficiency test generally means a check on the relative amount of
useful work that the compressor will accomplish. Strictly speaking,
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the efficiency of any machine is taken as the ratio of the power
output to the power input in the same units. This is usually written
as follows:

Efficiency = output
input

Factors that determine the efficiency of a compressor include the
following:
� The degree to which the piston valve holds closed on the up

stroke
� The degree to which the discharge valve holds tight when the

piston is on the down stroke

To test the compressor efficiency, proceed in the following
manner:

1. Stop the compressor, and install a compound gage on the
suction-line valve.

2. Close the suction valve, and operate the compressor until
about a 25-inch vacuum is obtained on the compound gage.
Then stop the unit, and note the gage readings. If the compres-
sor will not pull a 25-inch vacuum or better, it is an indication
that air is leaking back by the discharge valve and leaking by
the piston valve.

3. If the head pressure drops and the vacuum-gage reading re-
mains practically constant, this indicates that there is an ex-
ternal leak at one of the points on the head of the compressor
or at the gage and shutoff-valve connection.

4. To repair either a leaky suction or discharge valve, remove the
head of the compressor and carefully remove the discharge-
valve plate. In disassembling the discharge valve, caution
should be used not to disturb the actual conditions prevail-
ing during the test. It is possible for some dirt, scale, or other
foreign matter to get under the valve disk and on the seat,
causing poor performance. If there is no evidence of dirt or
foreign matter, check the seat on both the discharge-valve and
piston assembly for low spots or scratches. If these are found,
replace the disks or the complete valve plate.

Generally, the trouble can be found at either the suction valve
or the discharge valve. Badly scored seats on either the discharge or
suction valve require replacing with a new assembly. The removal of
deep scores changes the valve lift, further endangering the efficiency.
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214 Chapter 7

After repairs are made, thoroughly clean the parts with gasoline or
carbon tetrachloride, reassemble them (using new gaskets), and re-
peat the efficiency test to ensure that the trouble has been eliminated.

Caution
Carbon tetrachloride (CCl4) can cause permanent liver damage
if the fumes are breathed and can be fatal if proper ventilation
is not used.

Troubleshooting Guide
The troubleshooting guide provided in Table 7-1 will assist in ser-
vicing air-conditioning systems. It should be noted, however, that al-
though the trouble may differ at times from that given in Table 7-1,
experience will usually quickly reveal the exact cause, after which
the remedy and its correction may be carried out.

Summary
The mechanical components of a gas-compression refrigeration sys-
tem include the compressor, condenser, receiver, evaporator, and var-
ious types of refrigerant controls.

Compressors come in various sizes. They are classified according
to their methods of operation. Methods of operation may be recip-
rocating, rotary, or centrifugal. The function of a compressor is to
provide the necessary pumping action to remove the refrigerant gas
from the evaporator, compress the gas, and finally discharge it into
the condenser, where it is liquefied.

The condenser causes the heat picked up from the evaporator by
the refrigerant to be discharged to the air outside the refrigerated
area. Air-cooled condensers are most commonly used for home air
conditioners.

Receivers are reservoirs for excess liquid refrigerant not being
used in the system. The evaporator is that part of the system where
the useful cooling is accomplished by removing the heat from the
area to be cooled.

Refrigerant controls are devices that furnish the needed on-off
operations for taking the refrigerant from one part of the system to
the other at the proper time to produce the removal of heat from a
refrigerated space.

The cycle of operation that is the cooling process consists of four
separate steps. In the vaporizing process, the low-temperature, low-
pressure refrigerant in the evaporator absorbs heat from the mate-
rial or space being refrigerated and is transformed from a liquid to
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a vapor in the process. The compression process takes place when
the compressor draws the heat-laden vapor from the evaporator
through the return piping and compresses this vapor until the tem-
perature is above that of the condensing medium.

The other two parts of the cooling process are the condensing
process and the pressure-reducing process. In the compressor, the
temperature of the refrigerant has been raised above that of the con-
densing medium (usually 15◦F to 25◦F). The heat of vaporization
will flow from the vapor to the condensing medium and condense
the refrigerant to a high-pressure liquid. This high-pressure liquid
then flows to the receiver, where it is stored until it is supplied to the
cooling unit through the expansion valve.

As the compressor withdraws the refrigerant vapor from the
evaporator, the cooling unit must be supplied with more low-
temperature, low-pressure refrigerant capable of absorbing heat. A
constant flow of liquid is maintained to the evaporator, where it va-
porizes and takes the heat of the area back to the compressor again
to repeat the cycle.

Compressors can be categorized as either single- or multicylinder
with respect to operation. However, according to the method of
compression used, they are classified as reciprocating, rotary, or
centrifugal. With respect to drive, the compressors are classified as
direct drive or belt drive. They may also be classified or grouped
with respect to their prime mover. Under this classification, they
are independent (belt drive), semi-hermetic (direct-drive with motor
and compressor in separate housings), or hermetic (direct-drive with
motor and compressor in the same housing).

Review Questions
1. What are the components needed for the operation of a gas-

compression refrigeration system?
2. How are compressors classified according to methods of op-

eration?
3. What is the difference between a compressor and a condenser?
4. What is the function of an evaporator?
5. Where is the receiver located in the refrigeration system?
6. Why does the condenser usually need a fan?
7. What does hermetic mean?
8. Describe a shaft seal for a compressor.
9. How does the rotary compressor operate?
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10. How is the centrifugal compressor different from the rotary
compressor?

11. What may be the cause (or causes) of a knock in a compressor?
12. What is the usual reason for a compressor being stuck-up?
13. How do you find compressor efficiency?
14. What would you do to repair an air conditioner if the fan on

the evaporator doesn’t run and the compressor short-cycles?
15. What are the possible causes for the running cycle of an air

conditioner being too long?
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Chapter 8
Condensing Equipment for
Air Conditioners
The function of a condenser in a mechanical refrigeration system is
to liquefy the refrigerant gas and return it (by means of controls) for
a repeat of the refrigeration cycle. When the refrigerant gas leaves
the compressor and enters the condenser, it contains the full load of
heat, consisting of the following:

� The heat picked up in the evaporator as net refrigeration
� The heat of cooling the liquid from the condenser to the evap-

orating temperature
� The heat picked up in the suction line and cylinder chamber
� The heat of compression

Condensers may be classified according to their construction as
follows:

� Air-cooled
� Water-cooled
� Evaporative (combination of air and water)

Air-Cooled Condensers
Air-cooled condensers are used universally on smaller refrigerating
units, but seldom for capacities in excess of 3 tons of refrigeration.
They are equipped for natural draft and fan cooling and are termed
according to their construction as plain tubes, finned tubes, plate
type, and series or parallel pass. The conventional air-cooled con-
denser consists of an extended-surface coil across which air is blown
by a fan. In operation, hot discharge gas enters the coil at the top. As
it is condensed, it flows to a receiver located below the condenser.
Figure 8-1 and Figure 8-2 show typical air-cooled condensing units.

Air-cooled condensers should always be located in a well-
ventilated space. This is how the heated air may escape and be
replaced by cooled air. Because of space requirements, air-cooled
condensers are normally constructed with a relatively small face
with several rows of tubing in depth. As the air is forced through
the condenser, it absorbs heat, and the air temperature rises. There-
fore, the efficiency of each succeeding row in the coil decreases,
although coils up to eight rows in depth are frequently used.
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Figure 8-1 Typical air-cooled condensing unit.
(Courtesy Copeland Refrigeration Corporation.)

UNIT ON SLAB AT GRADE LEVEL

Figure 8-2 Air-cooled condenser for home use.
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Water-Cooled Condensers
Used on commercial and larger systems, water-cooled condensers
are classified as double-pipe, flooded atmospheric; bleeder shell-
and-tube, and shell-and-coil. In condensers of this type, the amount
and temperature of the water determine the condensing tempera-
ture and pressure, and (indirectly) the power required for compres-
sion. In locations where water must be conserved or where water is
restricted, it is usually necessary to install cooling towers or evap-
orative condensers. When adequate low-cost condensing water is
available, water-cooled condensers are often desirable because of
the lower condensing pressures and better head-pressure control.

Water (particularly from underground sources) may be much
colder than daytime temperatures. If evaporative cooling towers
are used, the condensing water can be cooled to a point closely
approaching the ambient wet-bulb temperature, which allows the
continuous recirculation of condensing water and reduces water
consumption to a minimum. A water-cooled condensing unit is
shown in Figure 8-3.

Figure 8-3 Typical water-cooled condensing unit.
(Courtesy Copeland Refrigeration Corporation.)

A pressure- or temperature-sensitive modulating water-control
valve (such as shown in Figure 8-4) can be used to maintain condens-
ing pressures within the desired range by increasing or decreasing
the rate of water flow as necessary.
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Figure 8-4 Temperature-actuated,
water-regulating valve as employed on
water-cooled condensers.
(Courtesy Penn Controls, Inc.)

Cooling-Water Circuits
In compressors with water jackets and in water-cooled condensers,
cooling-water circuits may be in series or parallel. The use of parallel
circuits results in a lower pressure drop through the circuit, and may
be necessary when the temperature of the cooling water is such that
the water temperature rise must be held to a minimum. Figure 8-5
and Figure 8-6 show how to install water lines for series or parallel
flow.

Because of occasional damage to condensers by excessive water
velocities, it has been found that the water velocity should not exceed
7 feet per second. Thus, to maintain water velocities at acceptable
levels, parallel circuiting of the condenser may be necessary. When
a water-circulating pump is used, it should be installed so that the
condenser is fed from the discharge side of the pump. If the pump is
installed on the discharge side of the condenser, the condenser will
have a slight vacuum in the water system and the water will be much
nearer the boiling point.

Types of Water-Cooled Condensers
The three types of water-cooled condensers are the double-tube, the
shell-and-coil, and the shell-and-tube types.

Double Tube
The double-tube condenser type consists of two tubes, one inside
the other (see Figure 8-7). Water is piped through the inner tube,
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Figure 8-5 Series-connected condenser water circuit.

and refrigerant is piped through the tube that encloses the inner
tube. The refrigerant flows in the opposite direction of the water
(see Figure 8-8).

This type of coaxial water-cooled condenser is designed for
use with refrigeration and air-conditioning condensing units where
space is limited. These condensers can be mounted vertically, hori-
zontally, or at any angle.

These condensers can also be used with cooling towers. They
perform at peak heat of rejection with water pressure drop of not
more than 5 pounds per square inch, utilizing flow rates of 3 gallons
per minute per ton.

The typical counter-flow path shows the refrigerant going in at
105◦F and the water going in at 85◦F and leaving at 95◦F (see
Figure 8-9).

The counter-swirl design (shown in Figure 8-8) gives heat transfer
that exhibits performance of superior quality. The tube construc-
tion provides excellent mechanical stability. The water flow path is
turbulent. This provides a scrubbing action that maintains cleaner
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TUBE WITHIN A
TUBE CONDENSER

SHELL AND
TUBE CONDENSER

WATER OUT
TO DRAIN

Figure 8-6 Parallel-connected condenser water circuit.

Figure 8-7 Coaxial water-cooled condenser. It is used with refrigera-
tion and air-conditioning units where space is limited.
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Figure 8-8 Typical counter-flow path inside a coaxial water-cooled
condenser.

REFRIGERANT

105°F

105°F     [41°C] 
  95°F     [35°C] 
  85°F     [29°C]

95°F 85°F

WATER

Figure 8-9 Water and
refrigerant temperatures in a
counter-flow, water-cooled
condenser.

surfaces. The construction method shown also has very high system
pressure resistance.

The water-cooled condenser shown in Figure 8-7 can be obtained
in a number of combinations. Some of these combinations are listed
in Table 8-1. Copper tubing is suggested for use with fresh water
and with cooling towers. The use of cupronickel is suggested when
salt water is used for cooling purposes.

Table 8-1 Possible Metal Combinations in
Water-Cooled Condensers

Shell Metal Tubing Metal

Steel Copper
Copper Copper
Steel Cupronickel
Copper Cupronickel
Steel Stainless steel
Stainless steel Stainless steel
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Convolutions in the water tube result in a spinning, swirling water
flow that inhibits the accumulation of deposits on the inside of the
tube. This contributes to the antifouling characteristics in this type
of condenser. Figure 8-10 shows the various types of construction
for the condenser. This type of condenser may be added as a booster
to standard air-cooled units.

(A) Single lead. (B) Double lead. (C) Triple lead.

Figure 8-10 Different types of tubing fabrication inside the coaxial
water-cooled condenser.

Figure 8-11 shows some of the configurations of this type of
condenser: the spiral, the helix, and the trombone. Note the input
for the water and input for the refrigerant. The condensers can be
further cooled by using a cooling tower to furnish water to contact
the outside tube. A water tower can be used to cool the water sent
through the inside tube for cooling purposes. This type of condenser
is usable where refrigeration or air-conditioning requirements are
1/3 ton up to 3 tons.

Shell-and-Coil Condensers
The shell-and-coil condenser is made by placing a bare tube or
a finned tube inside a steel shell (Figure 8-12). Water circulates
through the coils. Refrigerant vapor is injected into the shell. The
hot vapor contacts the cooler tubes and condenses. The condensed
vapor drains from the coils and drops to the bottom of the tank
or shell. There it is recirculated through the refrigerated areas by
way of the evaporator. In most cases, the unit is cleaned by placing
chemicals into the water. The chemicals have a tendency to remove
deposits that build up on the tubing walls.

Evaporative Condensers
Evaporative condensers are essentially a combination of a water
tower and a water-cooled condenser in which the condenser is placed
in intimate contact with the air and water spray. In condensers of
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SPIRAL

HELIX

TROMBONE

Figure 8-11 The three configurations of coaxial water-cooled con-
densers.
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SHELL
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WATER OUT

WATER IN

LIQUID
REFRIGERANT
OUT

REFRIGERANT
VAPOR IN

Figure 8-12 The shell-and-coil condenser. This is a series type of coil
arrangement inside the shell, which the refrigerant enters as a vapor and
leaves as a liquid.

this type, the heat in the refrigerant gas is carried away by the air, the
circulating water acting merely as an agent in the heat transfer. The
effectiveness of any evaporative condenser, however, is dependent
on the wet-bulb temperature of the air entering the unit since this
determines the minimum temperature to which the spray water can
be cooled. Condensers of the evaporative types are manufactured in
sizes up to 100 tons or more.

In the operation of a typical evaporative condenser (see Figure
8-13), the circulating pump draws water from the water pan and
discharges it above the condensing coils through a series of spray
nozzles. The spray nozzles are arranged to distribute the water uni-
formly over the condensing coil. A large excess of water is circulated
by the pump to keep the coil surface clean and maintain the rate of
heat transfer. Makeup water is supplied to provide an overflow for
the removal of dirt, prevent excessive deposition of lime on the con-
densing coil surfaces, and reduce the acidity of the recirculated water.

Centrifugal fans draw rated quantities of air through the con-
densing coils and water spray where the relative humidity greatly
increases. The air is then passed through water-eliminator plates and
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Figure 8-13 Schematic view of an evaporative condenser.
(Courtesy Dunham-Bush, Inc.)

discharged to the outside in such a manner as to ensure that it will
not be recirculated. The hot refrigerant gas enters the condensing
coils through a manifold, which ensures a low-pressure drop. The
gas is condensed to a liquid in the coils, which are arranged to give
a counter flow passage of refrigerant and air. The liquid flows from
the condenser to a receiver (or receivers) located in the water reser-
voir, where it is held in storage for use in the evaporator section of
the system.
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Head-Pressure Control Methods
In application of refrigeration condensers, it is a good idea to take
advantage of lower-than-design condensing temperatures whenever
possible to achieve the effects of more refrigeration capacity from
the system, lower brake-horsepower requirements per ton of re-
frigeration, and lower compressor discharge temperatures. At the
same time, it is often necessary to take precautions so that the con-
densing pressure does not drop down too low during periods of
low-water temperatures or low outside air temperatures. This is
particularly true on installations that have high internal or process
loads throughout the year and on systems having compressor ca-
pacity control.

The principal problem arising from abnormally low condensing
pressures is the reduction of the pressure difference available across
the expansion valve to the point where it is unable to feed sufficient
refrigerant to the evaporator to handle the cooling load. Liquid feed
devices are rated in accordance with the pressure difference across
the port. A valve selected at a pressure difference of 60 lb, which
is the standard rating point for Freon-12 valves, would have sub-
stantially less capacity if the pressure difference available were only
20 lb. Common types of head-pressure control arrangements are
used, which are considered in relation to the various types of con-
densers used.

Water-Cooled Condensers
With water-cooled condensers, head-pressure controls are used for
the dual purpose of holding the condensing pressure up and con-
serving water. On cooling-tower applications, they are used only
where it is necessary to hold condensing temperatures up.

The control commonly used with water-cooled condensers is the
condenser water-regulating valve. This valve is usually located in the
water supply line to the condenser. It is a throttling-type valve and
responds to a difference between condensing pressure and a prede-
termined shutoff pressure. Figure 8-14 shows a typical water-cooled
condenser. The higher this difference, the more the valve opens up,
and vice versa. A pilot connection to the top of the condenser trans-
mits condensing pressure to the valve, which assumes an opening
position according to this pressure.

The shutoff pressure of the valve must be set slightly higher than
the highest refrigerant pressure expected in the condenser when the
system is not in operation. This is to make sure the valve will close
and not pass water during off cycles. This pressure will be slightly
higher than the saturation pressure of the refrigerant at the highest
ambient temperature expected around the condenser.
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SEAMLESS STEEL SHELL

Figure 8-14 Exterior view of a shell-and-tube, water-cooled con-
denser. (Courtesy Westinghouse Electric Corp.)

Condenser water-regulating valves are usually sized to pass the
design quantity of water at about a 25- to 30-lb difference between
design condensing pressure and valve shutoff pressure. In cooling
tower applications, a simple bypass can also be used to maintain
condensing temperature by employing a manual valve or an auto-
matic valve responsive to head-pressure change. The valve can be
either the two- or three-way type.

Evaporative Condensers
When installed outdoors, this type of unit should be located so that
there is a free flow of air. A minimum clearance of twice the width of
the unit should be provided at the air inlet and outlet. Care should
be taken that the flow of the discharge air is not deflected back
to the inlet. Short-circuiting in this fashion can materially reduce
the cooling capacity. Special consideration should be given to short-
circuiting on multiple installations.

It is very desirable to position the unit so that the prevailing sum-
mer wind will blow into the inlet. It is also desirable to take pre-
cautions against a strong wind blowing into the outlet, which can
reduce the capacity and might overload the fan motor. A windbreak
erected about 6 feet from the air discharge is often useful in pre-
venting this. In some outdoor locations, it may be desirable to place
a coarse screen over the air inlet to exclude large objects (such as
birds, paper, and other debris). Although towers and evaporative
condensers are exceptionally quiet in operation, it is still good prac-
tice to locate the units as far as possible from other air intake hoods
where air and water sounds might be transmitted into offices or
living spaces.

If the unit is installed indoors, careful consideration must be given
to supplying and removing an adequate amount of air from the
space. If the discharge air is allowed to recirculate, the wet-bulb
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temperature will rise and the capacity will be reduced. It is usu-
ally possible to omit a duct to the air inlet. The unit can draw air
from the room, but provision should be made to supply an ad-
equate amount of replacement fresh air. Blower-type units may be
connected to ducts giving an external static pressure of up to 1/4 inch
of water.

The piping to and from the unit should be installed in accordance
with good practice, using pipe sizes at least as large as the fittings
on the unit. It is desirable to use vibration eliminators on all lines to
and from units. The units should be installed so that the top cover
can be lifted for maintenance. The makeup water line should be
connected to the float valve. If it is desired to use the makeup line to
fill the system, it may be desirable to make the pipe size larger than
the float-valve connection size. In some locations, it is permissible
to let the overflow drain on the roof. However, if this is not desired,
the overflow should be piped to the sewer. A bleed or blow-down
connection should be incorporated in the piping. This should be
installed in the pump discharge pipe at a high enough level so that
the bleed flows only when the pump is operating.

It is convenient to have a hose bib available near the unit for
use in periodic washing down and cleaning of the case and sump.
If the unit is installed outdoors and must operate in winter, the
installation should be made using an indoor storage tank in a heated
space. Figure 8-15 shows a recommended piping arrangement for
evaporative condensers. The pump should be moved indoors and
connected to the outlet of the indoor storage tank.

Air-Cooled Condensers
With air-cooled condensers, various methods employed for
condensing-pressure control are cycling fan motor, air-throttling
damper, and coil flooding. The first two methods are described in the
previous section, Evaporative Condensers. The third method holds
the condensing temperature up by reducing condenser capacity. This
is achieved by backing liquid refrigerant up in the coil to cut down
on the effective condensing surface.

The basic principle of the pressure stabilizer (see Figure 8-16)
consists of a heat-transfer device, which transfers the heat from the
hot-gas discharge of the compressor to the subcooled liquid leaving
the condenser. This heat exchange is controlled by the regulating
valve installed between the condenser and the receiver. This valve is
set at the desired operating pressure and throttles from the open posi-
tion to the closed position as the head pressure drops. The throttling
action of the valve forces liquid to flow through the heat-exchanger
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Figure 8-15 Schematic diagram of piping arrangement for an evapo-
rative condenser.
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Figure 8-16 Piping arrangement showing pressure-stabilizing method
for an air-cooled condenser.



P1: GDZ/FFX P2: GDZ/FFX QC: GDZ/FFX T1: GDZ

GB076-08 GB076-Miller-Sample July 15, 2004 16:32 Char Count= 0

232 Chapter 8

section of the pressure stabilizer. The heat picked up by the liq-
uid raises the receiver pressure and prevents further flow of liquid
from the condenser. This causes flooding of the condenser and, by
reducing the effective surface, maintains satisfactory discharge and
receiver pressures. This ensures a solid column of liquid at the ex-
pansion valve at a pressure that guarantees satisfactory operation.
The pressure stabilizer is provided with a spring-loaded check valve
in the heat-transfer liquid section that remains closed during warm
weather operation to prevent the liquid refrigerant from reheating.

Condenser Maintenance
The method of cleaning condenser water tubes will depend on the
water characteristics in the locality in which the condensing unit
is installed, and on the construction of the condenser used. Water
has many different impurities, which normally form a hard scale on
the walls of the water tubes. This scale is detrimental to condenser
performance.

With condensers having removable heads, the scale on the walls
of the tubes can be removed by attaching a round steel brush to a
rod and working it in and out of the tubes. After the tubes have been
cleaned with the brush, flush by running water through them. Some
scale deposits are harder to remove than others, and a steel brush
may not do the job. There are several different types of tube cleaners
on the market for removing hard scale. They may be purchased
locally.

When installing the condensing unit, keep in mind that the con-
densers may need to be cleaned. Allow enough room at the remov-
able head to get a rod long enough to work in and out of the tubes.
After cleaning, always use a new condenser head gasket. The sim-
plest method of removing scale and dirt from condenser tubes that
are not accessible for mechanical cleaning is with an inhibited acid,
which cleans the coils or tubes by chemical action. When the scale
deposit is not too great, gravity flow of the acid will provide sufficient
cleaning. However, when the deposit is great enough to almost clog
the tubes (thus inhibiting gravity flow), forced circulation must be
used. Figure 8-17 shows the equipment and connections for circulat-
ing the inhibited acid through the condenser using the gravity-flow
method. The equipment consists of a crock or wooden bucket for
the drain, and a 1-inch steel pipe of sufficient length to make the
piping connection. The vent pipe should be installed at the higher
connection of the condenser.

Figure 8-18 shows the equipment and connections used when
forced circulation may be necessary. When this method is used,
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Figure 8-17 Condenser cleaning method using gravity circulation.

a suitable pump will be required to provide pressure. The inhibited
solution is stored in a metal tank (not galvanized) with ordinary
bronze or copper fly screening to prevent the large pieces of scale or
dirt from getting into the pump intake line. In addition, 1-inch steel
piping with connections and globe valves are provided, as shown.
The vent pipe should be installed at the higher connection of the
condenser.

Cleaning Precautions
When handling the inhibited acid for cleaning condensers, certain
precautions will be necessary. The solution will stain the hands and
clothing and attack concrete. Hence, every precaution should be
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Figure 8-18 Condenser cleaning method using forced circulation.

used to prevent spilling or splashing. Where splashing might occur,
covering of the surface with burlap or wooden boards is recom-
mended. Gas produced during the cleaning will escape through the
vent pipe and is not harmful, but care should be taken to prevent
any liquid or spray from being carried through with the gas.

The inhibited acid solution is made up in the following propor-
tions:

� Water—78 parts by volume.
� Commercial hydrochloric acid (muriatic acid sp. gr. 1.19)—

22 parts by volume.
� Inhibitor powder (Grasselli No. 3)—1.7 lb/100 gal of solution,

or 0.27 oz/gal of solution.

The inhibitor powder (Grasselli No. 3) can be purchased from the
Grasselli Chemical Division of E.I. Du Pont de Nemours Company.
The properties given in the basic formula should be maintained as
closely as possible, but a variation of 5 percent is permissible. To
mix the solution, place the calculated amount of water in a tank
(not galvanized) or wooden barrel and add the calculated amount
of inhibitor powder while stirring the water. Continue stirring until
the powder is completely dissolved; then add acid as required.
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Charging the System
When gravity flow is used, introduce the inhibited acid as shown in
Figure 8-17. Do not add the solution faster than the vent can exhaust
the gases that are generated during the cleaning. When the condenser
has been filled, allow the solution to remain there overnight.

When forced circulation is used, the valve in the vent pipe should
be fully opened while the solution is being introduced into the con-
denser, but must be closed when the condenser is completely charged
and the solution is being circulated by the pump. The valve in the
supply line may be fully closed while the pump (if a centrifugal type)
is running should it be required.

Cleaning Time
For cleaning out the average scale deposit, the solution should be
allowed to stand or be circulated in the system overnight. For ex-
tremely heavy deposits, forced circulation is recommended, and the
time should be increased to 24 hours. The solution acts more rapidly
if it is warm, but the cleaning action will be just as thorough with a
cold solution if adequate time is allowed.

Flushing the System
After the solution has been allowed to stand or has been circu-
lated through the condenser the required length of time, it should
be drained out and the condenser thoroughly flushed with water. If
it is desired to clean condensers with removable heads with inhib-
ited acid, the previous procedure can be used without removing the
heads. However, extra precaution must be exercised in flushing out
such condensers with clear water after the acid has been circulated
through the condenser.

Cleaning Evaporative Condensers
The method used in protecting the coils in evaporative condensers
from scale and other deposits and removing the deposits after they
have formed depends on the characteristics of the water in the par-
ticular location. If the water at the installation site is very hard,
solids will form between the coil fins. The first step to take for the
prevention of this scale formation is to provide ample overflow. This
minimizes the concentration of solids in the water and prevents the
formation of slime. If the water composition is such that scale will
form readily, the water should be chemically treated. For this treat-
ment, a sample of the water should be sent to a competent water-
treatment organization that will make a complete analysis and will
recommend the proper chemical solution to use.
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Removing Scale Formation
The simplest method of removing scale from condenser coils is with
an inhibited acid, which cleans the fins and tubes by chemical action.
The method of injecting the chemical into the water and the amount
to be used will vary. It is suggested that the recommendations of
the firm supplying the chemical be followed. Figure 8-19 shows
connections and equipment necessary for cleaning the coils with an
inhibited acid: one when the acid is used by the hand or gravity
method, the other when forced circulation is used.

4-PIPE CLAMPS
CONDENSER

COIL

DRUM
OR BARREL

HOSE

GLOBE VALVE

PUMP

FINE-MESH
SCREEN

TEMPORARY
DRAIN

Figure 8-19 Cleaning evaporative condenser using forced circulation.

Gravity and Forced Circulation
When the scale deposit is not very great, gravity or hand cleaning
with the acid will be sufficient; but when the deposit is heavy enough
to block off the space between the fins, then forced circulation should
be used. The gravity-flow and forced-circulation methods of remov-
ing scale deposits shown in Figure 8-19 and Figure 8-20 do not differ
greatly from that given previously with respect to water-cooled con-
densers. The basic formula in making up the inhibited-acid solution,
the mixing method, and the precautions in handling are identical.
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Figure 8-20 Cleaning evaporative condenser using gravity circulation.

Outdoor Condensing Units
In some applications, a number of units are not needed and a me-
chanical center is not called for. Then an outdoor condensing unit is
used (see Figure 8-21). These units come as a factory package. They
are easily hooked up with the refrigeration unit inside the store or
office or factory. They may be located on the roof or on a slab outside
the building they are serving. Possible loss of head-pressure control
(caused by the wind) is prevented by enclosing the underside of the
unit.

It has been generally believed that it is necessary to artificially
maintain summer-like conditions on the condenser of refrigeration
systems. This was because a large pressure difference had to exist
between the high and low sides. It has been found, however, that
if adequate measures are taken to ensure a solid column of liquid
refrigerant to the expansion valves of cases located inside the build-
ing, no problems will be experienced. The advantage is in lowering
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TANK HEATER with THERMOSTAT regulates 
receiver tank temperature between 70 and 100°F. 
[21 and 38°C].

DUAL PRESSURE CONTROL protects unit from high 
head pressure, shuts unit down after pump down. 
Case temperatures are controlled by EPR or TPR 
valves at cases. 

FIXED LOUVERS on exhaust side of unit protect the 
unit from wind and rain.

LIQUID LINE SOLENOID VALVE—normally closed. It 
opens only during the refrigeration cycle.

CHECK VALVE holds refrigerant in receiver when the 
unit is pumped down during defrost or off-cycle.

SUCTION LINE—Ideally, it will be insulated for 
summertime efficiency and wintertime protection.

CRANK CASE HEATER against or in the compressor 
crankcase reduces refrigerant migration to the oil.

CLOSE-OFF on bottom of entire unit protects unit from 
wind and possible loss of head pressure control.

FIXED HOOD protects unit from wind. Head 
pressure–operated automatic louvers are 
optionally available.

OIL-PRESSURE SAFETY SWITCH shuts down unit if 
compressor lubrication system fails. It is manually 
reset.

SOLID-STATE FAN SPEED CONTROL regulates head pressure by 
modulating the speed of the fans or by stopping them entirely. 
Senses gas temperature at top of condenser.

INSULATED RECEIVER TANK holds a pump-down 
charge during defrost. Insulation prevents rapid 
heat loss.

Figure 8-21 Outdoor condensing unit with a weather hood.

the condenser temperature. This makes the compressor run more
efficiently, saving on energy costs.

Liquid lines exposed to temperatures above 60◦F (15.6◦C) must
be insulated. This also applies to any lines that run overhead and to
some lines close to the floor.

Summary
The function of a condenser in a mechanical refrigeration system is
to liquefy the refrigerant gas and return it (by means of controls) for
a repeat of the refrigeration cycle. Condensers are classified accord-
ing to their construction as air-cooled, water-cooled, or evaporative
(a combination of air and water).

Water-cooled condensers use head-pressure controls for the dual
purpose of holding the condensing pressure up and conserving wa-
ter. On cooling-tower applications, they are used only where it is
necessary to hold condensing temperatures up.
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Evaporative condensers are essentially a combination of a water
tower and a water-cooled condenser in which the condenser is placed
in intimate contact with the air and water spray. Condensers of the
evaporative types are manufactured in sizes up to 100 tons or more.

Condenser maintenance includes cleaning the condenser water
tubes. The method of cleaning used depends upon the locality in
which the condensing unit is installed and on the construction of the
condenser used. Water has many impurities that can cause scale and
other buildup on pipes or tubes. Various chemicals are used to keep
the tubes clean of scale and other impurities. Special instructions are
given by the manufacturers of chemicals for their safe use.

Review Questions
1. What is the function of a condenser in a mechanical refriger-

ation system?
2. How are condensers classified according to their construction?
3. What is the advantage of having a parallel cooling circuit for

a condenser?
4. What is the top or largest size of evaporative condensers?
5. What is the principal problem arising from abnormally low

condensing pressures?
6. What is the purpose of head-pressure controls on water-cooled

condensers?
7. What is the basic principle of the pressure stabilizer?
8. What determines the method used to clean condenser water

tubes?
9. What chemicals are used for cleaning condenser water tubes?

10. How long does it take to clean condenser water tubes?
11. What determines the method used to protect the coils in evap-

orative condensers from scale and other deposits?
12. What is the simplest method of removing scale from condenser

coils?
13. How are outdoor condensing units protected from the wind?
14. What does the outdoor condensing unit’s oil pressure safety

switch do?
15. Why is a check valve needed in the outdoor condensing unit’s

receiver?
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Chapter 9
Evaporators for Air Conditioners
The evaporator is that part of the system where useful refrigeration
is accomplished. This is done by bringing the temperature of the
liquid refrigerant below the temperature of the surrounding air. The
heat passes into the liquid refrigerant and is absorbed as latent heat,
changing the state of the refrigerant from a liquid to a vapor. The
vapor is then withdrawn by the action of the compressor.

Since all other parts of a refrigeration system are provided to
prepare the refrigerant for this change of state, it follows that the
evaporator is an important component of the refrigeration unit. The
transfer of heat—from the space or medium surrounding the evap-
orator to its outside surface, through the metal to the inside surface
of the cooling unit, and then to the liquid refrigerant—is made pos-
sible because heat always flows from a warmer to a colder object.
From the standpoint of temperature, the liquid must be at a lower
temperature than the source or medium surrounding it.

The cooling medium depends on the refrigeration system used
and on the direct expansion system, which consists of the secondary
refrigerants such as chilled water or brine. When chilled water is
used for space cooling, it is customary to install expansion coils in
a spray chamber so that the water sprayed into the air comes into
direct contact with the cooling coils.

In the indirect system of refrigeration, brine is cooled by the re-
frigerant, and the resulting cold brine is used to cool either air or
water. This system, however, is rather uneconomical since it is nec-
essary to cool the brine to a temperature between the average brine
temperature and that of the substance to be cooled. In any refrig-
erant evaporator, brine tank, or whatever refrigeration is furnished,
heat transfer takes place because of the existence of this difference
in temperature.

Types of Evaporators
There are several types of evaporators. The coiled evaporator is
used in warehouses for refrigerating large areas. The fin evaporator
is used in air-conditioning systems that are part of the furnace of a
home. The finned evaporator has a fan that blows air over its thin
surfaces. Plate evaporators use flat surfaces for their cooling surface
(see Figure 9-1). They are commonly used in freezers. If the object to
be cooled or frozen is placed directly in contact with the evaporator
plate, the cold is transferred more efficiently.

241



P1: GDZ/FFX P2: GDZ/FFX QC: GDZ/FFX T1: GDZ

GB076-09 GB076-Miller-Sample July 15, 2004 18:30 Char Count= 0

242 Chapter 9

Figure 9-1 Plate evaporator.

In modern refrigerating equipment, evaporators may be divided
into the following classes (depending on their construction): finned
and plain-tubing.

Finned Evaporators
Finned evaporators are especially useful for refrigerators, cool-
ers, cases, and counters designed for the production of tempera-
tures above 34◦F with gravity circulation and 35◦F with forced-air
circulation. This covers the general commercial field. For general
commercial applications, finned units operate more efficiently and
effectively when they defrost automatically during that part of the
refrigeration cycle when the condensing unit is not running. When
properly applied, the melting of the frost takes place automatically,
except for an occasional defrosting by manual operation of the con-
trols when unusual conditions are encountered. Finned units with
wide-spaced fins are now also used on installations with manual or
hot-gas defrosting below 34◦F.

Finned cooling units for liquid cooling should be used only with
nonfreezing solutions (such as calcium chloride brine and alcohol)
where it is impossible for ice to form on the surfaces. This means
that in brine-tank installations where the temperatures are below
freezing, the chief application for these units will be covered. No
attempt should be made to operate finned units in freezing solutions,
because the ice that forms causes such a reduction in capacity and
efficiency that unsatisfactory refrigeration will result.

Plain-Tubing Evaporators
Plain-tubing evaporators (also known as prime-surface evaporators)
are used successfully for practically any temperature, although they
are especially recommended for holding fixtures at 34◦F or lower.
Prime-surface or bare-tubing evaporators or those with wide fin
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spacing may be operated in a frosted condition for a longer period
without materially changing the temperature of the fixture being
cooled. It is necessary, however, to defrost such units at regular
intervals to maintain the required temperatures. The coating of frost
will eventually become so thick that the rate of heat transfer will be
reduced and often air circulation will be retarded. The defrosting is
usually done manually because generally the units are not permitted
to enter the ice-melting zone for a sufficient length of time in the
normal refrigeration cycle for automatic defrosting to take place.

Plain-tubing evaporators are recommended for liquid cooling and
for freezing solutions. Ice formation does not affect their capacity
and operating efficiency as quickly, and to such an extent, as finned
evaporators.

Evaporator-Coil Construction
When refrigeration evaporators are used for cooling air by forced
convection, they are usually termed blast coils or unit coolers. The
blast coil is made up of a direct expansion coil mounted in a metal
housing, complete with a fan for forced-air circulation. The coil
is normally constructed of copper tubing supported in metal-tube
sheets, with aluminum fins on the tubing (as shown in Figure 9-2
and Figure 9-3) to increase heat-transfer efficiency.

If the evaporator is quite small, there may be only one continuous
circuit in the coil. However, as the size increases, the increasing pres-
sure drop through the longer circuit makes it necessary to divide the
evaporator into several individual circuits emptying into a common
header. The various circuits are usually fed through a distributor
that equalizes the feed in each circuit to maintain high evaporator
efficiency.

The spacing of fins on the refrigerant tubing will vary depending
on the application. Low-temperature coils may have as few as two
fins per inch, while air-conditioning coils may have up to 12 or
more per inch. In general, if the evaporator temperature is to be
below 32◦F so that frost will accumulate, fin spacing of four per inch
or less is commonly used, although closer fin spacing is sometimes
used if efficient defrost systems are available. In air-conditioning
applications, icing of the coil is seldom a problem, and the limit on
fin spacing may be dictated by the coil’s resistance to air flow.

Since the heat-transfer efficiency of the coil increases with an
increase in the mass flow of air passing through it, high velocities
greater than 500 to 600 fpm should not be used. Water collecting
on the coil from condensation will be blown off into the air stream
if these velocities are exceeded.
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LIQUID LINE

LIQUID LINE

SUCTION
HEADERS

Figure 9-2 Direct-expansion evaporator showing coil circulation.

Figure 9-3 Evaporator used in air-conditioning systems for the home.
The evaporator fits in the forced-air furnace bonnet or plenum. The fan
used for heat during the winter is used for circulating air through the
evaporator during the summer.
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Refrigerant-Control Methods
To fully understand the methods of controlling refrigerants in air-
conditioning systems, you must first understand superheat, chilling
units, dry-expansion coil arrangements, and capacity requirements.

Superheat
The superheat at any point in a refrigeration or air-conditioning
system is found by first measuring the actual refrigerant tempera-
ture at that point using an electronic thermometer. Then the boiling
point temperature of the refrigerant is found by connecting a com-
pound pressure gage to the system and reading the boiling temper-
ature from the center of the pressure gage. The difference between
the actual temperature and the boiling point temperature is super-
heat. If the superheat is zero, the refrigerant must be boiling inside,
and there is a good chance that some of the refrigerant is still liq-
uid. If the superheat is greater than zero (at least 5◦F or better),
then the refrigerant is probably past the boiling point and is all
vapor.

The method of measuring superheat described here has obvious
faults. If there is no attachment for a pressure gage at the point
in the system where you are measuring superheat, the hypothetical
boiling temperature cannot be found. To determine the superheat at
such a point, the following method can be used. This method is
particularly useful for measuring the refrigerant superheat in the
suction line.

Instead of using a pressure gage, the boiling point of the refrig-
erant in the evaporator can be determined by measuring the tem-
perature in the line just after the expansion valve where the boiling
is vigorous. This can be done by any electronic thermometer. As
the refrigerant heats up through the evaporator and the suction
line, the actual temperature of the refrigerant can be measured
at any point along the suction. Comparison of these two tem-
peratures gives a superheat measurement sufficient for field ser-
vice, unless a distributor-metering device is used, or the evaporator
is very large with a great amount of pressure drop across the
evaporator.

It is possible to read superheat directly using a meter made for
the job. This meter works on temperature differential, measuring the
temperature at two points, and then converting this to superheat by
subtracting and presenting the difference.

Figure 9-4 illustrates the way superheat works. The bulb “open-
ing” force (F-1) is caused by bulb temperature. This force is balanced
against the system back pressure (F-2), and the valve spring force
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(F-3) to hold the evaporator pressure within a range that will va-
porize all of the refrigerant just before it reaches the upper part or
end of the evaporator.

LOW 
PRESSURE 
GAS TO 
COMPRESSOR

Superheat temperature raises
pressure of attached bulb
containing "w" wide range
charge.

Small superheat area
(superheated gas is
normally 6°F to 10°F
warmer than liquid in
evaporator). 

Bulb pressure
on diaphragm
top exerts
"opening"
force. 

EVAPORATOR 
(HEAT EXCHANGER)

F-1

F-2
INTERNAL
EQUALIZER
PASSAGE

DIAPHRAGM

PISTON

BALL

WARM, HIGH-
PRESSURE
LIQUID FROM
CONDENSER

Screwdriver slot for adjusting
superheat spring.

SPRING 
PRESSURE

ORIFICE
F-3

Cold, low-pressure
refrigerant leaves
valve as liquid and
small amount of
flash gas.

Ambient air forced over
the coils transfers a heat
load to the cold liquid
refrigerant causing it to
vaporize into gas. the top,
or last, part of the
evaporator superheats
this gas. 

Figure 9-4 How superheat works.

The method of checking superheat is shown in Figure 9-5. The
procedure is as follows:

1. Measure the suction-line temperature at the bulb location. In
the example, the temperature is 37◦F.

2. Measure the suction-line pressure at the bulb location. In the
example, the suction-line pressure is 27 psi.

3. Convert the suction-line pressure to the equivalent satu-
rated (or liquid) evaporator temperature by using a standard
temperature pressure chart (27 psi = 28◦F).

4. Subtract the two temperatures. The difference is superheat. In
this case, superheat is found by the following method: 37◦F –
28◦F = 9◦F
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37°F
(34 PSI)

BULB

27 PSI
(28°F)

34 PSI

27 PSI
+  7 PSI
34 PSI

BALANCE

SPRING
(7 PSI)

(27 PSI)

DIAPHRAGM
EVAPORATOR

SUPERHEAT
SUCTION TEMP. AT BULB.............................. 37°F
SATURATED REFRIGERANT TEMP.
(EQUIVALENT TO EVAPORATOR OUTLET
PRESSURE OF 27 PSI)..................................... 28°F

9°FSUPERHEAT=

Figure 9-5 Where and how to check superheat.

Suction pressure at the bulb may be obtained by either of the
following methods:

1. If the valve has an external equalizer line, the gage in this line
may be read directly.

2. If the valve is internally equalized, take a pressure gage reading
at the compressor base valve. Add to this the estimated pres-
sure drop between the gage and the bulb location. The sum
will approximate the pressure at the bulb.

The system should be operating normally when the superheat is
between 6◦F and 10◦F.

Chilling Units
Three types of evaporators or chilling units are in general use:
flooded, wet expansion, and dry expansion. The type of evaporator
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differs with respect to the volume of liquid refrigerant permitted in
each and with the refrigerant-control methods.

Although the purpose of each of the evaporator types is the same,
each varies with respect to its operation. Thus, the flooded type is
operated with approximately 75 percent of its total capacity of liquid
refrigerant. Control of the refrigerant level is generally maintained
by the use of a high- or low-side float control.

A heat exchanger is generally required in flooded evaporator in-
stallations to ensure that the suction gas will be superheated. Liquid
refrigerant will enter the suction line from the oil-return line. The
heat exchanger is necessary to vaporize the liquid refrigerant so that
it will not return to the compressor as a slug and make the valves
inoperative. An oil separator is also desirable to ensure minimum
oil circulation through the system. Flooded operation of evapora-
tors using refrigerants such as Freon-12 and Freon-22 can result in
problems in oil trapping.

The wet-expansion type of evaporator is usually liquid-filled to
approximately 50 percent. In this type, the refrigerant mixture flows
through the tubes with a rather slow velocity because of large tube
diameters, and the possibility of having entrained liquid in the va-
por entering the suction line is not pronounced. This permits more
of the tail end of the evaporator to be used than would be possi-
ble if the vapor velocity were higher. At the same time, it ensures
positive oil return due to short vapor paths. The temperature differ-
ence between the inlet and outlet or superheat of vapor leaving the
evaporator should range between 5◦F and 7◦F, with the latter value
on low average-refrigerant-temperature application. The efficiency
of an evaporator will be affected 10 to 20 percent by increasing the
superheat a few degrees above design conditions, which is attempt-
ing, in effect, to refrigerate with vapor.

The dry-expansion type of evaporator is of the continuous tube
construction. The percentage of evaporator volume filled with liquid
is approximately 25 percent. In this type of evaporator, the velocity
of the refrigerant mixture is high, causing a turbulent or swirling
condition, which throws the liquid refrigerant against the sides of
the tube. Therefore, it is necessary to operate with a higher super-
heat to prevent carrying entrained liquid refrigerant into the suc-
tion line. This type of evaporator is usually operated with from 9◦F
to 12◦F superheat. The velocity of the vapor in the evaporator in-
creases with the length. In general, the pressure drop through an
evaporator is half what it would be if the same amount of pipe or
tubing were used as a suction line carrying the same quantity of
vapor.
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A pipe-coil installation is normally operated at approximately
10◦F superheat, depending on the refrigerant temperature, and
usually requires a heat exchanger or drier oil due to the low
temperature. This type of evaporator is used all the way from
ultra low-temperature refrigeration applications up to comfort
air-conditioning levels. Evaporators of the foregoing types employ
an automatic or thermostatic expansion valve to control the liquid
refrigerant. It should be noted, however, that different settings of
the expansion valves are required for each type of evaporator.

Dry-Expansion Coil Arrangements
Although there are many ways of arranging dry-expansion coils, the
following are the most common:

1. By top feed, free-draining piping at a vertical up-flow coil, as
shown in Figure 9-6.

2. By a horizontal airflow coil (see Figure 9-7) in which the suc-
tion is taken off the bottom header connection, thus providing
free oil draining.

3. By a refrigerant bottom-feed coil with a vertical down-flow air
arrangement, as shown in Figure 9-8.

Air flow
if compressor is below

loop suction to top of coil.
LIQUID LINE

EQUALIZER
LINE

EXPANSION
VALVE

SUCTION
HEADER

Figure 9-6 Coils in a top-feed, direct-expansion evaporator.

Many coils are supplied with connections at each end of the
suction header so that the free-draining connection can be used
regardless of which side of the coil is up; the other end is then capped.
The preceding arrangements have no oil-trapping problems. With
a bottom-feed coil evaporator, such as shown in Figure 9-8, it is
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LIQUID LINE
EQUALIZER LINE

AIR FLOW

EXPANSION
VALVE

SUCTION
HEADER

If compressor is below
loop suction to top of coil.

Figure 9-7 Coil arrangement in a free-drawing, direct-expansion evap-
orator.

LIQUID LINE

EQUALIZER 
LINE

AIR FLOW

EXPANSION
VALVE

SUCTION
HEADER

Figure 9-8 Coils in a bottom-feed, direct-expansion evaporator.

necessary that the coil design provide for sufficient gas velocity up
through the coil to entrain oil at the lowest partial loadings and
carry it into the suction line.

Pump-down compressor control should be employed on all sys-
tems using down-feed evaporators. This is necessary to protect the
compressor against a liquid slug back in the case of evaporators
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where liquid can accumulate in the suction header on the system off
cycles.

Capacity Requirements
The factors affecting evaporator capacity are quite similar to those
affecting condenser capacity. They are as follows:

� Surface area or size of the evaporator.
� Temperature difference between the evaporating refrigerant

and medium being cooled.
� Velocity of gas in the evaporator tubes. In the normal commer-

cial range, the higher the velocity, the greater the heat-transfer
rate.
� The velocity and rate of flow over the evaporator surface of

the medium being cooled.
� Material used in evaporator construction.
� The bond between the fins and tubing. Without a tight bond,

heat transfer will be greatly decreased.
� Accumulation of frost on evaporator fins. Operation at tem-

peratures below freezing with blower coils will cause the for-
mation of ice and frost on the tubes and fins, which can reduce
both the airflow over the evaporator and the heat-transfer rate.
� The type of medium to be cooled. Heat flows almost five times

more effectively from a liquid to the evaporator than from air.
� Dew point of the entering air. If the evaporator temperature

is below the dew point of the entering air, latent as well as
sensible cooling will occur.

Evaporator Calculations
The coefficient of heat transfer (K factor) represents the amount of
heat that will pass through a unit area in a unit of time with 1◦F
surfaces between which the heat is being transferred. This system
must be determined initially by experiment. For some types of evap-
orators, usage and experience have firmly established this value. For
other types, the K factor has only been established approximately,
yet with sufficient accuracy for practical use.

Evaporators used for air cooling develop a relatively low K fac-
tor compared to what the same unit would develop if cooling a
liquid such as water, assuming the same unit could be used for both
purposes. The speed of movement (velocity) of the cooled medium
over the cooling surface affects the K factor. When cooling air, the
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K factor will vary somewhat with the conditions of the cooling
surface.

The amount of heat that can be absorbed by an evaporator (that
is, its capacity) follows the fundamental heat-transfer equation:

H = KATd

where the following is true:

K = coefficient of heat transfer
A = total evaporator area (square feet)

Td = temperature differences between refrigerant and medium
being cooled

Therefore, if it is desired to handle a given quantity of heat in a
stated period of time, simple mathematics show that a compensating
variation must be made in one or both of the remaining factors to
hold the capacity H constant.

The following general conditions affect the K factor of any evap-
orator:
� Physical construction
� Conditions on the exterior of the evaporator
� Conditions on the interior of the evaporator
� Relation of refrigerant flow to medium being cooled

Some of these factors are difficult to segregate clearly because
they interlock with each other. The K factor of finned tubing and
surfaces varies greatly and must be determined by tests for each
type of construction. With a finned evaporator, the relation of the
total surface area to surface area of tubing containing the liquid
refrigerant is important. This is sometimes called the R factor and
may be written as follows:

R = tube area
total area

The greater the area of fins in proportion to the tubing area, the
lower the overall K factor of the evaporator. The physical construc-
tion of fins has an effect on the K factor. Finned area extended
too far from the tubing becomes ineffective and may be just wasted
metal. Spacing of fins is important because it affects the K factor and
because of its relation to frost formation on cooling units. Closely
spaced fins may easily accumulate sufficient frost between them to
completely stop air circulation through the unit and are then difficult
to defrost. As a rule, the area of an evaporator is the total surface
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exposed to the medium being cooled. Area is only one of three fac-
tors determining the heat-handling capacity of an evaporator. Its
importance is often overemphasized.

Exterior Conditions
Conditions on the exterior of the evaporator that affect the coeffi-
cient of heat transfer are:

� Medium being cooled
� Velocity of cooled medium over cooling unit surface
� Condition of exterior surface
� Temperature of medium being cooled

Surface-Area Determination
In determining surfaces, it should be noted that the plain-tubing
type will have a higher K than the finned construction. The finned-
surface evaporator, however, will often permit the use of more heat-
absorbing surface in the space allowed for the cooling unit, and has
been used more in recent years than the plain-tubing evaporator. The
evaporator surface-area determination is illustrated in the following
example.

Example
If it is assumed that a tube evaporator has a K of 2 and a finned-tube
evaporator has a K value of 0.5, calculate the required tube surface
of each when it takes a Td of 20◦F to produce 10,000 Btu/hr.

Solution
Substitution of values in the heat-transfer formula for the plain-
surface evaporator gives:

A = H
K × Td

= 10,000
2 × 20

= 250 ft2 of tube surface

Similarly, for the finned-surface evaporator:

A = 10,000
0.5 × 20

= 1000 ft2 of tube surface



P1: GDZ/FFX P2: GDZ/FFX QC: GDZ/FFX T1: GDZ

GB076-09 GB076-Miller-Sample July 15, 2004 18:30 Char Count= 0

254 Chapter 9

Example
If 10,000 Btu/hr are to be absorbed in an evaporator having a
K factor of 10 and an A of 100, what is the temperature differ-
ence between the refrigerant and the medium being cooled?

Solution
With reference to the heat-transfer formula, use the following for-
mula:

H = KATd

or

10,000 = 10 × 100 × Td

Td = 10,000
10 × 100

= 10◦

If the K factor has been reduced for some reason to 2, the product
of A and Td would have to be raised to 5000 if H is to remain at
10,000:

H = KATd

or

10,000 = 2 × 100 × Td

A × Td = 10,000
2

= 5000

So, if A remains at 100, Td would have to be 50:

H = KATd

or

10,000 = 2 × A × Td

Td = 10,000
2 × 100

= 50◦

If K and A are fixed quantities (for example, K = 2 and
A = 200), and Td is varied, H will be found to vary directly as
Td varies. For example, if Td = 20, H = 8000; if Td = 10, H =
4000.
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The preceding example illustrates the change necessary in Td
should some of the factors affecting K be violated.

Evaporator Maintenance
For low-temperature applications with dry-coil–type units, defrost-
ing can be obtained by providing arrangements for the intake of
outside air and the exhaust of this air to the outside during the de-
frosting period. It should be noted, however, that the outside tem-
perature must be above 35◦F when using this defrosting method.
At very low temperatures, hot-gas defrosting may be employed only
when there is more than one evaporator connected to a condensing
unit, so that the other unit can continue to provide refrigeration to
the fixture.

Where operating conditions (design-fixture temperature, operat-
ing refrigerant temperature, and condensing-unit running time) will
permit, the removal of frost may be accomplished automatically by
use of controls normally supplied with condensing units by most
manufactures. By proper adjustment of these controls, the condens-
ing unit is cycled to suit the job at hand.

Another variety of automatic defrosting can be obtained on some
installations by the use of a time clock that will shut the system
down at suitable and convenient intervals and return it to normal
operation thereafter. This system is usable only as a general rule
when fixture temperatures of around 32◦F or higher are employed
or when the fixture can be quickly warmed up to approximately
35◦F in a reasonable period.

Cycling the Condensing Unit
The first method described (cycling the condensing unit) is decidedly
preferable when it can be used. It does not require the purchase and
installation of special equipment and permits the use of controls
normally furnished with a condensing unit by most manufacturers.

In certain types of refrigeration requiring frosted evaporators,
it is impossible to defrost automatically by normal cycling of the
condensing unit. Therefore, it is necessary to defrost by mechanical
methods or by shutting down the system. The mechanical method
requires the use of picks and scrapers to remove the ice and frost
accumulated. This calls for the use of steel-pipe or plate-type cooling
units, which are sturdy enough to withstand the action of these
defrosting instruments. Finned or copper tubing evaporators should
not be specified where mechanical defrosting is used because they
would be damaged (and possibly made inoperative) by the use of
picks and scrapers.
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A second method of manual defrosting is usable when design-
fixture temperatures are not below 35◦F or where it is permissible
to allow the room to warm up to 35◦F or more at suitable intervals
to dispose of the frost accumulated on the cooling units. This may be
accomplished simply by opening the main switch to the condensing
unit or units operating in the room and allowing them to stand idle
until defrosting is completed. If forced-air evaporators are used, the
fans should be kept moving to speed the defrosting operation. Close
the main switch to resume normal operation.

Time Clocks
Time clocks are used frequently in defrosting operations where it is
permissible to stop the compressor for a period. To ensure that the
defrosting is done regularly and at convenient times, a time clock is
used to connect or disconnect the compressor motor from its source
at preset time intervals. Time clocks (such as shown in Figure 9-9)
are available for both 24-hour and 7-day cycles. The defrost interval,
time of starting, and termination of the defrost cycle can be adjusted
to suit various conditions. There are several types of defrost-control
circuits operating as a function of time:
� Time-initiated and time-terminated circuits
� Time-initiated and pressure-terminated circuits
� Time-initiated and temperature-terminated circuits

Figure 9-9 Typical defrost time clock. (Courtesy Paragon Electric Company.)

In this connection, note that on circuits with pressure or tem-
perature termination, an overriding time termination is normally
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provided in the event that the defrost cycle is unusually prolonged
for some reason.

Accessory Equipment
Accessory equipment required in air-cooling applications usually
consists of the following:
� Heat exchangers
� Surge drums
� Oil separators
� Driers
� Dehydrators
� Strainers
� Mufflers
� Subcoolers
� Check valves

Heat Exchangers
The function of a heat exchanger is to remove the heat from the liq-
uid refrigerant and transfer it to the suction gas. Figure 9-10 shows
a typical heat exchanger. Suction gas flows through the large cen-
ter tube, while liquid is piped through the smaller tube wrapped
around the suction tubing. The cold suction vapor absorbs heat
from the warm high-pressure liquid through the tube-to-tube metal
contact. Internal fins are often provided in the suction-gas section
to increase the heat transfer between the suction gas and liquid
refrigerant.

LONGITUDINAL
FINS

LIQUID

SUCTION
GAS

LIQUID

GAS

CAST
ALUMINUM

Figure 9-10 Typical heat exchanger for capacities up to 10 tons.

A heat exchanger is generally required in flooded-evaporator in-
stallations to ensure that the suction gas will be superheated. Liquid
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refrigerant will enter the suction line from the oil return line. The
heat exchanger is necessary to vaporize this liquid refrigerant gas so
that it will not return to the compressor as a slug and damage the
valves. The theoretical amount of cooling through the superheating
of the suction gas within the heat exchanger is determined by the
increase in the temperature of the gas as it leaves the exchanger,
multiplied by the specific heat of the suction gas and the amount of
gas pumped. The amount of subcooling actually taking place in the
liquid refrigerant as it leaves the heat exchanger is determined by
the number of degrees to which it is cooled, multiplied by its specific
heat and the pounds of refrigerant circulated.

The pounds of refrigerant circulated per hour at the temperature
and pressure conditions in question can be determined by dividing
the actual Btu-per-hour capacity by the refrigerating effect (Btu/lb)
of the refrigerant in circulation. By the use of a heat exchanger,
the net refrigerating effect (Btu/lb) is increased in direct proportion
to the amount (in degrees) the liquid refrigerant is subcooled. In
running a calorimeter test, the suction gas is generally superheated
within the calorimeter to a temperature corresponding to that of
the test room. Thus, the maximum refrigerating effect is obtained
within the calorimeter, and the use of an exchanger would be of no
advantage.

In an ordinary installation, the suction gas can only be super-
heated to approximately the temperature within the unit, which is
usually around 40◦F. In an installation of this kind, a heat exchanger
will increase the net refrigeration (Btu/lb) by taking advantage of
this cold-suction gas to remove some of the heat from the liquid
refrigerant before it enters the evaporator.

Heat exchangers may be constructed in a number of different
ways. Where it is desired to make a low-priced exchanger, the suction
and liquid line may be soldered together, starting at the point of
emergence from the fixture and extending as far as practical toward
the condensing unit. No definite recommendations as to the length
of this type of exchanger can be made. However, in general, low-
temperature fixtures require a greater length of exchanger, and the
longer the exchanger, the more effective it will be. When lines are
soldered together inside the fixture, the result will be to increase the
effectiveness of the suction line as a drier.

Another method of constructing a heat exchanger is to use two
concentric copper tubes, as shown in Figure 9-11. Here the inner
tube carries the suction gas from the evaporator and is connected
in the suction line. The outer tube carries the liquid refrigerant from
the receiver on the condensing unit to the expansion valve and is
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connected to the liquid line. The suction gas travels counter flow to
the liquid refrigerant. Before the exchanger is assembled, the inner
surface of both tubes and the outside of the suction-line tube should
be cleaned to make sure no dirt or moisture is on the surface, since
these surfaces are exposed to the refrigerant.

WATER LINE INTO
SUB COOLER

SOLDER THRU
FEED HOLES ONLY

LIQUID LINE FROM
CONDENSING UNIT

LIQUID LINE TO
EVAPORATOR

WATER LINE FROM
SUB COOLER

Figure 9-11 Sectional view of typical two-pipe heat exchangers.

As the liquid section of the exchanger must be full to be most
effective, it will be necessary to add refrigerant to the system to
ensure this condition. When installing the exchanger, it should be
mounted as near to the fixture as possible. It should be located on
the outside of the fixture when space is available. If mounted inside
the fixture, it should be insulated. The pressure drop through the
exchanger should be added to the pressure drop through the rest of
the suction line to determine the entire line drop.

Certain types of installations spill large quantities of liquid refrig-
erant when starting, or may be subject to temporary surges. Low-
temperature and pipe-coil applications are most prominent in this
regard. Such liquid surges may pass through an otherwise satis-
factory exchanger. To prevent this, an accumulator effect may be
provided in the exchanger. Excess liquid will be collected in the
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accumulator exchanger until its refrigerating effect has been ab-
sorbed by the warm liquid. Such an operation will prevent the loss
of refrigerating effect of “spillover” liquid, as well as any possible
damage to the compressor from this condition.

Surge Drums
Surge drums, also termed suction accumulators (see Figure 9-12), are
required on the suction side of almost all flooded-type evaporators
to prevent liquid slop over to the compressor. The exceptions are
shell-and-tube coolers and similar shell-type evaporators, which are
designed to provide ample surge space above the liquid level, or
which contain eliminators for the separation of gas and liquid.

FROM COILCOMPRESSOR

METERING
ORIFICE

Figure 9-12 Typical
suction accumulator.
(Courtesy Refrigeration Research, Inc.)

A horizontal surge drum is sometimes used where headroom is
limited. The drum may be designed with baffles or eliminators to
separate the liquid from the suction gas returning from the top of
the shell to the compressor. More often, there is space allowed for
sufficient separation above the liquid level. Such a design is usually
of the vertical type with a separation height above the liquid level.
The level is from 24 to 30 inches and with the shell diameter sized
to keep the suction-gas velocity at a low enough value to allow the
liquid droplets to separate and not be entrained with the returning
suction gas from the top of the shell.

Oil Separators
When used, oil separators are installed in the discharge line between
the compressor and receiver. As shown in Figure 9-13, oil separators
are used because refrigerants and oil are mixed in a refrigerant sys-
tem. Unless some device is used to prevent it, oil will be carried
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Figure 9-13 Sectional view of
an oil separator.

along with the refrigerant into the low side. Different refrigerants
are soluble in oil to a greater or lesser degree. Freon-12 and Freon-
22 are more soluble in oil than sulfur dioxide (SO2) under similar
conditions. Thus, no fixed rule can be made regarding the use of oil
separators. Following are some of the applications where discharge-
line oil separators can be useful:

� In systems where it is impossible to prevent substantial ab-
sorption of refrigerant in the crankcase oil during shutdown
periods.
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� In systems using flooded evaporators where refrigerant bleed
off is necessary for oil removal from the evaporator.
� In direct-expansion systems using coils or tube bundles that

require bottom feed for good liquid distribution, and where
refrigerant slop-over is essential from the top of the evaporator
for proper oil removal.
� In low-temperature systems where it is advantageous to have

as little oil as possible going through the low side (especially
Freon-13 systems, where the oil is not miscible with the refrig-
erant).

In applying oil separators in refrigeration systems, certain poten-
tial hazards must be fully recognized and properly dealt with:
� The main hazard to guard against in the use of oil separators is

their tendency to condense-out liquid refrigerant during com-
pressor off cycles and compressor startup. This is true if the
condenser is in a warm location (such as an evaporative con-
denser and receiver on a roof). During the off cycle, the oil
separator cools down and acts as a condenser for liquid refrig-
erant that evaporates in warmer parts of the system. Thus, a
cool oil separator will act as a liquid condenser during off cy-
cles and on compressor startup until the separator has warmed
up. It will automatically drain this condensed liquid into the
compressed crankcase. On startup, there is excessive boiling
in the crankcase because of the presence of a large amount of
liquid refrigerant. This will result in poor lubrication and wear
on the compressor, and may even end up completely draining
the oil out of the crankcase as a result of this violent boiling
action. If not protected by an oil-safety switch, compressor
failure may result.
� Oil separators are not 100 percent efficient, and, therefore, it

is still necessary to design the complete system for oil return
to the compressor.
� The float valve is a mechanical device that may stick open or

closed. If it sticks open, hot gas will be continuously bypassed
to the compressor crankcase, which will cause the compressor
to operate at an elevated temperature and, of course, reduce
capacity. If the valve sticks closed, then no oil is returned to
the compressor.

Where oil separators are used, it is recommended that precau-
tions be taken to prevent draining condensed refrigerant into the
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crankcase. To minimize this possibility, the drain connection from
the oil separator can be connected into the suction line entering the
compressor. In this way, any liquid refrigerant returning from the
separator will go into the suction manifold rather than directly into
the crankcase. This drain line should be equipped with a shutoff
valve, hand-throttling valve, solenoid valve, and sight glass. The
throttling valve should be adjusted so that the flow through this line
is very small, in fact, only a little greater than would be normally
expected for the return of oil through the suction line. The use of
the sight glass will help in adjusting this flow. The solenoid valve
should be wired so that it is open when the compressor is running,
and is closed when the compressor is off.

The preceding arrangement will prevent liquid from draining
down into the compressor during an off cycle. When the compres-
sor starts up with liquid refrigerant in the oil separator, it will also
prevent this liquid from dumping directly into the crankcase. It will
allow it to be bled slowly into the suction line, where it can be
taken care of in the normal manner, similar to oil returning from
the system.

The hazard of draining condensed refrigerant into the crankcase
can also be minimized by insulating the oil separator and installing
it ahead of a hot-gas loop to the floor so that there will be a trap be-
tween it and any evaporative condenser installed above. Insulating
the oil separator keeps it warm for a longer period after shutdown
of the compressor and cuts down on the amount of condensation
in the shell during shutdown, unless it is for a prolonged
period.

A manufacturer of some units returns oil from an oil separator
through an oil reservoir. This oil is heated, boiling off the refriger-
ant into the suction line. Return of liquid refrigerant from an oil
separator to the compressor crankcase is a serious hazard.

Driers
The function of a drier in a refrigeration system is to remove mois-
ture. The use of a permanent refrigerant drier was recommended
on older systems using Freon-12 and Freon-22. It is necessary on
all low-temperature systems, including those using Freon-13. The
decision of whether or not to use a permanent drier on higher-
temperature systems is one of judgment. In the case of package-type
air conditioners and water chillers, it may not be necessary if proper
dehydration techniques have been followed at the factory, no refrig-
erant connections are broken in the field, and any refrigerant added
is of a sufficiently low moisture content. If there is any doubt that
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the system is initially dry in operation, then a drier is indicated for
protection of the compressor and to prevent freezing at the liquid-
feed device.

In the case of hermetic compressors, there is an additional rea-
son for keeping moisture out of the system. The motor windings
are exposed to the refrigerant gas and excessive moisture can cause
breakdown of the motor-winding insulation, which can result in
motor burnout and distribution of the products of decomposition
throughout the refrigeration system. A full-flow drier is usually rec-
ommended in hermetic compressor systems to keep the system dry
and prevent the products of decomposition from getting into the
evaporator in the event of a motor burnout.

Side-outlet driers are preferred since the drying element can be
replaced without breaking any refrigerant connections. The drier is
best located in a bypass of the liquid line near the liquid receiver. The
drier may be mounted horizontally (as shown in Figure 9-14), but
should never be mounted vertically with the flange on top, since any
loose material would then fall into the line when the drying element
is removed.

B

A

DRIER

C

SHUT-OFF VALVES

NOTE: When drier is not being used
            A and C are open  and B is closed.
            when drier is being used,
            B and C are open.

TO EVAPORATOR

Figure 9-14 Drier-piping connection.

Dehydrators
A dehydrator is a device that removes moisture from the refriger-
ant in a system. Usually it consists of a shell filled with a chem-
ical moisture-absorbing agent. Its permanent installation in any
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field-connected installation is extremely desirable for both economy
and operation. Its first cost is negligible compared to the service
parts and labor it will save and the improvement in expansion-valve
operation by the elimination of moisture.

In systems that are field-connected, there is always a possibility
of taking in moisture. This is especially true where connections are
made hastily or carelessly. Even carefully made connections may
be loosened by continued vibration or possible abuse after installa-
tion. Obviously, these leaks should be repaired as soon as they are
detected. Before detection, however, considerable moisture may be
absorbed by the system, especially on low-temperature installations.
Damage from such sources may be avoided if a dehydrator has been
installed as a permanent fixture.

Temporary dehydrator installation as a service procedure to over-
come moisture is necessary, but two things must be kept in mind.
First, the condition probably would not have developed had a per-
manent dehydrator been installed. Second, when the temporary
dehydrator is removed, the system is necessarily opened up and
moisture is given a chance to re-enter, nullifying all the good that
had been accomplished. These points further emphasize the advis-
ability of installing permanent dehydrators at the time of original
installation.

The dehydrating agent used is capable of absorbing only a certain
amount of moisture. Should a greater quantity of moisture get into
the system, the dehydrator will become saturated and inactive, and
then must be replaced or refilled. Should dehydrators be opened
or not tightly sealed in the stockroom, they will absorb moisture
from the air, becoming saturated and inactive if put on an installa-
tion. Therefore, be sure the dehydrating agent is still active in any
dehydrator that is to be installed.

Strainers
Strainers (or filters, as they are sometimes called) are used to filter
or strain out undesirable material (Figure 9-15). Their function is
to protect all automatic valves and the compressor from foreign
material (such as pipe scale, rust, and metal chips) in the system.

Refrigeration systems usually have strainers at several points, for
example:
� At the liquid-line outlet for the receiver
� At the expansion-valve inlet
� Ahead of the solenoid valves
� At the inlet side of the water valve
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TUBING STOP
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TUBING

Figure 9-15 Strainer inserted in a refrigeration system’s tubing. Note
direction of flow. (Courtesy Sporlan Valve.)

Installation of a liquid-line strainer in front of each automatic
valve is recommended to prevent particles from lodging on the valve
seats. Where multiple expansion valves with internal strainers are
used at one location, a single, main liquid-line strainer will be suffi-
cient to protect the system. Care should be taken to pipe the suction
line at the compressor so that the built-in strainer is accessible for
servicing.

Both the liquid and suction-line strainers should be properly sized
to ensure adequate foreign-material storage capacity without exces-
sive pressure drop. In steel-piping systems, it is recommended that an
external suction-line strainer be used in addition to the compressor
strainer.

Mufflers
Noise in hot-gas lines between interconnected compressors and
evaporative condensers may be eliminated by the installation of muf-
flers. This noise may be particularly noticeable in large installations
and is usually caused by the pulsations in gas flow caused by the
reciprocating action of the compressors and velocity of gas through
the hot-gas line from the compressor. The proper location of a muf-
fler is in a horizontal or down portion of the hot-gas line, immedi-
ately after leaving the compressor. It should never be installed in a
riser.

Subcoolers
The problem of decreased system capacity caused by excessive
vertical lifts in the liquid line is usually solved by installation of
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subcoolers. The decrease in system capacity is attributable to two
factors:
� Operating head pressures must be increased to offset the static

pressure exerted by the long vertical column of liquid refriger-
ant. Thus, condensing-unit capacity is decreased.
� Since liquid refrigerant follows definite pressure-temperature

relations, the large fall in pressure caused by long vertical lifts
should be accompanied by a decrease in temperature if a solid
column of liquid is to be maintained up to the expansion valve.
Pressure and temperature drop will be accompanied by the
evaporation of liquid refrigerant. This forms gas in the liquid
line, and since gas has a larger volume per pound than liquid
refrigerant, an expansion valve will handle a smaller number
of pounds of liquid and gas than it will liquid in a unit of time.
Thus, expansion-valve capacity is decreased.

A subcooler installed in the liquid line (as shown in Fig-
ure 9-16) will eliminate this decrease in capacity by supplying an
external cooling source to reduce the temperature of the liquid re-
frigerant. Thus, a solid column of liquid is maintained at the valve.
The valve capacity, therefore, is unaffected. The subcooling of the
liquid also improves the quality of the refrigerant enough so that,
even though condensing-unit head pressures are increased, the evap-
orator performance is not decreased.

Check Valves
Check valves are used in the suction line of low-temperature fixtures
when they are multiplied with high-temperature fixtures. Their use
is most important when the condensing unit is controlled by low-
pressure control. Figure 9-17 illustrates their application.

During idle periods of the condensing unit, if there is no check
valve in the suction line from the evaporator C, some of the refrig-
erant vapors from evaporator A will back up into evaporator C.
The refrigerant from evaporator A will be condensed in evapora-
tor C, causing at least two difficulties. First, heat is added into the
cold evaporator C from the condensing process. This causes a de-
crease in the refrigerating effect. Second, the pressure that should
have started the condensing unit to supply refrigeration to evap-
orator A has been reduced and the condensing unit will remain
idle.

The foregoing outlined performance will give erratic temperature
control. A check valve is important for accurate temperature control
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Figure 9-16 Installation of subcooler on city water pressure.

with low-pressure switches on installations involving two or more
fixtures where there is a wide variation in temperature. This is par-
ticularly true if the low-temperature fixture has a large evaporator
in proportion to the warm evaporator and if it has long holdover
periods.
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Figure 9-17 Installation of suction-line check valve.

Summary
The principle that heat always flows from a warmer to a colder sur-
face makes the evaporators operate. In modern refrigerating equip-
ment, evaporators may be divided into the following classes (de-
pending on their construction): finned or plain-tubing.

The finned class of evaporator is ordinarily useful for refrigera-
tors, coolers, cases, and counters designed for the production of
temperatures above 34◦F with gravity circulation and 35◦F with
forced-air circulation.

Plain-tubing evaporators are also known as prime-surface evap-
orators. They are used successfully for practically any temperature,
although they are especially recommended for holding fixtures 34◦F
or lower.

Three types of evaporators or chilling units are in general use:
flooded, wet-expansion, and dry-expansion. The type of evaporator
differs with respect to the volume of liquid refrigerant permitted
in each and with the refrigerant-control methods. Factors affecting
evaporator capacity are quite similar to those affecting condenser
capacity.
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The amount of heat that can be absorbed by an evapora-
tor (that is, its capacity) follows the fundamental heat-transfer
equation:

H = KATd

where, K is the coefficient of heat transfer, A is the total evaporator
area in square feet, and Td is the temperature differences between
the refrigerant and the medium being cooled.

Time clocks are used frequently in defrosting systems where it is
permissible to stop the compressor for a period. There are several
types of defrost-control circuits operating as a function of time:
time-initiated and time-terminated; time-initiated and pressure-
terminated; and time-initiated and temperature-terminated.

The function of a heat exchanger is to remove the heat from the
liquid refrigerant and transfer it to the suction gas. A heat exchanger
is generally required in flooded-evaporator installations to ensure
that the suction gas will be superheated.

Surge drums are required on the suction side of almost all flooded-
type evaporators to prevent liquid slop-over onto the compressor.

When used, oil separators are installed in the discharge line be-
tween the compressor and receiver. They are used because refriger-
ants and oil are mixed in a refrigerant system. Unless some device is
used to prevent it, oil will be carried along with the refrigerant into
the low side. Where oil separators are used, it is recommended that
precautions be taken to prevent draining condensed refrigerant into
the crankcase.

Refrigerant driers in a refrigeration system are used to remove
moisture. They are necessary on almost all low-temperature systems.

A dehydrator is a device that removes moisture from the refrig-
erant in a system. It usually consists of a shell filled with a chemical
moisture-absorbing agent. In systems that are field-connected, there
is always a possibility of taking in moisture.

Strainers are sometimes called filters because they filter, or strain
out, undesirable material. Their function is to protect all automatic
valves and the compressor from foreign material in the system. Such
foreign material may be rust, scale, metal chips, or any number
of other things that can get into a system during installation and
manufacture.

Noise in hot-gas lines between interconnected compressors and
evaporator condensers may be eliminated by the installation of muf-
flers. The proper location of a muffler is in a horizontal or down por-
tion of the hot-gas line, immediately after leaving the compressor. It
should never be installed in a riser.
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The problem of decreased system capacity due to excessive ver-
tical lifts in the liquid line is usually solved by the installation of
subcoolers.

Check valves are used in the suction line of low-temperature fix-
tures when they are multiplied with high-temperature fixtures. Their
use is most important when the condensing unit is regulated by low-
pressure control.

Review Questions
1. Define an evaporator.
2. What is the indirect system of refrigeration?
3. How are evaporators classified according to construction?
4. What are the three types of evaporators, or chilling units, in

use today?
5. What is the coefficient of heat?
6. What four general conditions affect the K factor of an evapo-

rator?
7. What is the heat-transfer formula?
8. How are time clocks used in defrosting systems?
9. What is the function of a heat exchanger?

10. Where are heat exchangers needed?
11. What is a surge drum?
12. Why are oil separators used in refrigeration systems?
13. Where are refrigerant driers used?
14. What is a dehydrator?
15. What is the purpose of a strainer or filter?
16. Why are mufflers needed?
17. What is a subcooler?
18. Where are subcoolers placed in the refrigeration system?
19. What is a check valve?
20. What do check valves do in a refrigeration system?
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Chapter 10
Water-Cooling Systems
Water-cooled condensing units require an unfailing supply of suit-
able water. Condenser water may be obtained from city mains,
rivers, lakes, wells, or by means of recirculating water towers. In
large-tonnage installations, water from city mains is seldom used
because of excessive cost.

During the winter months, the low ambient temperature intro-
duces problems. The running time of the condensing unit is ma-
terially reduced because of the refrigeration-load decrease, which,
with the decrease of ambient temperatures, creates undesirable fix-
ture conditions. Since water-cooled condensing units usually have
considerably more capacity than air-cooled models using the same
body size or motor horsepower, the use of water-cooled units may
further aggravate winter-operating conditions because they tend to
reduce the running time still further.

One of the main problems is to vary the unit capacity with the
change in load in such a manner that suitable running time is ob-
tained in the winter as well as in the summer. Experience has shown
that one method of improving winter operating difficulties is by us-
ing a combination air- and water-cooled condensing unit. By using
the proper combination unit, good summer operating characteris-
tics may be obtained with reduced water consumption during the
periods of peak temperatures. To obtain satisfactory operation, the
selection of the unit should be based on the following:

� Moderate ambient temperatures
� Use of air-cooled condensing-unit speeds and capacities
� Balancing the unit with proper-sized evaporators to produce

the desired temperature difference

The combination unit is primarily an air-cooled unit. During pe-
riods of moderate or low ambient temperatures, the refrigerant is
condensed by the air-cooled condenser, and the water-cooled con-
denser acts only as a receiver. The water valve remains closed, and
no water is used. As a rule, these units should be chosen to match the
load, calculated in the usual manner, using 80◦F air as the condens-
ing medium. Advantage may be taken of the speed changes possible
with the various pulley combinations available for the condensing
units selected. Such a selection will usually take care of the system
with economical use of water to 100◦F and somewhat beyond.

273
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Atmospheric Cooling Methods
Atmospheric cooling is usually employed in the larger condensing
units. Artificial methods of water cooling are used in cases where the
water temperature is high because of exposure to the sun, or where it
is desired to use the water over again. This water-cooling method is
usually obtained by means of water-cooling towers, cooling ponds,
or spray-cooling ponds.

Water Towers
Water towers are usually applicable in localities having excessive
water rates, or where sufficient quantities of cold water are not

Figure 10-1 Structural arrangement of typical atmospheric deck
tower.



P1: GDZ/FFX P2: GDZ/FFX QC: GDZ/FFX T1: GDZ

GB076-10 GB076-Miller-Sample July 15, 2004 4:32 Char Count= 0

Water-Cooling Systems 275

available and evaporative condensers are not suitable. Tower con-
struction is usually of steel, cypress, or heart redwood, and all metal
parts (such as piping, nails, and so on) should be rustproof. The wa-
ter basin should be approximately 12 inches deep and louvers and
nozzles properly spaced to secure efficient operation of the tower.
Figure 10-1 shows a typical tower construction.

The principal operation in cooling water by means of a tower
is by spraying the water from a series of nozzles directly into a
stream of air and thereby dissipating the heat carried in the wa-
ter, as shown in Figure 10-2. This is accomplished by thoroughly
mixing the air and water. The greater amount of cooling accom-
plished is because of the latent heat of vaporization of the water it-
self, rather than by sensible heat transfer. In this process of cooling,
the water is circulated by means of a pump through the condenser
tubes, picking up the heat and passing over the tower, and dissipat-
ing the heat to the atmosphere. The water can be used repeatedly by
this method. It is necessary to add only a small amount of makeup
water to compensate for evaporative cooling and wind drift losses.
Figure 10-3 shows a forced-draft, water-cooling tower.

SPRAYHEAD SPRAY
ELIMINATORS

AIR
INLET

AIR
OUTLET

TANK WATER
CIRCULATION

PUMP

WATER LEVEL IN TANK

Figure 10-2 Spray arrangement in a typical water-cooling tank.

The wet-bulb temperature of the air passing through the water
and the water spray determines the lowest temperature to which
the water can be cooled. It is impossible to cool below the wet-bulb
temperature and commercially impractical to cool the water down
to this point. The water will usually cool to within 6◦ to 8◦ of the
wet-bulb temperature if properly designed. The air velocity through
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Figure 10-3 A typical forced-draft, water-cooling tower.

a forced-air tower should be between 250 to 600 feet per minute.
The efficiency of a tower will range from 35 to 90 percent, the usual
design being around 67 percent.

The circulating water pump should have a capacity to handle
at least 5 gallons per minute per ton of cooling. Approximately
1 gallon of every 100 gallons of water circulated is lost by drift;
approximately 1 gallon of every 1000 gallons circulated per degree
of cooling is lost by evaporation. Care should be exercised in select-
ing a location for the tower to obtain efficient operation and yet not
conflict with buildings, cornices, and so on, for drift.

If the tower is not to be used in winter, it should be drained com-
pletely and the lines and basin cleaned to prevent corrosion. Water
towers need occasional treatment of inhibitors against impurities
contained in almost all water. This requires an analysis of the water.
The amounts used, as well as the working temperatures, should be
analyzed by an experienced chemist who will prescribe the proper
treatment necessary in each individual instance.

Algae moss formation is a common growth on towers and can
be treated with a concentrated solution of potassium permanganate
in hot water. Add a sufficient quantity to the tower water to hold a
pinkish color for 15 to 20 minutes.

Pressure-actuated water-regulating valves are designed for con-
densing units cooled either by atmospheric or forced-draft cooling
towers. A typical water-regulating valve is shown in Figure 10-4,
and the piping arrangement is shown in Figure 10-5. Valves of this
type may be used on single- or multiple-condenser hookups to the
tower to provide the most economical use of the tower.
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Figure 10-4 Three-way, pressure-regulating valve used in condensing
units cooled by either an atmospheric or forced-draft cooling tower.
(Courtesy Penn Controls, Inc.)
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WATER PUMP CONTROL BULB
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AIR
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BAFFLES

SPRAY
HEADS

SPRAY
ELIMINATORS

Figure 10-5 Typical cooling-tower control equipped with forced draft.
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In operation, low refrigerant head pressure may be the result
of low tower-water temperature, which causes the cooling ability
of the refrigeration system to fall off rapidly. The valve senses the
compressor head pressure and allows cooling water to flow to the
condenser, to bypass the condenser, or to flow to both condenser
and bypass line to maintain correct refrigerant-head pressures. With
the correct valve size and adequate pump capacity, the three-way
valve will maintain refrigerant condensing temperatures between
90◦F and 105◦F, with cooling-tower water temperatures of 85◦F
to 40◦F. Figure 10-6 shows a water-temperature safety-control unit
with time-delay switch.

Figure 10-6 Exterior view of
water-temperature safety
control with built-in time-delay
switch. (Courtesy Penn Controls, Inc.)

The three-way valve permits water flow to the tower through
the bypass line, even though the condenser does not require cool-
ing. This provides an adequate head of water at the tower at all
times so that the tower can operate efficiently with a minimum of
maintenance on nozzles and wet surfaces.

Cooling Ponds
The cooling pond is usually resorted to when location of the plant
is such that a natural body of water is not available nearby. Here,
the water is cooled by being forced into surface contact with the air,
and the amount of cooling will depend on the relative temperature
of the air and the humidity.

Any available pond or lake may be used as a means of cooling
recirculated water without the use of sprays, provided it is large
enough for the purpose. The heated water should be delivered as
far from the suction connections as possible. Since the cooled water
tends to sink because of its greater density, the best results will be
achieved where the suction is applied at the bottom of the pond.
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Spray-Cooling Ponds
The spray-cooling pond differs from the cooling pond discussed
previously in that a means is introduced to accelerate the cooling
effect. It consists essentially of properly designed sprays or nozzles
that break the water into fine drops. The drops must fall back into
the pond. The drops should not be carried away. The number of
nozzles required depends on the size of the pond and the water
requirement of the plant. In average practice, the nozzles are located
from 3 to 8 feet above the water level, and in horizontal rows of
from 10 to 16 inches apart.

The pressure at the inlet to the spray system may be from 5 to
12 psi. As in the cooling pond, the final temperature of the water
depends on air temperature and humidity. In most cases, however, a
reduction of water temperature of from 10◦ to 15◦ may be obtained
with a single spraying.

New Developments
All-metal towers with housing, fans, fill, piping, and structural mem-
bers made of galvanized or stainless steel are now being built.
One factor in this change is that some local building codes are be-
coming more restrictive with respect to fire safety; another is low
maintenance.

Engineers are beginning to specify towers (such as all steel or all
metal) that are less subject to deterioration caused by environmental
conditions. Already, galvanized steel towers have made inroads into
the air-conditioning and refrigeration market. Stainless-steel towers
are being specified in New York City, northern New Jersey, and Los
Angeles, primarily because of a polluted atmosphere that can lead to
early deterioration of nonmetallic towers and, in some cases, metals.

Figure 10-7 shows a no-fans design for a cooling tower. Large
quantities of air are drawn into the tower by cooling water as it is
injected through spray nozzles at one end of a venturi plenum. No
fans are needed. Effective mixing of air and water in the plenum
permits evaporative heat transfer to take place without the fill re-
quired in conventional towers. The cooled water falls into the sump
and is pumped through a cooling-water circuit to return for another
cycle. The name applied to this design is Baltimore Air-coil. In 1981,
towers rated at 10 to 640 tons with 30 to 1920 gallons per minute
were standard. The nozzle-clogging problems have been minimized
by using prestrainers in the high-pressure flow. There are no moving
parts in the tower. This results in very low maintenance costs.

Air-cooled condensers are reaching 1000 tons in capacity. Air
coolers and air condensers are quite attractive for use in refineries
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Figure 10-7 Newer, no-fans tower design.

and natural-gas compressor stations. They are also used for cooling
in industry, as well as for commercial air-conditioning purposes.
Figure 10-7 shows how the air-cooled condensers are used in a circuit
system that is completely closed. These are very popular where there
is little or no water supply.

Cooling-Unit Piping
During the passage of refrigerant through the piping system, a pres-
sure drop takes place similar to that which occurs in the suction
and discharge valves of the compressor. The pressure drop through
the piping between the compressor and condenser requires a higher
pressure inside the compressor during discharge than in the con-
denser. Unless the liquid is subcooled, pressure losses in the liquid
line between condenser, receiver, and expansion valve may cause
flashing of the liquid refrigerant with consequent faulty expansion-
valve operation.

In selecting refrigerant piping, frictional losses should be kept to
a minimum. Piping should be selected that will give the smallest
possible losses. It is necessary to consider the optimum sizes with
respect to economics, friction losses, and oil return.

Pressure-drop consideration in liquid lines, however, is not as
critical as with suction and discharge lines. The important things to
remember are that the pressure drop should not be so excessive as to
cause gas formation in the liquid line or insufficient liquid pressure
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at the liquid-feed device. A system should normally be designed so
that the pressure drop in the liquid line, due to friction, is not greater
than that corresponding to about a 1◦ to 2◦ change in saturation
temperature. Friction pressure drops in the liquid line include ac-
cessories (such as solenoid valves, strainer-driers, and hand valves),
as well as the actual pipe and fittings from the receiver outlet to the
refrigerant-feed device at the evaporator.

Pressure drop in the suction line means a loss in system capacity,
because it forces the compressor to operate at a lower suction pres-
sure to maintain the desired evaporating temperature in the coil. It
is usually standard practice to size the suction line to have a pressure
drop caused by friction not any greater than the equivalent of about
a 1◦ to 2◦ change in saturation temperature.

Where a reduction in pipe size is necessary to provide sufficient
gas velocity to entrain oil up vertical risers at partial loads, greater
pressure drops will be imposed at full load. These can usually be
compensated for by over-sizing the horizontal and down comer lines
to keep the total pressure drop within the desired limit. It is impor-
tant to minimize the pressure loss in discharge lines because losses
in these lines increase the required compressor horsepower per ton
of refrigeration, and decrease the compressor capacity.

A refrigerant piping system should be designed and operated to
accomplish the following:

� Ensure proper refrigerant feed to evaporators
� Provide practical refrigerant-line sizes without excessive pres-

sure drop
� Prevent excessive amounts of lubricating oil from being

trapped in any part of the system
� Protect the compressor from loss of lubricating oil at all times
� Prevent liquid refrigerant from entering the compressor during

either operating or idle time
� Maintain a clean and dry system

Liquid Lines
Refrigerants for these units will be required to be ozone-layer
damage-free in the near future. In the meantime, there are many
older units still out there with more service requirements as they
age.

Liquid lines present no particular design problem. Refrigeration
oil is sufficiently miscible with Freon-12 and Freon-22 in the liquid
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form to ensure adequate mixing and positive oil return. Low liquid
velocities and traps in the line do not pose oil-return problems. In
designing a liquid line, however, it must be recognized that it is de-
sirable to have slightly subcooled liquid reach the liquid-feed device
at a sufficiently high pressure for proper operation of the device.

Where liquid subcooling is required, this is usually accomplished
in one or both of the following methods: use of a liquid-suction
heat interchanger or use of liquid subcooling coils in evaporative
condensers. The determination of how much liquid subcooling is
required to offset friction and static head losses is quite simple. At
normal liquid temperatures, the static pressure loss caused by eleva-
tion at the top of a liquid lift is equal to 1 psi for every 1.8 feet for
Freon-12, and 2 feet for Freon-22.

Suction Lines
Suction lines are the most critical from a design and construction
standpoint (see Figure 10-8). Several important aspects must be con-
sidered in the design of refrigerant suction lines:
� The suction line should be sized for a practical pressure drop

at full load.
� The suction line should be designed to return oil from the

evaporator to the compressor under minimum load conditions.
� The suction lines should be designed to prevent liquid from

draining into the compressor during shutdown.
� The suction line should be designed so that oil from an active

evaporator does not drain into an idle evaporator.

EVAPORATOR

EVAPORATOREVAPORATOR

SUCTION LINE
TO

COMPRESSORPITCH DOWN

TO VALVE BULB

Figure 10-8 Typical piping from evaporators located above and below
common suction line.
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Oil Circulation
Lubricating oil is lost from reciprocating compressors during normal
operation because these compressors are designed so that the pistons
and piston rings ride on a film of oil while traversing the cylinder.
A small quantity of this oil is continuously pushed on through the
cylinders and out with the discharge gas. Since it is inevitable that
oil will leave the compressor with the refrigerant, means must be
provided for in systems using Freon-12 and Freon-22 to return this
oil at the same rate at which it leaves.

Oil that leaves the compressor reaches the condenser and there
becomes dissolved with the liquid refrigerant. In this condition, it
readily passes through the liquid supply lines to the evaporators. In
the evaporator, however, a distillation process occurs, and there is
almost complete separation of the oil and refrigerant. Very little oil
can remain in the relatively cold and less dense refrigerant vapor
at the temperature and pressure corresponding to its evaporating
condition. Therefore, oil that is separated in the evaporator can be
returned to the compressor only by gravity or entrainment with the
returning gas.

Suction risers must be sized for minimum system capacity. It is
extremely important that oil be returned to the compressor at the op-
erating condition corresponding to the minimum displacement and
minimum suction temperature at which the compressor will oper-
ate. For compressors with capacity control, the minimum capacity
is represented by the lowest capacity at which the compressor can
operate. In the case of multiple compressors with capacity control,
it is important that the minimum capacity is the lowest at which the
last operating compressor can run.

Discharge Lines
The design of discharge (hot gas) lines with self-contained con-
densing units does not present any problem, because these are usu-
ally factory-assembled. In the case of remotely located condensers,
the essential element of hot-gas–line design should include the
following:
� The hot-gas line should be sized for a practical pressure drop.
� The hot-gas line should be designed to avoid trapping oil at

partial-load operation.
� The hot-gas line should be designed to prevent refrigerant from

condensing and draining back to the head of the compressor.
� Connections of multiple compressors to a common hot-gas

line should be carefully chosen and designed.
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� The lines should not develop excessive noise and vibration
as the result of hot-gas pulsations or compressor vibration
(Figure 10-9).

GAS CONNECTION AT 
TOP OF CONDENSER

CHECK VALVE

HOT GAS LINE

CONDENSER
(EVAPORATIVE OR
 WATER COOLED)

LOOP TO FLOOR

COMPRESSOR

COMPRESSOR BASE

Figure 10-9 Hot-gas loop connections showing piping arrangement
to prevent liquid and oil from draining back to the compressor head
(single compressor).

Even though a low loss is desired in hot-gas lines, they should not
be oversized to the extent that gas velocities are reduced to a point
where the refrigerant will not be able to carry along any entrained
oil. In the usual application, this will not be a problem in hot-gas
lines. In the case of multiple compressors with capacity control, it
is wise to make sure any hot-gas risers will carry oil along at all
possible loadings, as shown in Figure 10-10.

Refrigerant-Piping Arrangement
The refrigerant piping should be arranged so that normal inspec-
tion and servicing of the compressor and other equipment will not
be hindered. To minimize tubing, refrigerant and pressure drop lines
should be as small as possible. Sufficient flexibility, however, should
be provided to absorb compressor vibration. In locations where
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Connect as
close as possible.

VAPOR EQUALIZER
LINE

If condenser is located
below compressor

discharge line, traps
(as shown) are not

required.

Valve stem to be located
in a horizontal

position.

Oil equalizer line located
at floor level. Compressors

must be on same level. 

Vertical riser of suction line
to be centrally located with each

suction line exactly the same
length.

Figure 10-10 Piping connections for suction and hot-gas headers
(multiple compressors).

copper tubing will be exposed to mechanical injury, the tubing
should be enclosed in rigid or flexible conduit. In addition, piping
should be run so as not to interfere with passages, obstruct head-
room, or affect the opening of windows or doors.

Piping Supports
Rod-type hangers, perforated metal strips, or wall brackets that are
commercially available are satisfactory and provide a simple means
of supporting horizontal pipe runs. On vertical pipe runs, the piping
weight may be supported with riser clamps bearing on structural
members of the building, or by means of a platform at the bottom
of the riser.

Supports should be strong enough to support any load caused by
thermal expansion or contraction of the pipe so that stresses will
not be placed on the equipment connected to the piping. In some
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cases, it may be necessary to provide some form of vibration iso-
lation between pipe and support, thereby preventing objectionable
vibrations that may be transmitted through the structure.

Piping Insulation
Insulation of refrigeration pipes serves a two-fold purpose: to pre-
vent moisture condensation and to prevent heat gain from the sur-
rounding air. The desirable properties of pipe insulation are as
follows:
� It should have a low efficiency of heat transmission.
� It should be easy to apply and have a high degree of perma-

nency.
� It should be readily protected against air and moisture

infiltration.
� It should have a reasonable installation cost.

All suction lines should be insulated to prevent moisture conden-
sation and heat gain. Ordinarily, liquid lines do not require insula-
tion on installations where the suction and liquid lines are clamped
together, but the two lines may be insulated as a unit. It is also ad-
visable to insulate the liquid line when it passes through an area of

SPACE FILLED
WITH FITTING FILLER

SPACE FILLED
WITH FITTING FILLER

SPACE FILLED
WITH FITTING FILLER

SPACE FILLED
WITH FITTING FILLER

CUT ON 
THIS LINE

Figure 10-11 Various fittings insulated with cork covering.
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higher temperature to minimize heat gain. Normally hot-gas lines
are not insulated. They should be, however, if the heat dissipated
would be objectionable or where there is a possibility of people be-
ing burned by the pipe. In the latter case, it is not essential to provide
insulation with a tight vapor seal since there is no problem of mois-
ture condensation. Figure 10-11 shows various insulated fittings for
pipes.

Insulation covering lines on which moisture can condense or lines
subjected to outside conditions must be vapor-sealed to prevent any
moisture travel through the insulation or condensation in the in-
sulation. Many commercially available types are provided with an
integral waterproof jacket. On these and other types, it is essential
that the manufacturer’s recommendations regarding sealing be fol-
lowed carefully. Although all joints and fittings should be covered,
it is not advisable to do so until the system has been thoroughly
leak-tested and operated for some time.

Summary
Water-cooled condensing units require an unfailing supply of suit-
able water. Condenser water may be obtained from city mains,
rivers, lakes, wells, or by means of recirculating water towers.

Water towers are usually applicable in localities having excessive
water rates or where sufficient quantities of cold water are not avail-
able and evaporative condensers are not suitable. In a cooling tower,
approximately 1 gal per 100 gal of water circulated is lost by drift.
Approximately 1 gal per 1000 gal circulated per degree of cooling
is lost by evaporation.

Algae moss formation is common growth on towers and can be
treated with a concentrated solution of potassium permanganate in
hot water.

Cooling ponds are usually resorted to when location of the plan
is such that a natural body of water is not available nearby.

Pressure drop in the suction line means a loss in the system capac-
ity, because it forces the compressor to operate at a lower suction
pressure to maintain the desired evaporating temperature in the coil.

Suction lines are the most critical from a design and construc-
tion standpoint. Several important aspects must be considered in
the design of refrigerant lines.

Lubricating oil is lost from reciprocating compressors during nor-
mal operation because these compressors are designed so that the
pistons and piston rings ride on a film of oil while traversing the
cylinder. Oil that leaves the compressor reaches the condenser and
there becomes dissolved with the liquid refrigerant.
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The design of discharge (hot-gas) lines with self-contained con-
densing units does not present any problem since these are usually
factory-assembled.

The refrigerant piping should be arranged so that normal inspec-
tion and servicing of the compressor and other equipment will not
be hindered.

Review Questions
1. What are some of the problems associated with water-cooling

systems during the winter months?
2. Where are water towers used?
3. How does a water tower cool water or refrigerant?
4. What should you do with a water tower if it is not used during

the winter?
5. What is the most common growth on towers that needs treat-

ment?
6. Where are pressure-actuated, water-regulating valves used?
7. Why are cooling ponds used?
8. How does the spray-cooling pond differ from the regular

cooling pond?
9. What does a pressure drop in the suction line mean in the way

of capacity of a system?
10. How is lubricating oil lost during normal operation of a com-

pressor?
11. How must suction risers be designed?
12. What is another name for the discharge line from a compres-

sor?
13. How should the piping be arranged in the refrigeration system?
14. What are the two purposes of piping insulation?
15. Why should all suction lines be insulated?
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Chapter 11
Air-Conditioning Control
Methods
Controls are an essential part of every air-conditioning installation.
Some means must be provided for regulating the temperature and
relative humidity to maintain conditions that are comfortable to
human beings, or that are required for industrial applications. Out-
side temperatures and relative humidity are seldom constant for
any length of time, and throughout the seasons, these atmospheric
conditions fluctuate over a wide range. Thus, without controls, the
temperatures would be too low at times and too high at other times,
while humidity would vary considerably. With such variable condi-
tions, it is obvious that any installation would be unsatisfactory to
both the customer and the manufacturer.

Economy of operation is also a very important factor, since it will
not be necessary to operate the equipment continually throughout
the season. Therefore, controls should be furnished to actuate the
various operating devices to keep the cost of operation to a reason-
able figure. In this connection, it should be clearly understood that
air-conditioning equipment is generally specified to cover the aver-
age maximum demand made upon it, and that this maximum does
not exist except for a relatively few days during the year.

Types of Air-Conditioning Controls
There are three general types of air-conditioning controls: manual,
automatic, and semiautomatic.

Manual Control
Manual control requires personal attention and regulation at fre-
quent intervals, especially when the load varies continually. Even if
the unit is in operation only at certain times of the day, inside and
outside conditions may vary so much that constant changes in ad-
justment are necessary. A manual control may be an ordinary snap
or knife switch or similar switch, which must be operated by hand
when it is desired to start or stop the unit.

While giving temperature and humidity regulation for a given set
of conditions, this type of control will not provide the most desirable
regulation because of fluctuating demands. Constant attention is re-
quired by the operator to maintain the predetermined conditions as
closely as humanly possible, with the result that cost of operation is
usually found to be excessive. If a manual control is provided, the

289
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user will permit the unit to operate until the room is too cold, or will
forget to start the machine until the room has reached an uncom-
fortable temperature. In either case, the user will not be satisfied. It
is, therefore, always advisable to install an automatic control.

Automatic Control
A completely automatic installation will meet a varying load almost
instantly. This type of control involves the use of a large number of
instruments (such as time clocks, thermostats, humidity controllers,
and automatic dampers) operated by either electricity or compressed
air. Automatic controls provide all the features that are considered
most desirable for temperature and humidity regulation, as well as
for economy of operation. The operator or owner is relieved of
all responsibility for maintaining the predetermined conditions, and
operating costs will be kept at a minimum.

As an example, consider an office being cooled by a unit con-
ditioner. The unit is specified to maintain comfortable conditions
during the hottest days of the summer, and it must furnish com-
fortable conditions on mild days in the spring and fall. Unless an
automatic control is used, the office will get too cold on mild days,
and a complaint of unsatisfactory operation will be registered.

Semiautomatic Control
The semiautomatic control system differs from the manual and the
automatic systems primarily in the number of control devices re-
quired. For example, a differential thermostat will be entirely sat-
isfactory for temperature regulation in most cases. Time clocks are
also very desirable on installations where definite shutdown periods
are required. The fresh-air intake from outdoors should always be
equipped with adjustable louvers so that the maximum amount of
air can be regulated for both summer cooling and winter heating.

It is desirable on any job below 25 tons to keep the control sys-
tem as simple and free from service liabilities as possible. On large
theater or building applications, the expenditure of a considerable
amount for control equipment for thermostatic or manual control
should constitute the extent of the control system. This may include
provisions for manually controlled ventilation and time-clock oper-
ation. If the additional expense is warranted, the job can be equipped
with automatic humidity controls.

Basic Control Types
The various controls as applied to air-conditioning systems con-
sist of different devices for maintaining temperature, humidity, and
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pressure within certain predetermined limits. These devices may be
classified broadly as temperature-control devices, humidity-control
devices, and pressure-control devices.

Residence-type control equipment may range from automatic
regulation of heating plants to control of complete year-round air
conditioning. Various actuating devices sensitive to changes in con-
dition include the following: thermostats, hygrostats, and pressure
regulators.

The various residence heating controls employed depend on the
fuel supply used for the appliance, which may be classified as coal-
heated, oil-heated, gas-heated, or electrically heated.

All the foregoing includes a room thermostat as part of the con-
trol. Various kinds of thermostats in common use are the room,
duct, and immersion types.

Room Thermostats
By definition, a room thermostat is an automatic device for regu-
lating temperature by opening or closing a damper or other device
of a heating appliance (such as a heating furnace or electric heat
element). Thermostats are based on the principles of expansion and
contraction of metals caused by temperature changes. They consist
essentially of a loop or coil made up of a bimetal strip (such as
brass and steel) securely fastened together, having one end fixed and
the other attached to a pointer as shown in Figure 11-1. As room
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Figure 11-1 Two types of wall mounted room thermostats.
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temperature falls below a certain value, the pointer bends toward
one of the contacts until it closes an electric circuit, which, in turn,
energizes a furnace-control device. This operation will supply ad-
ditional heat to the room. When the temperature rises above that
desired the pointer moves toward the other contact, which, due to
its electrical circuit device, acts to reduce the heat produced. Figure
11-2 shows a microprocessor used for heating and air-conditioning
control in a home, and Figure 11-3 shows the electrical circuitry for
a home heat-cool thermostat.
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Figure 11-2 Microprocessor used for air-conditioning and furnace
control in a home.

Thermostats utilize either the differential expansion of solids, liq-
uids, or gases subject to heat, or the thermopile principle. A fixed-
temperature thermostat operates at predetermined fixed tempera-
tures, whereas a rate-of-rise thermostat operates when the rate of
increase in temperature exceeds a predetermined amount. Room
thermostats are usually mounted on the wall of the room or space
where the temperature is to be controlled. In locating the room ther-
mostat, the following rules should be observed:

� The thermostat should always be on an inside partition, never
on an outside wall.
� Do not mount the instrument on a part of the wall that has

steam or hot water pipes or warm air ducts behind it.
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Figure 11-3 Electrical circuitry for a home heat-cool thermostat.

� The location should be such that direct sunshine or fireplace
radiation cannot strike the thermostat.
� Be careful that the spot selected is not likely to have a floor

lamp near it or a table lamp under it.
� Do not locate it near an outside door or a radiator, or where

warm air from a supply grille can strike it.
� Do not locate it where heat from kitchen appliances can affect

it. Do not locate it on a wall that has a cold unused room on
the other side.
� After a thermostat has been mounted, it is wise to fill the stud

space behind the instrument with insulating material to pre-
vent any circulation of cold air. Furthermore, the hole behind
the thermostat for the wires should be sealed so that air cannot
emerge from the stud space and blow across the thermostat
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element. It is quite common to find considerable air motion
through this hole caused by a chimney effect in the stud
space.

Remember that the thermostat location has nothing to do with
the heat balance of the various rooms. For example, if one room runs
cold, it does not help to move the thermostat to that room. True,
placing the thermostat there will make the room warm, but the other
rooms will be overheated. The same result could be achieved at the
original location by setting the thermostat to a higher temperature.
All instances of certain rooms being too hot or too cold must be
corrected by changing the heat input to that room or the heat loss
from it, not by moving the thermostat.

Twin-Type Thermostats
The so-called night-and-day thermostat controls the heating or cool-
ing source to maintain either of two selected temperatures. In prin-
ciple, this is an assembly of two thermostats mounted on a single
base with one cover. The electric clock can be set to throw the tem-
perature control from one thermostat for the daytime temperatures
to the other for nighttime temperatures at a predetermined time set-
ting on the clock. This conveniently permits a lower temperature at
night and normal temperature during the day.

Modern heating thermostats are built to incorporate a heat level-
ing, or heat-anticipation device. A heating coil consisting of a high-
resistance unit drawing very low current is automatically connected
in the thermostat circuit. When the thermostat contacts close, it calls
for heat (see Figure 11-4). The heat-anticipation feature may be de-
scribed as follows: After the burner (or stoker, as the case may be)
has been in operation a short time, the heating coil warms up slightly,
which, in turn, has a warming effect on the thermostat mechanism.
This causes the contacts to open in anticipation of the heat that has
been generated in the boiler or furnace, but has not yet reached the
room.

Duct Thermostats
A duct thermostat is provided with suitable fittings for installation
in heating or air-conditioning ducts. The insertion-type is provided
with a rigid bulb and is arranged so that the temperature-responsive
element or bulb extends through the wall of the duct. The remote
bulb-type thermostat is arranged so that the bulb and instrument
head are connected by means of a flexible tube of the desired
length. In this arrangement, the bulb is inserted in the duct, and the
head is located where it is readily accessible for adjustment and
inspection.
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Figure 11-4 A Wiring diagram of a twin-type thermostat showing
connections between the clock and primary control.

Immersion Thermostats
Immersion-type thermostats are used in automatic gas water heaters
where a liquid-tight connection is required. This kind of actuating
device is of the vapor- or liquid-filled type and operates a bellows,
which, in turn, operates the gas valve. Changing the thermostat
setting is accomplished by altering the relation of these various ele-
ments so that the gas valve closes at a lower or higher temperature
(see Figure 11-5).

Contraction of the thermal element immersed in the stored hot
water (through mechanical linkage) serves to open the main gas
valve in the unit on a drop in the temperature of the water in the
tank. Expansion of this element serves to close the gas supply to
the main burner when the tank water has reached a predetermined
temperature.

Hygrostats
The hygrostat (or humidistat, as it is sometimes called) is an instru-
ment for regulating or maintaining the degree of humidity within
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Figure 11-5 Twin-dial thermostat used as a temperature control in
an automatic gas water heater. (Courtesy Rudd Manufacturing Company.)

a room or enclosed space. The hygrostat is actuated by changes
in humidity and is used for automatic control of relative humid-
ity. The control element in the instrument is some hygroscopic
material, such as human hair, paper, wood, or similar material
(see Figure 11-6). When the material absorbs water from the air, ex-
pansion takes place; when the material gives up moisture to the air,
contraction takes place. This action is used to make and break the
circuit controlling the humidifying or dehumidifying apparatus.

As with thermostats, the hygrostat generally makes or breaks an
electric circuit controlling the operation of an electric motor or valve,
or opens or closes a compressed-air circuit from which air is obtained
for operating an air motor or valve. Both electric- and air-actuated
equipment are supplied for various types of duty. However, as a rule,
electrical apparatus is used in most air-conditioning installations.

When installing a room hygrostat, the following rules should be
observed:
� The hygrostat should be located on an inside wall about 5 feet

above the floor. A hallway or dining room is preferred. Do not
install in kitchen or bathroom.
� Locate the instrument where natural air circulation is unre-

stricted.
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Figure 11-6 Typical hygrostat showing component parts with cover
removed. (Courtesy Honeywell, Inc.)

� Do not install the instrument where its operation might be
affected by lamps, sunlight, fireplace, registers, radiant heaters,
radios, television, concealed air ducts, pipes, or other heat-
producing appliances.

Pressure Regulators
Pressure regulators are manufactured in a number of different types
and sizes, and are designed to regulate the pressure of fluids, air,
and gases. When designed for the regulation of a single pressure,
they are classified as single-pressure regulators. When designed to
maintain a predetermined difference between two pressures, they
are termed dual-pressure regulators. A cutaway view is shown in
Figure 11-7.

Limit Controls
A limit control is a device responsive to changes in pressure, tem-
perature, or liquid level and is used to turn on, shut off, or throttle



P1: GDZ/FFX P2: GDZ/FFX QC: GDZ/FFX T1: GDZ

GB076-11 GB076-Miller-Sample July 15, 2004 16:41 Char Count= 0

298 Chapter 11

Figure 11-7 Interior view of a dual-function pressure control.
(Courtesy Penn Controls, Inc.)

the fuel supply to a heating appliance. In steam-boiler operation,
the limit control consists of a bellows arrangement, which, being
responsive to boiler pressure, breaks an electric contact when the
pressure exceeds a predetermined value, thus preventing additional
heat from being delivered to the boiler.

The limit control for a hot water boiler consists of an immersion
thermostat inserted in a well of the boiler. The limit control stops
the fuel supply when a predetermined water temperature has been
reached. In a warm-air heating system, a thermostat is inserted in
the furnace bonnet. The thermostat will cut off the heating source
when a predetermined temperature has been attained.

Control Valves
Control valves are designed to control the flow of fluids and may be
actuated in various ways (such as by thermostat or other controlling
device). Depending on their construction, they may be classified as
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normally open or normally closed. Depending on their application,
they may be termed single-seated, double-seated, or three-way.

Single-seated valves are designed for tight shutoff. Double-seated
valves are designed for applications where tight shutoff is not re-
quired. Three-way valves are designed to operate between two ports,
and to close one port as the other is opened.

Dampers
Dampers are designed to control the flow of air or gases and may be
operated manually, by electricity, or by compressed air. Depending
on service conditions, they are known as the single or multi-blade
type. In large installations, dampers are motor-operated, the motor
being actuated by a controlling device and connected to the blades
as required to give the desired movement.

Motors for operating dampers are provided when automatic reg-
ulation of airflow is required in heating systems, ventilating ducts,
air-conditioning systems, and air-conditioning supply ducts for zone
control. The motors are powered by electricity and controlled by the
action of a thermostatic element or by compressed air. They can be
connected to single- or multiple-louvered dampers. The dampers
can be positioned by the motors as required and in accordance with
indications from the governing device.

Two general classes of electrically operated motors are manu-
factured: positive and reversing. Each class is divided into several
types, the positive motor being known as the two-position positive,
four-position positive, and five-position positive, all unidirectional
in operation and with or without speed adjustment. The reversing
motor is known as the two-position, four-position, or five-position
motor, which may be stopped, restarted in the original direction, or
reversed at any point. These motors can be supplied with or without
adjustable speed.

Standard three-wire thermostats or proportioning thermostats
are generally supplied for controlling the operation of the motors,
although hygrostats and other control instruments can be used when
other types of regulation are required. Dampers can also be operated
by thermostatic elements, the expansion and contraction of a liquid
or gas supplying the power required to actuate the dampers.

Relays
Relays are a necessary part of many control and pilot circuits. By
definition, a relay is a device that employs an auxiliary source of
energy to amplify or convert the force of a controller into available
energy at a valve or damper motor. Depending on their function in
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an air-conditioning system, relays may be classified as pneumatic,
switching, or positioning.

A pneumatic relay (usually electrically operated) starts or stops
the flow of air as required. A switching relay may be used to switch
the operation of a controlled device from one controller to another.
A positioning relay may be directly connected to a damper motor
lever or valve and is affected by valve or damper position.

Refrigerant Control Devices
To control the flow of liquid refrigerant between the low and high
side of a refrigeration system, some form of expansion device must
be used. The various expansion and control devices required to ob-
tain automatic control are as follows:
� Automatic expansion valves
� Thermostatic expansion valves
� Low-side float valves
� High-side float valves
� Capillary tubes

Automatic Expansion Valves
The function of an automatic expansion valve in a mechanical re-
frigeration system is that of maintaining a constant pressure in the
evaporator. Automatic expansion valves are usually employed on
direct-expansion refrigeration systems, but are not satisfactory in
air conditioning because of load fluctuations. Figure 11-8 shows a
typical expansion valve.

Thermostatic Expansion Valves
The thermostatic expansion valve is designed to meter the flow of
refrigerant into the evaporator in exact proportion to the rate of
evaporation of the refrigerant in the evaporator, thus preventing the
return of liquid refrigerant to the compressor. By being responsive
to the temperature of the refrigerant gas leaving the evaporator and
the pressure in the evaporator, the thermostatic expansion valve can
control the refrigerant gas leaving the evaporator at a predetermined
superheat.

Figure 11-9 shows the construction of a thermostatic expan-
sion valve. In construction, it is similar to the automatic expan-
sion valve except that it has, in addition, a thermostatic element.
This thermostatic element is charged with a volatile substance
(usually a refrigerant, the same as that used in the refrigeration
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Figure 11-8 Sectional view
of an automatic expansion
valve. (Courtesy Automatic Products, Inc.)

system in which the valve is connected). It functions according to
the pressure-temperature relationship and is connected (clamped) to
the evaporator suction line of the evaporator. It is also connected
to the bellows-operating diaphragm of the valve by a small sealed
tube.

Its operation is governed by temperature. Thus, a rise in the
evaporator temperature will increase the temperature of the evapo-
rated gas passing through the suction line to which the thermostatic
expansion-valve bulb is clamped. The bulb absorbs heat. Since its
charge reacts in accordance with pressure-temperature relations, the
pressure tending to open the valve needle is increased, and it opens
proportionately.

Briefly, the greater the evaporator gas temperature increases in
the evaporator, the wider the valve opens, and vice versa. The wider
the valve opens, the greater is the percentage of coil flooding, which
improves heat transfer and also causes the compressor to operate
at a higher average suction pressure. Hence, the compressor capac-
ity may be somewhat increased, which increases the overall system
capacity.
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Figure 11-9 Sectional view of a typical thermostatic expansion valve.
(Courtesy American Standard Controls.)

Sizing of Thermostatic Expansion Valves
The sizing of thermostatic expansion valves should be done care-
fully to avoid the evils of being undersized at full load and ex-
cessively oversized at partial load. The refrigerant pressure drops



P1: GDZ/FFX P2: GDZ/FFX QC: GDZ/FFX T1: GDZ

GB076-11 GB076-Miller-Sample July 15, 2004 16:41 Char Count= 0

Air-Conditioning Control Methods 303

through the system (distributor, coil condenser, and refrigerant lines
including liquid lifts) must be properly evaluated to arrive at the
correct pressure drop available across the valve on which to base
the selection. Variations in condensing pressure during the period
of refrigeration requirements have a very important bearing on the
pressure available across the valve, and hence on its capacity.

Occasionally, valves turn out to be undersized because of either
unexpected flash gas in the liquid line, liquid lifts that were not taken
into consideration, or condensing temperatures below design. More
often, however, they turn out to be oversized because of one or more
of the following reasons:
� Selections on the high side are overconservative.
� Some manufacturers’ valves are underrated.
� The pressure-drop available across the valve is much higher

than was considered in the selection of the valve, or (more
likely) it was not considered at all. This frequently happens on
air-cooled condensing and low-temperature applications.
� Sufficient increments in sizes are not available for a close se-

lection in all cases.
� The refrigeration load was grossly overestimated.

Oversized thermostatic expansion valves do not control as well
at full-system capacity as properly sized valves and become pro-
gressively worse as the coil load decreases. This results in a cycling
condition of alternate flooding and starving of the coil because the
valve is attempting to throttle at a capacity below its capabilities,
causing difficulties such as periodic flooding of liquid back to the
compressor and wide variations in air temperature leaving the coil.

Capacity reduction available in most compressors further aggra-
vates this problem and necessitates closer selection of expansion
valves to match realistic loads. In systems having multiple coils, a
solenoid valve can be located in the liquid line feeding each evap-
orator (or group of evaporators) to be individually closed off as
compressor capacity is reduced.

Low-Side Float Valves
Liquid-refrigerant control by means of low-side float valves consists
essentially of a ball float located in the receiver or the evaporator
fastened to the low-pressure side of the refrigeration system. The
ball float is fastened to a lever arm, which is pivoted at a given point
and connected to a needle that seats at the valve opening. If there
is no liquid in the evaporator, the ball-lever arm rests on a stop and
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the needle is not seated, thus leaving the valve open. When liquid
refrigerant under pressure from the compressor again enters the float
chamber, the float rises with the liquid until a predetermined level is
reached and the needle closes the valve opening. Figure 11-10 shows
a typical float valve.
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Figure 11-10 Construction of a typical float valve. (Courtesy the Frick Company.)

In refrigeration work, if the boiling is proceeding at a slow rate,
the float will tend to hold the needle off its seat at a point at which
only a thin trickle of refrigerant enters the float chamber, the quan-
tity entering as a liquid being identical to the quantity represented
by the vapor leaving. If boiling goes on a rapid rate, the needle is
held considerably off its seat and a considerable quantity of liquid
will be admitted, the amount still being the same as that being re-
moved as a vapor by the compressor. Since low-side float valves can
be used only with a flooded evaporator, they have been used exten-
sively on household refrigerators and to some extent in commercial
refrigeration.
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High-Side Float Valves
The high-side float valve gets its name because the float valve and
its housing are subject to high-side pressure. The high-side float
operates in reverse of a low side in that it only opens and admits
liquid to the low side upon a rise in the liquid level in the float
housing.

In the low-side float system, a receiver can be used to hold a
surplus of liquid. As soon as the compressor shuts down, a little
liquid will trickle past the needle, raise the liquid levels, and the
float and needle will be forced tightly on their seat. Regardless of
the quantity of liquid held in the receiver, no more will be admitted
to the low-side float chamber until the machine has been started and
some of the liquid vaporized. A little surplus is rather an excellent
thing to have since there is bound to be a very tiny leak somewhere.
If a leak develops, one large enough to smell or hear, the service
technician should be called to tighten the leaking joint.

Capillary Tubes
A capillary-tube (or restrictor) system may also be used as a liquid-
refrigerant expanding device. It consists essentially of a tube with an
extremely small bore having a length of from 5 to 20 feet. The bore
diameter and the length of the tube are critical, and for these rea-
sons its application has been largely limited to completely assembled
factory refrigeration units.

This system accomplishes reduction in pressure from the con-
denser to the evaporator, not with a needle valve or pressure-
reducing valve, but by using the pressure drop or friction loss
through a long, small opening. With this system, there is no valve
to separate the high-pressure zone of the condensing unit from the
low-pressure zone of the unit and evaporator. Therefore, pressures
through the system tend to equalize during the off cycle, being re-
tarded only by the time required for the gas to pass through the
small passage of the restrictor. The expansion system is sometimes
referred to as being the dry system, while the low-side float system
is the flooded system. This is sometimes true, but not necessarily so,
for the expansion valve may be used on a flooded system where the
evaporator is so designed as to take the low-pressure vapor out of
the top with the evaporator practically filled with liquid refrigerant.

Crankcase Pressure-Regulating Valve
The crankcase pressure-regulating valve is designed to limit the com-
pressor suction pressure below a preset limit to prevent compressor
overloading. The valve should be located in the suction line between
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the evaporator and compressor. The valve setting is determined by
a pressure spring, and the valve modulates from a fully open to a
fully closed position in response to the outlet pressure, closing on a
rise in the outlet pressure.

Use of the crankcase pressure-regulating valve permits the ap-
plication of a larger displacement compressor without motor
overloading. The pressure drop through the valve may result in an
unacceptable loss in system capacity unless the valve is properly
sized. Figure 11-11 shows a typical crankcase pressure-regulating
valve.

Figure 11-11 Sectional view of a crankcase pressure-regulating valve.
(Courtesy Controls Company of America.)

Evaporator Pressure-Regulating Valve
Evaporator pressure-regulating valves are used in multiple evapora-
tors operating at different temperatures or on refrigerating systems
where the evaporating temperature must not be allowed to fall be-
low a certain predetermined valve. This valve operates in a manner
similar to that of the crankcase pressure-regulating valve except that
it is responsive to inlet pressure. It should be installed in the suction
line at the evaporator outlet (see Figure 11-12).

Reversing Valves
Reversing valves are used in certain air-conditioning applications
operating on the heat-pump principle. Because of its flexibility in
that it can supply heating and cooling alternately by means of a
reversing valve, this method of year-round air conditioning has be-
come increasingly popular.
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Figure 11-12 Sectional view of a typical evaporator pressure-
regulating valve. (Courtesy Controls Company of America.)
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Figure 11-13 Typical four-way reversing valve when actuated for cool-
ing and heating, respectively. (Courtesy Sporlan Valve Company.)
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In operation, the four-way reversing valve (see Figure 11-13) will
enable the evaporator and condenser function to be switched by a
change in refrigerant flow, as desired, so that the indoor coil be-
comes the evaporator for cooling purposes and the condenser for
that of heating. In this manner, the outdoor coil functions as a con-
denser during the cooling cycle and as an evaporator during the
heating cycle. The control of the valve is by means of a slide action
actuated by a solenoid. Thus, the connection from the compressor
suction and the discharge ports to the evaporator and condenser
can be reversed to obtain either cooling or heating, as conditions
require.

Summary
Controls are essential for air-conditioning systems. Some means
must be provided for regulating the temperature and relative humid-
ity to maintain conditions that are comfortable for human beings
or required for industrial applications.

The three general types of air-conditioning controls are manual,
automatic, and semiautomatic.

Devices used to control temperature, humidity, and pressure
within predetermined limits are classified broadly as temperature-
control, humidity-control, and pressure-control. Thermostats, hy-
grostats, and pressure regulators are sensing devices that work to
control the valves that control the refrigeration systems.

A limit control is a device responsive to changes in pressure, tem-
perature, or liquid level, and is used to turn on (or throttle) the fuel
supply to a heating appliance.

Control valves are designed to control the flow of fluids and may
be actuated in various ways. They may be controlled by thermostats
or some other device. Valves are used to control the flow of refrig-
erant. Single-seated valves are designed for tight shutoff. Double-
seated valves are designed for applications where tight shutoff is
not required. Three-way valves are designed to operate between
two ports and to close one port as the other is opened.

Dampers are designed to control the flow of air or gases and may
be operated manually, by electricity, or by compressed air.

Relays are a necessary part of many control and pilot circuits. A
relay is a device that uses an auxiliary source of energy to amplify
or convert the force of a controller into available energy at a valve
or damper motor.

An automatic expansion valve in a mechanical refrigeration
system maintains a constant pressure in the evaporator. Auto-
matic expansion valves are usually employed on direct-expansion
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refrigeration systems. They are not suitable for use on air-
conditioning systems due to load fluctuations.

The thermostatic expansion valve is designed to meter the flow
of refrigerant into the evaporator in exact proportion to the rate
of evaporation of the refrigerant in the evaporator. Thermostatic
expansion valves should be sized carefully to avoid the evils of being
undersized at full load and excessively oversized at partial load.

A capillary tube or restrictor system may also be used as a liquid-
refrigerant expanding device. The restrictor or capillary-tube system
accomplishes the reduction in pressure from the condenser to the
evaporator, not with a needle valve or pressure-reducing valve, but
by using the pressure drop or friction loss through a long, small
opening.

The crankcase pressure-regulating valve is designed to limit the
suction pressure below a preset limit to prevent compressor over-
loading. Evaporator pressure-regulating valves are used in multiple
evaporators operating at different temperatures or on refrigerating
systems where the evaporating temperature must not be allowed to
fall below a certain predetermined value. Reversing valves are used
in certain air-conditioning applications operating on the heat-pump
principle.

Review Questions
1. Why are controls needed in an air-conditioning system?
2. What is the term for the general classification of air-

conditioning controls?
3. What are the three basic control types?
4. What is a hygrostat?
5. What are three types of thermostats in common use?
6. Where are immersion thermostats used?
7. What is a humidistat?
8. Where do you use a limit control?
9. Why are dampers necessary?

10. What is a relay?
11. List five refrigerant-control devices.
12. What is the purpose of a thermostatic expansion valve?
13. What is a capillary tube?
14. Where are crankcase pressure-regulating valves used?
15. Where are evaporator pressure-regulating valves used?
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16. What is a reversing valve?
17. Where is the reversing valve used?
18. How does the four-way reversing valve operate?
19. What are two types of pressure regulators?
20. How does the restrictor reduce pressure from the condenser

to the evaporator?
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Chapter 12
Weather Data and Design
Conditions
This chapter includes recommended design conditions (indoor and
outdoor) for summer and winter. Data on outdoor design conditions
are presented for more than 150 weather stations in the United
States.

Indoor Design Conditions
The indoor conditions to be maintained within a building are the
dry-bulb temperature and relative humidity of the air at a breathing
line 3 to 5 feet above the floor. The area should indicate average
conditions at that level and should not be affected by abnormal or
unusual heat gains or losses from the interior or exterior.

Because it is difficult to maintain the mean radiant tempera-
ture at the dry-bulb temperature in actual practice, the effect of
warmer walls normally encountered during the cooling season will
require a design condition lower than stated for optimum comfort.
For this reason, the recommended 75◦F design dry-bulb temper-
ature, slightly lower than the optimum range of 76.5 to 77.6◦F
(with walls at room temperature), will partially compensate for the
higher mean radiant temperature normally found in comfort-cooling
applications.

During the heating season, the mean radiant temperature is nor-
mally lower than air temperature (in some panel-heating instal-
lations the mean radiant temperature could be higher than air
temperature), thereby suggesting a higher dry-bulb temperature than
75◦F for comfort conditions. Because the type of clothing an individ-
ual wears has an effect on the optimum indoor design temperature,
and because the recent American Society of Heating, Refrigeration,
and Air Conditioning Engineers (ASHRAE) comfort tests were per-
formed with lightly clothed subjects, the overall effect is a recom-
mended 75◦F design dry-bulb for both winter and summer. Where
unusual application conditions exist (such as large exposures of glass
and inside partitions exposed to adjacent rooms of widely different
temperatures), consideration should be given to adjustment of the
design dry-bulb temperature to maintain comfort conditions. In no
case should the correction be made for mean radiant temperatures
outside the range of 70◦F to 80◦F.

311
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When the recommended design condition of 75◦F is applicable,
the dry-bulb temperature may vary from 73◦F to 77◦F within the
occupied zone (the region within a space between a level 3 inches
and 72 inches from the floor and more than 2 feet from walls or
fixed air-conditioning equipment).

The air temperature at the ceiling may vary beyond the comfort
range. That should be considered in the overall heat transmission to
the outdoors. A nominal 0.75◦F increase in air temperature per foot
elevation above the breathing level would be expected in normal
applications, with approximately 75◦F difference between indoor
and outdoor temperatures.

For summer cooling, a relative humidity of 50 percent may be
chosen for the average job in the United States. In arid climates,
a design relative humidity of 40 percent is more realistic. During
winter conditions, the relative humidity to be maintained in the
structure is dependent upon the severity of the outdoor conditions.
The relative humidity should not exceed 60 percent at any point in
the occupied space (to prevent material deterioration) and normally
should not fall below 20 percent to prevent human nostrils from
becoming dry and furniture from drying out.

Outdoor Design Conditions
The outdoor design conditions vary according to the two seasons of
winter and summer.

Winter
Recommended design temperatures, together with the range of wind
velocities associated with severe cold, are presented in Columns 4
and 5 of Table 12-1. All data is based on detailed records from offi-
cial weather stations of the U.S. Weather Bureau, U.S. Air Force, and
U.S. Navy. With few exceptions, the data was from airport stations,
where hourly observations have been made by trained observers for
a sufficient number of years to permit a reasonably accurate defini-
tion of the climatic range for each station.

Three temperature levels are offered for each station. The median
of extremes is the middle value of the coldest temperature recorded
each year for periods up to 25 or 30 years and is approximately
equal numerically to the average annual minimum, published in
some previous editions. The 99- and 97-percent values represent
temperatures that equaled or exceeded those proportions of the to-
tal hours (2160) in December, January, and February. In a normal
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winter, there would be approximately 22 hours at or below the
99-percent value and approximately 54 hours at or below the 97-
percent design value.

The wind data shown in Column 5 pertains specifically to veloc-
ities that occur coincident with periods of extreme cold. The four
classes of velocity (very light, light, moderate, and high) are defined
in footnote f of Table 12-1.

Summer
Recommended design dry- and wet-bulb temperatures and out-
door daily temperature ranges are presented in Columns 6 to 8 of
Table 12-1. All data is based on detailed records from official
weather stations of the U.S. Weather Bureau, U.S. Air Force, and
U.S. Navy. With few exceptions, the data was from airport stations
where hourly observations have been made by trained observers for
a sufficient period of years to permit reasonably accurate definition
of the climatic range for each location.

The outdoor daily range of dry-bulb temperatures shown in Col-
umn 7 gives the difference between the average maximum and av-
erage minimum temperatures during the warmest month at each
station. Large daily ranges are listed for inland stations at long
distances from large bodies of water and for stations at higher
elevations.

The design data on dry- and wet-bulb temperatures presented in
Columns 6 and 8 represent the highest 1, 2, and 5 percent of all the
hours (2928) during the summer months of June through September.
In a normal summer, there would be approximately 30 hours at or
above the 1-percent design value, and approximately 150 hours at
or above the 5-percent design value.

In terms of enthalpy (heat content), an interval of 3◦F dry-bulb
temperature is approximately equal to a 1◦F interval in wet-bulb
temperature in the temperature ranges that prevail during the sum-
mer.

All data presented in Columns 6 and 8 is based on the average
number of hours at or above a given design value over a period of
several seasons. It follows that about half the summers would have
more hours at or above a particular design level, and half would
have fewer such hours.
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Interpolation among Stations
Data from many weather stations at specific locations and at pub-
lished elevations furnish a network from which, by interpolation,
good estimates can be made of the expected conditions at a precise
location:
� Adjustment for Elevation—For a lower elevation, the design

values from Table 12-1 should be increased, while for a higher
elevation, the values should be decreased. The increments used
in these adjustments are as follows:
� Dry-bulb temperature: 1◦F per 200 feet
� Wet-bulb temperature: 1◦F per 500 feet
� Adjustment for Air-Mass Modification—Short-distance varia-

tions are most extreme near large bodies of water where air
moves from the water over the land in the summer. Along
the West Coast, both dry- and wet-bulb temperatures increase
with distance from the ocean. In the region north of the Gulf
of Mexico, dry-bulb temperatures increase for the first 200 or
300 miles, with a very slight decrease in wet-bulb temperature
because of mixing and drier inland air. Beyond this 200- to
300-mile belt, both dry- and wet-bulb values tend to decrease
at a somewhat regular rate.
� Adjustment for Vegetation—The difference between large ar-

eas of dry surfaces and large areas of dense foliage upwind
from the site can account for variations of up to 2◦F wet-bulb
and 5◦F dry-bulb temperature. The warmer temperatures are
associated with the dry surfaces. If the nearest official weather
station is well-surrounded by buildings and streets (large dry
surfaces) and the precise location where required design data
is similarly surrounded, no adjustment is needed. However, if
the local exposure at the location site is quite different from
the nearest weather station listed in Table 12-1, an adjustment
of 1◦F wet-bulb and 2◦F dry-bulb temperature may be easily
justified.

Weather-Oriented Design Factors
The rational approach to air-conditioning system design involves
computation of a peak design load at a condition established using
one of the frequency of occurrence levels (see Table 12-1, Columns
6 and 8) of dry- and wet-bulb weather data published herein.

Although the values enumerated are statistically quite accurate,
certain precautions are recommended concerning their use. These
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figures are frequency-distribution statistics for the ends of the distri-
bution. During the four warmest summer months, these values occur
at an hour of the day usually between 2:00 p.m. and 4:00 p.m., sun
time. The winter statistics occur during the three coldest months at
an hour of the day usually between 6:00 a.m. and 8 a.m., sun time.
The daily dry-bulb variation will be of the order of the daily range
stated on typical design days. However, statistically the daily range
(see Table 12-1, Column 7) is the long-term average daily range for
only the warmest month. The daily range is generally greater during
clear weather and much less during cloudy weather or precipitation.

A very crude approximation of the distribution of the hourly dry-
bulb temperatures during a design day can be made by locating the
daily maximum at 3:00 p.m. and the minimum (maximum less daily
range) at 7:00 a.m. This day, basically, is made up of 12 or more
daylight hours of solar heating and 12 or less hours of nighttime
radiant cooling.

Throughout the continental or inland mass of the United States,
the maximum dry-bulb and maximum wet-bulb temperatures are
not coincident. In fact, the 1-percent level values rarely occur at the
same time in such areas. In maritime areas, they tend to be coin-
cident. Typically, the maximum dry-bulb temperature is coincident
with a wet-bulb substantially below the maximum wet-bulb tem-
perature and vice versa. The assumption of dry- and wet-bulb coin-
cidence can result in weather-oriented loads up to one-half greater
than might otherwise be expected. A rational solution would be to
determine whether the structure was the most sensitive to dry-bulb
(that is, extensive exterior) or wet-bulb (that is, outside-air ventila-
tion). Then the appropriate maximum temperature could be used
for design with its corresponding coincident value. This could be
ascertained for any station by an analysis involving usually only
a day or two of hand calculations. An outline of this approach
follows.

From at least 5 years of local weather records, select days con-
taining the maximum wet- and dry-bulb entries in any time frame
(hourly, every 3 hours, and so on) for that station. On the published
3-hour increments, tabulate the dry-bulb peak with the correspond-
ing wet-bulb and the wet-bulb with its corresponding dry-bulb. This
tabulation will illustrate not only the local coincident data, but also
the 3-hour temperature array for a typical design day that is accurate
within a degree or two.

This procedure is certainly within the capability of any engineer-
ing office that is involved in several local projects. Where projects
of greater significance are involved, there are several alternatives.
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A longer period of record (such as 10 years) can be studied. Hourly
data instead of the usual 3-hour interval can be used. Machine tab-
ulations can be made on any desired criteria. Consulting meteorol-
ogists are available to analyze both the raw data and the statistical
compilations.

As more complicated and sophisticated applications are utilized
to meet critical demands, these design maximums based on peak
values will not suffice. Engineers will have to consider off-peak
values. Some types of days that must be accommodated are more
frequent in occurrence than maximum or minimum design days.
Examples of these include the following: Cloudy—small tempera-
ture change; Windy; Warm a.m., Cool p.m.; and, of course, Fair and
Warm, and Fair and Cool. Quite often due to temperature-control
implication, these days must be studied before a final design can be
implemented.

Since the advent of machine computations, many system design-
ers are making calculations of dry-bulb temperature with its cor-
responding wet-bulb maximum, and vice versa, for several hours
daily on both a room-by-room basis and a zone or building ba-
sis. This can result in more accurate design data and compatible
systems in operation. Furthermore, the trend of the industry to at-
tempt energy-consumption estimates to establish system design is
making some progress.

Summary
The indoor conditions to be maintained within a building are the
dry-bulb temperature and relative humidity of the air at a breathing
line 3 to 5 feet above the floor in an area that would indicate average
conditions at that level.

For summer cooling, a relative humidity of 50 percent may be
chosen for the average job in the United States. In arid climates, a
design relative humidity of 40 percent is more realistic. The relative
humidity should not exceed 60 percent at any point in the occu-
pied space and normally should not fall below 20 percent to pre-
vent human nostrils from becoming dry and furniture from drying
out.

Adjustments must be made for a number of factors when you are
designing an air-conditioning system for human comfort.

The trend of the air-conditioning industry is to attempt energy-
consumption estimates to establish system design. This trend seems
to be making some progress.
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Review Questions
1. What is the distance above the floor that is used as a standard

for making comfort measurements in air conditioning?
2. What is the difference between dry- and wet-bulb temperature

readings?
3. How long were temperature readings taken to establish a stan-

dard for the region?
4. Where were the temperature readings taken for each locality?
5. During the summer, what is the heat content shown by an

interval of 3◦F dry-bulb in terms of wet-bulb temperatures?
6. How do you make adjustments for air-mass modification?
7. What is the adjustment made for vegetation?
8. How do the dry- and wet-bulb maximum temperatures coin-

cide throughout the continental or inland mass of the United
States?

9. What is the trend of the air-conditioning industry in regard
to using energy- consumption figures instead of temperatures
to determine design factors and load characteristics for air-
conditioning equipment?

10. What does ASHRAE stand for?
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Chapter 13
Year-Round Central
Air Conditioning
Year-round air conditioning is required to warm the air to a com-
fortable temperature during the winter and, in addition, wash, filter,
and humidify it. During the summer, an air-conditioning system is
required to cool the air, plus perform the necessary humidification or
dehumidification as required. A year-round air-conditioning system
should accomplish the following:

� Eliminate the dust, soot, and germs from the air entering the
intake ducts.
� Warm the air in winter.
� Cool the air in summer.
� Increase the humidity in winter operation.
� Decrease the relative humidity or moisture content of the air

in summer operation.
� Circulate the conditioned air evenly and pleasantly throughout

the building at all times.

Modern year-round central air-conditioning systems may be clas-
sified with respect to nature of service as follows: gas-compression
system, absorption system, and steam-jet vacuum system.

The gas-compression (or mechanical) air-conditioning method
consists simply of a refrigeration system employing a mechanical
compression device (compressor) to remove the low-pressure refrig-
erant enclosed in the low-pressure side, and deliver it to the high-
pressure side of the system.

An absorption air-conditioning system is one in which the re-
frigerant gas evolved in the evaporator is taken up by an absorber
and released in a generator upon application of heat. A steam-jet
air-conditioning system is a vacuum-refrigeration system in which
high-pressure steam supplied through a nozzle and acting to eject
water from the evaporator maintains the requisite low pressure in
the evaporator, producing the required pressure on the high side by
virtue of compression in a following diffusion passage.

Central System Features
A central air-conditioning system is generally a system designed for
assembly in the field rather than in the factory as a unit. The principal

331
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advantage in a central air-conditioning system lies in the fact that
one condensing unit servicing several rooms will result in lower cost
than a number of self-contained units serving single rooms.

Central air-conditioning systems are usually provided with air
ducts to the various rooms served, and, in addition, to a properly
placed exhaust fan to effect complete removal and disposal of any
desired proportion of the air.

Air-Supply System
A fresh air intake should be located at some strategic point so that
dust, dirt, and fumes from the street or odors from kitchens and
surrounding buildings will not be drawn into the house. The air
taken into the fresh air intake should be as pure as possible. While
the system will remove the undesirable dust and dirt by means of
filters, highly impure air will only place an additional burden on the
system and result in an increase in the cost of operation. Figures 13-1
and Figure 13-2 show the typical equipment for a central year-round
air-conditioning system.

FAN
PULLEY

DISCHARGE
AIR

PREHEATER

FAN

COOLING
COILS

ACCESS
DOORSFILTER

RETURN
AIR

OUTSIDE
AIR

DAMPERS TEMPERING
COIL

WATER SPRAY
(HUMIDIFIER) BY-PASS

DAMPERS

BY-PASS

Figure 13-1 Equipment for a central year-round air-conditioning
system.

Mixing Chamber
A mixing chamber is generally incorporated into the system for the
purpose of recirculating a portion of the air within the building in or-
der to reduce the load and operating costs. In the summer the cooled
air and in the winter the heated air is mixed with the fresh air drawn
in from outside, so that the load is reduced considerably. A certain
amount of fresh air is drawn in and mixed with the recirculated air,
which may be accomplished by using a simple mixing damper. The
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FAN
PULLEY

DISCHARGE
AIR

PREHEATER

FAN

RETURN
AIR

FILTER

FILTER

OUTSIDE
AIR

DAMPER
DAMPERS COOLING

COILS

BY-PASS
DAMPERS

Figure 13-2 Alternative arrangement of equipment for a central year-
round air-conditioning system.

size of the mixing chamber depends on the size of the installation
and, like the ducts that carry the air, must be made airtight so that
little or no air leakage occurs. Concrete, wood, or metal can be used
in this construction.

Heating Coils
Where cold weather conditions prevail, it is necessary to make use
of a heating or tempering coil to warm the intake air. In such lo-
calities, the outside air during the winter months may have such a
low temperature that the heat from the recirculated air may not be
sufficient to raise the temperature above freezing. As a result, the
water used in the sprays may freeze and destroy the efficiency of the
washer.

Tempering heaters must be used wherever unusually cold con-
ditions are found. In many cases, these conditions do not occur
every year or for any length of time. However, if they occur at all,
tempering heaters must be used. There are several different types
of heaters, depending on the type of heat used in the building. The
electric heater requires little space, but is expensive to operate unless
electricity is available at very low rates. In most instances, a cast-
iron heating bank or stack is used and makes use of the steam of the
building. In special instances, a boiler is used in direct conjunction
with the apparatus.

Preheaters
A preheater is used for adding heat to the air stream when the tem-
perature of the incoming air is so low that the tempering heaters
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on which the heating load falls are unable to maintain the required
68◦F or 70◦F at the fan.

The preheater is necessary only where extreme temperature con-
ditions are encountered. In many instances, preheaters are elimi-
nated as unnecessary or tempering heaters are constructed with an
overabundance of surface or sections, so that, when required, addi-
tional heating surface is available to carry the heating load.

Cooling Coils
Cooling coils are used for cooling the air during the summer months.
Cooling coils may be chilled by means of refrigerants or a pump-
forced liquid (such as brine or water). A watertight drainage tank
must be installed under the cooling coil, and the accumulated water
should be drained by means of a properly air-vented waste trap.

If water of the proper coolness is obtainable in sufficient quantity
(as is the case in many northern cities), it may be employed, requiring
only a pumping apparatus to lift it out of the ground. Where it is
difficult to secure water of proper temperature, or where it exists so
deeply underground that pumping costs would be excessive, it then
becomes necessary to use some other method of cooling the water
used in the washers.

Cold water can be secured by the use of ice or mechanical re-
frigeration equipment. Mechanical apparatus, while expensive, is
available at all times to cope with sudden loads (such as weather
conditions). Ice has no real initial cost and, of course, is depend-
able, because it can develop no mechanical trouble. However, if not
used up, it will melt away without any returns being derived from it.

Air-Supply Fans
Supply fans and blowers are made in various types for specific pur-
poses, and the selection of the proper type is important if the op-
eration is to be economical and efficient. In general, fans used in
air-conditioning work may be divided into two types: propeller and
centrifugal and turbine.

Propeller fans are used where there are short ducts or when there
are no ducts. The low speed of the blades near the hub, compared
with the peripheral speed, makes this form of fan unsuitable when
used to overcome the heavy resistance encountered in long ducts.
The air driven by the effective blade areas near the rim finds it easier
to pass back through the less effective blade areas at the hub than
to push against the duct resistance.

Propeller fans are adapted to all installations to either supply
or exhaust air without the use of a duct, or at most, a very short
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duct. Because of noise tendency, this type of fan is more practical
for commercial and industrial work. Noise and vibration incident to
operation are not objectionable in the commercial field, but would
be objectionable in other installations.

The majority of air-conditioning installations (other than the
portable or self-contained room coolers) require long air ducts
to carry the conditioned air to the various parts of the building.
Centrifugal-and-turbine–type fans are employed for the purpose.

Filters
Air filters may be mechanically cleaned, of the replaceable type, or
of the electronic type. The air filter is one part of the air-conditioning
system that can be operated the year round. There are times when the
air washer and cooling and humidifying apparatus are not needed,
but the filter is one part of the system that may be kept in continuous
operation.

Air Washers
The air washer is a unit that brings the air into intimate contact
with water or a wet surface. In some cases, the air is passed over the
wet surface. A more intimate contact is afforded where the water
is divided into a fine spray and the air passed through the spray
chamber.

The water is generally circulated by means of a pump, the warm
water being passed over refrigerating coils or blocks of ice to cool
it before being passed to the spray chamber. The water lost in evap-
oration is automatically replaced by the use of a float arrangement,
which admits water from the main as required. In many localities,
the water is sufficiently cool to employ just as it is drawn from the
ground. In other places, the water is not cool enough and must be
cooled by means of ice or a refrigerating machine.

The principal functions of the air washer are to cool the air passed
through the spray chamber and control the humidity. In many cases,
the cooling coils are located in the bottom of the spray chamber so
that, as the warm spray descends, it is cooled and ready to again be
sprayed by the pump. As some of the finer water particles tend to
be carried along with the air current, a series of curved plates called
eliminators is generally used, which force the cooled and humidified
air to change the direction of flow, throwing out or eliminating the
water particles in the process.

Control Method
A control board is frequently a part of a large system so that a record
of operations and conditions can be secured. In air-conditioning
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systems, various automatic controls are used. Wet- and dry-bulb
temperatures (which show the temperature and humidity present)
are always used. A hygrostat is sometimes used on smaller installa-
tions, while most small room coolers are manually controlled since
they only operate during certain hours of the day.

Zone Control
Zone control is generally a division of the air supply delivered into
zones with varying requirements. A zone is an area among a number
of areas that are all being conditioned by a single supply system. Each
zone can be satisfied simultaneously with the use of either single- or
multizone control, depending on the number and size of each zone.
The conventional single-zone units must be installed one to each
zone, which results in a simpler application in many aspects. Single
units are recommended whenever each zone is large enough to justify
a separate unit and when the system layout will accommodate this
number of units (see Figure 13-3).

PROPORTIONAL
STEAM VALVES

DISCHARGE AIR
ZONE 1

ZONE 2

TEMPERING
COIL

DISCHARGE AIR

DUCT
THERMOSTAT TEMPERING

COIL

FAN COOLED AIR

TEMPERING
COIL

PROPORTIONAL
ROOM THERMOSTATS

PROPORTIONAL
STEAM VALVE

Figure 13-3 Arrangement for two-zone, constant-volume, variable-
temperature control.

The use of multizone control is preferred whenever several rel-
atively small zones can be grouped together and handled by one
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control. The requirement of treating simultaneously varying loads
with one unit leads to the following recommendations for obtain-
ing the most economical and satisfactory results from multizone
units:
� If both heating and cooling are employed and more than one

multizone unit is used, the grouping should place on each unit
those zones having the least variation with respect to each
other.
� The heating and cooling supply should be capable of capacity

reduction to nearly zero.

The purpose of the multizone arrangement is to divide the total
air volume into a number of separate portions and condition each
independently in accordance with the requirements of the area it
serves. This is accomplished through the operation of the zoning
dampers, which provide the necessary individualized control. The
air outlet from the unit is partitioned into a number of equal-sized
zones, each equipped with a set of dampers. The dampers are com-
posed of two blades set at 90◦ angles to one another on the same
shaft, so that one controls air from the heating pass and the other
controls air from the cooling pass. By regulating the position of
the shaft, the air through the two passes can be proportioned to
maintain the desired final temperature in each zone, providing such
temperatures are feasible with existing coil conditions.

In operation, the shaft from each damper may be extended either
upward or downward to permit convenient field installation of a
damper motor, either electric or pneumatic, as provided. All damper
shafts are connected together by one continuous link, which may be
kept intact or cut between any or all adjacent zones. Thus, groups
of two or more adjacent dampers may be kept interlocked together
for identical movement by one common motor. Each damper may
also be individually operated by its own motor. This unique (yet
simple) arrangement provides a maximum of flexibility when sup-
porting the total airflow from the unit according to the various zone
requirements.

System Selection
In any year-round air-conditioning application, it is necessary first
to determine the overall accomplishment required of the unit. This
consists of surveying the building details and available services, cal-
culating the needed capacity of conditions of operation, and devis-
ing a layout of the system. Figure 13-4 shows a typical year-round
air-conditioning unit.
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Figure 13-4 Typical year-round air-conditioning system showing inter-
connection of conduits and refrigeration piping. (Courtesy Carrier Corporation.)

A second step is to translate the system-design requirements into
specific equipment selections. The general procedure for selecting a
unit is first to determine what casing is to be used, and then make
individual selections of each of the component items (coils, fans,
filters, and so on) that are to go with the casing. Because it serves
as the enclosure for the unit, the selection of a casing is essentially
the determination of the size and basic arrangement of the unit. The
factors that lead to this selection are the principal requirements of
the job as to airflow, heat transfer, and configuration to match the
system layout. Once the casing size is known, the selection of each
component becomes a straightforward procedure and can be made
from the manufacturer’s catalog.

Absorption-Type Air Conditioning
Year-round air conditioners operating on the absorption principle
differ from the conventional compression type mainly in that they
use heat energy instead of mechanical energy to change the condition
required in the refrigeration cycle.

Absorption versus Compression
A comparison between the functioning of an absorption system and
a compression system of air conditioning is principally as follows.
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The absorption system uses heat (usually steam) to circulate the
refrigerant, while the compression system employs a compressor to
circulate the refrigerant.

Four components of the absorption system may be compared
with four components of the compression system, as follows:
� The boiler or generator compares with the stroke of the com-

pressor.
� The condenser and evaporator serve the same purpose in an

absorption system as in the compression system of refrigera-
tion.

Cycle of Operation
A typical absorption system is shown diagrammatically in Figure
13-5. The system is charged with lithium bromide (the absorbent)
and water (the refrigerant). As noted in Figure 13-5, the upper ves-
sel contains the absorber and evaporator, whereas the lower vessel
contains the condenser, generator, and heat exchanger. The refrig-
eration, or chilling effect, takes place in the evaporator. Refrigerant
(water) supplied to the evaporator section is sprayed by the refrig-
erant pump over a tube bundle through which the water passes to
be chilled. The refrigerant evaporates on the tube surface. The heat
required to evaporate the refrigerant is taken from the water in the
tubes, thereby chilling the water. The evaporator is maintained at
0.25 in Hg, a pressure low enough that the boiling temperature of
the refrigerant is sufficiently low to produce the desired chilled-water
temperature leaving the unit.

The pressure of the evaporator is maintained at this desired level
by drawing off the refrigerant vapor as it is produced. This vapor is
produced by locating an absorbent adjacent to the evaporator in the
absorber section. The absorbent has a very strong affinity for wa-
ter vapor. It will take this vapor into solution as it is produced.
The solution used is lithium bromide brine at about 62 percent
concentration. Lithium bromide is sprayed by the absorber pump
into the absorber to provide as large a liquid surface as possible,
since the absorption process is one of contact with the water vapor.
As the solution falls from the sprays, it contacts and passes through
a tube bundle, which cools the solution and removes the heat lib-
erated to the solution when the refrigerant vapor is absorbed and
returns to its liquid state. It is through this heat exchange that the
heat removed from the chilled water is rejected from the machine
and passed to a cooling tower or other heat sink.

As the absorption process continues, the solution in the absorber
becomes more diluted, and its tendency is to lose its ability to absorb
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Figure 13-5 Schematic-flow diagram of absorption-refrigeration
cycle. (Courtesy Worthington Corporation.)
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at the same rate as vapor is produced. Therefore, the absorber solu-
tion is replenished with a strong solution to maintain the required
concentration. An equivalent amount of weak solution from the
absorber pan drops down pipe 1 (see Figure 13-5) by gravity and
flows through one side of the heat exchanger into the generator,
where heat is applied inside a tube bundle from low-pressure steam
or hot water. The heat applied raises the weak solution to its boiling
point and drives off the water vapor. The solution becomes strong
and flows out of the generator through the other side of the heat
exchanger. It is then drawn into an ejector. This is where it mixes
with intermediate-strength solution in the ejector, and is pumped
back to the absorber to do more work.

The refrigerant vapor that is driven off in the generator flows
into the condenser, where it is condensed. The condensing medium
is the same water that was used to cool the solution in the absorber,
mentioned previously. The condensed refrigerant accumulates in the
condenser pan and is forced by a pressure difference back to the
evaporator. The heat exchanger removes heat from the hot, strong
solution, which must be cooled to work in the absorber, and trans-
fers it to the weak solution, which must be heated before it can be
concentrated. The cycle is now complete, and the process will con-
tinue as long as heat is available and liquid flows are maintained.

The system is controlled by matching the absorber capacity to the
chiller load. Absorber capacity is varied by modulating the solution
concentration, which is controlled by varying the amount of strong
solution that may be withdrawn from the generator. The ejector is
a constant-flow device. It will take whatever solution is available
from the ejector weir box. When less than full capacity is required,
a weak solution from the absorber is bled into the weir box. This
weak solution will displace the strong solution, preventing the strong
solution from flowing into the ejector. The result is a weakening of
the absorber-solution strength. This ejector spoilage is accomplished
by modulating valve 2 (see Figure 13-5) in bleed line 3 in accordance
with the leaving chilled-water temperature.

Actual unit construction includes additional refinements, which
increase efficiency, but the cycle just described is typical of the cycle
in any absorption system.

Reverse-Cycle Air Conditioning (Heat Pumps)
Year-round air-conditioning units of this type (usually termed heat
pumps) operate on the reverse-cycle principle. By means of a spe-
cially designed reversing valve, alternate heating and cooling can
be obtained. The operation of a typical unit during the heating
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Figure 13-6 Schematic diagram of a typical reverse-cycle air condi-
tioner. The machinery compartment (usually remotely located) contains
the compressor unit, reversing valves, and controls.
(Courtesy General Electric Company.)

and cooling cycle, with reference to Figure 13-6, is principally as
follows:
� Heating Cycle—In the outdoor air coil, cooled liquid refriger-

ant under very little pressure picks up heat from the warmer
outdoor air, evaporating the refrigerant into gas. The pump
compresses the refrigerant at a high pressure, thus raising its
temperature. The hot, compressed refrigerant gives off heat,
which is circulated into the space to be heated by an air coil.
As the refrigerant loses its heat, it condenses into liquid form,
ready to repeat its cycle.
� Cooling Cycle—During the cooling cycle, the refrigerant con-

trol valves are reversed, and the compressor pumps the refrig-
erant in the opposite direction. Thus, the coils that heat the
space in cold weather cool it in warm weather. It is in this
manner that the outdoor coil functions as a condenser during
the cooling cycle and as an evaporator during the heating cy-
cle. The control of the reversing valve is by means of a slide
action actuated by a solenoid (see Figure 13-7).

Reversing Valve Operation
The operation of a typical reversing valve during the heating and
cooling cycles is principally as follows:

1. With reference to Figure 13-8, the system is on the heating cycle
with the discharge gas flowing through reversing valve port D
to port 2, making the indoor coil the condenser. The suction
gas is flowing from the outdoor coil (evaporator), through
reversing valve ports 1 to S, and back to the compressor.
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2. The three-way solenoid pilot is de-energized with the slide po-
sitioned so as to close the B port and open the A port. The
main slide is in the Up position, sealing off nose valve C and
opening nose valve E. Nose valve E is isolated from the suction
side by the pilot solenoid valve, and nose valve C is exposed
to suction pressure through the pilot solenoid valve.

3. With the valves so positioned, the controlled leakage of the
high-pressure discharge gas builds up on both ends around
the main slide. The area around the top end of the slide, less
the area of nose valve port C, is exposed to discharge pressure,
while the area of nose valve C is exposed to the suction pres-
sure. The area on the bottom end of the slide and the area of
nose valve E are both exposed to discharge pressure. Thus, the
unbalanced force (caused by the difference between discharge
and suction pressures acting on the area of the nose valves)
holds the slide in the Up position.

4. When the coil is energized, the slide in the pilot solenoid
valve raises, closing port A and opening port B. With the pilot
solenoid valve so positioned, the discharge pressure imposed
on the bottom of the main slide and the area of nose valve E
will bleed off through the pilot solenoid valve to the suction
side of the system. The unbalanced force in a downward di-
rection is then caused by the difference between discharge and
suction pressures acting on the areas of the ends of the slide
and the nose valves.

5. This unbalanced force moves the main slide to the down posi-
tion, as shown in Figure 13-9, and the unbalanced force across
the area of the nose valve holds the main slide in the new po-
sition.

6. The system has now changed over to the cooling cycle with
the discharge gas flowing through, reversing valve ports D to
1, making the outdoor coil the condenser with the suction
gas flowing through reversing valve ports 2 to S, making the
indoor coil the evaporator.

7. Depending on the manner in which the reversing valve is piped
into the system, power failure to the pilot solenoid valve coil
will cause the system to fail-safe on either the heating (de-
frost) or the cooling cycle. In Figure 13-8 and Figure 13-9
the valve is piped to fail-safe on heating. In order to fail-safe
on cooling, the indoor coil would be connected to reversing
valve port 1 and the outdoor coil connected to reversing valve
port 2.
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Figure 13-8 Reversing-valve operation during heating cycle.
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Figure 13-9 Reversing-valve operation during cooling cycle.

Control Equipment
Heat-pump control panels are usually provided with a 24-volt trans-
former for relay operation in addition to the following:
� A double-pole, single-throw, changeover relay to actuate the

changeover valve and contactor on the heating cycle.
� A single-pole, double-throw, impedance relay to provide elec-

trical lockout and remote reset of the compressor safety
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controls (also to provide control for a trouble-light circuit to
indicate system shutdown).
� A single-pole, single-throw, fan relay to control the indoor

fan.
� A defrost relay to de-energize the outdoor fan and changeover

valve and turn on the second-stage heat strip when the defrost
control(s) calls for defrost.
� A high or low combination pressure control available for in-

stallation on the panel.

Defrost-Cycle Operation
The three generally accepted methods for controlling coil-frost ac-
cumulation are as follows:

� The Timer Switch Starts and the Temperature Switch Stops
the Defrost Cycle—When the outdoor coil reaches the cut-
in defrost temperature, the temperature switch makes contact,
energizing the timer motor if the compressor motor is running.
After the off-cycle time of the timer has elapsed, the timer con-
tact closes. The defrost relay is then energized through the tem-
perature switch and timer-motor contact. The outdoor fan and
changeover valve are de-energized, which reverses the system
and allows the outdoor coil to warm up quickly. If auxiliary
strip heaters are used, their heating relay(s) can be energized
during the defrost cycle to compensate for the indoor cooling
effect during that cycle. The timer runs whenever the switch
is making contact. The timer contacts operate only once per
cycle for a short period. The defrost relay remains unenergized
through the temperature switch and its own holding contact.
When the outdoor coil reaches the temperature-switch cutout
temperature, the timer motor and relay are de-energized, end-
ing the defrost cycle.
� The Pressure Switch Starts and the Temperature Switch Stops

the Defrost Cycle—The operation is the same as previously
explained, except that the pressure switch replaces the timer
switch. The pressure switch senses the air pressure between
the outdoor coil and fan.
� The Defrost Control Starts and Stops the Defrost Cycle—The

defrost control senses a frosted coil and energizes the defrost
relay. When defrost is completed, the defrost switch opens and
ends the cycle.
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Installation and Maintenance
Reversing-cycle air-conditioning units are normally located outside
the building or space to be air conditioned. A unit should be located
as near as possible to the indoor section in order to keep the length
of the connecting refrigerant tubing to a minimum. The air inlet
and outlet should be at least 30 inches from the wall or any other
obstruction. The unit should be oriented so that the prevailing wind
is not blowing directly into the outdoor coil. All outdoor units pull
air through the coil. Figure 13-10 shows a typical reverse-cycle air-
conditioning unit.

Figure 13-10 Exterior view of a typical outdoor section of a reverse-
cycle air conditioner. (Courtesy Worthington Corporation.)

The base of the outdoor unit is usually cut out beneath the coil
to allow unrestricted disposal of outdoor coil condensate on the
heating cycle. In any installation, the condensate should drip in such
a manner that ice buildup on the ground (in colder climates) will
not damage the unit or interfere with the opening under the outdoor
coil. Always mount the unit on a concrete slab in such a position that
it may be easily reached for servicing and maintenance, as shown in
Figure 13-11. In colder climates, it is recommended to raise (or block
up) the unit higher above the ground. Ice buildup on the ground may
damage the unit if there is insufficient clearance between the unit and
ground.

Indoor Arrangement
Units are normally designed for either free discharge or ductwork
application. By rotation of the blower and leg assembly, the unit can
provide vertical or horizontal airflow. In all installations, the unit
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Figure 13-11 Typical reverse-cycle central air-conditioning installa-
tion. The refrigeration unit (mounted on a sturdy concrete pad) expels
unwanted heat and is connected by piping to the cooling coil atop the
forced-warm-air furnace (left). (Courtesy Carrier Corporation.)

must be mounted level to ensure proper condensate disposal. The
cabinets are well insulated inside the air-conditioned compartment.
In most installations, this construction will prevent sweating on the
outside of the unit. However, in cases where blower coils are installed
in attics above living quarters, or in areas where high-humidity con-
ditions are prevalent, it is recommended that an insulated watertight
pan with an adequate drain connection be constructed and installed
under the cabinet. This drain should extend approximately 2 inches
beyond the unit on all sides to ensure collecting any condensate
forming on the outside of the cabinet. Figure 13-12 shows duct ar-
rangement for indoor and outdoor units and condensation drip pan
installed under the cabinet.

Refrigerant Tubing
Locations where copper tubing will be exposed to mechanical dam-
age should be avoided. If it is necessary to use such locations, the
tubing should be enclosed in rigid or flexible conduit. The suction
line should be insulated to prevent sweating, and horizontal lines
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Figure 13-12 Installation procedure and duct arrangement for out-
door and indoor units with vertical and horizontal discharge, respectively.

should be pitched toward the compressor unit. When the evapora-
tor is higher, or not more than 10 feet lower than the condensing
unit, no oil trap is required. When the evaporator is more than
10 feet lower than the condensing unit, an oil trap is required in the
suction line to ensure the return of oil to the compressor.
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Refrigerant lines are connected as follows, using either a hard- or
soft-type solder:

1. Unsolder the sealed end of the suction and liquid lines on the
evaporator unit.

2. Carefully clean the fittings and solder the refrigerant lines in
place.

3. Remove caps on the suction and liquid lines of the outdoor
unit. Apply heat to the caps to remove. The caps are soldered
to the fittings with soft solder.

Note
If the cap on the suction line does not loosen readily, refrigerant
oil may be present in the suction line that is conducting the heat
away from the cap. To relieve the oil, drill a small hole in the
suction-line cap to allow the oil to drain out. After the oil has
drained, the suction-line cap should then be easily loosened and
removed.

4. The liquid and suction-line service valves are usually front-
seated (closed to the atmosphere). The service port is posi-
tioned so that it can be used to pump down the indoor unit
after the refrigerant lines are soldered in place, without losing
the basic holding charge contained in the unit.

5. Carefully clean the suction and liquid-line fittings on the unit,
and solder the refrigerant lines to these fittings. Figure 13-13
shows the various stages in making a connection.

Quick-Connect Couplings
Most packaged air-conditioning units come with a complete charge
of refrigerant. The copper tubing that connects the compressor with
the evaporator is also charged to prevent any air entering the system
when it is installed. One way to make sure there is no air entering
the system is to make the connections between the tubing with a
full charge of refrigerant and the compressor unit with a full charge
of refrigerant simple and quick. This can be accomplished by using
tube quick-connect (TQC) couplings (see Figure 13-14).

Installation is rather simple and quick. Simply push down on
the mechanical lock for an instant, positive, leak-free connection.
A cam-locking device grips uniformly (firmly, but gently) without
damage to steel, copper, brass, or even plastic tubes. O-ring seals on
the tube outside diameter handle the out-of-roundness conditions
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Coupling halves partially connected.(B)

Coupling halves connected.(C)

Figure 13-13 Refrigerant-tube couplings and methods of assembly.

of up to 2 percent. A long-life seal reduces connector maintenance
costs. It requires only a 1-inch straight tube length engagement.

The series 250 two-way shutoff couplings have an 8-ball detect
lock that provides quick, positive coupling. Simply slide back the
grooved lock ring on the coupler and push together until the lock
ring snaps back to its locked position. It is easy to connect, and
can be manually coupled up to 200 psi. Replacement O-ring seals
provide leak-tight shutoff.

The two-way shut-off coupling in Figure 13-15 shows how the
parts are located to make it easy to couple and decouple. The
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Figure 13-14 Quick-connect couplings.
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coupling and nipple assemblies are available in four sizes with dif-
ferent types of terminations to fit the various applications.

2
4

3
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Figure 13-15 Two-way shutoff coupling with nipple.

System Troubles
One of the most common troubles in a reverse-cycle air-conditioning
system is usually caused by incorrect operating pressures, which, in
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turn, may prevent the reversing valve from shifting properly. For
example:

� A leak in the system resulting in loss of charge
� A compressor that is not pumping properly
� A check valve that is leaking
� A defective electrical system
� Mechanical damage to the reversing valve

Before attempting to diagnose reversing-valve trouble, the fol-
lowing checks on the system should be made:

1. Make a physical inspection of the valve and solenoid coil for
dents, deep scratches, and cracks.

2. Check the electrical system. This is readily done by having
the electrical system in operation so that the solenoid coil is
energized. In this condition, remove the locknut to free the
solenoid coil. Slide it partly off the stem, and notice a mag-
netic force attempting to hold the coil in its normal position.
By moving the coil farther off the stem, a clicking noise will
indicate the return of the plunger to its de-energized position.
When returning the coil to its normal position on the stem,
another clicking noise indicates that the plunger responds to
the energized coil. If these conditions have not been satisfied,
other components of the electrical system should be checked
for possible trouble.

3. Check the heat-pump refrigeration system for proper opera-
tion as recommended by the manufacturer of the equipment.

Reversing-Valve Troubleshooting Guide
The following troubleshooting guide shown in Table 13-1 will assist
in the diagnosis of reversing-valve malfunction and suggest checks
and corrections.

Nonportable Air Conditioners
Nonportable air-conditioning units are used in stores, restaurants,
and offices and are manufactured in a large variety of cooling capac-
ities designed to suit almost any requirement. Figure 13-16 shows
a typical nonportable, self-contained unit. It is essentially a remote
vertical-type air conditioner with the condensing unit mounted in a
sound-insulated enclosure.
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Table 13-1 Reversing-Valve Troubleshooting Guide

System Possible Cause Possible Remedy

Valve will not
shift from Heat
to Cool.

No voltage to coil. Repair electrical circuit.

Defective coil. Replace coil.
Low refrigeration
charge.

Repair leak and recharge
system.

Pressure differential too
high.

Recheck system.

Pilot valve operating
correctly. Dirt in one
bleeder hole.

De-energize solenoid,
raise head pressure, and
re-energize solenoid to
break dirt loose. If
unsuccessful, remove
valve and wash out.
Check on air before
installing. If no
movement, replace valve,
add strainer to discharge
tube, and mount valve
horizontally.

Piston cup leak. Stop unit. After pressures
equalize, restart with
solenoid energized. If
valve shifts, reattempt
with compressor running.
If still no shift, replace
valve.

Clogged pilot tubes. Raise head pressure, and
operate solenoid to free.
If still no shift, replace
valve.

Both ports of pilot open.
Back seat port did not
close.

Raise head pressure and
operate solenoid to free
partially clogged port.

Valve starts to
shift but does
not complete
reversal.

Not enough pressure
differential at start of
stroke, or not enough
flow to maintain
pressure differential.

Check unit for correct
operating pressures and
charge. Raise head
pressure. If no shift, use
valve with smaller ports.

Body damage. Replace valve.

(continued )
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Table 13-1 (continued)

System Possible Cause Possible Remedy

Both ports of pilot open. Raise head pressure, and
operate solenoid. If no
shift, replace valve.

Valve hung up at
midstroke. Pumping
volume of compressor
not sufficient to
maintain reversal.

Raise head pressure, and
operate solenoid. If no
shift, use valve with
smaller ports.

Apparent leak
in heating
position.

Piston needle on end of
slide leaking.

Operate valve several
times; then recheck. If
excessive leak, replace
valve.

Pilot needle and piston
needle leaking.

Operate valve several
times; then recheck. If
excessive leak, replace
valve.

Valve will not
shift from Heat
to Cool.

Pressure differential too
high.

Stop unit (will reverse
during equalization
period). Recheck system.

Clogged pilot tube. Raise head pressure.
Operate solenoid to free
dirt. If still no shift,
replace valve.

Dirt in bleeder hole. Raise head pressure;
operate solenoid.
Remove valve and wash
out. Check on air before
reinstalling. If no
movement, replace valve.
Add strainer to discharge
tube. Mount valve
horizontally.

Piston-cup leak. Stop unit. After pressures
equalize, restart with
solenoid de-energized. If
valve shifts, reattempt
with compressor running.
If it still will not reverse
while running, replace
valve.

Defective pilot Replace valve.
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Figure 13-16 Typical, nonportable air-conditioning unit.

Units of this type may not require condenser cooling-water con-
nections. If the unit is to include winter conditioning, it will also
require steam or hot-water piping for the heating coil and a water
connection for the humidifier. The provision for connecting the unit
to an outside air duct is usually optional. The heat generated by the
compression of refrigerant gases and that given off by the compres-
sor motor is removed from the compressor compartment by means
of one of the following:
� Use of a water coil in the compressor compartment
� Utilization of the cold suction gases
� Drawing part of the return air through the compressor com-

partment
� Using an air-circulating fan on the motor shaft
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In water-cooled units, drain facilities must be available, and al-
though window connections are not required for heat disposal, it is
usually desirable to have an outside air connection for ventilation
purposes.

Construction Principles
With reference to Figure 13-16 (showing a typical, self-contained,
store-type air conditioner), observe that the unit is divided into three
principal compartments (or sections) as follows:
� The acoustically treated refrigerating section, containing the

condensing unit (complete with motor), compressor, receiver,
and controls.
� The air-conditioning section, with the cooling centrifugal fan

and motor, fan drive, inlet grille with filter, and space for a
heating coil.
� The air-distributing section, or hood, with acoustical insula-

tion and air-discharge grilles.

The steel hood has air-distribution grilles on all four sides. The
top, ends, and rear of the hood are of one-piece welded construction
with insulation covering the air-distribution grilles. The front-grille
panel of the hood is a separate piece attached to the main hood
with screws. A set of vertical adjustable louvers is located behind
the front-panel horizontal grilles.

It should be clearly understood that the air-conditioning unit
shown in Figure 13-16 is only typical, and that arrangements and
placing of components vary, depending on the particular manufac-
turer. Thus, for example, numerous units of recent make are pro-
vided with a hermetically sealed compressor. They all operate on the
same principle. They have a similar refrigeration cycle. In addition,
they are controlled by an easily accessible control station. Auto-
matic control is provided by means of the conventional thermostat,
which is actuated by the temperature of the room air entering the
unit.

Plumbing Connections
The only plumbing connections necessary for summer air condi-
tioning are the condenser water inlet, condenser water outlet, and
evaporator condensate drain. If the unit is to include winter condi-
tioning, it will also require steam or hot-water piping for the heat-
ing coil and a water connection for the humidifier. Condenser water
pipes enter through knockouts provided in the side of the bottom
section. For city water applications, the condenser water-inlet and
-outlet connections are usually 3/4-inch standard steel or iron pipe
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for runs up to 50 feet. For greater lengths, 1-inch pipe is used. The
evaporator condensate drain should be 11/4-inch pipe.

The water leaving the condenser (if it is not to be reused) should
be piped to the sewer in accordance with local plumbing regula-
tions. Many codes require an open funnel or sink discharge, and
this method is desirable from a service standpoint because it facili-
tates checking performance. An automatic water-regulating valve is
required in the inlet-water line. This valve will operate satisfactorily
on inlet-water pressures of from 25 psi to about 75 psi. A shutoff
water-regulating valve is required in the inlet and outlet-water pipes,
respectively, as shown in Figure 13-17.

CABINET

WATER TO
DRAIN

CITY WATER
IN

CONDENSATE TO
DRAIN

Figure 13-17 Plumbing
connections for a
water-cooled condensing
unit.

Water-Cooling Tower
In locations where the use of city water is restricted, circulating
water from a cooling tower may be used for condenser cooling. The
quantity of water circulated through water-cooling towers usually
varies between 3 and 5 gal per min per ton of refrigeration, the larger
quantity being used when the lowest possible water temperature is
desired. The total head (in feet) against which the pump in a balanced
system must work is composed of the following:
� Condenser head
� Head required at base of tower
� Friction head in piping and fitting
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Since most store unit air conditioners are shipped from the factory
for operation with city water, it is necessary to do the following for
application with a water-cooling tower:

1. Remove the water-regulating valve.
2. Reconnect the condenser.
3. Connect the pump, and complete all plumbing, as indicated in

Figure 13-18.

TO SPRAY

PUMP

COOLING TOWER

BY-PASS
VALVE

PIPE TO TOWER
FLOAT VALVE

CITY WATER
IN

EMERGENCY
WASTE TO DRAIN

CONDENSATE TO
DRAIN

FROM PUMP

TO TOWER

AIR VENT
VALVE

Figure 13-18 Plumbing connections for a water-cooled condensing
unit interconnected to a reciprocating pump and cooling tower.
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Heating Coils
Heating coils are commonly supplied by the manufacturer as extra
equipment for field installation directly above the cooling unit. The
controls for heating are generally purchased locally. If space permits,
the heater pipes can be brought in from the sides of the cabinet di-
rectly opposite the coil connections by drilling holes in the cabinet
and notching the side-access plates as necessary. This arrangement,
however, is not as desirable as the other from the appearance stand-
point.

Heating coils, as supplied by the manufacturer, are usually pro-
vided with two 11/2-inch female pipe taps in the inlet and outlet
headers. The coil should be installed with these openings below the
centerline of the coil to allow proper drainage. In addition, the coil
must be sloped downward approximately 3/8-inch in the direction of
the steam or water flow. The coil outlet is always brought into the
opposite header from the inlet and in the opposite location front to
back, so that the heating medium passes through the coil in a zig-zag
path to obtain the most satisfactory distribution. For hot water, a
manual-type vent valve is used. For steam, an automatic vent valve
is used.

In a one-pipe steam system, a bypass connection around the
heater is required to return the condensed steam to the supply riser.
This connection should pass down from the outlet header at one
end and around the bottom of the cooling coil and into the sup-
ply pipeline on the opposite end. It is necessary that this line be
properly sized to maintain a water seal against the incoming steam
pressure, and that it be tapped into the supply riser for returning the
condensate.

Suspended-Type Air Conditioners
Suspended-type air conditioners are used in stores, garages, and es-
tablishments with limited floor space. They are designed to suit vari-
ous applications requiring dehumidification, cooling, and/or heating
combinations, as conditions require.

Suitable locations for store units are placement above the door
of restaurants or above the kitchen floor. They may also be incor-
porated in wall structures, particularly where false walls are em-
ployed or where the wall is a partition into another room of the
same establishment. Because of the weight of the unit, careful con-
sideration must be given to the strength of the location where it will
be installed. Some smaller suspended-type units use propeller fans
with trailing-edge blades in order to obtain the required pressure
characteristics.
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Casings
Suspended-type air-conditioner casings are usually made of sheet
metal supported by suitable angle frames, with removable panels
permitting access to the interior components for proper mainte-
nance. The compressor compartment is normally insulated to pre-
vent noise from escaping into the room. Drain pans are usually made
of 14-gage or heavier sheet metal and should be hot-dip galvanized
after fabrication to resist corrosion. The drain connections should be
readily accessible for cleaning. In air-conditioner work, they should
be properly sized and trapped according to plumbing regulations in
the area of installation.

Coils
The cooling and dehumidifying coils used in suspended-type air con-
ditioners do not differ in any important respect from those used in
the self-contained units previously described. The face of the coil
area is usually fixed, and the number of coils in depth in the airflow
direction determines the capacity. Figure 13-19 shows a typical in-
stallation. Heating coils of unit air conditioners are normally of the
conventional blast coil-type and are usually furnished separately for
installation on the premises. They usually match the cooling coils
in face area and may be one or two rows in depth, depending on
heating requirements.

EVAPORATOR

AIR FLOW

PRESSURE EQUALIZER
EXPANSION

VALVE
LIQUID

LINE

REFRIGERANT
STRAINER

SUCTION
LINE

DISTRIBUTOR
TUBES

CONTROL
BULB

Figure 13-19 Cooling-coil arrangement of a typical suspended-type
air conditioner.
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Filters
Air filters of the viscous domestic type are usually furnished on
suspended-type air conditioners. These may be the throwaway type,
although cleanable filters may be used on the larger units. The
refrigerant may be controlled by the conventional thermostatic
expansion valve or restrictor tubing, as conditions dictate. Wall
thermostats are commonly used for temperature control in conjunc-
tion with solenoid valves. The use of solenoid valves in the liquid
line between the strainer and expansion valve depends on whether
or not the unit is to be installed in a multiple system.

Where the unit is connected to a single dome-head condensing
unit, the thermostat and manual switch may be connected directly to
the low-pressure switch circuit. Solenoid-valve refrigerant control,
however, is usually employed where these units are used in conjunc-
tion with the piston-valve–type compressor to prevent flooding of
the crankcase during the off cycle of the compressor.

Controls
Where the suspended-type air conditioner is equipped with blast-
type heating coils, two methods of automatic control are generally
used: (1) the control of steam flow and air temperature by automatic
modulating valves, and (2) the control of temperature by automatic
modulating face and bypass dampers. Both control methods are
used to a considerable extent, but the modulating-valve method is
preferred.

Modulating valves proportion, or meter, the steam supply to the
coils according to the exact heating demand at any time. They pro-
vide heating as required by the modulating thermostat to maintain
the desired conditions. The quantity of air passing through the coil
is constant. Face and bypass dampers are actuated by a modulat-
ing motor, which is controlled by a modulating thermostat. The
dampers are positioned to permit the quantity of air necessary for
maintaining the desired temperature to pass through the coils for
heating. The air quantity through the coils changes as the demand
changes with the remainder of the air being bypassed. Finally, when
no heating is required, the face dampers close and all air is bypassed.
It is usual practice to provide an automatically operated steam valve
for disconnecting the steam supply from the coil bank when the face
dampers are closed.

Air-Conditioning Troubleshooting Guide
The troubleshooting guide shown in Table 13-2 will assist in
troubleshooting air-conditioning and self-contained air-conditioner
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Table 13-2 Self-Contained Air-Conditioner
Troubleshooting Guide

System Possible Cause Possible Remedy

Unit fails to
start.

Starting switch off. Place starting switch in start
position.

Reset button out. Push reset button.
Power supply off. Check voltage at connection

terminals.
Loose connection in
wiring.

Check external and internal
wiring connections.

Valves closed. See that all valves are
opened.

Motor hums
but fails to
start.

Motor single-phasing
on three-phase circuits.

Test for blown fuse and
overload trip out.

Belts too tight. See that the motor is full
floating on a trunnion base.
See that the belts are in the
pulley groove and not
binding.

No oil in bearings.
Bearings tight from
lack of lubrication.

Use proper oil for motor.

Unit fails to
cool.

Thermostat set wrong. Check thermostat setting.

Fan not running. Check fan-motor electrical
circuit. Also determine if
fan blade and motor shaft
revolve freely.

Coil frosted. Dirty filters. Restricted
airflow through unit may be
caused by some obstruction
at air grille. Fan not
operating. Attempting to
operate unit at too low a
coil temperature.

Unit runs
continuously
but no cooling.

Shortage of refrigerant. Check liquid-refrigerant
level. Test for leaks, repair,
and add refrigerant to
proper level.

(continued )
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Table 13-2 (continued)

System Possible Cause Possible Remedy

Unit cycles too
often.

Thermostat differential
too close.

Check differential setting of
thermostat and adjust
setting.

Unit vibrates. Not sitting level. Level all sides.
Shipping bolts not
removed.

Remove all shipping bolts
and steel bandings.

Belts jerking. Motor not floating freely.
Unit suspension
springs not balanced.

Adjust unit suspension until
unit ceases vibrating.

Condensate
leaks.

Drain lines not
properly installed.

Drainpipe sizes, proper fall
in drain line, traps, and
possible obstruction from
foreign matter should be
checked.

Organic slime
formation in pan and
drain lines and
sometimes present on
evaporator fins.

This formation is largely
biological and usually
complex in nature. Different
localities produce different
types. It is largely a local
problem. To combat it, it
should be observed as such.
Periodic cleaning will tend
to reduce the trouble, but
will not eliminate it.
Filtering air thoroughly will
also help. Sometimes
capacity must be sacrificed
when doing this.

Noisy
compressor.

Too much vibration in
unit.

Check for point of vibration
in set-up.

Slugging oil. Low suction pressure.
Bearing knock. Liquid in crankcase.
Oil level low in
crankcase.

Pump down system and add
oil if too low.
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systems. It should be noted, however, that at times the trouble may
differ from that given in this section. Experience will usually reveal
the exact cause, after which the remedy and its correction may be
carried out.

Summary
Central air conditioning has the advantage of servicing several
rooms with lower cost than several self-contained single-room units.
During the winter, central air conditioning is required to warm the
air to a comfortable temperature. During the summer, it is required
to cool the air, plus humidify and dehumidify, as required.

Year-round air-conditioning systems may be classified as gas-
compression, absorption, and steam-jet vacuum. A gas-compression
air-conditioning system is a simple refrigeration system employing a
compressor to remove low-pressure refrigerant enclosed in the low-
pressure side and transfer it to the high-pressure side of the system.
The absorption system is one in which the refrigerant gas in the
evaporator is taken up by an absorber and released in a generator
upon application of heat. A steam-jet system is vacuum refrigeration
in which high pressure is supplied through a nozzle acting to eject
water from the evaporator.

The basic difference between absorption- and compression-type
air conditioning is that the absorption system uses heat or steam to
circulate the refrigerant, while the compression system employs a
compressor to circulate the refrigerant.

Review Questions
1. What are the fundamental requirements for year-round air

conditioning?
2. What are the principal advantages of year-round air condi-

tioning?
3. What is meant by the mixing chamber and what is its purpose?
4. What means are used for cooling in year-round air condition-

ing?
5. Describe blower types and methods of installation in an air-

conditioning system.
6. What is the function of air filters in air conditioning?
7. Describe what is meant by zone control, and state its principal

advantages.
8. What are the fundamental requirements in selecting a year-

round air conditioner?
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9. In what respect does an absorption-type air conditioner differ
from that of a conventional compression system?

10. Describe the principles of operation of an absorption-type air
conditioner.

11. Describe the operating principles of a reverse-cycle air-
conditioning system.

12. What is the function of the reversing valve?
13. What is the vacuum-pump method of purging the reverse-cycle

air-conditioning unit?
14. What are the most common troubles in reverse-cycle air-

conditioning systems?
15. What is meant by a self-contained air-conditioning unit?
16. Describe the function and operation of a window-type air con-

ditioner.
17. Describe the electrical control system of a window-type air

conditioner.
18. Describe the plumbing methods in a nonportable air condi-

tioner equipped with a water-cooled condenser.
19. Where are heating coils normally located in nonportable year-

round air conditioners?
20. What type of air conditioner is usually found in stores and

garages with limited floor space?
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Chapter 14
Automobile Air Conditioning
The automobile air conditioner is no different from any other type
of air-conditioning system. The major components (such as the com-
pressor, condenser, and evaporator) are utilized in primarily the same
manner as the common room air conditioner. Certain variations and
differences are unique to automobile air-conditioning systems (such
as the power source, method and type of controls, and component
design). Figure 14-1 shows a typical automobile air-conditioning
installation. Power is supplied to the compressor directly from the
crankshaft of the engine by means of a V-belt assembly and a series
of pulleys, as shown in Figure 14-2.

Two temperature-control methods are used most often by auto-
motive air-conditioning manufacturers: the magnetic (or electric)
clutch and the refrigerant-flow control. Normally, the magnetic
clutch utilizes a stationary electromagnet, which is attached to the
compressor. The brushes and collector rings can be eliminated with
this arrangement since the electromagnet does not rotate.

When a high temperature is present in the passenger compartment
of the car, a thermostat (set by the driver to a specified temperature)
closes the electrical circuit that connects the battery power supply
to the stationary magnetic field. This field exists around the electro-
magnet that is mounted on the shaft of the compressor. A continu-
ously rotating clutch plate then engages the compressor drive shaft
and causes the compressor to operate at a higher rate of speed. This
clutch plate is mechanically attached to the compressor flywheel,
which is driven by the V-belt assembly. When the interior of the car
reaches the low-temperature setting of the thermostat, the thermo-
stat will open the electrical circuit. The current will cease flowing,
and the clutch plate will disengage the flywheel from the compres-
sor. The flywheel will continue to rotate freely until the interior
compartment temperature again rises above the thermostat setting.
Figure 14-3 shows a typical older model compressor with magnetic-
clutch assembly.

The refrigerant-flow control maintains a constant rate of re-
frigerant flow in the refrigeration system. This equalizing effect is
extremely necessary since the compressor does not operate at a
constant rate of speed. The control is located in the suction (or
low) side of the refrigeration system. Its spring-loaded bellows are
responsive to pressure changes that take place in the system. With
a decrease in pressure, which accompanies a proportional decrease
in interior temperature, the valve closes and thereby restricts the

369
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CS = CRANKSHAFT; A = ALTERNATOR; WP = WATER PUMP; PS = POWER STEERING;
AC = AIR-CONDITIONER COMPRESSOR; I = IDLER PULLEYS

I

A
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I

Figure 14-2 Typical belt arrangement in a modern automobile engine.
(Courtesy General Motors Corporation.)

refrigerant flow. This restriction affects the operation of the system
by limiting or completely halting the cooling effect, as the case may
be. The refrigerant-flow control is also responsive to the flow rate
of the refrigerant. The valve is closed by an increase in flow rate.
This increase causes the refrigerant pressure surrounding the valve
stem to decrease and thereby affect the control valve, independent
of the low-side pressure.
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Another type of cooling control is the hot-gas bypass valve. This
control regulates the temperature by constantly varying the amount
of refrigerant allowed to bypass the cooling network, thereby in-
creasing or decreasing the cooling capacity of the system. Utiliza-
tion of this control valve permits constant compressor operation and
provides an evaporator antifreeze device. By regulating the internal
pressure of the evaporator, the hot-gas valve affects the cooling ca-
pacity of the evaporator and prevents the pressure from decreas-
ing to a pressure (29.5 psi) that will cause the evaporator core to
freeze. If this freeze-up occurs, the evaporator will not function and
the cooling effect of the air conditioner will be greatly lowered or
halted completely. The reason the evaporator will not function un-
der these conditions is because of the air not passing through the
evaporator core to provide the necessary cooling in the interior of
the automobile.

Sealed systems are highly improbable for use on automobiles.
This is because all systems are presently powered by the engine
crankshaft as an external source. The typical compressor used in
the automobile refrigeration system has a large refrigerating capacity
compared with the average room air conditioner (15,000 to 20,000
Btu/hr as opposed to 6000 to 10,000 Btu/hr). This large cooling
capacity is primarily due to the large bore-and-stroke design of the
automotive compressor in older models; and it is a necessity for au-
tomobiles because of the temperature range and poor insulation of
the car interior.

The refrigerant most commonly used in automobile air-condi-
tioning systems was Freon-12. The newer refrigerant, R-134a is now
used in all automobile and truck cooling systems for air-conditioning
purposes. Extreme caution should be exercised when working on or
near the refrigeration system. Freon-12 becomes a highly poisonous
gas when it contacts an open flame. A poison gas (phosgene), which
was used in World War I, is produced by Freon when the chlorine is
released. It can be detected in minute amounts by smell. It smells like
newly mown hay. For this reason, the system should be completely
discharged when any repairs or replacements are made on the re-
frigeration unit. The newer refrigerants do not produce this hazard.

Air-Conditioning System Operation
Cool refrigerant gas is drawn into the compressor from the evapo-
rator and pumped from the compressor to the condenser under high
pressure (see Figure 14-4). This high-pressure gas will also have a
high temperature after being subjected to compression. As this gas
passes through the condenser, the high-pressure, high-temperature
gas rejects its heat to the outside air as the air passes over the surfaces
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of the condenser. The cooling of the gas causes it to condense into
a liquid refrigerant. The liquid refrigerant, still under high pressure,
passes from the bottom of the condenser into the receiver dehy-
drator. The receiver acts as a reservoir for the liquid. The liquid
refrigerant flows from the receiver dehydrator to the thermostatic
expansion valve. The thermostatic expansion valve meters the high-
pressure refrigerant flow into the evaporator. Since the pressure in
the evaporator is relatively low, the refrigerant immediately begins
to boil. As the refrigerant passes through the evaporator, it contin-
ues to boil, drawing heat from the surface of the evaporator core
warmed by air passing over the surfaces of the evaporator core.

In addition to the warm air passing over the evaporator rejecting
its heat to the cooler surfaces of the evaporator core, any moisture
in the air condenses on the cool surface of the core, resulting in cool
dehydrated air passing into the inside of the car. The gas that leaves
the evaporator has been completely vaporized and is slightly super-
heated. Superheat is an increase in temperature of the gaseous refrig-
erant above the temperature at which the refrigerant vaporized. The
pressure in the evaporator is controlled by the suction-throttle valve.
Refrigerant vapor passing through the evaporator flows through the
suction-throttle valve and is returned to the compressor, where the
refrigeration cycle is repeated.

Component Description
The problems encountered in automobile air conditioning will per-
haps be understood by a thorough study of the basic components
composing the system. (See Figure 14-4 to review the typical com-
ponents of an automobile air-conditioning unit.)

Compressors
In the early days of automobile air conditioning, modified commer-
cial-type compressors were used. Because of the increase in engine
speed, the design and development of precision high-speed compres-
sors became necessary. All air-conditioning system compressors are
presently driven by a belt from the engine crankshaft. The compres-
sor speed varies with the speed of the automobile engine, which is
considerable. For example, at idling speeds, the compressor turns
at a rate of about 400 rpm and develops a refrigerating effect in
the area of 3/4 ton. In an automobile traveling 55 mph, this same
compressor may be turning as high as 3500 rpm and developing ca-
pacities in the neighborhood of 3 to 31/2 tons. This varying capacity
has dictated the design of present automotive control systems.

This high-speed operation has been accommodated by the in-
troduction of the rotary compressor. The new refrigerant R-134a



P1: GDZ/FFX P2: GDZ/FFX QC: GDZ/FFX T1: GDZ

GB076-14 GB076-Miller-Sample July 15, 2004 5:12 Char Count= 0

376 Chapter 14

(a hydrofluorocarbon) is a non–ozone-depleting compound that is
environmentally friendly. The new refrigerant does require a higher
pressure to accomplish the same cooling as Freon. The main concern
is the high pressure of the new refrigerant. Checking the pressure
and leaks at connections are of top priority today in troubleshooting
any system. New equipment to detect leaks has also been developed.

To obtain a more favorable speed characteristic, a different solu-
tion to the problem could be utilized, such as a drive shaft take-off
or an electric-motor drive through an alternator. Although some
of these methods of operating the compressor might prove more
desirable in forms of operating efficiency, the additional cost of ap-
plication (as well as space requirement) is, without doubt, an im-
portant consideration.

The compressor has two functions:
� To pump refrigerant through the system
� To raise the pressure of the refrigerant gas received from the

cooling coil so that it will condense more readily and give up
heat as it passes through the condensing coil

A typical automotive air-conditioning compressor (six-cylinder,
rotary, double-action piston-type) is shown in Figure 14-3. The reed-
type suction and discharge valves are mounted in a valve plate
between the cylinder assembly and the head at the end of the
compressor. The ends are connected with each other by gas-tight
passageways that direct refrigerant gas to a common output. Each
cylinder head contains suction and discharge cavities. In addition,
the reed head contains an oil-pump cavity in the center of the suction
cavity to house the oil-pump gears, which are driven by the com-
pressor main shaft. The suction cavity is in the center and indexes
with the suction reeds. The discharge cavity is around the outside
and indexes with the discharge needs.

These cavities are separated from each other with a Teflon seal
molded to the cylinder head. The discharge cavity is sealed from
the outside of the compressor by an O-ring seal, which rests in a
chambered relief in the cylinder head and compresses against the
compressor body. An oil pump mounted at the rear of the compres-
sor picks up oil from the bottom of the compressor and pumps it to
the internal parts. The inner gear fits over a matching D flat on the
main shaft. The outer driven gear has internal teeth that mesh with
the external teeth on the inner drive gear.

Condensers
Air-conditioning condensers are similar to ordinary automobile ra-
diators but are designed to withstand much higher pressure. A
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condenser is normally mounted in front of the car radiator so that it
receives a high volume of air. Air passing over the condenser cools
the hot high-pressure refrigerant gas, causing it to condense into
low-pressure liquid refrigerant.

Receiver-Dehydrator
The purpose of the receiver-dehydrator assembly is to ensure a solid
column of liquid refrigerant to the thermostatic expansion valve at
all times (provided the system is properly charged). The dehydrator
(drier) part of the assembly is to absorb any moisture that might be
present in the system after assembly. It traps foreign material that
may have entered the system during assembly. A liquid indicator
or sight glass is a part of most systems, and is an integral part of
the outlet pipe of the receiver dehydrator. The appearance of bub-
bles or foam in the sight glass when the ambient temperature is
higher than 70◦F indicates air or a shortage of refrigerant in the
system.

Thermostatic Expansion Valves
The function of the thermostatic expansion valve is to automatically
regulate the flow of liquid refrigerant into the evaporator in accor-
dance with the requirements of the evaporator. The valve is located
at the inlet to the evaporator core. It consists essentially of a cap-
illary bulb and tube connected to an operating diaphragm (sealed
within the valve itself) and an equalizer line connecting the valve
and low-pressure suction-throttling valve outlet. The thermal bulb
is attached to the evaporator-outlet pipe.

The thermostatic expansion valve is the dividing line in the sys-
tem between high-pressure liquid refrigerant supplied from the re-
ceiver, and relatively low-pressure liquid and gaseous refrigerant in
the evaporator. It is designed so that the temperature of the refrig-
erant at the evaporator outlet must have 4◦F of superheat before
more refrigerant is allowed to enter the evaporator. (Superheat is an
increase in temperature of the gaseous refrigerant above the temper-
ature at which the refrigerant vaporizes.)

A capillary tube filled with carbon dioxide and the equalizer line
provide temperature regulation of the expansion valve. The cap-
illary tube is fastened to the low-pressure refrigerant pipe coming
out of the evaporator so that it samples the temperature of the re-
frigerant at this point to the expansion valve. If the temperature
differential between the inlet and outlet decreases below 4◦F, the
expansion valve will automatically reduce the amount of refrigerant
entering the evaporator. If the temperature differential increases, the
expansion valve will automatically allow more refrigerant to enter
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the evaporator. Figure 14-5 shows a typical thermostatic expansion
valve.

VALVE SEAT
VALVE

NYLON VALVE INSERT

INLETFILTER SCREEN

CAPILLARY TUBE

DIAPHRAGM DISC

OPERATING
PIN

OPERATING
DIAPHRAGM

EQUALIZER LINE
TO STV OUTLET

ADJUSTING SPRING WASHER
ADJUSTING NUT

TO EVAPORATOR

ADJUSTING SPRING

Figure 14-5 Typical internally adjusted automobile air-conditioning
thermostatic expansion valve. (Courtesy General Motors Corporation.)

The temperature of the air passing over the evaporator core deter-
mines the amount of refrigerant that will enter and pass through the
evaporator. When the air is very warm, the heat transfer from the air
to the refrigerant is great and a greater quantity of refrigerant is re-
quired to cool the air and to achieve the proper superheat on the
refrigerant gas leaving the evaporator. When the air passing over the
evaporator is cool, the heat transfer is small and a smaller amount
of refrigerant is required to cool the air and achieve the proper su-
perheat on the refrigerant gas leaving the evaporator.

A mechanical adjusting nut located within the valve is provided
to regulate the amount of refrigerant flow through the valve. When
adjusted, the spring seat moves to increase or decrease the tension
on the needle-valve-carriage spring. By varying the tension on this
spring, it is possible to regulate the point at which the needle valve
begins to open or close, thereby regulating refrigerant flow into the
evaporator. Since this adjustment feature is inside the valve, no ex-
ternal adjustment is possible. All valves are preset at the time of
manufacture.

When the air-conditioning system has not been operating, all
pressures within the thermostatic expansion-valve assembly will
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have equalized at the ambient (surrounding air) temperature. Thus,
pressure above and below the operating diaphragm and at the in-
let and outlet side of the valve will be equal. Pressure under the
diaphragm is evaporator pressure. It reaches this area by means of
clearance around the operating pins, which connect the area un-
der the diaphragm with the evaporator-pressure area. While pres-
sures in the expansion valve are almost equal, the addition of the
valve-adjusting-spring pressure behind the needle will hold the nee-
dle valve over to close the needle-valve orifice.

When the air-conditioning system first begins to operate, the com-
pressor will immediately begin to draw refrigerant from the evapo-
rator, lowering the pressure in the evaporator and in the area under
the operating diaphragm. As the pressure in this area decreases, the
pressure above the diaphragm exerted by the carbon dioxide in the
capillary tube will overcome spring pressure and push the diaphragm
against the operating pins, which, in turn, will force the needle off
its seat. Refrigerant will then pass through the expansion valve into
the evaporator, where it will boil at a temperature corresponding to
the pressure in the evaporator. This will begin to cool the air passing
over the evaporator, as well as the evaporator-outlet pipe.

The valve-adjusting spring is calibrated so that the pressure of
the refrigerant in the evaporator-outlet pipe and equalizer line to
the valve (plus the spring force) will equal the force above the op-
erating diaphragm when the temperature of the refrigerant in the
evaporator outlet is 4◦F above the temperature of the refrigerant
entering the evaporator. In other words, the refrigerant should re-
main in the evaporator long enough to completely vaporize and then
warm (superheat) to 4◦F.

If the temperature differential begins to go below 4◦F (outlet
pipe too cold), carbon dioxide pressure in the capillary tube and the
area above the diaphragm will decrease, allowing the valve-adjusting
spring to move the needle valve toward its seat, closing off the flow
of refrigerants past the needle valve. If the temperature differential
begins to go above 4◦F (outlet pipe too warm), the pressure in the
capillary tube and the area above the operating diaphragm will in-
crease, pushing this diaphragm against the operating pins to open the
needle valve further, admitting more refrigerant to the evaporator.

The equalizer line permits the suction-throttle-valve-outlet pres-
sure to be imposed on the expansion valve diaphragm, thus over-
riding its normal control of liquid refrigerant. As the compressor
capacity becomes greater than the evaporator load, the drop in com-
pressor suction-line pressure forces the expansion valve to flood
liquid through the evaporator and the suction-throttle valve,
thus preventing the suction pressure from dropping below a
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predetermined pressure. The equalizer line is used primarily to pre-
vent prolonged and constant operation of the compressor in vac-
uum conditions. This operation is considered undesirable because
of the noise angle and the possibility of subjecting the compressor
to reduced oil return. Second considerations for having the external
equalized expansion valve are to maintain a full evaporator dur-
ing throttling and guard against noncondensables from entering the
system, especially through loosened fittings.

Evaporators
The purpose of the evaporator core is to cool and dehumidify the air
flowing through it when the air conditioner is in operation. High-
pressure liquid refrigerant flows through the orifice in the thermo-
static expansion valve into the low-pressure area of the evaporator.
This regulated flow of refrigerant boils immediately. Heat from the
core surface is lost to the boiling and vaporizing refrigerant, which
is cooler than the core, thereby cooling the core. The air passing
over the evaporator loses its heat to the cooler surface of the core.
Moisture in the air condenses on the outside surface of the evapo-
rator core and is drained off when the process of heat loss from the
air to the evaporator-core surface takes place.

Since Freon-12 will boil at −21.7◦F at atmospheric pressure, and
since water freezes at 32◦F, it becomes obvious that the temperature
in the evaporator must be controlled so that the water collecting on
the core surface will not freeze in the fins of the core and block off the
air passages. To control the temperature, it is necessary to control
the amount of refrigerant entering the core and the pressure inside
the evaporator. To obtain maximum cooling, the refrigerant must
remain in the core long enough to completely vaporize and then
superheat to a minimum of 4◦F. If too much or too little refrigerant
is present in the core, maximum-cooling efficiency is lost. A ther-
mostatic expansion valve in conjunction with the suction-throttling
valve is used to provide this necessary refrigerant-volume control.

Solenoid Control
In early automobile air-conditioning systems, a solenoid bypass ar-
rangement (see Figure 14-6) was used for maintaining comfortable
interior temperatures. As noted in Figure 14-6, this system consisted
of connecting a solenoid valve into the system between the condenser
and the suction line. When the valve is open, hot gas leaves the
condenser and travels through the valve into the suction line, thus
nullifying the compression effect of the compressor. The solenoid
units were controlled initially by a manually operated toggle
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switch, but subsequently a thermostat was placed in the return air-
stream to provide automatic on-and-off control.

CONDENSER

COMPRESSOR

SOLENOID
VALVE RECEIVER

THERMOSTATIC
EXPANSION VALVE

AIR FLOW

THERMOSTAT

EVAPORATOR

Figure 14-6 Refrigerant circuit showing a solenoid hot-gas bypass-
control system used on early automobile air-conditioning systems.

A later development brought about the installation of a bypass
valve in the system. This application is the same as the solenoid valve,
with one exception: An automatic valve provides a modulating
control. As the suction pressure is lowered because of increased
compressor speed, the bypass valve opens at its setting and bypasses
a certain portion of the hot gas back into the suction line. The higher
the speed of the compressor, the wider the valve opens in an attempt
to maintain constant suction pressures.

This bypass system is still used in many cars today. In a current
refinement of this system, an operating cam is installed on the valve
and connected with a wire so that the operator may adjust this valve
to control the automobile interior temperature. The bypass system is
based on constant compressor operation as long as the automobile
engine is running. This situation has proven objectionable to car
owners.

Magnetic-Clutch Control
The pulley assembly contains an electrically controlled magnetic
clutch, permitting the compressor to operate only when air condi-
tioning is actually desired. When the compressor clutch is not en-
gaged, the compressor shaft does not rotate. The pulley is, however,
being rotated by the belt from the engine. The clutch armature plate,
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which is a movable member of the drive-plate assembly, is attached
to the drive hub through driver springs and riveted to both driver
and armature plate. The hub of this assembly is pressed over the
compressor shaft and aligned with a square drive key located in the
keyway on the compressor shaft. The pulley assembly consists of
three units: pulley rim, power-element ring, and pulley hub.

A frictional material is molded between the hub and rim of the
pulley, which together make up the magnetic-clutch assembly. A
power-element rim is embedded in the forward face of the molded
material that houses the electrical coils and components that make
up the electromagnet circuit. When air-conditioner controls are set
for cooling, current flows through the coils, creating a magnetic
force that draws the armature plate forward to make contact with
the pulley. This action magnetically locks the armature plate and the
pulley together as one unit to start compressor operation.

Figure 14-7 shows a typical magnetic clutch assembly. Applica-
tion of a thermostat to the return air in the evaporator provides an
off-on cycle. Under extreme conditions, the rapid heat gain of the
average automobile interior causes the clutch to cycle quite often,
occasionally several times a minute.

COIL &
HOUSING ASSEM.

PULLEY BEARING

RETAINER RING RETAINER WIRE RETAINER RING

ARMATURE
PLATE

KEY

RETAINER 

SPACER

NUT

DRIVE PLATE ASSY.

Figure 14-7 Typical magnetic-clutch assembly used on an automobile
air-conditioner compressor. (Courtesy General Motors Corporation.)

Suction-Throttle Control
Some of the latest automobile air-conditioning systems incorporate
an evaporating regulating valve with the inlet connected to the evap-
orator outlet, and the outlet connected to the compressor suction
port. A valve of this type (usually termed a suction-throttle valve) is
shown in Figure 14-8. It consists essentially of a valve body, piston,
piston diaphragm, control spring, diaphragm cover, diaphragm cap,
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EVAPORATOR PRESSURE
SERVICE VALVE

VACUUM
DIAPHRAGM

DIAPHRAGM

BUMPER

WASHER

ACTUATING
PIN

COVER

PISTON

FROM
EVAPORATOR
OUTLET

SCREEN

RETAINERRETAINER
CUP

LOCK NUT

SPRING

O-RING
SEAL

TO COMPRESSOR SUCTION

To junction block
(evaporator bleed line,
and its check valve and
the expansion valve
equalizer line attached
to junction block)

Figure 14-8 Typical suction-throttle valve. (Courtesy General Motors Corporation.)

and vacuum diaphragm. The suction-throttle valve controls the
evaporator pressure and evaporator outlet temperature. The inside
of the piston is hollow and is open to the piston diaphragm through
small holes in the end of the piston. Located in the lower extremity
of the piston is a fine mesh screen held in place by a retainer. The
purpose of this screen is to prevent any foreign particles from en-
tering the piston and lodging in the holes drilled in the piston
walls.

The piston diaphragm is held in position by the piston on the front
side and by a retainer cup and spring on the rear side. The vacuum-
diaphragm actuating pin fits in the end of the cup. The body of
the vacuum diaphragm threads into the valve covers. It determines
the amount of spring tension on the cup. The vacuum diaphragm
is locked to the cover after it has been set by a locknut. A vacuum
connection on the vacuum diaphragm housing is connected to the
vacuum modulator on the instrument panel by a small hose. When
a vacuum is present on the diaphragm, it is pulled toward the piston
and this adds spring pressure to the piston diaphragm.

The flow of the low-pressure vapor from the evaporator to the
compressor is determined and controlled by the position of the pis-
ton in the valve body of the suction-throttle valve. The position of the
piston in the body is determined by the balance of the forces that
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are applied to the piston diaphragm. These forces consist of the
refrigerant-vapor pressure returning from the evaporator, on one
side, and the spring tension plus the force of the actuating pin if
vacuum is present at the vacuum diaphragm, on the other side.
Movement of the piston permits vapor to pass by scallops in the
piston skirt and then on to the compressor inlet.

During the time that maximum cooling is being produced, the
suction throttle-valve vacuum diaphragm does not have engine vac-
uum applied to it. The full flow of low-pressure refrigerant vapor is
being returned to the compressor to permit it to exert its full capac-
ity on the evaporator and produce maximum cooling. Under most
all operating conditions, the suction-throttle-valve inlet and outlet
pressures will not be the same because there will be some throttling
to prevent evaporator icing.

When the operator wants to raise the temperature within the
car, the controls are changed to apply engine vacuum to the vacuum
diaphragm. This checks (or throttles) the flow of low-pressure vapor
returning to the compressor, resulting in a higher pressure to be
maintained in the evaporator assembly. The suction-throttle-valve-
outlet pressure will also increase, but the differential between inlet
and outlet will be much greater than when the suction-throttle valve
is at maximum cooling.

Air Distribution
The air is introduced in the car by various outlets, depending upon
the various types and models. The air-conditioner distribution sys-
tem also varies, but is entirely separate from the car-heater distri-
bution system. The air-conditioner distribution ducts are usually
located forward of the car-heater ducts, with one end positioned
against the evaporator housing.

Air-Conditioner Control System
The operator controls the unit through switches located on the in-
strument panel or on the evaporator case, depending upon the instal-
lation procedure. (Follow the manufacturer’s instructions for proper
operation.)

Service and Maintenance
Since automobile air conditioners do not differ in any important
respect from home air conditioners insofar as the refrigeration cy-
cle is concerned, such common procedures as charging, leak detec-
tion, compressor testing, and other standard refrigeration service
operations will not be discussed in this chapter. Only servicing and
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troubleshooting problems peculiar to automobile air conditioning
will be treated.

Insufficient or No Cooling
In a system incorporating a magnetic clutch and thermostatic switch,
the first check is to make certain that the compressor is running. The
electrical system should also be checked. The condition and tension
of the belt should be checked. In fact, correct tension on the belt is
one of the most important service checks to be made. The tremen-
dous load and high speed of these belts mean they must be kept very
tight. Deflection of the belt between pulleys should not be more than
1/4 inch. If a belt is replaced, this deflection should be checked after
about a half-hour running period, and tightened again if necessary.

Air Output Not Normal
When it has been determined that the compressor is operating prop-
erly, blowers should be checked to make certain they are delivering
air. The blower control should be set at high. The temperature-
control level (if there is one) should be set at maximum cooling.
Insufficient discharge of air indicates an obstruction in the evapora-
tor or electrical problems with the blower motor.

Air Output Normal
If actual air delivery at the discharge grill is about normal (around
300 ft3/min), the next check is the position of the bypass dampers. It
is a well-known fact that the condensation of the refrigerant depends
upon air passing over the condenser as the automobile travels on the
road. To simulate this condition in the shop, a large fan should be
placed in front of the car. Head-pressure readings will vary some-
what with ambient air temperatures. A fast idle (about 1500 rpm)
and an ambient temperature of 75◦F should indicate head pressures
from 100 psig to 130 psig. For every 10◦F increase in the ambient-
air temperature, an increase of about 20 psig will occur. Extreme
ambient temperatures (such as 110◦F or higher) may send the pres-
sure as high as 300 psig. Extreme head pressure could indicate the
presence of dirt, air, or debris in the system.

Complete removal of air from the refrigerating system is essential
for two reasons:
� To prevent excessive head pressures when air volume over the

condenser is low.
� To prevent decomposition of the oil, which is accelerated by

the normally higher operating temperatures encountered in
these systems.
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Sometimes an inexperienced person services the air-conditioning
system and overcharges it, causing a high head pressure.

Checking Suction Pressures
Suction pressures normally run about 16 psig to 25 psig at 75◦F.
Any wide variation from these pressures indicates the usual service
problems resulting from this condition. Abnormally high suction
pressures indicate wide-open expansion valves, a loose feeler bulb,
or leaky compressor valves. Valve plates usually can be replaced on
these compressors. The normal refrigeration procedures for check-
ing compressor operation and maintenance are recommended.

Checking Control Systems
Systems equipped with the evaporator-regulator bypass-valve type
of controls or the expansion valve should present no difficult prob-
lems to qualified service technician. Special features of these valves
may dictate variations from normal refrigeration service practice.

Air Distribution
If an air-conditioning distribution system is not functioning prop-
erly, first check the vacuum-hose connections, control cable, and
vacuum-switch adjustments. If the controls and cables operate prop-
erly, check for vacuum at valve diaphragms, proper functioning of
vacuum switches, and correct position of air valves. If the airflow
changes or shuts off when the car is accelerating, check for a faulty
valve at the intake manifold. If there is no vacuum to the suction-
throttle valve when the cool switch is on, then check for a discon-
nected vacuum hose at the vacuum modulator.

Defective Compressor
Compressor malfunctioning will appear in one of four ways: noise,
seizure, leakage, or low discharge pressures. Resonant compressor
noises are no cause for excessive alarm, but irregular noises or rat-
tles are likely to indicate broken parts. Seizure will be indicated
by the failure of the compressor to operate if the clutch is in good
operating condition and there is no break in the electrical system.
Figure 14-9 shows a wiring diagram of a typical automobile air con-
ditioner. Continued operation of a partially seized compressor will
result in damage to the clutch. To check for seizure, de-energize the
clutch and attempt to rotate the compressor by using a wrench on
the compressor shaft. If the shaft will not turn, the compressor is
seized.

Leakage of compressor refrigerant may be detected through rou-
tine leak detection. Low discharge pressures may also be caused by
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MAGNETIC CLUTCH

CLUTCH AND BLOWER
CONTROL SWITCH

 BLOWER MOTOR

EVAPORATOR COILS

CONTROL
SWITCHES

AIR TEMPERATURE
CONTROL SWITCH

IGNITION
SWITCH

COMPRESSOR

ACC. TERM

FUSE

Figure 14-9 Electrical circuit in a typical automobile air conditioner.

insufficient refrigerant or a restriction elsewhere in the system. These
should be checked out prior to compressor servicing.

Compressor Clutch
If the compressor is inoperative, the electrical lead to the clutch
should be checked first. If there is current to the clutch, and the
compressor is not seized, the clutch is defective and should be
repaired.

Condenser
There are two types of possible condenser malfunctions. The con-
denser may leak, resulting in loss of refrigeration and low system
pressure. The condenser may also have a restriction, resulting in
excessive compressor-discharge pressures and inadequate cooling.
If a restriction occurs and some refrigerant passes the restriction,
icing or frost may occur on the external surface of the condenser in
the area of the restriction. If the airflow through the condenser is
restricted or blocked, high discharge pressures will result. It is im-
portant that the external fins of the condenser and radiator core are
not plugged with bugs, dirt, or the like.

Thermostatic Expansion Valve
If malfunction of the valve is suspected, ensure that the power ele-
ment bulb is in proper position, securely attached, and well insulated
from the outside air temperatures. If the thermostatic expansion
valve fails, it usually fails in the power element and the valve remains
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closed. This will be indicated by low high-side or discharge pressure.
The inlet screen could be plugged. The screen can be cleaned with
liquid refrigerant.

Evaporator
Dirt or other foreign matter on the core surface or in the evaporator
housing will restrict the airflow. A cracked or broken housing can
result in leakage of cold air, as well as insufficient air or warm air
being delivered to the passenger compartment.

Refrigerant Lines
Restrictions in the refrigerant lines may be indicated as follows:

� High-pressure liquid line (low head pressure, no cooling).
� Suction line (low suction pressure, low head pressure, little or

no cooling).
� Discharge line (compressor blow off).
� Receiver-drier (Leakage of refrigerant indicates a defective

unit. This cannot easily be checked, but if the system has been
exposed to outside air for a considerable length of time, the
unit should be replaced).

Restrictions in the receiver-drier can also cause system malfunc-
tion. If the inlet tube is blocked, it is likely to result in high head
pressure. If the outlet tube is blocked, head pressure is likely to be
low and there will be little or no cooling.

Suction-Throttle Valve
If the suction-throttle valve is defective, it may cause evaporator
pressure to be too high (air-outlet temperature too warm), or it
could cause the evaporator pressure to be too low (air-outlet tem-
perature too cold, which may cause icing of the evaporator core).
If the vacuum diaphragm of the suction-throttle valve is defective,
there would be no means to change (increase) the air-outlet tem-
perature. Refrigerant leakage of the suction-throttle valve may be
detected through routine leak detection.

Before servicing the suction-throttle valve, it should be deter-
mined that it is actually the cause of the complaint. If evaporator
pressure remains too high when checking and adjusting the suction-
throttle valve, the low-pressure gage line should be attached to the
valve located on the compressor-suction line. If the compressor-
suction pressure is also too high, the compressor or possibly the
thermostatic expansion valve may be the cause of the trouble.
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Use of Receiver Sight Glass for Diagnosis
A clear sight glass will indicate a properly charged refrigeration
system. The occurrence of slow moving gas bubbles or a broken
column of refrigerant for momentary periods during normal opera-
tion should not be considered an indication of refrigerant shortage
if the sight glass is generally clear and performance is satisfactory.
The tendency of the sight glass to indicate refrigerant shortage when
the system is under light load should be considered.

If the sight glass consistently shows foaming or a broken liquid
column, it should be observed after partially blocking the air to
the condenser. If, under this condition, the sight glass clears and the
performance is otherwise satisfactory, the charge shall be considered
adequate. In all instances where the indication of refrigerant short-
age continues, additional refrigerant should be added in 1/4-pound
increments until the sight glass is clear. An additional charge of 1/2
pound should be added as a reserve. In no case should the system
be overcharged.

Installation Procedure
Two installation methods for automobile air conditioning are fac-
tory installation and universal-type installation. Factory-installed
air conditioners are furnished with the automobiles, usually with
instructions for proper maintenance and operation. In such instal-
lations, several methods are used on evaporator assemblies. Many
such installations combine the heating system with the cooling sys-
tem, as shown in Figure 14-10, with the evaporator coil and heater
core located in the same enclosure. One significant service prob-
lem that should be pointed out here is the function of the bypass
dampers.

A common complaint of no cooling is corrected by proper ad-
justment of the bypass dampers, which, in many installations, are
controlled by cables that operate dampers to furnish outside or re-
circulated air. These control cables are connected to a control panel
in such a way that the combined functions are accomplished or con-
trolled through a single lever. Figure 14-11 shows a more recent
refinement in damper controls. Here, vacuum actuators are used
with pushbutton control. Installations of this sort mean that service
technicians must thoroughly acquaint themselves with the basic op-
erating principle governing this type of control. These controls are
similar in many respects to the controls used in pneumatic-controlled
air-conditioning systems.

The evaporator housings resemble the old-fashioned automobile
heaters that were suspended under the dash. This construction,
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EVAPORATOR
(COOLING COILS)

BLEND-AIR
VALVE

BLOWER

FROM GRILL
OPENING

AIR OUTLETS
INTO PASSENGER
COMPARTMENT

HEATER CORE

T-VALVE

LOWER
LEVEL
AT OFF

POSITION

LOWER LEVEL
AT HEAT POSITION

OPENING FROM
PASSENGER

COMPARTMENT

BLOWER INLET
AIR VALVE

Figure 14-10 Schematic diagram showing heating- and cooling-coil
arrangements.

DISTRIBUTION
DUCT

TEMPERATURE
CONTROL LEVER

PUSH
BUTTON

CONTROL

SPOT
COOLER

EVAPORATOR

FRESH AIR
INLET DOOR RECIRCULATING

DOOR

BYPASS DOOR

VACUUM
ACTUATOR

VACUUM
ACTUATOR

VACUUM ACTUATORS

TEMPERATURE
CONTROL VALVE

HEATER
CORE

BLOWER

DAMPER

TEMPERATURE CONTROL CABLE TO
TEMPERATURE CONTROL VALVE

FLOOR LEVEL OUTLETS
CABLE KNOB

Figure 14-11 Typical damper-control assembly showing vacuum
actuators with pushbutton controls.
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popular with independent automotive air-conditioner manufactur-
ers, simplifies installation. Its operating characteristics are the same
as factory-installed units. Figure 14-12 shows a typical automotive
air-conditioning-system condenser, which is usually located in front
of the radiator. Circulation of air over the condenser depends upon
either ram air (resulting from the forward movement of the car), or
from air drawn across the unit by the engine fan.

CONDENSERAUTOMOBILE'S
RADIATOR

SIGHT
GLASS

RECEIVER
DEHYDRATOR

Figure 14-12 Condenser and receiver installation in a typical auto-
mobile air-conditioner system.

It is interesting to note that head pressures vary on the high-
way when the car travels with or against the wind. When traveling
downwind, heat pressure usually runs 10 to 15 pounds higher than
when traveling against the wind. Most road tests, however, have
proven that the condenser does not materially affect temperature of
the car engine. One major problem encountered is the head pres-
sure increasing substantially when the engine is left idling (such as
in slow-moving or stalled traffic). Normally, air circulation over the
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condenser is supplied by the forward movement of the car. At high
speeds, the ram effect of this air does an adequate job of cooling the
condenser. At more moderate speeds, the fan draws sufficient air
over the condenser to keep head pressures normal, but when the car
is stalled or is traveling very slowly, air volume is not sufficient to
keep head pressures within operating limits. Some systems provide
a fast-idling control, which increases the engine speed sufficiently to
supply air over the condenser.

Location of the condenser in front of the car contributes to accu-
mulation of dirt and debris on the finned surface. Recently developed
service tools for effectively cleaning finned surfaces are available.
Also shown in Figure 14-12 is the system receiver. An innovation
is encountered here through the frequent practice of placing a drier
core within the receiver, thus resulting in a combination receiver-
drier unit. This construction may pose a question to some service
technicians: With the drier located within the receiver, how can this
component be replaced?

Since present automobile air-conditioning systems make no pro-
vision to pump down the unit, there is no need for a liquid-line valve.
The only valves available are the suction and discharge service valves
at the compressor. This simply means that if any service operation
is required away from the compressor itself, the refrigerant must be
removed from the system. The drier cartridge inside the receiver also
usually provides a filter. Many times this is the only filter or screen
in the system since the expansion valve is not always equipped with
a screen. This fact makes such a filter vital to system operation.

Troubleshooting Guide
The troubleshooting guide shown in Table 14-1 lists the most com-
mon operating faults along with possible causes and suggested
checks and correction for each. This guide is intended to provide
a quick reference to the cause and correction of a specific fault.

Summary
The automobile air-conditioning system is no different from any
other type of air-conditioning system. The major components are
the same.

The two temperature controls most frequently used on automo-
bile air-conditioning systems are the magnetic clutch (operated by
electricity) and the refrigerant-flow control.

Today all automobile air-conditioner compressors are driven by
a belt from the engine crankshaft. The compressor speed varies with
the speed of the automobile engine.
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Air-conditioning condensers are similar to the ordinary automo-
bile radiator, but are designed to withstand much higher pressures.
They are normally mounted in front of the car radiator.

The function of the thermostatic expansion valve is to automat-
ically regulate the flow of liquid refrigerant into the evaporator
in accordance with the requirements of the evaporator. The tem-
perature of the air passing over the evaporator core determines
the amount of refrigerant that will enter and pass through the
evaporator.

When the compressor clutch is not engaged, the compressor shaft
will not rotate. However, the pulley is being rotated by the belt from
the crankshaft pulley. The clutch is engaged when the electric sole-
noid of the magnetic clutch is energized. This causes the mag-
netic properties of the clutch assembly to attract the pulley section
and cause it to engage the section that connects to the compressor
shaft.

Some recent automobile air-conditioning systems incorporate
an evaporating regulating valve with the inlet connected to the
evaporator outlet, and the outlet connected to the compres-
sor suction port. This type of valve is called a suction-throttle
valve.

Review Questions
1. How does the automobile air-conditioning system differ

from the air conditioner sticking out of the living-room
window?

2. How does the automobile air-conditioning system operate?
3. Why are automobile compressors different from those used in

the home air-conditioning unit?
4. Where is the condenser located on an automobile to take ad-

vantage of airflow?
5. What is the difference between the solenoid hot-gas bypass-

control system and the older solenoid-control system?
6. Explain the difference between the magnetic clutch and the

suction-throttle control.
7. What does abnormally high suction pressure indicate on an

automobile air-conditioning system?
8. What are four ways that the compressor system indicates mal-

functioning?
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9. What are the two possible condenser malfunctions?
10. What trouble does a defective suction valve cause to an air-

conditioning system?
11. What are the two methods of acquiring automobile air condi-

tioning?
12. Why is the receiver filter so important in an automobile air-

conditioning system?
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Chapter 15
Motors and Motor Controls
The electric motor is the prime mover in most air-conditioning
applications. The type of motor used for a particular condensing
unit depends on the following essential factors:

� Power source (whether direct or alternating current)
� Voltage and frequency of current
� Voltage regulation
� Phases (whether single- or three-phase)

In selecting a motor for a particular application, the first consid-
eration should be the available power source. Since 60-Hertz alter-
nating current (AC) is available in most locations throughout the
country, a satisfactory performance usually can be obtained by em-
ploying AC motors with accompanying controls. In locations where
only direct current (DC) is available, shunt and compound-wound
motors with suitable controllers may be employed. Series-wound
DC motors, however, are not suitable for compressor drive because
of their special speed characteristics.

Motor Voltage
As noted previously, the power source in practically all locations
is alternating current. Isolated plants usually generate direct cur-
rent for small loads in confined areas. The conventional three-phase
AC system is normally used for operation of large motors, whereas
single-phase AC is used for motors having fractional-horsepower
ratings. Standard conditions of voltage and frequency are the values
listed on the motor nameplate.

Alternating current motors may be divided into a couple of classi-
fications (depending on power supply and winding types): polyphase
and single-phase. Where polyphase power is available, it is usu-
ally more economical to use polyphase motors instead of single-
phase motors because of their higher efficiency and higher power
factor. Single-phase motors are universally employed in fractional-
horsepower sizes and in portable and central air-conditioning sys-
tems for homes and small industrial plants.

Polyphase Motors
Polyphase motors are classified according to winding methods as
follows:

399
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� Squirrel-cage induction
� Wound-rotor induction
� Synchronous

Squirrel Cage Motors
The squirrel cage motor derives its name from the fact that the rotor
(or secondary) resembles the wheel of a squirrel cage. Its universal
use lies in its mechanical simplicity, ruggedness, and the fact that
it can be manufactured with characteristics to suit most industrial
requirements. In a squirrel cage motor, the stator (or primary) con-
sists of a laminated sheet-steel core with slots in which the insulated
coils are placed. The coils are so grouped and connected as to form
a definite polar area, which produces a rotating magnetic field when
connected to a polyphase AC circuit.

The rotor (or secondary) is also constructed of steel laminations,
but the windings consist of conductor bars placed approximately
parallel to the shaft and close to the rotor surface. These windings
are short-circuited or connected together at each end of the rotor
by a solid ring. The rotors of large motors have bars and rings of
copper connected together at each end by a conducting end ring
made of copper or brass. The joints between the bars and end rings
are electrically welded into one unit with blowers mounted on each
end of the rotor. In small squirrel cage rotors, the bars, end rings,
and blowers are aluminum-cast in one piece instead of being welded
together.

Squirrel cage motors are classified by the National Electrical
Manufacturers’ Association (NEMA) according to their electrical
characteristics as follows:

� Class A—Normal torque, normal starting current
� Class B—Normal torque, low starting current
� Class C—High torque, low starting current
� Class D—High slip

Class-A Motors
Class-A motors are the most popular of all types, employing a squir-
rel cage winding as well as having relatively low resistance and re-
actance. These motors have a normal starting torque and low slip
at the rated load, and may have sufficiently high starting current to
require a compensator or resistance starter for motors above 71/2
horsepower in most cases.
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Class-B Motors
These motors are built to develop normal starting torque with rel-
atively low starting current, and they can be started at full voltage.
The low starting current is obtained by the design of the motor to
include inherently high reactance. The combined effect of induction
and frequency on the current is termed inductive reactance. The slip
at rated loads is relatively low.

Class-C Motors
These motors are usually equipped with a double squirrel cage wind-
ing and combine high starting torque with a low starting current.
These motors can be started at full voltage. The low starting current
is obtained by design of motors to include inherently high reactance.
The slip at rated load is relatively low.

Class-D Motors
Class-D motors are provided with a high-resistance squirrel cage
winding, giving the motor a high starting torque, low starting cur-
rent, high slip (15 to 20 percent) and low efficiency.

Comparing the Classes
As noted in the preceding classifications, Class-A motors provide
normal starting torque at starting currents in excess of Class B
motors and are suitable for constant-speed application to equip-
ment such as fans and blowers. Class-C motors provide high start-
ing torque. The high torque comes with low starting current (same
as Class B). They are used in compressor applications where they
are started without unloaders and on reciprocating pumps. Class-D
motors have a high slip and are usually provided with flywheels.
They are used mainly on reciprocating compressors and pumps.
Figure 15-1 shows the construction of Class A, B, C, and D motors.
Figure 15-2 depicts a squirrel cage induction motor.

Wound-Rotor Motors
In the squirrel cage motors described previously, the rotor winding
is practically self-contained and is not connected either mechani-
cally or electrically with the outside power source or control cir-
cuit. It consists of a number of straight bars uniformly distributed
around the periphery of the rotor and short-circuited at both ends
by end rings to which they are integrally joined. Since the rotor, bars,
and end-rings have fixed resistance, such characteristics as starting
and pullout torques, rate of acceleration, and full-load operating
speed cannot be changed for a given motor installation.
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LOW RESISTANCE
WINDING

HIGH USEFUL
FLUX

LOW LEAKAGE
FLUX

HIGH RESISTANCE
WINDING

MEDIUM USEFUL
FLUX

HIGH
LEAKAGE

FLUX

LOW
LEAKAGE

FLUX

HIGH LEAKAGE
FLUX

MEDIUM USEFUL
FLUX

HIGH USEFUL
FLUX

(A) Class A.

(B) Class B.

(C) Class C.

(D) Class D.

Figure 15-1 Squirrel cage rotor construction for Class A, B, C, and
D motors, respectively.
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Figure 15-2 Sectional view of totally enclosed fan-cooled squirrel cage
induction motor. (Courtesy General Electric Company.)

In wound-rotor motors, the rotor winding consists of insulated
coils of wire, not permanently short-circuited (as in the case of the
squirrel-cage rotors), but connected in regular succession to form a
definite polar area having the same number of poles as the stator.
The ends of these rotor windings are brought out to collector rings,
or slip rings, as they are commonly termed (see Figure 15-3).

By varying the amount of resistance in the rotor circuit, a cor-
responding variation in the motor characteristics can be obtained.
Thus, by inserting a high external resistance in the rotor circuit at
starting, a high starting torque can be developed with a low starting
current. As the motor accelerates, the resistance is gradually cut out
until, at full speed, the resistance is entirely cut out and the rotor
windings are short-circuited.

The wound-rotor motor is used in applications requiring a high
starting torque at a comparatively low starting current. Thus, the
wound-rotor motor has found its use in cranes, hoists, and elevators
that are operated intermittently and not over long periods. Exact
speed regulation and loss in efficiency are of little consequence. If,
however, lower speed is required over longer periods, poor speed
regulation and loss in efficiency may become prohibitive.

Synchronous Motors
Synchronous motors are of the constant-speed type and are seldom
used in the field of residence air conditioning. Their use is normally
limited to large compressors, pumps, and blowers where efficiency,
economy, and power-factor control are important.
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Figure 15-3 Typical wound-rotor induction motor (rotor removed
showing construction). (Courtesy Mueller Brass Company.)

A synchronous motor may have either a revolving armature or
a revolving field, although most are of the revolving-field type. The
stationary armature is attached to the stator frame, while the field
magnets are attached to a frame that revolves with the shaft. The
field coils are excited by direct current, either from a small DC gen-
erator (usually mounted on the same shaft as the motor) called an
exciter, or from some other DC source. The speed of the synchronous
motor is determined by the frequency of the supply current and num-
ber of poles in the motor. Thus, the operating speed is constant for
a given frequency and number of poles. Some motors are required
to operate at more than one speed but are constant-speed machines
at a particular operating speed. When a speed ratio of 2:1, for ex-
ample, is required, a single-frame, two-speed, synchronous motor
may be suitable. Four-speed motors are used when two speeds not
in the ratio of 2:1 are desired. Figure 15-4 shows stators and rotors
of various low-speed synchronous motors.
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Figure 15-4 Stators and rotors of three low-speed synchronous mo-
tors. (Courtesy Crocker-Wheeler Corporation.)

The single-frame, two-speed motor is usually of salient-pole con-
struction, with the number of poles corresponding to the low speed.
High speed is obtained by regrouping the poles to obtain two ad-
jacent poles of the same polarity, followed by two poles of oppo-
site polarity, which gives the effect of reducing the number of poles
on the rotor by one-half for high-speed operation. Corresponding
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changes in the stator connections are also made. This switching is
usually accomplished automatically by means of magnetic starting,
or manually operated pole-changing equipment may be used.

Single-Phase Motors
Single-phase induction motors are provided with auxiliary windings
or other devices for starting and are used on all types of home ap-
pliances. They are also made for a great variety of domestic and in-
dustrial applications in sizes up to about 5 horsepower. Single-phase
motors are classified according to their construction and method of
starting as follows:

� Split-phase
� Capacitor-start
� Two-valve capacitor
� Permanent split-capacitor
� Repulsion induction
� Repulsion-start induction

Split-Phase Motors
The split-phase motor consists essentially of a squirrel cage rotor,
two stator windings, a main winding, and an auxiliary or start wind-
ing (see Figure 15-5). The main winding is connected across the
supply lines in the usual manner and has a low resistance and a
high inductance. The start or auxiliary winding (which is physically

FRONT END
PLATE STATOR

ROTOR

CENTRIFUGAL 
SWITCH

REAR END
PLATE

Figure 15-5 Disassembled view of a typical single-phase induction
motor.
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POTENTIAL
RELAY

STARTING
WINDING

MAIN
WINDING

S C R

LINE

Figure 15-6 Schematic di-
agram that shows connec-
tions of a typical split-phase
induction motor with asso-
ciated potential relay whose
function is to disconnect
start windings when operat-
ing speed has been reached.

displaced in the stator from the main
winding) has a high resistance and
a low inductance. This physical dis-
placement, in addition to the electrical
phase displacement produced by the
relative electrical resistance values in
the two windings, produces a weak ro-
tating field that is sufficient to provide
a low starting torque.

After the motor has accelerated
to 75 or 80 percent of its syn-
chronous speed, a starting relay opens
its contacts to disconnect the start-
ing winding (Figures 15-6 and 15-7).
The function of the starting relay is
to prevent the motor from drawing
excessive current from the line and
protect the start winding from damage
caused by heating. The motor may be started in either direction by
reversing either the main or the auxiliary winding. The split-phase
motor is most commonly used in sizes ranging from 1/30 to 1/2 horse-
power for fans, business machines, automatic musical instruments,
buffing machines, grinders, and numerous other applications.

Capacitor-Start Motors
The capacitor-start motor is another form of a split-phase motor,
but has a capacitor connected in series with the auxiliary winding.

STARTING
WINDING

MAIN
WINDING

CURRENT
RELAY

S C R

LINE

Figure 15-7 Schematic di-
agram of a typical split-
phase induction motor with
a current-type relay to dis-
connect the start winding at
approximately 85 percent of
rated speed.

The auxiliary circuit is opened when
the motor has attained a predeter-
mined speed. The rotor is of the squir-
rel cage type, as in other split-phase
motors. The main winding is con-
nected directly across the line, while
the auxiliary or starting winding is
connected through a capacitor, which
may be connected into the circuit
through a transformer with suitably
designed windings. The two windings
will be approximately 90◦ apart elec-
trically. Capacitor-start motors have a
comparatively high starting torque ac-
companied by a high power factor and
are used in fractional-horsepower sizes
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STARTING
WINDING

MAIN
WINDING
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LINE

Figure 15-8 Capacitor-
start, split-phase induction
motor with potential relay.

STARTING
CAPACITOR

STARTING
WINDING

MAIN
WINDING

CURRENT
RELAY

S C R

LINE

Figure 15-9 Capacitor-
start, split-phase induction
motor with current-type
relay.

POTENTIAL
RELAY

STARTING
CAPACITOR

RUNNING
CAPACITOR

STARTING
WINDING

MAIN
WINDING

S C R

LINE

Figure 15-10 Two-valve,
capacitor-start, split-phase
induction motor with poten-
tial relay.

for constant-speed drive on fans,
blowers, and centrifugal pumps. Fig-
ure 15-8 and Figure 15-9 show
capacitor-start, split-phase induction
motors.

Two-Value Capacitor Motors
In the two-value capacitor motor, the
main winding is connected directly
to the power supply and the aux-
iliary winding is permanently con-
nected in series with a run capacitor
(see Figure 15-10). The run capacitor
provides high efficiency at normal
speed. The start capacitor gives high
starting ability and is cut out of the
circuit by a centrifugal switch after
the motor has attained a predeter-
mined speed (usually about 80 percent
of its running speed). These motors
develop a high starting torque in the
fractional-horsepower sizes. They are
used on compressors, reciprocating
pumps, and similar equipment that
may start under heavy load.

Permanent Split-Capacitor
Motors
In the permanent split-capacitor mo-
tor, the main winding is connected di-
rectly to the power source and the aux-
iliary winding is connected in series
with a capacitor (see Figure 15-11).
The capacitor and auxiliary winding
remain in the circuit while the motor is
in operation. There are several types of
capacitor motors, differing from one
another mainly in the number and ar-
rangement of capacitors employed.

The running characteristics of the
permanent split-capacitor motor are
extremely favorable, and the torque
is fixed by the amount of additional
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RUNNING
CAPACITOR

STARTING
WINDING

MAIN
WINDING

S C R

LINE

Figure 15-11 Typical per-
manent split-capacitor in-
duction motor.

capacitance added to the auxiliary
winding during the starting period. Its
operation is similar to the capacitor-
start motor, except that the capacitor
remains in the circuit when running.
The motor is ideally suitable for small
fan drives and other appliances where
only a limited amount of starting
torque is required.

Repulsion Induction Motors
Repulsion induction motors are equipped with two rotor windings:
a squirrel cage for running and a wound-rotor winding connected
to a commutator for starting. Both of those rotor windings function
during the entire operation period of the motor. There are no auto-
matic devices (such as the starting switch of the split-phase motor or
the short-circuiting device of the repulsion-start induction motor).

The cage winding is located in slots below those containing the
commutator winding. The slots containing the two windings may
or may not be connected by a narrow slot. Usually there is the same
number of slots in the two windings. However, it is not essential
that they be the same. At full-load speed (which is slightly below
synchronism) the reactance of the cage winding is low and most of
the mutual flux passes beneath the cage winding.

Both windings produce torque, and the output of the motor is the
combined output of the cage winding and the commutated wind-
ing. The repulsion induction motor is especially suitable for house-
hold refrigerators, water systems, garage air pumps, gasoline pumps,
compressors, and similar applications.

Repulsion-Start Induction Motors
The repulsion-start induction motor is similar to the repulsion induc-
tion motor, except that it has only a commutator winding. Motors
of this type are provided with a short-circuit mechanism working
on the centrifugal principle. When nearly synchronous speed is at-
tained, the commutator bars are short-circuited, resulting in a wind-
ing similar to the squirrel cage in its function. Since the motor starts
on the repulsion principle, it has the same starting characteristics
as the repulsion motor described previously (namely, high starting
torque and low starting current).

The repulsion-start induction motor (see Figure 15-12) is suitable
for industrial compressors and similar applications. The efficiency
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110 VOLTS 220 VOLTS

TERMINAL
BLOCK

RESET

BRUSH

SHORT CIRCUIT
NECKLACE

COMMUTATORFIELD WINDING

Top terminal shows connection
to motor windings only.
For proper connection to AC circuit
check voltage source and connect as
indicated on lower terminals.

NOTE:

Figure 15-12 Winding relationship in a single-phase, repulsion-start
induction motor.

and maximum running torque of the repulsion-start, induction mo-
tor is usually less than that of a cage-wound induction motor of
comparative size. In other words, the repulsion-start induction mo-
tor must be larger than cage-wound motors of the same rating to
give the same performance. Repulsion and repulsion-start induc-
tion motors are being used less and less. They are being replaced by
capacitor-start motors, which require less maintenance.
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Capacitors
Capacitors are the devices used on single-phase induction motors
(usually termed capacitor motors) to increase the starting torque and
improve the power factor and efficiency. Capacitors are employed
primarily to displace the phase of the current passing through the
starting winding. The capacity of a capacitor is expressed in micro-
farads (µF) and is dependent on the size and construction of the
capacitor.

The voltage rating of a capacitor indicates the nominal voltage
at which it is designed to operate. There are two types of capacitors
used on single-phase induction motors—start and run—depending
on whether the capacitor is connected in the start or run winding.
The voltage that a capacitor is subjected to is not the line voltage, but
the back electromotive force generated in the start winding. It may
be as high as twice the line voltage, depending on the compressor
speed and winding characteristics. Figure 15-13 shows a typical run
capacitor.

ARROW

RED DOT

DASH

IDENTIFIED TERMINAL

MANUFACTURER
GEN. ELEC

CORNELL DUBILIER
SPRAGUE

MARKING
DOT
DASH

DOT OR ARROW

Figure 15-13 Typical run capacitor.

Capacitors (start or run) can be connected either in series or par-
allel to provide the desired characteristics if the voltage and capac-
itance are properly selected. When two capacitors having the same
microfarad (µF) rating are connected in series, the resulting total ca-
pacitance will be one-half the rated capacitance of a single capacitor.
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The formula for determining capacitance (µF) when capacitors are
connected in series is as follows:

1
µFtotal

= 1
µF1

+ 1
µF2

When capacitors are connected in parallel, their rating is equal
to the sum of their individual capacities, while their voltage rating
is equal to the smallest rating of the individual capacitors.

Example
What is the combined capacity of three capacitors of 7-, 8-, and
9-µF capacity, respectively, when connected in series?

Solution
The formula for series connected capacitors is as follows:

(Using a calculator)

1
CT

= 1
7

+ 1
8

+ 1
9

or,

1
CT

= 0.014285 + 0.125 + 0.011111

1
CT

= 0.037896

or,

CT = 2.6387435 µF

Example
What is the total capacity of four capacitors of 10-, 15-, 25-, and
30-µF capacitance when connected in parallel?

Solution
Since the following is true:

C = C1 + C2 + C3 + C4

substituting numerical values gives the following:

C = 10 + 15 + 25 + 30 = 80µF

The capacitor for capacitor-start motors is an electrolytic type,
and the number of starts and stops per minute is limited. Running
capacitors, however, are generally oil-filled and may stay on the line
continuously.
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AC Motor Controls
Squirrel Cage Motors
The functions of control apparatus for squirrel cage motors are as
follows:

� Starting the motor on full voltage or reduced voltage
� Stopping the motor
� Disconnecting the motor on voltage failure
� Limiting the motor load
� Changing the direction of rotor rotation
� Starting and stopping the motor at fixed points in a given cycle

of operation, at the limit of travel of the load, or when selected
temperature or pressures are reached

Where multispeed motors are involved, the following functions may
be added:

� Changing the speed of rotation (rpm)
� Starting the motor with a definite speed sequence

Control devices that permit motors to be stopped are as follows:

� Under the direction of an operation
� Under the control of a pilot-circuit device (such as a ther-

mostat, pressure regulator, float switch, limit switch, or cam
switch)
� Under the control of protective devices that will disconnect the

motor under detrimental overload conditions or upon failure
of voltage or lost phase (see Figure 15-14)

Starting squirrel cage motors in industrial plants is usually ac-
complished by means of one of the following methods:

� Directly across the line
� Use of autotransformers (compensators)
� By resistance in series with the stator winding
� Use of a step-down transformer

Squirrel cage motors of 5 horsepower or less are generally started
with line switches connecting the motors directly across the line.
The switches are usually equipped with thermal devices that open
the circuit when overloads are carried beyond predetermined values.
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Figure 15-14 Schematic wiring diagram showing the protective de-
vices for a three-phase, squirrel cage compressor motor.

Large motors usually require various voltage-reducing methods of
the type mentioned previously.

All types of squirrel cage motors may be connected directly
across the line provided that the starting currents do not exceed
those permitted by local power regulations. When started in this
manner, a magnetic contactor is usually employed and operated
from a start-stop push button or automatically from a float switch,
thermostat, pressure regulator, or other pilot-circuit control device
(see Figure 15-15).

Wound-Rotor Motors
The wound-rotor motor requires control of both primary and sec-
ondary circuits. Although the control of the primary circuit may
be similar to that of squirrel-cage motors, the secondary control
provides means of starting and speed control by varying the ro-
tor resistance. The functions of controllers used with wound-rotor
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SI

440 V,

DS

FU

120 or 240 V
SEPARATE CONTROL CIRCUIT VOLTAGE

OL

OL

CT

COMPRESSOR
MOTOR

DP

480 V, or 550 V

130 V

240 V

3f 60 Hz

L1 L2 L3

T1 T2 T3

S1IS

# 1
# 2

# 3

COF
440 V 480 V–10 HP & LARGER ONLY

550 V–75 HP & LARGER ONLY

FOR
120 V
240 V

CONTROL VOLTAGE CIRCUIT

CONNECT LEADS #1 & #2
#2 & #3

IS - MAGNETIC STARTER
OL - OVERLOAD RELAY
CT - THERMOSTAT

SUPPLIED ON 15II
AND LARGER ONLY

Figure 15-15 Schematic wiring diagram showing the wiring arrange-
ment for a typical compressor motor with separate control-circuit volt-
age.

motors are as follows:
� To start the motor without damage or undue disturbance to

the motor, driven machine, or power supply
� To stop the motor in a satisfactory manner
� To reverse the motor
� To run the motor at one or more predetermined speeds below

synchronous
� To handle an overhauling load satisfactorily
� To protect the motor

The various types of controllers utilized may be divided into the
following groups, depending on the size and function of the motor:
� Face-plate starters
� Face-plate speed regulators
� Multiswitch starters
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� Drum controllers
� Motor-driven drum controllers
� Magnetic starters

By the use of external resistors in the slip-ring rotor windings, a
wide variation in rotor resistance can be obtained with a resultant
variation in acceleration characteristics. Thus, a heavy load can be
started as slowly as desired, without a jerk, and can be accelerated
smoothly and uniformly to full speed. It is merely a matter of supply-
ing the necessary auxiliary control equipment to insert sufficiently
high resistance at the start and gradually reducing this resistance as
the motor picks up speed. Figure 15-16 shows an automatic con-
trolled starter for wound-rotor motor operation.

Many power companies have established limitations on the
amount of current motors may draw at starting. The purpose is
to reduce voltage fluctuations and prevent flickering of lights. Be-
cause of such limitations, the question of starting current is often the
deciding factor in choosing wound-rotor motors instead of squirrel
cage motors. Wound-rotor motors with proper starting equipment
develop a starting torque equal to 150 percent of full-load current.
This compares very favorably with squirrel cage motors, one type
of which requires a starting current of as much as 600 percent of
full-load current to develop the same starting torque of 150 percent.

This type of motor is suitable where the speed range required is
small, where the speeds desired do not coincide with a synchronous
speed of the line frequency, or where the speed must be gradually
or frequently changed from one value to another. The wound-rotor
motor also gives high starting torque with a low current demand
from the line, but it is not efficient when used for a large proportion
of the time at reduced speed. Power corresponding to the percent
drop in speed is consumed in the external resistance at slow speed
without doing any special work.

Synchronous Motors
To make a synchronous motor self-starting, a squirrel cage winding
is usually placed on the rotor of the machine. After the motor comes
up to the speed that is slightly less than synchronous, the rotor is
energized. When synchronous motors are started, their DC fields are
not excited until the rotor has reached practically full synchronous
speed. The starting torque required to bring the rotor up to this
speed is produced by induction.

In addition to the DC winding on the field of synchronous motors,
they are generally provided with a damper or amortisseur winding.
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LINES
L1 L3 L2 R1

R4 R3

R3 R4

R6

R5

R7 M3

M1

M2

M2

M1

M3

T1

T1

T2

T2

T3

R2

R2

R5R6R7

R1 R1

T3

BACKVIEW CR7022-B4 PANEL

5

5

2
7

LE TC

15

7

TC

98

6
1A

2A
15

15
9

9

7

MOTOR
15

15

9

9

OL 4

3

3
3

2
2

2
3

1

STOP

START

TO UNLOADER
GEAR

CR2943-A200A
PUSH-BUTTON STATION

CONNECTIONS OR CR2811 SWITCH
TO OPERATE UNLOADER

NOMENCLATURE
LE -LINE CONTACTOR

1A, 2A -ACCELERATING CONTACTORS
OL -TEMPERATURE OVERLOAD RELAY (HAND RESET)
TC -TIME-CLOSING CONTACT

CR9740-10 Starting resistor
connect R terminals on

resistor to corresponding
R terminals on panel.

START

STOP

1

1
1

2

2
3

3

If CR2940-2B1 Push-button
station is used, connect
panel as shown.

If switch is used instead
of push-button, connect
as shown above.

Figure 15-16 Wiring diagram showing automatic magnetic remotely
controlled starter for wound-rotor motor operation.

This winding consists of short-circuited bars of brass or copper
joined together at either end by means of end rings and embedded in
slots in the pole faces. This winding is usually termed a squirrel cage
winding and enables the motor to obtain sufficient starting torque
to start under load. The starting torque that is sufficient to bring the
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motor up to synchronous speed is termed the pull-in torque. The
maximum torque that the motor will develop without pulling out
of step is termed the pull-out torque.

Reduced-voltage starting differs from the across-the-line method
in that reduced voltage is first applied to the motor by means of a
transformer (usually an autotransformer). In this method of start-
ing, full voltage is applied only after the motor has reached nearly
synchronous speed.

Reactance-motor starting is similar to reduced-voltage methods,
except that the first step is obtained by reactance in series with the
motor armature instead of by autotransformers. In the reactance
method, more current is required from the line for the same torque
on the first step than when compensators are used. It has an advan-
tage, however, in that no circuit opening is required when the motor
is transferred to running voltage, the transfer being accomplished
by short-circuiting the reactance.

Single-Phase Motor Controls
Single-phase motors are usually controlled by means of line starters
or contactors, which may be either manual or magnetic. The com-
pressor contactor is a switch that is used on both single- and three-
phase units to open or close the power circuit to the compressor.
Unlike a starter, a contactor does not include overload protective
devices. Contactors are used on single-phase systems and on some
three-phase systems. The trend is to eliminate contactor overload
protectors and eventually use only inherent compressor-motor pro-
tective devices on all systems (including both single- and three-phase
units). Under normal operating conditions, the contactor is con-
trolled by the thermostat, although the contactor coil can be de-
energized by the pressure switch or compressor inherent overload
protectors (see Figure 15-17).

The motor starter is a switch that performs the same function
as a contactor, except that it includes (as an integral part) overload
protective devices. These overload protective devices are normally
referred to as heaters because, with abnormal motor amperage, the
device warps from the heat developed by the additional current and
breaks a contact, thereby opening the compressor control circuit.
This, in turn, allows the starter to break its contacts and stop the
compressor.

Overload Protectors
Two types of inherent overload protection are provided on mo-
tor compressors: thermal and combined thermal and current. The
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1f, 60 Hz
208/230 V

120 V
1f,
60 HzDS

DP

IH

IC

SI
IC

IC

VR
VR

DP

IHIH IH

CTRC SCVR SCVR

FU FU
L2 L2

S1

T2 T2T1 T1

L1 L1

COMPRESSOR
MOTOR

COMPRESSOR
MOTOR

DP - DUAL PRESSURE SWITCH
         (OR LOW PRESSURE SWITCH PER APPLICATION)
IH - INHERENT PROTECTOR
VR - START RELAY (POT. TYPE)
SC - START CAPACITOR
RC - RUN CAPACITOR
IS - MAG. STARTER (1/2, 3/4 , TO 1 HP & LARGER ONLY)

OL   - OVERLOAD RELAY
CT   - COMPRESSOR THERMOSTAT
COF - OIL FAILURE SWITCH

(P MODELS ONLY)
FU   - FUSE (DUAL ELEMENT)
IC   - MAGNETIC CONTACTOR
S1      - CONTROL CIRCUIT SWITCH

Figure 15-17 Wiring diagram showing single-phase-capacitor motor
with starting and running protective devices.

thermal type is sensitive to temperature only, whereas the thermal-
and-current type is sensitive to both motor current and temperature.

The current-and-thermal type of overload protector is affected
by both compressor-shell temperature and motor current. This type
of protector is designed to carry full motor current and is, therefore,
wired in the power circuit of the compressor.

Start Relays
Single-phase motor relays are employed to obtain automatic start-
ing. Since it is necessary to provide current through the start winding
under predetermined conditions, there must be an automatic device
for accomplishing this. The device is the start relay. With the current-
type relay, a spring is used to hold the contact points open. When
the motor is inoperative, the contact points are open. As current
starts to flow through the relay and running winding, the holding
coil is energized, thus overcoming the spring tension and closing the
contact points. At this time, current is then also directed through
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the start-capacitor and start winding. As the speed of the motor
increases, the holding-coil current reduces until it reaches the point
where the spring tension overcomes the voltage and opens the con-
tact points. To operate the motor, the run winding remains in the
circuit. Normally, one side of the current coil is connected inside
the relay, and only three external terminals are furnished. However,
when a three-terminal protector is used, both current coil connec-
tions must be made externally, and a relay having four terminals or
wires is used.

With the potential-type relay, the contact points are held closed
by means of spring tension. Therefore, when the motor is not in op-
eration, the contact points are always closed. As the current starts
to flow through the closed contacts of the relay, it is directed im-
mediately through the start- capacitor and start winding, as well
as through the run winding. The voltage in the holding coil (which
is connected across the motor start winding) increases with an in-
crease in speed. As the motor approaches full speed, the holding-coil
voltage overcomes the spring tension and opens the contact points,
thus removing the starting capacitor and starting winding from the
circuit.

Compressor Motor Controls
Compressor motor controls may be divided into two classes: tem-
perature and pressure.

Temperature-Motor Control
The temperature-motor control serves as a connecting link between
the motor and the evaporator. This control mechanism consists es-
sentially of a thermostatic bulb clamped to the evaporator, together
with a capillary tube and attached bellows. These three intercon-
nected elements are assembled and charged with a few drops of
refrigerant (such as sulfur dioxide or similar highly volatile fluid).
An electrical switch is operated through linkage by the movement
of the bellows. In this manner, the electrical motor circuit is closed
on rising temperature and opened on falling temperature.

In operation, as the temperature of the bulb increases, gas pres-
sure in the bulb-bellows assembly increases and the bellows push
the operating shaft upward, operating the toggle or snap mecha-
nism. Consequently, the upward travel of the shaft finally pushes the
toggle mechanism off center and the switch snaps closed, starting
the compressor. As the compressor runs, the control bulb is cooled
gradually, reducing the pressure in the bulb-bellows system. This
reduction of bellows pressure allows the spring to push the shaft
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slowly downward until it has finally traveled far enough to push
the toggle mechanism off-center in the opposite direction, snapping
the switch open and stopping the compressor. The control bulb then
slowly warms up until the motor again starts and the cycle repeats
itself. The thermostatic control is set to close the compressor circuit
at a certain evaporator temperature and open the circuit at another
predetermined temperature. In this manner, any desired cabinet tem-
perature may be maintained.

Pressure-Motor Control
The pressure-motor control device is similar in construction to the
temperature control, with the exception that the temperature bulb
and capillary tube are replaced by a pressure tubing connected di-
rectly to the low-pressure control source and an electrical switch
operated through linkage by the movement of the bellows. In the
pressure-motor control method, the compressor operation is only
indirectly dependent on the temperature of the refrigeration load,
but is controlled by refrigerant pressure at the point of control
location.

Solenoid Valves
Solenoid valves are frequently used in refrigeration systems for con-
trol of gas and liquid flow. In general, solenoid valves are used to
control the refrigerant flow into the expansion valve or the gas flow
from the evaporator when the evaporator or fixture has reached the
desired temperature. When used as liquid stop valves, they should
be installed in the liquid line and as close to the expansion valve as
possible to prevent bubbling and subsequent reduction in expansion-
valve capacity.

In some installations, a solenoid valve is operated directly by a
thermostat located at the load point, and the compressor motor is
controlled independently by a low-pressure switch. It is important
to furnish the solenoid-valve manufacturer with the electrical char-
acteristics of the circuit on which the valve is to operate. The maxi-
mum pressure at which the valve is to open should also be specified
because excessive pressure may prevent the valve from opening.

Condensing-Water Controls
Automatic control of condenser-water flow is often necessary to pre-
vent water wastage. Such control may be provided by using solenoid
valves or a pressure control valve. In the case of solenoid-valve in-
stallation, the operation is dependent upon the starting and stopping
of the compressor motor, whereas with a pressure-control valve, the
operation is dependent entirely upon condenser pressure.
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Belt Drives
Open-type motors usually require a belt connection between the
motor and compressor since the motor speed is normally too high
to allow a direct compressor coupling. For belt-drive compressors,
speed is determined by the size of the motor pulley, since the com-
pressor pulley (flywheel) is normally fixed. The relative speeds of the
motor and compressor are in direct relation to the size of the motor
pulley and the compressor flywheel. The desired pulley size, or the
resulting compressor speed, may be calculated from the following
relation:

Compressor rpm

= motor-pulley diam. × motor speed (rpm)
compressor-pulley diam.

Motor-pulley diam.

= compressor speed (rpm) × compressor-pulley diam.
motor speed (rpm)

Example
Find the motor-pulley diameter required when a 1750-rpm motor is
to be used to drive a compressor having an 8-inch diameter pulley
when the compressor speed is 500 rpm.

Solution
The diameter of the motor pulley is obtained by substituting values
as follows:

Motor-pulley diameter = 500 × 8
1750

or 21/4 in (approx.)

The desired driven speed in the preceding formula should be in-
creased by 2 percent to allow for belt slip. The diameter of any
suitable motor pulley at any motor speed may easily be calculated
by inserting values of compressor-pulley diameter in a manner sim-
ilar to the previous example.

Motor Maintenance
Modern methods of design and construction have made the electric
motor one of the least complicated and most dependable forms of
machinery in existence. Proper maintenance is very important and
must be given careful consideration if the best performance and
longest life are to be expected from the motor. From the standpoint
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of performance, the two major features are proper lubrication and
the care given to the insulation.

The design of bearings and bearing housings of motors has im-
proved in the last few years. The point has now been reached where
the bearings of modern motors, whether sleeve, ball, or roller, re-
quire only infrequent attention. This advance in lubrication methods
has not yet been fully appreciated.

There may have been some necessity for more frequent atten-
tion in the case of older designs. They had housings less tight than
those on modern machines. Oiling and greasing of new motors are
quite often entrusted to uninformed and careless attendants, with
the result that oil or grease is copiously and frequently applied to
the outside (as well as the inside) of bearing housings. Some of the
excess lubricant is carried into the machine and lodges on the wind-
ings, where it catches dirt and thereby hastens the ultimate failure
of the insulation.

Modern design provides for a plentiful supply of oil or grease held
in dust- and oil-tight housings. If the proper amount of a suitable
lubricant is applied before starting, there should be no need to refill
the housings for several months, even in dusty places. Periodic and
reasonable attention to modern bearings of any type will lead toward
longer life of both bearings and insulation.

Horsepower Calculations
The formulas dealing with calculations of electric-motor capacity
requirements under various conditions of service are given in the
following sections.

Motor Horsepower Calculated from Meter Readings
Following are calculations to determine motor horsepower from
meter readings.

DC Motors

HP = volts × amperes × efficiency
746

Single-Phase AC Motors

HP = volts × amperes × efficiency × power factor
746

Two-Phase AC Motors

HP = volts × amperes × efficiency × power factor × 2
746
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Three-Phase AC Motors

HP = volts × amperes × efficiency × power factor × 1.73
746

Horsepower Calculated from Load (Mechanics’ Data)
Following are calculations to determine horsepower from load.

Constant Speed
1. Rotational horsepower:

HP = torque (lb/ft) × speed (rpm)
5250

2. Prony-brake horsepower:

HP = 2 × 3.1416 × lb applied at 1-ft radius × rpm
33,000

3. Linear horsepower:

HP = force (lb) × velocity (ft/min)
33,000

Acceleration from Zero to Full Speed
1. Rotational horsepower:

HP = inertia (WR2) × rpm
1.62 × 106t (in seconds to come up to speed)

2. Linear horsepower:

HP = inertia (W) × rpm2

6.38 × 107t (in seconds to come up to speed)

Horsepower Calculations for Specific
Applications (Approximate)
Following are calculations to determine horsepower for specific ap-
plications.

Pumping Water

HP = gallons/min × total dynamic head (ft)
3960 × pump efficiency
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Moving Air

HP = volume × pressure (lb/ft2)
30,000 × efficiency

HP = 5.2 × volume (ft3/min) × head (in H2O)
33,000 × efficiency

Compressing Gases
For one working stroke per revolution (single-acting):

HP = PLAN
33,000 × 0.90

where the following is true:

P = effective pressure in cylinders, psi
L = length of stroke, ft

A = area of piston, in in2

N = no. of rpms

Power-Conversion Factors
Following are power-conversion factors:
� 1 kW—Equivalent to 3412.75 Btu; 860 cal; 1.34048 hp
� 1 hp—Equivalent to 0.746 kW; 2546 Btu; 642 cal

Troubleshooting Guide
The troubleshooting guides shown in Table 15-1 will assist in trou-
bleshooting air-conditioning motors and their controls. It should be
noted, however, that although the trouble may differ at times from
that given in this section, experience will usually reveal the exact
cause, after which the possible remedy and its correction may be
carried out.

Summary
Direct-current motors are generally classified as series-, shunt-, and
compound-wound. Series motors are those in which the field coil
and armature are connected in series and current flows through
both the field and armature. In shunt-wound motors, the field coil
and armature are connected in parallel. The compound-wound mo-
tor has separate field windings. One is usually a predominant field
and is connected in parallel with the armature circuit; the other is
connected in series.
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Table 15-1 Electrical System Troubleshooting Guide

System Possible Cause Possible Remedy

Compressor
does not
operate.

Electrical controls. Check fuses, relays, and
capacitors.

Unit runs but
fails to cool.

Insufficient warm-up
period of unit.

Allow 30 minutes running
time before a decision is made.

Compressor motor
reset out. Unit has
operated for some
time, but little or no
cooling is experienced.

Push reset button for
compressor. Make unit
replacement only after a
complete check is made of
system.

Condensate
fan will not
run.

Reset button may be
stuck.

Check reset button located on
fan motor.

Fan striking shroud. Turn fan by hand to see if it
rotates freely.

Bearings tight. Motor
burned out.

Replace fan motor.

Evaporator fan
will not run.

Reset button out. Check motor-reset button.

Faulty capacitor. Use test-cord procedure for
testing evaporator fan-motor
circuit.

Motor burned out. Replace motor.

Unit vibrates. Unit seems noisy and
vibrates too much.

Check to see if all shipping
bolts have been removed.
Check for loose fan on motor
shaft. Unit must be level on all
four sides and bearing on four
corners.

Unit does not
cool properly.

Compressor seems to
be operating but little
cooling is experienced.

Check intake-air filter for
excess dust. Check
thermostatic control setting
with a good thermometer.

Low line voltage. Low line voltage results in
high-current drain and
high-head pressures, which
ultimately reduces capacity of
the compressor.

(continued)
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Table 15-1 (continued)

System Possible Cause Possible Remedy

Dirty air filter. Causes frosting of evaporator
coil. Replace with a new filter.

Low evaporator-fan
speed.

Check fan for tightness on
shaft and free rotation.

Low condensing-fan
speed.

Make same check as above.

Restricted airflow in
condensing air circuit.

Check condensing air circuit
complete from intake at
window duct, through the
unit, to outlet at window duct.
Window screens hamper free
airflow in window duct.

Poorly fitted duct. Allows discharge air to
short-circuit into supply duct
causing high condensing
medium. Refit duct.

Cooling capacity
check.

Take thermometer wet-bulb
reading of room air intake at
grille. Take wet-bulb reading
of discharge room air at
discharge grille. Take dry-bulb
reading of condensing medium
at air-intake window duct.
Normal wet-bulb depression
at the valves found should be
checked with capacity. If unit
is low in capacity after all
other possibilities have been
checked, unit must be
replaced.

Shortage of
refrigerant.

Low capacity. Make capacity check.

Indications of oil at
leak.

Check for oil spots and test
with leak test torch. If leak is
found, unit must be replaced.

Noisy
compressor.

Loose mounting bolts. Tighten mounting bolts.

Unit striking frame. See that compressor-unit
suspension is free to

(continued)
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Table 15-1 (continued)

System Possible Cause Possible Remedy

swing without striking the
frame.

Compressor unit itself
noisy.

Operate compressor a short
time with fans off to determine
if noise is emanating from
compressor.

Unit not level. Check complete unit for
leveling and stability. If
compressor still proves noisy,
complete unit must be
replaced.

Unit fails to
start.

Low voltage. Check voltage at plug
receptacle. Check wire size
and length of run. Check
power-supply voltage at
service switch or meter.

Blown fuses. Check fuses.

Alternating-current motors are divided into two general classes:
polyphase and single-phase. Polyphase motors are classified accord-
ing to windings as squirrel cage induction, wound-rotor induction,
and synchronous motors. Single-phase motors are classified accord-
ing to their construction as split-phase, capacitor-start, permanent-
split capacitor, repulsion induction, and repulsion-start induction.

The two basic types of overload protection devices are the thermal
type and the thermal-and-current type. The thermal type is sensitive
to temperature only, and the thermal-and-current type is sensitive to
both temperature and current. Temperature-motor controls are also
used in connection with protection devices. This control mechanism
consists essentially of a thermostatic bulb clamped to the evaporator
together with a capillary tube. This assembly is charged with a few
drops of refrigerant fluid, which operates switches through proper
linkage and attached bellows.

Solenoid valves are used frequently in refrigeration systems to
control gas and liquid flow. The solenoid valves are used to control
refrigerant flow into expansion valves. In some installations, the
valves are operated directly by thermostats.

Review Questions
1. What precautions should be observed when selecting a motor

for compressor devices?
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2. Why is alternating current preferred for compressor devices
instead of direct current?

3. How are AC motors generally classified?
4. Why are single-phase, fractional-horsepower motors used in

preference to polyphase motors in home air conditioning?
5. Describe the construction principles of a squirrel cage motor.
6. In what respect does the rotor winding in a squirrel cage motor

differ from the rotor winding in a wound-rotor motor?
7. Why are synchronous motors seldom used in the field of resi-

dence air conditioning?
8. What is the normal size limit of single-phase motors?
9. How are single-phase motors designed?

10. What is the function of the auxiliary winding in a split-phase
motor?

11. Explain the operation of a capacitor motor.
12. What are the operating characteristics of a repulsion-start in-

duction motor?
13. What is the combined capacity of three capacitors, each hav-

ing a capacity of 20µF, when connected in series and when
connected in parallel?

14. Name the various control methods used on squirrel cage and
on wound-rotor motors.

15. How are single-phase, fractional-horsepower motors usually
controlled?

16. Name two types of overload protectors as employed in a
compressor-motor drive.

17. How do the temperature controls function to regulate motor
operation?

18. How is a synchronous motor made self-starting?
19. What is the difference between three-phase and single-phase

motors?
20. What is meant by a motor’s pull-in torque?
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Chapter 16
Maintenance
One of the essential elements in analyzing air-conditioning problems
is a thorough understanding of variations in pressure, temperature,
volume, and heat-absorbing characteristics of the refrigerant in the
various parts of the system. A malfunction may be caused by one
portion of the system, or by a combination of several portions. For
this reason, it is necessary and advisable to check the more obvious
causes first.

Each part of the system has a certain function to perform. If any
individual part does not function correctly and efficiently, the per-
formance of the entire air-conditioning system will be affected. The
following procedures will be of assistance to the service technician
when analyzing air-conditioning-system troubles.

General Procedure
When checking the refrigerant or electrical circuit of a unit, the
following information should be obtained first:

� Operating head pressure
� Operating suction pressure
� Amperage
� Voltage
� Evaporator air (cubic feet per minute) and dry- and wet-bulb

temperature differences
� Condenser air (cubic feet per minute) and temperature differ-

ences

This information will indicate whether the unit is performing
properly. If not, it will show which part of the unit is the source of
trouble.

The suction and discharge pressures are checked by attaching
the test manifold to the service valve and the discharge gage to the
discharge service valve. Before reading the gage pressure, the service
valves should be front-seated approximately one turn, and the gage
hoses purged through the center tap of the test manifold. Voltage and
amperage can be checked with a combination voltammeter at the
compressor terminals. Evaporator and condenser air can be checked
using a draft gage. The air-temperature drop through the evaporator
and the temperature rise through the condenser can be obtained by
the use of thermometers. A sling psychrometer can be used to obtain

431
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the wet-bulb temperature of the evaporator air. Before any action
is taken, based on suction or head pressure, the unit should operate
or stabilize for at least 20 minutes.

Head Pressures
Checking the head pressure of a condensing unit is fully as impor-
tant as checking the suction pressure. Often this item is overlooked
when checking a job, and it may be the direct cause of the trouble.
There is no shortcut or easy method of estimating what the head
pressure should be because it is affected by speed, temperature of
the condensing medium, and suction pressure.

Check for air or other noncondensable gases in the condensing
unit. It is necessary to test the head pressure while the condens-
ing unit is idle and after the liquid refrigerant in the receiver has
cooled to the temperature of the condensing medium. On water-
cooled condensing units, it is possible to open the water valve and
allow an excess amount of water to pass through the condenser.
On air-cooled condensing units, the belts may be removed to al-
low the fan on the motor to cool the condenser to room tempera-
ture.

A high pressure will indicate the presence of noncondensable
gases that must be purged. This purging should be done from a
point near the top of the condenser, and, in many instances, must be
repeated several times to remove all the air or other gases. Purging
heavily as soon as the condenser stops is especially effective because
the noncondensable gases separate from the refrigerant only while
the compressor is in operation. After properly purging a unit, it is
still possible to operate with head pressures that are higher than
normal, which may be caused by dirty air-cooled condensers or by
limed-up water-cooled condensers. In either instance, the condenser
should be cleaned to get the proper transfer of heat between the
refrigerant and the condensing medium.

Another cause of high head pressure is sometimes found with an
excess charge of refrigerant in the system. On air-cooled condensing
units, if the liquid refrigerant completely fills the receiver and par-
tially fills the condenser, it will cut down on the effective condenser
surface and high head pressure will result. On water-cooled units,
this condition is also true where the liquid level is high enough to
submerge part of the condenser tubes. In a great many instances,
condensing-unit capacities have been so greatly reduced through
excessive head pressures that it is impossible to obtain automatic
defrosting between cycles. The reason for this is that the running
time increases to the point where there is no off time.
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On air-cooled condensing units, the head or discharge pressure
will increase with an increase in ambient air temperature. Under nor-
mal operating conditions, the condensing temperature will be from
20◦F to 30◦F higher than the ambient temperature. If the difference
between the ambient and the condensing temperatures is more than
30◦F, the unit is operating with higher than normal head pressure.

In view of the preceding information, causes of high head pressure
are usually as follows:

� Air or other noncondensable gas in the system
� Inoperative condenser blower
� Dirty air-cooled condensers or limed-up water-cooled con-

densers
� Excess of refrigerant in the system

Suction Pressure
In checking commercial installations, it is found that many units are
operating at suction pressures far below manufacturers’ specifica-
tions because of incorrect setting of expansion valves or switches.
Evaporators that operate in a starved condition will invariably oil
log and cause a shortage of oil in the compressor crankcase, which
burns out connecting rods, main bearings, and seals. Many times
a service technician has assumed that the seal was the first failure
and, as a result, the refrigerant and oil charge were lost with sub-
sequent bearing failures. What actually happened was that the oil
supply was low in the crankcase because of oil-logged evaporators,
thus causing the compressor body failures. To correct this condi-
tion, the proper procedure is to check the superheat settings on the
evaporator and either add refrigerant, or properly adjust the expan-
sion valve to prevent this oil logging. Usually, when this is done,
the oil will return to the compressor crankcase and the difficulty
will be remedied. Changing the compressor body will not help the
situation.

Operating at low suction pressures also causes the compressor to
operate at much higher head temperatures because of the amount
of vapor being condensed and the amount of heat contained in this
vapor. Where this heat becomes excessive, it will tend to increase
a breakdown of oil in the refrigerant, as well as cause some gas-
ket materials to flow (thus causing head leaks). When operating
a condensing unit at certain specified low temperatures, the mo-
tor and compressor pulleys must be the proper size to obtain rated
capacities.
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Back Pressure
Normally, the suction temperatures will be about 45◦F with a suc-
tion pressure of about 42 psi for Freon-12 and about 76 psi for
Freon-22. Light evaporator loading will cause a suction-pressure de-
crease, while heavy evaporator loading will cause a suction-pressure
increase. It should be noted that if high suction pressure is accompa-
nied by high discharge pressure, and the temperature of the air over
the evaporator and condenser is high, high inside and outside air
temperatures may be at fault. No malfunction might be indicated.

Causes of low back pressures are usually as follows:
� Inoperative evaporator blower
� Obstructed or dirty evaporator
� Dirty air filter
� Low refrigerant charge
� Faulty expansion valve
� Incorrect superheat setting

Refrigerant Charge
The receiver in the air-cooled system stores additional refrigerant
and may fill the receiver to a point where the liquid refrigerant will
back up in the lower condenser tubes. This will reduce the heat-
transfer efficiency of the condenser, causing high head pressure and,
in turn, reducing the cooling capacity of the unit. There is no accu-
rate way to tell if the unit is overcharged. However, if overcharging
is suspected, the most effective method of checking and correcting
it is to discharge some of the refrigerant from the system until a
low charge is indicated, and then add refrigerant until a full charge
is indicated. A low refrigerant charge is indicated by low suction
pressure, a bubbling sight glass, or a hissing expansion valve. A low
refrigerant charge will reduce the capacity or output of the refriger-
ating unit.

To check the refrigerant charge in units equipped with sight
glasses, the procedure is usually as follows. The appearance of large
masses of bubbles indicates the presence of both vapor and liquid
refrigerant, which means that the system is not fully charged and
requires additional refrigerant. When the system is fully charged,
the sight glass should be completely clear, or just show intermittent
groups of fine bubbles.

If the unit is not furnished with a sight glass, the receiver may
be equipped with a liquid-level test valve. After operating the
compressor for 20 minutes, open this valve slightly. The appearance
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of liquid and frosting of the valve indicates an adequate charge. A
discharge of gas only, or gas and liquid intermittently, indicates a
low charge. A discharge of gas will not feel cold, while a discharge
of liquid will. The high side is shipped with the proper charge of
refrigerant, and normally will not need additional refrigerant. The
charge is given on the nameplate of the unit. An overcharged sys-
tem will result in higher-than-normal head pressure. (This condition
can be determined from the procedure outlined in the section Head
Pressures, earlier in this chapter.)

Compressor Service Valves
Compressor suction and discharge valves (see Figure 16-1) are shut-
off valves with a manually operated stem. The suction and discharge

PACKING
VALVE STEM

JAM NUT VALVE SEATS

VALVE STEM
VALVE STEM

CAP VALVE

Figure 16-1 Exterior and interior view of a typical compressor suction
or discharge valve.
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service valves are used to isolate the compressor from the system for
servicing, or to check the gage pressure on both the high and low
sides of the system. With the valve stem turned to the extreme coun-
terclockwise position (or back-seated), the main port is open, while
the opening to the gage port is closed. The unit should operate with
the main port open. By turning the valve stem to the extreme clock-
wise position, the valve is front-seated. In this position, the main port
is closed, leaving the gage port open to the compressor. At any in-
termediate position, both the main port and the gage port are open.
The valve stems on all service valves are protected from breakage
and leakage by caps, which should be replaced after servicing of the
unit is finished.

Gages
Gages used in servicing are low-pressure gages and high-pressure
gages. The standard type of low-pressure gage is often called a com-
pound gage because its construction permits a reading of both pres-
sure (in pounds per square inch) and vacuum (in inches of mercury),
as shown in Figure 16-2. A standard compound gage dial is grad-
uated to record a pressure range of from 30 inches of vacuum to
60 psi of pressure. The high-pressure gage is equipped with a dial
for measuring pressures of from 0 psi to 300 psi. Gages used in
refrigeration service should be graduated to read approximately
double the actual working pressure.
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Figure 16-2 Typical compound pressure and plain pressure gage.
(Courtesy General Electric Company.)
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Figure 16-3 Typical combination gage set. (Courtesy Mueller Brass.)

Combination Gages
A test gage set for testing manifolds (see Figure 16-3) consists essen-
tially of two tee valves built into one valve body with stems extend-
ing out on each end for handwheel operations. The tee valves are
so constructed that the valve works only on the leg that is attached
to the tee. Thus, the opening or closing of the stem only affects this
one opening, with the other two openings on the valve being open
at all times.

Adding Refrigerant
To add refrigerant, use the following procedure:

1. Attach the proper refrigerant drum to the center tap on the
charging manifold, as shown in Figure 16-4.

2. Adjust the manifold valves so that the refrigerant will flow
through the suction gage into the suction-gage hose.

3. Attach the suction-gage hose to the charging fitting on the
suction service valve. Purge a small amount of refrigerant from
the drum to remove any air trapped in hoses before tightening
the fittings.
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Figure 16-4 Schematic diagram showing the connections for adding
refrigerant through the low side. (Courtesy Crocker-Wheeler Corporation.)

4. Set the refrigerant drum on scales to observe the rate of charg-
ing in pounds of refrigerant.

5. Front-seat (close) the suction service valve. Ensure that the re-
frigerant drum is in an upright position, and start the compres-
sor. Open the valve on the refrigerant drum slightly. Throttle
the drum valve to keep the suction pressure below 45 psi for
Freon-12 and 80 psi for Freon-22 on the suction gage to pre-
vent compressor damage.

Note
Setting the drum in a pan of warm water will speed up the refrig-
erant flow into the system.

6. If the system requires a full charge, charge the amount of re-
frigerant in pounds shown on the unit nameplate. If only a
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small amount of refrigerant is to be added, charge the system
for a few seconds and then open the suction service valve and
let the system stabilize for about 5 minutes. If the system is
still undercharged, repeat the previous procedure.

Removing Refrigerant
If the system is overcharged, purge a small amount of refrigerant
from the suction service-valve gage port. Close the gage port and
allow the system to stabilize. Continue purging the system until the
system becomes undercharged. Use the procedure in the preceding
section to correct the refrigerant charge in the system.

Adding Oil
To add oil to the compressor, use the following procedure:

1. Pump down the unit. (Refer to the section System Pump Down,
later in this chapter.)

2. Remove the suction line from the compressor.
3. Pour the oil into the suction outlet of the compressor until

the oil level is approximately halfway up on the oil-level sight
glass. Do not overcharge.

4. Replace the suction line.
5. Operate the compressor for 20 minutes, and then recheck the

oil level.

Removing Oil
To remove oil from the compressor, proceed as follows:

1. Pump down the unit. (See the section System Pump-Down,
later in this chapter.)

2. Front-seat (close) the compressor suction, and discharge ser-
vice valves.

3. Remove both the suction and discharge lines from the com-
pressor.

4. Disconnect capillary tubes and all electrical connections from
the compressor.

5. Remove nuts and mounting assemblies that secure the com-
pressor to the unit.

6. Remove the compressor, and pour oil out of the suction
opening.
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System Pump-Down
The pump-down procedure is as follows:

1. Back-seat (open) the suction and discharge service valves.
2. Ensure that the suction gage is connected to the suction service-

valve gage port and that the high-pressure gage is connected
to the discharge service-valve gage port.

3. Front-seat service valves slightly to purge the gage lines, and
let pressure into the gages.

4. Start the compressor and allow it to run.
5. Remove the cover of the dual-pressure control, and block the

low-pressure contacts closed. This prevents the suction pres-
sure from shutting off the unit when the pressure is pumped
below the normal cutout setting. To block the contacts, force
the low-pressure control contacts into a closed position and
insert a nonmetallic object to keep the contacts closed during
pump-down procedure.

6. Close the liquid shutoff valve to retain all of the liquid in the
high side of the system.

7. Watch the suction gage as the compressor is operating. When
the suction pressure has been reduced to 0 psi, stop the com-
pressor. Normally the pressure will increase after this first
pump-down cycle. Start the compressor again, and repeat this
procedure until suction pressure remains at 1 psi to 2 psi when
the compressor is stopped. If the pressure stays at 0 psi after
the pump-down, be sure the center port of the gage manifold
is capped. Then open both the valves on the gage manifold
slightly to allow the pressure from the discharge side of the
unit to bleed into the suction side so that a 1 psi to 2 psi pres-
sure remains in the suction side. Always have a slight positive
pressure in the system when it is opened to the atmosphere to
prevent air and moisture from being drawn into the system.

8. Front-seat (close) the suction and discharge service valves.
9. The low side of the system can now be repaired.

10. Evacuate and install the new drier when the system is opened.
11. When the unit is repaired, open the compressor suction and

discharge service valves.
12. Start the compressor. After determining that the system is

operating satisfactorily, remove the nonmetallic object from
the dual-pressure control and replace the cover. Backseat the
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service valves, and then disconnect the gage manifold from
the valves. Disconnect the fittings and replace the gage port
caps.

Purging System of Noncondensables
Air or noncondensable gases may enter the system during original
installation or at any time the system is opened for repair. These
noncondensables will result in increased head pressure and reduced
capacity. To remove air or noncondensable gases, pump down the
system (see the section System Pump-Down, earlier in this chapter).
Shut down the system for at least 20 minutes. The air or noncon-
densables collect in the upper part of the receiver and can be purged
from the system by cracking the discharge service valve. After a short
time period, close the discharge valve and start the unit. Check the
refrigerant charge, since some of the refrigerant may have been lost
during the purging operation.

Leak Test
Two common methods to test for leaks are the halide-torch method
and the electronic leak detector.

Halide-Torch Method (For Freon Refrigerants)
To test for leaks before the initial startup of a system, use the fol-
lowing procedure:

1. Front-seat (close) the suction and discharge service valves if
they are not already closed.

2. Attach the charging manifold suction hose to the process valve.
3. Attach a drum of the proper refrigerant to the center port of

the charging manifold.
4. Open the process valve and suction gage valve. Introduce

enough refrigerant into the system to build up the pressure
as high as possible.

5. Close the process valve and suction gage valve.
6. Test the system with a halide-leak detector (see Figure 16-5),

and then with a soap solution, if necessary, at all points where
connections have been made. Make a complete check of all
joints before attempting any repairs, since the pressure in the
system must be released to make a correction.

7. If leaks exist, disconnect the refrigerant drum hose from the
charging manifold.
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Figure 16-5 Gas leak de-
tection is easy. This sen-
sitive halide detector pin-
points Freon leaks in a short
time. Used on all noncom-
bustible refrigerant (Freon)
leaks, the flame changes
color when the exact loca-
tion of the leak is deter-
mined. (Courtesy Tumer Corporation.)

8. Open the suction valve and
suction gage hose to purge the
refrigerant from the system. On
refrigerant Freon-12 systems
where pressure is 50 psi or less,
and Freon-22 systems where
pressure is 90 psi or less, the ex-
pansion valve will open, allowing
piping from the expansion valve
to the suction service valve to
purge also. If pressure is higher, it
is necessary to purge the low side
through the suction service valve.
This can be accomplished by
removing the suction-valve gage
port plug and carefully opening
the suction valve slightly. When
the gage reads 0 pounds of pres-
sure, close the suction service
and suction-gage valves.

9. Repeat this leak check until all
leaks are found and repaired.

10. When repaired, close the suction
valve and disconnect the charg-
ing manifold from the unit.

11. Back-seat (open) the suction and
discharge service valves.

Electronic Leak Detector
Although leak testing with a halide
torch is considered satisfactory in
most instances, a more reliable test

is made by means of the electronic-type tester. This easy-to-use in-
strument reduces the guesswork in leak testing because it is more
sensitive, faster responding, and capable of detecting a leak even
though the surrounding air may be contaminated.

The electronic detector contains an internal pump, which draws
air and leaking halogen tracer gas (halogen gases are chlorine,
bromine, fluorine, and iodine, or any of their compounds) through
a probe and hose as the probe is passed over leaking joints, gas-
kets, welds, and so on. The air/gas mixture is drawn between two
electrodes in the control unit—the ion emitter and collector.
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The leak detector contains an automatic balance circuit so that a
constant or slowly changing contamination in the atmosphere will
not cause the lamp to flash. Refrigerant gas will cause the lamp to
flash only when there is an abrupt increase of gas going into the tip
of the probe (such as when the probe tip passes near a leak).

To check for a leak with the electronic detector, proceed as fol-
lows:

1. Plug the test detector into a 120-volt AC outlet.
2. Turn the sensitivity knob to the right and allow a 1-minute

warm-up.
3. Check the operation by turning the sensitivity knob quickly

from one position to another, which should light the probe
lamp.

4. Probe for leaks, starting with maximum sensitivity.
5. If the probe lamp lights twice for each leak, reduce the sensi-

tivity.
6. Recheck the suspected leaks for confirmation.

After replacing a component in the refrigerating system, always
test all joints for leaks before recharging. The extra time it takes
is negligible compared to the loss of a charge caused by a faulty
connection. Be sure to clean the excess soldering flux (if used) from
the new joints before testing, since the flux could seal off pinhole
leaks that would show up later.

For new refrigerants (such as R-134a used in car air-conditioning
units), use an electronic leak detector for more accurate results than
with soap and water or the flame test.

Evacuating the System
When necessary to remove the entire refrigerant charge from the
system (as in the case when an exchange of compressor or any
other component of the condensing unit is necessary), proceed as
follows:

1. Front-seat (close) the suction and discharge service valves.
2. Attach the charging manifold suction hose to the suction valve.
3. Connect the vacuum pump to the center port on the charging

manifold.
4. Start the vacuum pump and open the suction valve. Adjust

the test manifold valves so that the vacuum pump is open to
the suction valve. Evacuate the system to obtain the highest
vacuum possible with the vacuum pump used.
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5. During the early stage of evacuation, it may be desired to shut
off the pump at least once to see if there is a rapid loss of
vacuum, indicating the presence of leaks in the system.

6. Time required for proper evacuation depends on the sys-
tem and the vacuum pump. It is recommended that the
vacuum pump be allowed to run for two hours or even
overnight after maximum vacuum is obtained to evacuate the
system.

7. Close the charging manifold valve to the vacuum pump. Stop
the pump. Note the reading on the vacuum gage and allow the
system to stand for 1 hour. If the vacuum has not decreased,
the system is tight.

8. When the unit is checked and repaired, close the suction valve
and disconnect the charging manifold from the valve.

9. To put the system in operation, back-seat (open) the suction
and discharge service valves.

10. Be sure you do not allow the refrigerant to escape into the
atmosphere. This is forbidden by law and strictly enforced by
the Environmental Protection Agency (EPA).

Checking Compressor Valves
To check the compressor valves, proceed as follows:

1. Front-seat (close) the suction service valve.
2. Start the compressor and operate the unit until the compound

gage shows 15 inches of vacuum.
3. Stop the compressor.
4. Back-seat (open) the suction service valve slightly to permit

the vapor in the suction line to bring the gage reading back to
zero. Close the valve.

5. If the pressure on the gage starts to increase, a discharge valve
leak is indicated and the compressor should be replaced.

6. If the compressor will not pull at least 15 inches of vacuum on
the compound gage, a suction-valve leak is indicated and the
compressor should be replaced.

Troubleshooting Guide
In addition to the foregoing servicing details, Table 16-1 shows the
most common operating faults that can occur in residential year-
round air conditioning.
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Table 16-1 Air-Conditioning Troubleshooting Guide

System Possible Cause Possible Remedy

Drafts. Poor air distributon. Readjust air grilles and outlets.
Room temperature
too low.

Check thermostat setting,
return-air damper, and
low-pressure cutout.

Shortage of air
supply at
grilles.

Short on cooling
capacity.

Check for correct change in
wet-bulb temperature between
entering and leaving air to
cooling coil. Check
refrigerating unit for capacity.

Incorrect fan speed
and incorrect
pressure drop across
fan.

Check pressure drop across
the fan with draft gage, and
correct fan speed.

Incorrect pressure
drop across
evaporator coil.

Check pressure drop across
coil with draft gage. Check
filters, baffles, air supply, and
coil fins for obstructions.

Excessive air
turbulence at fan
discharge.

Install turning vanes in short
radius elbows.

Improper
adjustment of
splitters or dampers.

Readjust dampers and check
air.

High duct
resistance.

Check duct sizes and elbows.
Inspect duct for internal
obstructions. Check the drive
belt for slippage.

Low fan speed. Check fan motor static
control. If a multispeed fan is
employed, check pulley sizes
of drive.

Wrong rotation of
fan.

Check rotation with arrow
marking on fan housing, if
supplied, or by throat opening
in fan housing. Change
rotation by reversing motor
direction.

Dirty filters. Change if throwaway type.

(continued)
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Table 16-1 (continued)

System Possible Cause Possible Remedy

Excessive air. Motor drive pulley
too large.

Check air and change pulley to
correct speed.

Improper damper
adjustments.

Readjust dampers.

Lower resistance
than estimated.

Lower the fan speed.

Air noise. Sharp obstruction in
air stream.

Streamline internal surfaces of
the ducts.

Small slits or
openings in duct or
plenum.

Smooth out rough edges.
Close all holes or openings.

Fan speed too high
in relation to noise
level and system.

Decrease fan speed, if possible,
or install sound-absorption
material in ducts. (Sound
insulation should be fireproof
material.)

Obstructions in
outlets.

Remove obstruction, if
possible, without throwing
system out of balance. If
removal is not possible, try
changing location of angle.

Air velocity too high
at outlets.

Rebalance air in system.

Scraping noise
in plenum.

Fan hitting the fan
housing.

Adjust fan to turn free on all
sides.

Squeaking and
rumble.

Loose belts. Tighten belts.

Dirt in bearings. Clean the bearings.
Bearings sticking. Remove and replace. Examine

shaft.

Rattles. Loose filter
compartment.

Tighten.

Electrical BX cable
loose.

Fasten securely.

Thermal-bulb tube
vibrating.

Clear vibrating point of tube.

Housing touching
pipe.

Insulate metal-to-metal
location.

Loose screws in
housing.

Tighten.

(continued)



P1: GDZ/FFX P2: GDZ/FFX QC: GDZ/FFX T1: GDZ

GB076-16 GB076-Miller-Sample July 15, 2004 5:20 Char Count= 0

Maintenance 447

Table 16-1 (continued)

System Possible Cause Possible Remedy

Water leaking
or dripping
from unit.

Improper drain
piping.

Drain should pitch 1/4 to 1
in/ft. Drain should be properly
trapped. Condensate pan must
pitch water toward the drain.

Dirt in condensate
pan and screen.

Remove screen, clean pan, and
flush with water.

Loose pipe fittings
and valves.

Tighten all connections and
packing glands of valves.

Condensate
overshooting drain
pan.

Air velocity too high through
coils. Check resistance
pressure and fan speed to
determine if they are in
accordance with design
conditions.

Vibration. Loose motor
mounting.

Tighten motor mounting bolts.

Improper weight
distribution on
hangers or feet.

Level unit on all sides.

Belt too tight,
causing whip in
shaft.

Adjust belt tension.

Pulleys loose or out
of line.

Align pulleys and tighten
pulley set screws.

Fan shaft sprung. Remove and replace with new
shaft.

Shaft bearings worn. Replace with new bearings.
Fans out of balance
or loose on shaft.

Tighten if shaft is not worn
from loose play. Replace if
badly damaged.

No canvas breaker
strips to duct
connection.

Install breaker strips.

Hissing noise
at expansion
valve.

Shortage of
refrigerant.

Add refrigerant to proper
liquid level.

Clogged strainer. Remove and clean screen.
Pressure drop in
liquid.

Check head pressure.

(continued)
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Table 16-1 (continued)

System Possible Cause Possible Remedy

Heating of liquid
line from outside
surroundings.

Subcooling necessary.

No liquid at top
expansion valve in
bank of coils.

Install gas head on liquid line
about 2 feet higher than top
valve.

Partial frosting
and sweating
of coil.

Shortage of
refrigerant.

Add refrigerant.

Restricted or
clogged liquid line.

Pump down system and clean
out.

Too much outside
air being taken on
one side of coil.

Change mixing chamber for
better distribution.

Expansion valve too
small or improperly
adjusted.

Check valve capacity and
superheat adjustment.

Solenoid valve
sticking.

Remove and clean.

Failure to cool
and no frost.

Solenoid valve
clogged.

Remove and clean.

Solenoid coil burned
out.

Replace coil.

Condensing unit
shut off.

Start compressor.

Liquid line valve
closed.

Open valve.

Thermostat faulty. Repair or replace.

Failure to cool
and complete
frosting.

Fan not running. Start fan.

Insufficient air. Dirty filters. Dampers stuck
shut.

Air outlets closed. Correct air distribution.
Coil clogged with
dirt.

Remove coil and clean
thoroughly.

Too cool. Improper setting of
room thermostat, or
thermostat faulty.

Correct thermostat.

Wrong outlet
distribution.

Balance air distribution
correctly.

(continued)
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Table 16-1 (continued)

System Possible Cause Possible Remedy

Frequent
cycling of unit.

Clogged liquid line. Clean out.

Insufficient
refrigerant.

Add refrigerant.

Improper setting of
expansion valves.

Adjust valves properly.

Fan stopped
running.

Check fan circuit and start fan.

Thermostat
differential setting
too close.

Reset differential.

Thermostat in direct
line of air-throw
from grille.

Relocate thermostat.

Evaporator coil
frosted.

Run fan with compressor shut
off to defrost coil.

Motor
overheats.

Lack of oil or
improper oil.

Oil bearings with
recommended oil.

Wrong voltage. Check with electrician and
power company.

Overload. Reduce fan speed, if possible,
without impairing air quantity.
Replace with larger motor if
necessary.

Belts too tight. Adjust belt tension.
Ambient room
temperature high.

Check motor rating with
manufacturer of motor.

Motor fails to
run.

Improper fuse. Check fuses for proper sizing.

Thermal overload
too small.

Check with motor data sheet.

Improper wiring. Check with wiring diagram.

Failure of
system to heat
properly.

Heating coils not
properly trapped.

Separate trap should be
provided for each coil.

Air trapped in coils. Coils should be properly
vented.

Heating coils
improper distance
above boiler.

Distance above boiler line
should be at least 18 inches.

(continued)
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Table 16-1 (continued)

System Possible Cause Possible Remedy

Supply or return
lines too small.

Install proper size piping for
coils.

Resistance too great
in system.

Install proper size piping.

Too much outside
air being
introduced.

Use as much recirculated air as
possible without impairing the
calculated ratio of outside
recirculated air.

Heating coils not
leveled.

Level coils to obtain proper
coil drainage.

Condensate in coils. Traps may contain scale and
sediment preventing operation.

Failure of
system to
humidify.

Water supply
failure.

Water valve closed. Strainer
plugged. Nozzle clogged.

Too much outside
air.

Close down on outside
damper.

Control valve on
humidifier supply
closed or clogged.

Remove and clean.

Capacity of
humidifier
insufficient.

Install larger or additional
humidifier and supply line.

Humidistat not
functioning.

Inspect humidistat for
adjustment and dirt, especially
the hair suspension.

Air passing directly
over and through
humidistat.

Place baffle on upstream side
of humidistat to break air
around instrument.

Summary
A malfunctioning system may be caused by one portion of the system
or a combination of several portions. It is necessary and advisable
to check the more obvious causes first. Each part of the system has
a certain function to perform, and, if any individual part does not
function properly and efficiently, the performance of the entire air-
conditioning system will be affected.

To simplify servicing a system, the service technician should re-
member that the refrigerant, under proper operating conditions,
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travels through the system in one specific direction. The service
technician can trace the path of refrigerant through any system,
beginning at the compressor.

Pressure, temperature, volume, and heat-absorbing characteris-
tics of the refrigerant in the various parts of the system are essential
in analyzing air-conditioning problems. When a refrigerant piping
system is completed, the system should be checked very carefully for
leaks. The most effective way of finding a leak in a Freon system is
with a halide-leak detector. Testing with soap and water or with oil
at the joints will locate only the larger leaks.

To test for noncondensables, run the condenser fan for 10 minutes
with the compressor off. Measure the head pressure. Add 10◦F or
5.6◦C to the ambient air temperature. Convert this temperature to
pressure. It should equal the head pressure. If the head pressure is
greater than this, there is a probability of a noncondensable gas in
the system.

Review Questions
1. What is the general practice in the diagnosis of a malfunction-

ing air-conditioning system?
2. When do you use a systematic procedure in checking to deter-

mine the source of trouble in an inoperative system?
3. Describe head-pressure checking methods.
4. What may the reason be for a low suction pressure?
5. What are the usual causes of low back pressure?
6. What is the method used in checking refrigerant charge?
7. Describe the types of compressor gages and give pressure

ranges.
8. What is the advantage in using a combination gage set?
9. Describe the method of adding and removing refrigerant.

10. What is meant by system pump-down and how is it accom-
plished?

11. Why is it necessary to leak-test a refrigeration system prior to
operation?

12. Describe the method of evacuating a refrigeration system.
13. What is the procedure used in checking compression valves?
14. What does backseat mean?
15. List three noncondensables.
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16. What happens when a halide torch is used to test for Freon?
17. What do you do after you replace a part in a refrigeration

system?
18. What does the term front-seat mean?
19. What is meant by purging a system?
20. What causes a compressor to operate at high head pressures?
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Appendix A
Professional Organizations
Table A-1 provides a listing of professional organizations, a descrip-
tion of the organization, and contact information.

Table A-1 Professional Organizations

Organization Description Contact Information

Air Movement
and Control
Association
(AMCA)
International,
Inc.

The Air Movement and
Control Association
International, Inc. is a
not- for-profit
international association
of the world’s
manufacturers of related
air system equipment,
primarily, but not
limited to fans, louvers,
dampers, air curtains,
airflow measurement
stations, acoustic
attenuators, and other
air system components
for the industrial,
commercial, and
residential markets.

Web site:
www.amca.org
Address: 30 West
University Drive,
Arlington Heights,
IL 60004-1893
Phone:
847-394-0150
Fax: 847-253-0088
Email:
amca@amca.org

Air-Conditioning
Contractors of
America (ACCA)

Web site:
www.acca.org

American
Institute of
Architects (AIA)

Web site:
www.aia.org
Address: 1735 New
York Ave. NW,
Washington, DC
20006
Phone:
800-AIA-3837
Fax: 202-626-7547
Email:
infocentral@aia.org

(continued)

453
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Table A-1 (continued)

Organization Description Contact Information

American
National
Standards
Institute
(ANSI)

ANSI is a private,
non-profit organization
[501(c)3] that administers
and coordinates the U.S.
voluntary standardization
and conformity
assessment system. The
Institute’s mission is to
enhance both the global
competitiveness of U.S.
business and the U.S.
quality of life by
promoting and facilitating
voluntary consensus
standards and conformity
assessment systems, and
safeguarding their
integrity.

Web site: www.ansi.org
Address: 25 West 43rd
Street, 4th Floor, New
York, NY 10036
Phone: 212-642-4900
Fax: 212-398-0023
Email: info@ansi.org

HVAC
Excellence

HVAC Excellence, a
not-for-profit
organization, establishes
standards of excellence
within the heating,
ventilation, air
conditioning, and
refrigeration (HVACR)
Industry. The two primary
responsibilities of HVAC
Excellence are technician
competency certification
and programmatic
accreditation. HVAC
Excellence has achieved
national acceptance and is
involved in cooperative
efforts with the National
Skiffs Standard Board, the
Manufacturers’ Skills
Standards Council,
VTECHS, and various
other industry and
educational
organizations.

Web site:
www.hvacexcellence.org
Address: Box 491,
Mount Prospect, IL
60056-0491
Phone: 800-394-5268
Fax: 800-546-3726
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Table A-1 (continued)

Organization Description Contact Information

Heating,
Refrigeration,
and Air
Conditioning
Institute of
Canada (HRAI)

The Heating,
Refrigeration and Air
Conditioning Institute of
Canada (HRAE), founded
in 1968, is a non-profit
trade association of
manufacturers,
wholesalers and
contractors in the
Canadian heating,
ventilation, air
conditioning, and
refrigeration (HVACR)
industry. HRAI member
companies provide
products and services for
indoor comfort and
essential refrigeration
processes.

Web site:
www.hrai.ca
Address: 5045
Orbitor Drive,
Building 11, Suite
300, Mississauga,
ON L4W 4Y4
Canada
Phone:
800-267-2231
905-602-4700
Fax: 905-602-1197
Email:
hraimail@hrai.ca

International
Institute of
Ammonia
Refrigeration
(IIAR)

IIAR is an international
association serving those
who use ammonia
refrigeration technology.
Your membership in HAR
is an investment that pays
dividends for your
company and for the
ammonia refrigeration
industry.

Web site:
www.iiar.org
Address: 1110
North Globe Road,
Suite 250,
Arlington, VA
22201
Phone:
703-312-4200
Fax: 703-312-0065
Email: iiar@naii.org

National Fire
Protection
Association
(NFPA)

The mission of the
International nonprofit
NFPA is to reduce the
worldwide burden of fire
and other hazards on the
quality of life by
providing and advocating
scientifically based
consensus codes and
standards, research,
training, and education.
NFPA membership totals

(continued)
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Table A-1 (continued)

Contact
Organization Description Information

more than 75,000
individuals from around
the world and more than
80 national trade and
professional
organizations.

BOCA
International,
Inc. Now ICC
Evaluation
Services, Inc.

ICC-ES came into being
on February 1, 2003,
when America’s four
building-product
evaluation services
officially combined their
operations. The four
legacy evaluation services
that came together to
form ICC-ES were the
National Evaluation
Service, Inc.; BOCAI
Evaluation Services; ICBO
Evaluation Service, Inc.;
and SBCCI Public Service
Testing and Evaluation
Services, Inc. Through the
legacy evaluation services,
ICC-ES has a history that
goes back more than
70 years.

Web site:
www.icc-es.org

Cooling
Technology
Institute (CTI)

The CTI mission is to
advocate and promote the
use of environmentally
responsible evaporative
heat transfer systems
(EHTS) for the benefit of
the public by encouraging
education, research,
standards development
and verification,
government relations, and
technical information
exchange.

Web site:
www.cti.org
Address: 2611 FM
1960 West, Suite
H-200, Houston,
TX 77068-3730
Phone:
281-583-4087
Fax:
281-537-1721
Email:
vmanser@cti.org
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Table A-1 (continued)

Contact
Organization Description Information

Federation of
European
Heating and
Air-Conditioning
Associations

In was in the early 1960s
that the idea of some form
of cooperation between
technical associations in the
field of heating, ventilating
and air-conditioning would
be extremely useful was
recognized by leading
professionals who met each
other in international
meetings and conferences.
On September 27th, 1963
representatives of technical
associations of nine
European countries met in
the Hague, The
Netherlands, at the
invitation of the Dutch
association TWL. These
associations were ATIC
(Belgium), AICVF (France),
VDI TGA (Germany),
IHVE (United Kingdom),
CARR (Italy), TWL (The
Netherlands), Norsk WS
(Norway), SWKI
(Switzerland), and Swedish
WS (Sweden). An
impressive list of subjects
about which further
cooperation was essential
was brought for discussion.
Ways of exchanging
technical knowledge was at
the top of the list, together
with the promotion of
European standardization
and regulations, education,
and coordination of
congress and conferences.

Web site:
www.rehva.com
Address:
Ravenstein 3
Brussels, 1000 BE
Phone: 1:
32-2-514.11.71
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Absolute Humidity—The weight of water vapor per unit volume
(grains per cubic foot, or grams per cubic meter).

Absolute Pressure—The sum of gage pressure and atmospheric pres-
sure. For example, if the gage pressure is 154 psi, the absolute
pressure will be 154 + 14.7, or 168.7 psi.

Absolute Zero—A temperature equal to −459.6◦F or −273◦C. At
this temperature the volume of an ideal gas maintained at a con-
stant pressure becomes zero.

Absorption—The action of a material in extracting one or more sub-
stances present in the atmosphere, or a mixture of gases or liquids
accompanied by physical change, chemical change, or both.

Acceleration—The time rate of change of velocity. It is the derivative
of velocity with respect to time.

Accumulator—A shell placed in a suction line for separating the
liquid entrained in the suction gas.

Acrolein—A warning agent often used with methyl chloride to call
attention to the escape of refrigerant. The material has a com-
pelling, pungent odor and causes irritation of the throat and eyes.
Acrolein reacts with sulfur dioxide to form a sludge.

Activated Alumina—A form of aluminum oxide (Al2O3) that ab-
sorbs moisture readily and is used as a drying agent.

Adiabatic—Referring to a change in gas conditions where no heat
is added or removed except in the form of work.

Adiabatic Process—Any thermodynamic process taking place in a
closed system without the addition or removal of heat.

Adsorbent—A sorbent that changes physically, chemically, or both
during the sorption process.

Aeration—Exposing a substance or area to air circulation.
Agitation—A condition in which a device causes circulation in a

tank containing fluid.
Air, Ambient—Generally speaking, the air surrounding an object.
Air Changes—A method of expressing the amount of air leakage into

or out of a building or room in terms of the number of building
volumes or room volumes exchanged per unit of time.

Air Circulation—Natural or imparted motion of air.

459
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Air Cleaner—A device designed for the purpose of removing air-
borne impurities (such as dust, gases, vapors, fumes, and smoke).
An air cleaner includes air washers, air filters, electrostatic pre-
cipitators, and charcoal filters.

Air Conditioner—An assembly of equipment for the control of at
least the first three items enumerated in the definition of Air Con-
ditioning.

Air Conditioner, Room—A factory-made assembly designed as a
unit for mounting in a window, through a wall, or as a console.
It is designed for free delivery of conditioned air to an enclosed
space without ducts.

Air Conditioning—The simultaneous control of all (or at least the
first three) of the following factors affecting the physical and
chemical conditions of the atmosphere within a structure: tem-
perature, humidity, motion, distribution, dust, bacteria, odors,
toxic gases, and ionization. Most of these affect human health or
comfort.

Air-Conditioning System, Central-Fan—A mechanical indirect sys-
tem of heating, ventilating, or air conditioning in which the air
is treated or handled by equipment located outside the rooms
served, usually at a central location and conveyed to and from
the rooms by means of a fan and a system of distributing ducts.

Air-Conditioning System, Year-Round—An air-conditioning system
that ventilates, heats, and humidifies in winter, and cools and de-
humidifies in summer to provide the desired degree of air motion
and cleanliness.

Air-Conditioning Unit—A piece of equipment designed as a specific
air-treating combination, consisting of a means for ventilation, air
circulation, air cleaning, and heat transfer, with a control means
for maintaining temperature and humidity within prescribed lim-
its.

Air Cooler—A factory-assembled unit including elements whereby
the temperature of air passing through the unit is reduced.

Air Cooler, Spray Type—A forced-circulation air cooler wherein
the coil surface capacity is augmented by a liquid spray during
the period of operation.

Air Cooling—A reduction in air temperature caused by the removal
of heat as a result of contact with a medium held at a temperature
lower than that of the air.

Air Diffuser—A circular, square, or rectangular air distribution
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outlet (generally located in the ceiling), composed of deflecting
members discharging supply air in various directions and planes,
arranged to promote mixing of primary air with secondary room
air.

Air, Dry—In psychrometry, air unmixed with or containing no water
vapor.

Air Infiltration—The in-leakage of air through cracks, crevices,
doors, windows, or other openings caused by wind pressure or
temperature difference.

Air, Recirculated—Return air passed through the conditioner before
being again supplied to the conditioned space.

Air, Return—Air returned from conditioned or refrigerated space.
Air, Saturated—Moist air in which the partial pressure of the water

vapor is equal to the vapor pressure of the water at the existing
temperature. This occurs when dry air and saturated water vapor
coexist at the same dry-bulb temperature.

Air, Standard—Air with a density of 0.075 lb/ft3 and an absolute vis-
cosity of 1.22 × 10 lb mass/ft-sec. This is substantially equivalent
to dry air at 70◦F and 29.92 in Hg (barometer).

Air Washer—An enclosure in which air is forced through a spray of
water to cleanse, humidify, or precool the air.

Ambient Temperature—The temperature of the medium surround-
ing an object. In a domestic system having an air-cooled condenser,
it is the temperature of the air entering the condenser.

Ammonia Machine—An abbreviation for a compression-refri-
gerating machine using ammonia as a refrigerant. Similarly, Freon
machine, sulfur dioxide machine, and so on.

Analyzer—A device used in the high side of an absorption system
for increasing the concentration of vapor entering the rectifier or
condenser.

Anemometer—An instrument for measuring the velocity of air in
motion.

Antifreeze, Liquid—A substance added to the refrigerant to prevent
formation of ice crystals at the expansion valve. Antifreeze agents
in general do not prevent corrosion caused by moisture. The use
of a liquid should be a temporary measure where large quantities
of water are involved, unless a drier is used to reduce the moisture
content. Ice crystals may form when moisture is present below the
corrosion limits, and in such instances, a suitable noncorrosive
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antifreeze liquid is often of value. Materials such as alcohol are
corrosive and, if used, should be allowed to remain in the machine
for a limited time only.

Atmospheric Condenser—A condenser operated with water that is
exposed to the atmosphere.

Atmospheric Pressure—The pressure exerted by the atmosphere in
all directions as indicated by a barometer. Standard atmospheric
pressure is considered to be 14.695 pounds per square inch (psi),
which is equivalent to 29.92 inches of mercury (in Hg).

Atomize—To reduce to a fine spray.
Automatic Air Conditioning—An air-conditioning system that reg-

ulates itself to maintain a definite set of conditions by means of
automatic controls and valves usually responsive to temperature
or pressure.

Automatic Expansion Valve—A pressure-actuated device that regu-
lates the flow of refrigerant from the liquid line into the evaporator
to maintain a constant evaporator pressure.

Baffle—A partition used to divert the flow of air or a fluid.
Balanced Pressure—The same pressure inside a system or container

that exists outside the system or container.
Barometer—An instrument for measuring atmospheric pressure in

inches of mercury.
Blast Heater—A set of heat-transfer coils or sections used to heat

air that is drawn or forced through it by a fan.
Bleeder—A pipe sometimes attached to a condenser to lead off liquid

refrigerant parallel to the main flow.
Boiler—A closed vessel in which liquid is heated or vaporized.
Boiler Horsepower—The equivalent evaporation of 34.5 pounds of

water per hour from and at 212◦F, which is equal to a heat output
of 970.3 × 34.5 = 33,475 Btu.

Boiling Point—The temperature at which a liquid is vaporized upon
the addition of heat, dependent on the refrigerant and the absolute
pressure at the surface of the liquid and vapor.

Bore—The inside diameter of a cylinder.

Brine—Any liquid cooled by a refrigerant and used for transmission
of heat without a change in its state.

Brine System—A system whereby brine cooled by a refrigerating
system is circulated through pipes to the point where the refriger-
ation is needed.
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British Thermal Unit (Btu)—The amount of heat required to raise
the temperature of one pound of water 1◦F. It is also the measure
of the amount of heat removed in cooling one pound of water 1◦F
and is so used as a measure of refrigerating effect.

Butane—A hydrocarbon, flammable refrigerant used to a limited
extent in small units.

Calcium Chloride—A chemical having the formula CaCl2, which, in
granular form, is used as a drier. This material is soluble in water,
and in the presence of large quantities of moisture may dissolve
and plug up the drier unit or even pass into the system beyond
the drier.

Calcium Sulfate—A solid chemical of the formula CaSO4, which
may be used as a drying agent.

Calibration—The process of dividing and numbering the scale of
an instrument. Also, correcting and determining the error of an
existing scale.

Calorie—Heat required to raise the temperature of 1 gram of water
1◦C (actually, from 4◦C to 5◦C). Mean calorie = 0.01 part of the
heat required to raise 1 gram of water from 1◦C to 100◦C.

Capacity, Refrigerating—The ability of a refrigerating system, or
part thereof, to remove heat. Expressed as a rate of heat removal,
it is usually measured in Btu/hr or tons/24 hr.

Capacity Reducer—In a compressor, a device, such as a clearance
pocket, movable cylinder head, or suction bypass, by which com-
pressor capacity can be adjusted without otherwise changing the
operating conditions.

Capillarity—The action by which the surface of a liquid in contact
with a solid (as in a slender tube) is raised or lowered.

Capillary Tube—In refrigeration practice, a tube of small internal
diameter used as a liquid refrigerant-flow control or expansion
device between high and low sides. Also used to transmit pres-
sure from the sensitive bulb of some temperature controls to the
operating element.

Carbon Dioxide Ice—Compressed solid CO2. Dry ice.
Celsius—A thermometric system in which the freezing point of water

is called 0◦C and its boiling point 100◦C at normal pressure.
Centrifugal Compressor—A compressor employing centrifugal

force for compression.
Centrifuge—A device for separating liquids of different densities by

centrifugal action.
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Change of Air—Introduction of new, cleansed, or recirculated air to
a conditioned space, measured by the number of complete changes
per unit of time.

Change of State—A change from one state to another, as from a
liquid to a solid, from a liquid to a gas, and so on.

Charge—The amount of refrigerant in a system.
Chimney Effect—The tendency of air or gas in a duct or other verti-

cal passage to rise when heated because of its lower density com-
pared with that of the surrounding air or gas. In buildings, the
tendency toward displacement, caused by the difference in tem-
perature, of internal heated air by unheated outside air because
of the difference in density of outside and inside air.

Clearance—Space in a cylinder not occupied by a piston at the end
of the compression stroke or volume of gas remaining in a cylinder
at the same point. Measured in percentage of piston displacement.

Coefficient of Expansion—The fractional increase in length or vol-
ume of a material per degree rise in temperature.

Coefficient of Performance (Heat Pump)—Ratio of heating effect
produced to the energy supplied, each expressed in the same ther-
mal units.

Coil—Any heating or cooling element made of pipe or tubing con-
nected in series.

Cold Storage—A trade or process of preserving perishables on a
large scale by refrigeration.

Comfort Chart—A chart showing effective temperatures with dry-
bulb temperatures and humidity (and sometimes air motion) by
which the effects of various air conditions on human comfort
maybe compared.

Compression System—A refrigerating system in which the pressure-
imposing element is mechanically operated.

Compressor—That part of a mechanical refrigerating system that
receives the refrigerant vapor at low pressure and compresses it
into a smaller volume at higher pressure.

Compressor, Centrifugal—A nonpositive displacement compressor
that depends on centrifugal effect (at least in part) for pressure rise.

Compressor, Open-Type—A compressor with a shaft or other mov-
ing part, extending through a casing, to be driven by an out-
side source of power, thus requiring a stuffing box, shaft seals, or
equivalent rubbing contact between a fixed and moving part.
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Compressor, Reciprocating—A positive displacement compressor
with a piston or pistons moving in a straight line, but alternately
in opposite directions.

Compressor, Rotary—One in which compression is attained in a
cylinder by rotation of a positive displacement member.

Compressor Booster—A compressor for very low pressures, usually
discharging into the suction line of another compressor.

Condenser—A heat-transfer device that receives high-pressure va-
por at temperatures above that of the cooling medium (such as
air or water) to which the condenser passes latent heat from the
refrigerant, causing the refrigerant vapor to liquefy.

Condensing—The process of giving up latent heat of vaporization
to liquefy a vapor.

Condensing Unit—A specific refrigerating machine combination for
a given refrigerant, consisting of one or more power-driven com-
pressors, condensers, liquid receivers (when required), and the
regularly furnished accessories.

Condensing Unit, Sealed—A mechanical condensing unit in which
the compressor and compressor motor are enclosed in the same
housing, with no external shaft or shaft seal, the compressor mo-
tor operating in the refrigerant atmosphere.

Conduction, Thermal—Passage of heat from one point to another
by transmission of molecular energy from particle to particle
through a conductor.

Conductivity, Thermal—The ability of a material to pass heat from
one point to another, generally expressed in terms of Btu per hour
per square foot of material per inch of thickness per degree tem-
perature difference.

Conductor, Electrical—A material that will pass an electric current
as part of an electrical system.

Connecting Rod—A device connecting the piston to a crank and
used to change rotating motion into reciprocating motion, or vice
versa (as from a rotating crankshaft to a reciprocating piston).

Constant-Pressure Valve—A valve of the throttling type, respon-
sive to pressure, located in the suction line of an evaporator to
maintain a desired constant pressure in the evaporator higher than
the main suction line pressure.

Constant-Temperature Valve—A valve of the throttling type, re-
sponsive to the temperature of a thermostatic bulb. This valve
is located in the suction line of an evaporator to reduce the
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refrigerating effect on the coil to just maintain a desired mini-
mum temperature.

Control—Any device for regulation of a system or component in
normal operation (manual or automatic). If automatic, the impli-
cation is that it is responsive to changes of temperature, pressure,
or any other property whose magnitude is to be regulated.

Control, High-Pressure—A pressure-responsive device (usually an
electric switch) actuated directly by the refrigerant-vapor pressure
on the high side of a refrigerating system (usually compressor-head
pressure).

Control, Low-Pressure—An electric switch, responsive to pressure,
connected into the low-pressure part of a refrigerating system
(usually closes at high pressure and opens at low pressure).

Control, Temperature—An electric switch or relay that is responsive
to the temperature change of a thermostatic bulb or element.

Convection—The circulatory motion that occurs in a fluid at a
nonuniform temperature because of the variation of its density
and the action of gravity.

Convection, Forced—Convection resulting from forced circulation
of a fluid (as by a fan, jet, or pump).

Cooling Tower, Water—An enclosed device for making use of the
cooling effect of vaporizing water.

Cooling Unit—A specific air-treating combination consisting of a
means for air circulation and cooling within prescribed tempera-
ture limits.

Cooling Water—Water used for condensation of refrigerant. Con-
denser water.

Copper Plating—Formation of a film of copper (usually on com-
pressor walls, pistons, or discharge valves), caused by moisture in
a methyl chloride system.

Corrosive—Having a chemically destructive effect on metals (occa-
sionally on other materials).

Counter Flow—In the heat exchange between two fluids, the op-
posite direction of flow, the coldest portion of one meeting the
coldest portion of the other.

Critical Pressure—The vapor pressure corresponding to the critical
temperature.

Critical Temperature—The temperature above which a vapor can-
not be liquefied, regardless of pressure.
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Critical Velocity—The velocity above which fluid flow is turbulent.
Crohydrate—An eutectic brine mixture of water and any salt mixed

in proportions to give the lowest freezing temperature.
Cut-In—The temperature or pressure at which a control device sig-

nals a piece of equipment to operate.
Cycle—A complete course of operation of working fluid back to a

starting point measured in thermodynamic terms. Also used in
general for any repeated process in any system.

Cycle, Defrosting—The portion of a refrigeration operation that
permits the cooling unit to defrost.

Cycle, Refrigeration—A complete course of operation of a refriger-
ant back to the starting point measured in thermodynamic terms.
Also used in general for any repeated process for any system.

Dalton’s Law of Partial Pressure—Each constituent of a mixture of
gases behaves thermodynamically as if it alone occupied the space.
The sum of the individual pressures of the constituents equals the
total pressure of the mixture.

Defrosting—Removal of accumulated ice from the cooling unit.
Degree Day—A unit based on temperature difference and time

used to specify the nominal heating load in winter. For one day
there exist as many degree days as there are degrees Fahren-
heit difference in temperature between the average outside air
temperature, taken over a 24-hour period, and a temperature of
65◦F.

Dehumidifier—An air cooler used for lowering the moisture content
of the air passing through it. An absorption or adsorption device
for removing moisture from the air.

Dehumidify—To remove water vapor from the atmosphere. To re-
move water or liquid from stored goods.

Dehydrator—A device used to remove moisture from the refrigerant.
Density—The mass or weight per unit of volume.
Dew Point, Air—The temperature at which a specified sample of air

(with no moisture added or removed) is completely saturated. The
temperature at which the air, on being cooled, gives up moisture
or dew.

Differential (of a Control)—The difference between the cut-in and
cutout temperature or pressure.

Direct Connected—Driver and driven, as motor and compressor,
positively connected in line to operate at the same speed.
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Direct Expansion—A system in which the evaporator is located in
the material or space refrigerated, or in the air-circulating passages
communicating with such space.

Displacement, Actual—The volume of gas at the compressor inlet
actually moved in a given time.

Displacement, Theoretical—The total volume displaced by all the
pistons of a compressor for every stroke during a definite interval
(usually measured in cubic feet per minute).

Drier—Synonymous with dehydrator.
Dry-Type Evaporator—An evaporator of the continuous-tube type

where the refrigerant from a pressure-reducing device is fed into
one end and the suction line connected to the outlet end.

Duct—A passageway made of sheet metal or other suitable material,
not necessarily leak-tight, used for conveying air or other gas at
low pressure.

Dust—An air suspension (aerosol) of solid particles of earthy mate-
rial, as differentiated from smoke.

Economizer—A reservoir or chamber wherein energy or material
from a process is reclaimed for further useful purpose.

Efficiency, Mechanical—The ratio of the output of a machine to the
input in equivalent units.

Efficiency, Volumetric—The ratio of the volume of gas actually
pumped by a compressor or pump to the theoretical displacement
of the compressor.

Ejector—A device that utilizes static pressure to build up a high fluid
velocity in a restricted area to obtain a lower static pressure at that
point so that fluid from another source maybe drawn in.

Element, Bimetallic—An element formed of two metals having dif-
ferent coefficients of thermal expansion, such as used in tem-
perature-indicating and temperature-controlling devices.

Emulsion—A relatively stable suspension of small, but not colloidal,
particles of a substance in a liquid.

Engine—Prime mover. Device for transforming fuel or heat energy
into mechanical energy.

Entropy—The ratio of the heat added to a substance to the absolute
temperature at which it is added.

Equalizer—A piping arrangement to maintain a common liquid level
or pressure between two or more chambers.
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Eutectic Solution—A solution of such concentration as to have a
constant freezing point at the lowest freezing temperature for the
solution.

Evaporative Condenser—A refrigerant condenser utilizing the evap-
oration of water by air at the condenser surface as a means of
dissipating heat.

Evaporative Cooling—The process of cooling by means of the evap-
oration of water in air.

Evaporator—A device in which the refrigerant evaporates while ab-
sorbing heat.

Expansion Valve, Automatic—A device that regulates the flow of
refrigerant from the liquid line into the evaporator to maintain a
constant evaporator pressure.

Expansion Valve, Thermostatic—A device that regulates the flow of
refrigerant into an evaporator to maintain an evaporation temper-
ature in a definite relationship to the temperature of a thermostatic
bulb.

Extended Surface—The evaporator or condenser surface that is
not a primary surface. Fins or other surfaces that transmit heat
from or to a primary surface that is part of the refrigerant
container.

External Equalizer—In a thermostatic expansion valve, a tube con-
nection from the chamber containing the pressure-actuated ele-
ment of the valve to the outlet of the evaporator coil. A device to
compensate for excessive pressure drop through the coil.

Fahrenheit—A thermometric system in which 32◦F denotes the
freezing point of water and 212◦F the boiling point under nor-
mal pressure.

Fan—An air-moving device comprising a wheel, or blade, and hous-
ing or orifice plate.

Fan, Centrifugal—A fan rotor or wheel within a scroll-type housing
and including driving-mechanism supports for belt-drive or direct
connection.

Fan, Propeller—A propeller or disk-type wheel within a mounting
ring or plate and including driving-mechanism supports for either
belt-drive or direct connection.

Fan, Tubeaxial—A disk-type wheel within a cylinder, a set of
air-guide vanes located before or after the wheel, and driving-
mechanism supports for either belt-drive or direct connection.
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Filter—A device to remove solid material from a fluid by a straining
action.

Flammability—The ability of a material to burn.
Flare Fitting—A type of connector for soft tubing that involves the

flaring of the tube to provide a mechanical seal.
Flash Gas—The gas resulting from the instantaneous evaporation

of the refrigerant in a pressure-reducing device to cool the re-
frigerant to the evaporation temperature obtained at the reduced
pressure.

Float Valve—Valve actuated by a float immersed in a liquid con-
tainer.

Flooded System—A system in which the refrigerant enters into a
header from a pressure-reducing valve and the evaporator main-
tains a liquid level. As opposed to a dry evaporator.

Fluid—A gas or liquid.
Foaming—Formation of a foam or froth of oil refrigerant because

of rapid boiling out of the refrigerant dissolved in the oil when the
pressure is suddenly reduced. This occurs when the compressor
operates. If large quantities of refrigerant have been dissolved,
large quantities of oil may boil out and be carried through the
refrigerant lines.

Freeze-Up—Failure of a refrigeration unit to operate normally be-
cause of the formation of ice at the expansion valve. The valve
may be frozen closed or open, causing improper refrigeration in
either case.

Freezing Point—The temperature at which a liquid will solidify upon
the removal of heat.

Freon-12—The common name for dichlorodifluoromethane
(CCl2F2).

Frostback—The flooding of liquid from an evaporator into the suc-
tion line, accompanied by frost formation on the suction line in
most cases.

Furnace—That part of a boiler or warm-up heating plant where
combustion takes place. Also, a complete heating unit for trans-
ferring heat from fuel being burned to the air supplied to a heating
system.

Fusible Plug—A safety plug used in vessels containing refrigerant.
The plug is designed to melt at high temperatures (usually about
165◦F) to prevent excessive pressure from bursting the vessel.
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Gage—An instrument used for measuring various pressures or liquid
levels.

Gas—The vapor state of a material.
Generator—A basic component of any absorption-refrigeration sys-

tem.
Gravity, Specific—The density of a standard material usually com-

pared to that of water or air.
Grille—A perforated or louvered covering for an air passage. It is

usually installed in a sidewall, ceiling, or floor.
Halide Torch—A leak tester generally using alcohol and burning

with a blue flame. When the sampling tube draws in a halocarbon
refrigerant vapor, the color of flame changes to bright green. Gas
given off by the burning halocarbon is phosgene, a deadly gas used
in World War I in Europe against Allied troops (can be deadly if
breathed in a closed or confined area).

Heat—Basic form of energy that may be partially converted into
other forms and into which all other forms may be entirely con-
verted.

Heat of Fusion—Latent heat involved in changing between the solid
and the liquid states.

Heat, Sensible—Heat that is associated with a change in tempera-
ture; specific heat exchange of temperature, in contrast to a heat
interchange in which a change of state (latent heat) occurs.

Heat, Specific—The ratio of the quantity of heat required to raise the
temperature of a given mass of any substance 1◦ to the quantity
required to raise the temperature of an equal mass of a standard
substance (usually water at 59◦F) 1◦.

Heat of Vaporization—Latent heat involved in the change between
liquid and vapor states.

Heat Pump—A refrigerating system employed to transfer heat into
a space or substance. The condenser provides the heat, while the
evaporator is arranged to pick up heat from air, water, and so on.
By shifting the flow of the refrigerant, a heat-pump system may
also be used to cool the space.

Heating System—Any of several heating methods usually termed
according to the method used in its generation, such as steam
heating, warm-air heating, and so on.

Heating System, Electric—Heating produced by a rise of temper-
ature, the increase caused by the passage of an electric current
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through a conductor with the conductor having a high resis-
tance to the current flow. Residence electric-heating systems gen-
erally consist of one or several resistance units installed in a
frame or casing, the degree of heating being thermostatically con-
trolled.

Heating System, Steam—A heating system in which heat is trans-
ferred from a boiler or other source to the heating units by steam
at, above, or below atmospheric pressure.

Heating System, Vacuum—A two-pipe steam-heating system
equipped with the necessary accessory apparatus to permit op-
erating the system below atmospheric pressure.

Heating System, Warm-Air—A warm-air heating plant consisting
of a heating unit (fuel-burning furnace) enclosed in a casing from
which the heated air is distributed to various rooms of the building
through ducts.

Heremetically Sealed Unit—A refrigerating unit containing the mo-
tor and compressor in a sealed container.

High-Pressure Cutout—A control device connected into the high-
pressure part of a refrigerating system to stop the machine when
the pressure becomes excessive.

High Side—That part of the refrigerating system containing the
high-pressure refrigerant. Also the term used to refer to the con-
densing unit, consisting of the motor, compressor, condenser, and
receiver mounted on a single base.

High-Side Float Valve—A float valve that floats in high-pressure
liquid. Opens on an increase in liquid level.

Hold Over—In an evaporator, the ability to stay cold after heat
removal from the evaporator stops.

Horsepower—A unit of power. Work done at the rate of 33,000
foot-pounds per minute, or 550 foot-pounds per second. One
horsepower is equal to 746 watts in electrical terms.

Humidifier—A device to add moisture to the air.
Humidify—To add water vapor to the atmosphere, or to add water

vapor or moisture to any material.
Humidistat—A control device actuated by changes in humidity and

used for automatic control of relative humidity.
Humidity, Absolute—The definite amount of water contained in a

definite quantity of air (usually measured in grains of water per
pound or per cubic foot of air).



P1: GDZ/FFX P2: GDZ/FFX QC: GDZ/FFX T1: GDZ

GB076-18 GB076-Miller-Sample July 14, 2004 20:15 Char Count= 0

Glossary 473

Humidity, Relative—The ratio of the water-vapor pressure of air
compared to the vapor pressure it would have if saturated at its
dry-bulb temperature. Very near the ratio of the amount of mois-
ture contained in air compared to what it could hold at the existing
temperature.

Humidity, Specific—The weight of vapor associated with one pound
of dry air; also termed humidity ratio.

Hydrocarbons—A series of chemicals of similar chemical nature,
ranging from methane (the main constituent of natural gas)
through butane, octane, and so on, to heavy lubricating oils. All
are more or less flammable. Butane and isobutane have been used
to a limited extent as refrigerants.

Hydrolysis—Reaction of a material (such as Freon-12 or methyl
chloride) with water. Acid materials in general are formed.

Hydrostatic Pressure—The pressure caused by liquid in a container
that contains no gas space.

Hygroscope—See Humidistat.
Ice-Melting Equivalent—The amount of heat (144 Btu) absorbed by

one pound of ice at 32◦F in liquefying to water at 32◦F.
Indirect Cooling System—See Brine System.
Infiltration—The leakage of air into a building or space.
Insulation—A material of low heat conductivity.
Irritant Refrigerant—Any refrigerant that has an irritating effect on

the eyes, nose, throat, or lungs.
Isobutane—A hydrocarbon refrigerant used to a limited extent. It is

flammable.
Kilowatt—Unit of electrical power equal to 1000 watts, or 1.34

horsepower, approximately.
Lag of Temperature Control—The delay in action of a temperature-

responsive element caused by the time required for the tempera-
ture of the element to reach the surrounding temperature.

Latent Heat—The quantity of heat that may be added to a substance
during a change of state without causing a temperature change.

Latent Heat of Evaporation—The quantity of heat required to
change 1 pound of liquid into a vapor with no change in tem-
perature. Reversible.

Leak Detector—A device used to detect refrigerant leaks in a refrig-
erating system.
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Liquid—The state of a material in which its top surface in a ves-
sel will become horizontal. Distinguished from solid or vapor
forms.

Liquid Line—The tube or pipe that carries the refrigerant liquid from
the condenser or receiver of a refrigerating system to a pressure-
reducing device.

Liquid Receiver—That part of the condensing unit that stores the
liquid refrigerant.

Load—The required rate of heat removal.
Low-Pressure Control—An electric switch and pressure-responsive

element connected into the suction side of a refrigerating unit to
control the operation of the system.

Low Side—That part of a refrigerating system that normally oper-
ates under low pressure, as opposed to the high side. Used also to
refer to the evaporator.

Low-Side Float—A valve operated by the low-pressure liquid, which
opens at a low level and closes at a high level.

Main—A pipe or duct for distributing to or collecting conditioned
air from various branches.

Manometer—A U-shaped liquid-filled tube for measuring pressure
differences.

Mechanical Efficiency—The ratio of work done by a machine to the
work done on it or energy used by it.

Mechanical Equivalent of Heat—An energy-conversion ratio of
778.18 foot-pounds = 1 Btu.

Methyl Chloride—A refrigerant having the chemical formula
CH3Cl.

Micron (µ)—A unit of length; the thousandth part of one millimeter
or the millionth part of a meter.

Mollier Chart—A graphical representation of thermal properties of
fluids, with total heat and entropy as coordinates.

Motor—A device for transforming electrical energy into mechanical
energy.

Motor Capacitor—A device designed to improve the starting ability
of single-phase induction motors.

Noncondensables—Foreign gases mixed with a refrigerant that
cannot be condensed into liquid form at the temperatures and
pressures at which the refrigerant condenses.
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Oil Trap—A device to separate oil from the high-pressure vapor
from the compressor. Usually contains a float valve to return the
oil to the compressor crankcase.

Output—Net refrigeration produced by the system.
Ozone—The O3 form of oxygen, sometimes used in air condition-

ing or cold-storage rooms to eliminate odors. Can be toxic in
concentrations of 0.5 ppm and over.

Packing—The stuffing around a shaft to prevent fluid leakage be-
tween the shaft and parts around the shaft.

Packless Valve—A valve that does not use packing to prevent leaks
around the valve stem. Flexible material is usually used to seal
against leaks and still permit valve movement.

Performance Factor—The ratio of the heat moved by a refrigerating
system to heat equivalent of the energy used. Varies with condi-
tions.

Phosphorous Pentoxide—An efficient drier material that becomes
gummy reacting with moisture and hence is not used alone as a
drying agent.

Pour Point, Oil—The temperature below which the oil surface will
not change when the oil container is tilted.

Power—The rate of doing work measured in horsepower, watts,
kilowatts, and so on.

Power Factor, Electrical Devices—The ratio of watts to volt-amperes
in an alternating current circuit.

Pressure—The force exerted per unit of area.
Pressure Drop—Loss in pressure, as from one end of a refrigerant

line to the other, due to friction, static head, and so on.
Pressure Gage—See Gage.

Pressure-Relief Valve—A valve or rupture member designed to re-
lieve excessive pressure automatically.

Psychrometric Chart—A chart used to determine the specific vol-
ume, heat content, dew point, relative humidity, absolute hu-
midity, and wet- and dry-bulb temperatures, knowing any two
independent items of those mentioned.

Purging—The act of blowing out refrigerant gas from a
refrigerant-containing vessel usually for the purpose of removing
noncondensables. Release of the refrigerant into the atmosphere
is now illegal.
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Pyrometer—An instrument for the measurement of high tempera-
tures.

Quick-connect—A connector used to join precharged systems with-
out the need for evacuation.

Radiation—The passage of heat from one object to another without
warming the space between. The heat is passed by wave motion
similar to light.

Refrigerant—The medium of heat transfer in a refrigerating system
that picks up heat by evaporating at a low temperature and gives
up heat by condensing at a higher temperature.

Refrigerating System—A combination of parts in which a refrigerant
is circulated for the purpose of extracting heat.

Relative Humidity—The ratio of the water-vapor pressure of air
compared to the vapor pressure it would have if saturated at its
dry-bulb temperature. Very near the ratio of the amount of mois-
ture contained in air compared to what it could hold at the existing
temperature.

Relief Valve—A valve designed to open at excessively high pressures
to allow the refrigerant to escape.

Resistance, Electrical—The opposition to electric-current flow, mea-
sured in ohms.

Resistance, Thermal—The reciprocal of thermal conductivity.

Room Cooler—A cooling element for a room. In air conditioning,
a device for conditioning small volumes of air for comfort.

Rotary Compressor—A compressor in which compression is at-
tained in a cylinder by rotation of a semiradial member.

Running Time—Usually indicates percent of time a refrigerant com-
pressor operates.

Saturated Vapor—Vapor not superheated but of 100 percent quality
(that is, containing no unvaporized liquid).

Schraeder Valve—A valve that permits the flow in one direction if
pressure exceeds a setting and in the other if the pin is depressed.
The same type of valve that is used to inflate a car’s tires.

Seal, Shaft—A mechanical system of parts for preventing gas leakage
between a rotating shaft and a stationary crankcase.

Sealed Unit—See Hermetically Sealed Unit.

Shell and Tube—Pertaining to heat exchangers in which a coil of
tubing or pipe is contained in a shell or container. The pipe is
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provided with openings to allow the passage of a fluid through it,
while the shell is also provided with an inlet and outlet for a fluid
flow.

Silica Gel—A drier material having the formula SiO2.
Sludge—A decomposition product formed in a refrigerant caused

by impurities in the oil or moisture. Sludges may be gummy or
hard.

Soda Lime—A material used for removing moisture. Not recom-
mended for refrigeration use.

Solenoid Valve—A valve opened by a magnetic effect of an electric
current through a solenoid coil.

Solid—The state of matter in which a force can be exerted in a
downward direction only when not confined (as distinguished
from fluids).

Solubility—The ability of one material to enter into solution with
another.

Solution—The homogeneous mixture of two or more materials.
Specific Gravity—The weight of a volume of a material compared

to the weight of the same volume of water.
Specific Heat—The quantity of heat required to raise the tempera-

ture of a definite mass of a material a definite amount compared
to that required to raise the temperature of the same mass of water
the same amount. May be expressed as Btu/per pound per degrees
Fahrenheit.

Specific Volume—The volume of a definite weight of a material.
Usually expressed in cubic feet per pound. The reciprocal of den-
sity.

Spray Pond—An arrangement for lowering the temperature of water
by evaporative cooling of the water in contact with outside air.
The water to be cooled is sprayed by nozzles into the space above
a body of previously cooled water and allowed to fall by gravity
into it.

Steam—Water in the vapor phase.
Steam Trap—A device for allowing the passage of condensate, or

air and condensate, and preventing the passage of steam.
Subcooled—Cooled below the condensing temperature correspond-

ing to the existing pressure.
Sublimation—The change from a solid to a vapor state without an

intermediate liquid state.
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Suction Line—The tube or pipe that carries refrigerant vapor from
the evaporator to the compressor inlet.

Suction Pressure—Pressure on the suction side of the compressor.
Superheat—Increase in temperature above boiling point for a given

pressure. Increase in temperature of suction line gas over the evap-
orator.

Superheater—A heat exchanger used on flooded evaporators,
wherein hot liquid on its way to enter the evaporator is cooled
by supplying heat to dry and superheat the wet vapor leaving the
evaporator.

Sweating—Condensation of moisture from the air on surfaces below
the dew-point temperature.

System—A heating or refrigerating scheme or machine, usually con-
fined to those parts in contact with the heating or refrigerating
medium.

Temperature—Heat level or pressure. The thermal state of a body
with respect to its ability to pick up heat from or pass heat to
another body.

Thermal Conductivity—The ability of a material to conduct heat
from one point to another. Indicated in terms of Btu/per hour per
square foot per inches of thickness per degrees Fahrenheit.

Thermistor—An electronic sensor in which resistance is propor-
tional to the temperature sensed.

Thermocouple—A device consisting of two electrical conductors
having two junctions: one at a point whose temperature is to be
measured and the other at a known temperature. The temper-
ature between the two junctions is determined by the material
characteristics and the electrical potential setup.

Thermodynamics—The science of the mechanics of heat.

Thermometer—A device for indicating temperature.

Thermostat—A temperature-actuated switch.

Thermostatic Expansion Valve—A device to regulate the flow of re-
frigerant into an evaporator to maintain an evaporation tempera-
ture in a definite relationship to the temperature of a thermostatic
bulb.

Ton of Refrigeration—Refrigeration equivalent to the melting of
1 ton of ice per 24 hours (288,000 Btu per day, 12,000 Btu per
hour, or 200 Btu per minute).
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Total Heat—The total heat added to a refrigerant above an arbi-
trary starting point to bring it to a given set of conditions (usually
expressed in Btu/per pound). For example, in a super-heated gas,
the combined heat added to the liquid necessary to raise its tem-
perature from an arbitrary starting point to the evaporation tem-
perature to complete evaporation, and to raise the temperature to
the final temperature where the gas is superheated.

Total Pressure—In fluid flow, the sum of static pressure and velocity
pressure.

Turbulent Flow—Fluid flow in which the fluid moves transversely
as well as in the direction of the tube or pipe axis, as opposed to
streamline or viscous flow.

Unit Heater—A direct-heating, factory-made, encased assembly.
It includes a heating element, fan, motor, and directional
outlet.

Unit System—A system that can be removed from the user’s premises
without disconnecting refrigerant-containing parts, water connec-
tion, or fixed electrical connections.

Unloader—A device in a compressor for equalizing high- and low-
side pressures when the compressor stops and for a brief period
after it starts, to decrease the starting load on the motor.

Vacuum—A pressure below atmospheric, usually measured in
inches of mercury below atmospheric pressure.

Valve—In refrigeration, a device for regulation of a liquid, air, or
gas.

Vapor—A gas, particularly one near to equilibrium with the liquid
phase of the substance, that does not follow the gas laws. Fre-
quently, used instead of gas for a refrigerant and, in general, for
any gas below the critical temperature.

Viscosity—The property of a fluid to resist flow or change of shape.
Water Cooler—Evaporator for cooling water in an indirect refriger-

ating system.
Wax—A material that may separate when oil/refrigerant mixtures

are cooled. Wax may plug the expansion valve and reduce heat
transfer of the coil.

Wet-Bulb Depression—Difference between dry- and wet-bulb tem-
peratures. Used to find relative humidity.

Wet Compression—A system of refrigeration in which some liquid
refrigerant is mixed with vapor entering the compressor to cause
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discharge vapors from the compressor to tend to be saturated
rather than superheated.

Xylene—A flammable solvent, similar to kerosene, used for dissolv-
ing or loosening sludges and for cleaning compressors and lines.

Zero, Absolute, of Pressure—The pressure existing in a vessel that
is entirely empty. The lowest possible pressure. Perfect vacuum.

Zero, Absolute, of Temperature—The temperature at which a body
has no heat in it (−459.6◦F, or −273.1◦C).

Zone, Comfort (Average)—The range of effective temperature dur-
ing which the majority of adults feel comfortable.
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A
absolute humidity, 459, 472
absolute pressure, 459
absolute zero, 5, 6–7, 459, 480
absorption, 459
absorption central air-conditioning

system, 331, 338–341, 366
and compression system

compared, 338–339, 366
cycle of operation, 339–341

acceleration, 459
AC motor controls, 413–418
accumulator, 459
acrolein, 152, 459
activated alumina, 459
adiabatic, 459
adiabatic process, 459
adsorbent, 459
adsorption-type dehumidifiers,

76–77
aeration, 459
agitation, 459
air

ambient, 459
circulation of, 1, 2, 459
cleaning and filtering of, 1, 2–3,

61–62, 97. See also air
filters

components of, 1–2, 12
conditioning of, 1
cooling, 1
defined, 1
dehumidifying, 1, 15, 27, 73–74,

98, 467
dry, 19, 461
fresh, requirements for, 57–58
heating, 1
humidifying, 1, 15, 27, 472
impurities, removal of, 2
moisture in, 15. See also

humidity
recirculated, 461
return, 461
saturated, 461
standard, 461

volume of, required, 58–59, 90,
91

water vapor in, 15
airborne diseases, 60
air changes, 459
air circulation, 1, 2, 459
air cleaner, 2, 460
air-cleaning equipment, 97

classifications of, 61–62
air conditioner(s)

compressors for, 171–172,
176–215

condensers, 173, 214, 217–239
cycle of operation, 214–215
defined, 460
economic considerations and,

29
efficiency mandates for, 189
electrical components of, 171,

172
evaporators for, 173, 241–271
expansion valves, 174
heat loss in selection of, 29, 51
mechanical components of,

171–174, 214
nonportable, 357–361
receivers, 173, 214
refrigerant controls, 174, 214,

245–251
refrigerants, selection of,

175–176
refrigeration cycle, 174–175
room. See room air conditioners
size of, calculating, 11, 29, 51
suspended-type, 361–363
troubleshooting, 140–143,

207–214, 363–366,
444–450

air conditioning
air circulation and, 2
air-mass modification,

adjustments for, 326
air moisture and, 15
atmospheric conditions affected

by, 1, 12, 15

481
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air conditioning (continued)
automatic, 290, 308, 462
automobile, 369–396
building materials and choice of,

30–51
central-fan system, 460
controls, 289–309
defined, 1, 460
elevation, adjustments for, 326
energy consumption

considerations, 328
indoor design conditions,

311–312
maintenance of, 431–451
motors and motor controls,

399–428
outdoor design conditions,

312–325, 328
properties underlying, 3–7
unit, defined, 460
vegetation, adjustments for, 326
water-cooled, winter shutdown

of, 204–205
year-round central, 331–366,

460
Air-Conditioning Contractors of

America (ACCA), 453
air-cooled condenser(s), 217–218,

238, 279–280
head-pressure controls, 230–232
placement of, 217
pressure stabilization in,

230–232
types of, 217

air cooler/cooling, 460
air diffuser, 460–461
air ducts

air velocities, 60, 80, 81
console air conditioners,

installing, 119–122
defined, 468
design of, 77–79
heat gains in, 79–80
location of, 60
resistance in, 59, 85–88, 97
shape of, 85–86
sizing, 80–85, 97

air-duct ventilation systems, 77–88
air velocities, recommended, 80,

81
duct design, 77–79
heat gains in ducts, 79–80
resistance losses in, 85–88, 97
sizing calculations, 80–85
suitable duct velocities, 80

air filters, 60–69, 97
absorbers, 63
central air-conditioning, 335
classification of, 61–62
dry, 2, 12, 62–63, 97
dry plate, 62
electronic, 12
flushing-type, 65
function of, 60
immersion-type, 64–65
inspection of, 137
installation of, 68–69
manually cleaned, 64
need for, 61
purpose of, 12
requirements for, 68
for suspended-type air

conditioners, 383
wet (viscous), 2, 64–67, 97
wet replacement-type, 64

air filtration, 60–61, 97
air humidification, 69
air infiltration, 19, 27, 29, 53,

461, 473
air leakage, 53
air-mass modification, 326
air moisture

grains of moisture, 16, 27
and rate of evaporation, 16
specific volume, 17
See also humidity

Air Movement and Control
Association (AMCA)
International, Inc., 453

air-movement factor, 17
air-operated humidifiers, 72–73
air purifiers, 66–67
air-supply system, central air

conditioning systems, 332
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air volume required, 58–59, 90, 91
air washer(s), 70, 98, 335, 461
air washing, 2–3
alcohol thermometer, 17
algae growth, treating, 276, 287
altitude, 1, 19, 27, 326
ambient temperature, 273, 461
American Institute of Architects

(AIA), 453
American National Standards

Institute (ANSI), 454
American Society of Heating and

Ventilating Engineers, 68, 93
American Society of Heating,

Refrigeration, and Air
Conditioning Engineers
(ASHRAE), 311

ammonia, 153, 166
first aid for exposure to, 168

ammonia machine, 461
analyzer, 461
anemometer, 461
antifreeze, 204, 461–462
artificial cold, properties

underlying the production of,
3–7

atmospheric condenser, 462
atmospheric conditions, 1, 12

measuring. See psychrometry
atmospheric pressure, 8–9, 10, 13

defined, 462
standard at sea level, 9, 13, 19,

27
atomize, 462
attic fans, 94

installation of, 95–97
automatic air conditioning, 290,

308, 462
automatic expansion valve(s),

139, 301
defined, 462
function of, 174, 300, 308–309

automatic viscous filters, 64–67
automobile air-conditioning,

369–396
air distribution, 384, 386
air output, 385–386

components of, 369, 370,
375–384, 395

compressor, 372, 375–376, 395
compressor clutch, 387, 396
compressor malfunction,

386–387
condenser, 376, 387, 396
controls, 384, 386
cooling, malfunctions of, 385
evaporator, 380, 388, 396
hot-gas bypass-valve control,

371, 373
installation of, 389–391, 395
magnetic clutch control, 369,

372, 381–382, 395
operation of, 373–375
receiver-dehydrator, 376–377
refrigerant-flow control,

369–371, 374, 395
refrigerant lines, 388
refrigerant used in, 162, 373,

388
service and maintenance,

384–389
sight glass, use of for diagnosis,

389
solenoid control, 380–381
suction pressures, checking, 386
suction-throttle valve, 382–384,

388, 396
temperature controls, 369, 395
thermostat, 369
thermostatic expansion valve,

377–380, 387–388, 396
troubleshooting, 392–394

B
back pressure, checking, 434
bacteria, 1, 12, 60
baffle, 462
balanced pressure, 462
barometer, 10

defined, 8, 13, 462
using, 8–9

barometric pressure, 9, 10, 27
belt drives, motors, 215, 422
blast coils, 244



P1: GIG

GB076-Ind GB076-Miller-Sample July 14, 2004 20:16 Char Count= 0

484 Index

blast heater, 462
bleeder, 462
bleeder shell-and-tube condenser,

219
BOCA International, Inc. 456
body heat, 19, 27
boiler, 462
boiler horsepower, 462
boiling point, 7, 15, 27

defined, 462
Freons, 156–157
refrigerants, 147, 148, 152, 154,

245
bore, 462
boxed-in fans, 95
Boyle and Charles, combined law

of, 6
Boyle’s law, 6
brine, 462
brine refrigeration systems,

154–155, 241, 242, 462
British thermal unit (Btu), 4, 10,

27, 463
building materials, effect of on

air-conditioning systems,
30–51

butane, 463

C
calcium chloride (CaCl2),

154–155, 463
calcium sulfate, 463
calibration, 463
calorie, 463
capacitor motors, 91–92, 133–134
capacitors, 91, 411–412, 474
capacitor-start motors, 407–408,

428
capacity

compressor, 205
cooling, 103
evaporator, 251, 252, 269, 271
refrigerant controls, 251
refrigerant cylinders, 167–168
refrigeration, 10–12, 463
room air conditioners, 103–104
ventilator, 56

capacity reducer, 463
capillarity, 463
capillary tube(s), 305, 309, 463
carbon dioxide, 1, 12, 154, 166
carbon dioxide ice, 463
carbon monoxide, 1, 2, 12
carbon tetrachloride (CCI4), 214
Carnot cycle, 163
casement windows, installing air

conditioners in, 111–115
Celsius scale

converting to Fahrenheit, 7–8
defined, 7, 463

central air-conditioning. See
year-round central air
conditioning

centrifugal-and-turbine fans, 334,
335

centrifugal compressor, 171,
192–193, 195–198, 215

component parts of, 195
construction features, 195–196
defined, 192, 463, 464
lubrication system, 196–198
uses of, 192–193, 195

centrifugal fans, 89, 95, 98, 469
centrifuge, 463
change of air, 464
change of state, 464
charge, 464
Charles, law of, 5
check valves, 267–269, 271
chilling units, 247–249
chimney effect, 464
chlorofluorocarbon compounds

(CFCs), 147–148.
ban on use of, 148
See also Freon family of

refrigerants
choke coil, 127
circulating fans, 94
class-A–D motors, 400–401
class 1–3 refrigerants, 150
cleaning

air, 1, 2–3, 61–62, 97
dry filters, 63
compressors, 214
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condensers, 232, 233–235, 239
inhibitor powder, 234

clearance, 464
climatic conditions

and individual comfort levels,
25, 26–27

in U.S., by state, 314–325
clouds, 15
coefficient of expansion, 464
coefficient of heat transfer, 251,

270
coefficient of performance

heat pump, 464
refrigerants, 163–164

coil(s), 244, 464. See also cooling
coils; heating coils

coiled evaporator, 241, 243–244
cold storage, 464
combination gages, 437
combined law of Boyle and

Charles, 6
comfort

air moisture and, 15, 27
atmospheric conditions affecting,

1
designing for, 311–312, 326–328
climatic conditions and, 25,

314–325
recommended indoor

temperatures for, 25–27
temperature-humidity index and,

18
comfort chart, 25–27, 464

optimum comfort line, 26–27
compound gages, 10, 12, 436
compound-wound motors, 399,

425
compression process, 175, 215
compression system, 464
compressor(s)

amperage, 139
automobile air-conditioning,

375–376, 395
booster, 465
capacity, 205
centrifugal, 171, 192–193,

195–198, 215, 463, 464

classification of, 171–172,
176–177, 214, 215

cleaning, 214
closed-type, 178
clutch, 387, 396
components of, 172, 214
connecting rods, 181, 182, 465
cooling, 184
crankshafts, 181–183
defined, 464
flowback protection, 199–200
foundation, 198
function of, 171, 176, 214
hermetic, 178, 179, 184, 215,

472
installation and maintenance of,

198–205
knocks, 202
lubrication, 184
malfunction of in automobile

air-conditioning, 386–387
mechanical efficiency, 205
motor and belts, installation and

maintenance of, 135–137,
199

motor controls, 402–421, 428
open-type, 178, 464
operation of, 214–215
performance, 205
pistons and piston rings,

178–181
reciprocating, 125, 153, 171,

177–184, 215, 465
removal of, 202–203
replacement of, 203
room air conditioner, 101, 103,

124–125
rotary, 153, 171, 184–189, 215,

465
scroll, 189–192, 193
shaft-seal, 183–184, 201
sizes, 171, 214
startup, 203
stuck-up, 202
testing, 134–135, 205–106
tight, 202
troubleshooting, 207–213
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compressor(s) (continued)
valves, 178, 200–201, 435–436,

444
volumetric efficiency, 205
winter shutdown of, 204–205

compressor clutch, 387, 396
compressor valves, 178, 200–201

checking, 435–436, 444
condenser(s)

air-cooled, 173, 217–218, 238,
279–280

atmospheric, 462
automobile air-conditioning,

376, 387, 396
charging, 235
classification of, 217, 238
cleaning, 232, 233–235, 239
defined, 465
evaporative, 235, 239
flushing, 235
function of, 173, 214, 217, 238
gravity and forced circulation,

236–237
head-pressure controls, 228–232
installation of, 232–233
maintenance of, 232–237, 239
outdoor units, 237–238
placement of, 217, 229
room air conditioner, 101, 103
scale formation, removing, 236
types of, 173, 217
water-cooled, 173, 219–227, 238
water sources, 273, 287

condensing
defined, 465
point of, 6
pressure, 159, 228
process, 175, 215

condensing unit
defined, 465
cycling, 255–256
sealed, 465

condensing-water controls, 421
conduction

defined, 3, 12
thermal, 465

conductivity, thermal, 465

conductor, electrical, 465
congealing tanks, 155
connecting rods, 181, 183, 465
conservation of energy, law of, 6
conservation of matter, law of, 5–6
console air conditioners, installing

self-contained units, 116–119
window-mounted units,

119–122
constant-pressure valve, 465
constant-speed motor, 92
constant-temperature valve,

465–466
control(s)

automatic, 290, 308
automobile air-conditioning,

384
dampers, 299, 308
defined, 466
devices for, 290–297, 308
differential of, 467
duct thermostats, 294
head pressure, 228–232
high-pressure, 466
low-pressure, 466
hygrostat, 295–297, 308
immersion thermostats, 295
limit, 297–298, 308
manual, 289–290, 308
pressure regulators, 297, 308
purpose of, 308
refrigerant, 174, 214, 245–247,

300–309
relays, 299–300, 308
room thermostats, 291–294
semiautomatic, 290, 308
suspended-type air conditioners,

363
temperature, 466
thermostats, 291–294, 308
twin-type thermostats, 294, 295,

296
types of, 289–290
valves, 298–299, 308

control board, 335–336
control systems, checking, 386
control valves, 298–299, 308
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convection
defined, 3, 12, 466
forced, 466

cooling
capacity, 103
cycle of, 342
evaporative, 469
process, steps in, 175
reciprocating compressors, 184

cooling coils, 334
cooling effect, measurement of, 10
cooling ponds, 278, 287
Cooling Technology Institute

(CTI), 456
cooling tower, 466
cooling unit, 466
cooling water, 466
cooling water circuits, 220
copper plating, 466
corrosive, 466
counter flow, 466
crankcase pressure-regulating

valves, 305–306, 309
crank integral, 181
crankshafts, 181–183
critical pressure, 7, 466
critical temperature

defined, 7, 466
of refrigerants, 160

critical velocity, 467
crohydrate, 467
current-and-thermal-type overload

protector, 419, 428
current supply, testing, 131
cut-in, 467
cycle

Carnot, 163
cooling, 342
defined, 467
defrost, 346, 467
heating, 341–342
refrigeration, 165, 174–175, 467

D
Dalton’s law of partial pressure,

467
dampers, 299, 308

defrosting,
automatic, 255, 432
defined, 467
manual, 255–256

degree day, 467
dehumidification, 73, 98
dehumidifier(s), 73–77, 98

adsorption-type, 76–77
based on honeycomb desiccant

wheel principle, 76–77
controls, 75–76
defined, 467
electric, 74–75
humidistat,75–76
operation of, 74, 75
performance of, 75
stationary-bed type, 77, 78

dehumidify, 15, 27, 73–74, 467
dehydrators, 264–265, 270, 467
density, 467
design conditions

air-mass modification,
adjustments for, 326

altitude, adjustments for, 326
frequency of occurrence levels,

326
indoor, 311–312, 328
outdoor, 312–325, 328
summer, 313
U.S. climate and, 314–325
vegetation, adjustments for,

326
weather-oriented, 326–328
winter, 312–313

dew point, 17, 27, 467
dew-point temperature, 17
dichlorodifluoromethane, 147,

160
differential (of a control), 467
diffusion, 58
direct connected, 467
direct drives, motors, 215
direct expansion, 468
discharge lines, 283–284, 288
discharge valves, 178
displacement, 468
distribution, 1, 12
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double-hung windows, installing
air conditioners in, 106–111

double-pipe condenser, 219
double-seated valves, 299, 308
double-tube condenser, 219,

220–224
drier(s), refrigerant, 263–264, 270,

468. See also dehydrators
dry air, 19, 461
dry-bulb temperature, 16, 17
dry-bulb thermometer, 10, 16
dry capillary-tube system, 305
dry evaporator, 173, 468
dry-expansion evaporators, 247,

248, 249–251, 269
dry filters, 2, 12, 62–63, 97
dry plate, 62
dry-steam humidifier, 71–72, 73,

74
duct thermostats, 294
ducts. See air ducts
dust, 1, 2, 12

components of, 60, 97
defined, 468
effect of on health, 60–61, 97
studies of, 61
sources of, 60–61, 97
types of, 61

E
eccentric shaft, 182
economizer, 468
effective temperature, 17
efficiency

compressor, 205
evaporator, 248
heat-transfer, 243
loss of by superheating, 160
mechanical, 90, 205, 468
Seasonal Energy Efficiency Ratio

(SEER), 189, 192
static, 90
test of, 205–206
volumetric, 205, 468

ejector, 468
electrically-operated humidifiers,

71–72

electrical system, room air
conditioners, 122–129

components, 124–127
cords and plugs, 123
fan motors, 127–128
National Electrical Code for,

122
power supply, 122
thermostats, 128–129
troubleshooting, 426–428
unit control switch, 129

electrical testing, 130–135
capacitor, 133–134
compressor motor overload,

134–135
compressor motor relay, 134
current supply, 131
fan motors, 131–133
relay check, 134

electric dehumidifier, 74–75
electronic filters, 12
electronic leak detector, 442–443
element, bimetallic, 468
elevation. See altitude
eliminators, 335
emulsion, 468
engine, 468
English scale. See Fahrenheit scale
entropy, 468
equalizer, 468
ethyl chloride, 152–153
eutectic solution, 469
evaporating pressure, Freons,

159–160
evaporation, and air moisture, 16
evaporative condensers, 224,

226–227, 239
cleaning, 235
defined, 224, 469
head-pressure controls,

229–230, 231
operation of, 226–227
piping to and from, 230, 231
placement of, 220
schematic view of, 227

evaporative cooling, 469
evaporative-type humidifier, 71
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evaporator(s)
area of, 252–253
automobile air-conditioning,

380, 388, 396
capacity, 251, 252, 269, 271
check valves, 267–269, 271
coiled, 241, 243–244
cycling the condensing unit,

255–256
defined, 469
dehydrators, 264–265, 270
driers, 263–264, 270
dry, 173, 468
dry-expansion, 247, 248,

249–251, 269
efficiency of, 248
exterior conditions, 253
finned, 241, 242, 269
flooded, 173, 247, 248, 269, 470
function of, 173, 215, 241
heat exchangers, 257–260, 270
K factor calculations, 251–252,

270
maintenance, 255–257
mufflers, 266, 270
oil separators, 260–263, 270
operating principle, 269
operation of, 241,269
pipe-coil installation, 249
plain-tubing, 241, 242–243, 269
plate, 241, 242
prime-surface, 242
room air conditioner, 101
strainers, 265–266, 270
subcoolers, 266–267, 268, 271
surface-area determination,

253–255
surge drums, 260, 270
temperature, 138–139
time clocks, 256–257, 270
types of, 173, 241–242,

247–248, 269
wet-expansion, 247, 248, 269

evaporator pressure-regulating
valve, 306, 307, 309

exciter, 404
exhaust fans, 93–94

expansion valves
automatic, 139, 174, 300, 301,

308–309, 462, 469
defined, 175
function of, 174
thermostatic, 174, 300–303,

309, 377–380, 387–388,
396, 469, 478

extended surface, 469
external equalizer, 469

F
Fahrenheit scale

converting Celsius to, 7–8
defined, 7, 469

fan(s)
air volume, 90, 91
for central air-conditioning,

334–335
applications of, 93–94
attic, 94, 95–97
boxed-in, 95
centrifugal, 89, 95, 98, 469
centrifugal-and-turbine, 334,

335
circulating, 94
defined, 469
drive methods, 91–92
exhaust, 93–94
horsepower requirements, 90
-inlet area, 90
kitchen, 94
mechanical efficiency, 90
motors, selecting, 91–92
motors, testing, 131–133
noise, decreasing, 94–95
operation of, 94–95, 97
-outlet area, 90
performance parameters, 89–90
power input/output, 90
propeller, 89, 98, 334–335, 469
room air conditioners, 127–128
selection of, 92–93
speeds, 91, 98
static efficiency, 90
static pressure, 90
total pressure, 90
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fan(s) (continued)
tubeaxial, 89, 98, 469
types of, 89
vaneaxial, 89, 98
velocity pressure, 90
volume handled by, 89

Federation of European Heating
and Air-Conditioning
Associations, 457

filler panel, 113
filters

absorbers, 63
central air-conditioning, 335
classification of, 61–62
defined, 470
dry, 2, 12, 62–63, 97
dry plate, 62
electronic, 12
flushing-type, 65
function of, 60
immersion-type, 64–65
inspection of, 137
installation of, 68–69
manually cleaned, 64
need for, 61
purpose of, 12
requirements for, 68
for suspended-type air

conditioners, 363
wet (viscous), 2, 64–67, 97
wet replacement-type, 64
See also strainers

finned evaporators, 241, 242, 269
finned-tube condenser, 217
first aid, for exposure to

refrigerants
ammonia fumes, 168
Freons, 168
methyl chloride, 168
sulfur dioxide

flammability
defined, 470
of early refrigerants, 147
of Freons, 158

flare fitting, 470
flash gas, 470
float valves, 303–305, 470

flooded atmospheric condenser,
219

flooded capillary-tube system, 305
flooded evaporator, 173, 247, 248,

269, 470
flue effect, 54–55, 97
fluid, 470
flushing-type air filters, 65
foaming, 470
fog, 15
freezing point, 7, 160, 470
freeze-up, 470
Freezol, 154
Freon family of refrigerants, 147,

156–160, 169
amount of liquid refrigerant

circulated, 158
boiling point, 156–157
chemical properties of, 157
common types of, 156–157
condensing pressure, 159
early types of, 147
environmental effects of, 148,

157, 169
evaporating pressure, 159–160
first aid for exposure to, 168
flammability, 158
handling of, 166
leaks, testing for, 441–442
physical properties of, 157–158
volume (piston) displacement,

158–159
Freon-11, 156
Freon-12, 156, 158, 159, 162,

281, 373, 470
Freon-13, 156
Freon-21, 156
Freon-22, 156–157, 281
Freon-113, 157
Freon-114, 157
Freon-115, 157
Freon-502, 157
frequency of occurrence levels,

326
fresh-air requirements, by

building/room type, 57–58
frostback, 470
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frostbite, 166, 168
fumes, 2
furnace, 470
fusible plug, 470

G
gage(s), 436–437

combination, 437
compound, 10, 12, 436
defined, 471
high-pressure, 10, 436
low-pressure, 10, 436
pressure, 10, 12, 245, 436–437,

475
gage pressure, 9, 436
gas, 1, 4, 12, 471
gas-compression air-conditioning

system, 331, 366
generator, 471
glossary of terms, 459–480
grain, defined, 16, 27
grains of moisture, 16, 27
gravity, specific, 471, 477
grille, 471

H
halide-torch leak testing,

441–442, 451, 471
head pressure

air-cooled condensers, 230–232
checking, 432–433, 451
evaporative condensers,

229–230, 231
refrigerants, 160
water-cooled condensers,

228–229
heat

body, 19, 27
defined, 12, 471
from electrical apparatus, 19, 27
latent, 4, 13, 18–19, 473
latent heat of evaporation, 5, 13,

162–163, 473
latent heat of fusion, 4–5, 13
mechanical equivalent of, 474
pressure–temperature

relationship, 5–7

sensible, 4, 12, 18–19, 471
specific, 4, 12, 163, 471, 477
superheat, 5, 13, 245–247, 478
total, 18–19, 27, 479
transfer of, 3, 12, 243, 270

heat-anticipation device, 294
heat exchangers, 248, 257–260,

270
heat gain

in air ducts, 79–80
preventing, 286

heating coils, 333, 361
heating cycle, 341–342
Heating, Refrigeration, and Air

Conditioning Institute of
Canada (HRAI), 455

heating system
defined, 471
electric, 471–472
steam, 472
vacuum, 472
warm-air, 472

heat leakage, 29–51
brick veneer, frame walls, 50
brick veneer on hollow tile wall,

37
brick wall, 4-in cut stone, 41
calculating, 30, 51
cinder and concrete block wall,

35
cinder and concrete block wall,

brick veneer, 36
concrete floors, on ground, 46
concrete floors and ceilings,

47–48
concrete wall, brick veneer, 33
concrete wall, exterior stucco

finish, 32
concrete wall, 4-in cut stone,

34
concrete wall, no exterior finish,

31
formula for, 29
frame floors and ceilings, no fill,

44
frame floors and ceilings, with

fill, 49
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heat leakage (continued)
hollow tile wall, 4-in cut-stone

veneer, 38
hollow tile wall, stucco exterior,

39
interior walls and plastered

partitions, no fill, 44
limestone or sandstone wall,

40
masonry partitions, 45
reference tables for determining,

30–50
solid brick wall, no exterior

finish, 42
specifying, 29, 51
wood siding clapboard frame or

shingle walls, 43
heat leveling device, 294
heat loss

in air conditioner selection, 29,
51

caused by leakages. See
infiltration

estimating maximum, 29, 51
through surfaces, 29

heat of fusion, 471
heat of vaporization, 471
heat pump(s), 341, 464, 471. See

also reverse-cycle
air-conditioning system

heat-pump principle, 306
heat transfer, 3, 12

conduction, 3, 12
convection, 3, 12
efficiency, increasing, 243
equation, 270
radiation, 3, 12

hermetically sealed unit, 178, 179,
184, 215, 472

high-pressure cutout, 472
high-pressure gages, 10, 436
high side, 472
high-side float valve, 305, 472
hold over, 472
holdover tanks, 155
honeycomb desiccant wheel

principle, 76–77

horsepower
calculating, 423–425
defined, 472
power-conversion factors, 425
required for fans and blowers, 90

hot-gas bypass-valve control,
automobile air-conditioning,
371, 373

HP-20 model, scroll compressor,
192, 193

HS-22 model, scroll compressor,
192, 194

humidifier(s), 69–73, 98
air-operated, 72–73
air-washers, 70, 98
defined, 69, 472
dry-steam, 71–72, 73, 74
electrically-operated, 71–72
evaporative-type, 71
pan-type, 71
purpose of, 98
types of, 69

humidify, 15, 27, 472
humidistat, 71, 75–76, 295, 472.

See also hygrostat
humidity, 1, 12

absolute, 459, 472
and comfort levels, 25–26
control methods, 69–77, 290
relative, 9, 15–18, 27, 311–312,

328, 473
specific, 473

HVAC Excellence, 454
hydrocarbons, 473
hydrofluorocarbons (HFCs), 162,

169
hydrolysis, 473
hygroscope, 473
hydrostatic pressure, 473
hygrostat, 72, 295–297, 308, 336.

See also humidistat

I
ICC Evaluation Services, Inc., 456
ice-melting equivalent, 473
immersion thermostats, 295
immersion-type air filters, 64–65
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indirect cooling system, 473
indoor design conditions,

311–312, 328
inductive reactance, 401
infiltration, 19, 27, 29, 53, 461,

473
inhibitor powder, 234
installation

of air filters, 68–69
of automobile air conditioner,

389–391, 395
of attic fans, 95–97
in casement window,

111–115
of compressors, 199, 203
of condensers, 232
of console units, 116–122
in double-hung window,

106–111
of reverse-cycle units, 346–347,

348, 349
support brackets, 115
of window air conditioners,

general, 104–105
of window-mounted console air

conditioners, 119, 120
insulation, 286–287, 473
International Institute of

Ammonia Refrigeration
(IIAR), 455

irritant refrigerant, 473
isobutane, 154, 473

K
K factor calculations,

evaporators, 251, 270
kilowatt, 473
kitchen fans, 94
knocks, compressor, 202

L
lag of temperature control, 473
latent heat, 4, 13, 18–19, 473
latent heat of evaporation, 13

defined, 5, 473
refrigerants, 162–163

latent heat of fusion, 4–5, 13

laws of pressure–temperature
relationship

Boyle’s law, 6
combined law of Boyle and

Charles, 6
critical pressure, 7
critical temperature, 7
law of Charles, 5
law of conservation of energy, 6
law of conservation of matter,

5–6
point of liquefaction or

condensing, 6
leakage

air, 53
heat, 29–51
refrigerant, 139, 151, 152, 153,

154
around shaft seals, 201
system, room air conditioners,

137
leak detection, 473

electronic device for, 442–443
halide-torch method, 441–442,

451, 471
limit controls, 297–298, 308
liquefaction, point of, 6
liquid, 4, 474
liquid lines, 281–282, 474
liquid receiver, 474
load, 474
low-pressure control, 474
low-pressure gages, 10, 436
low side, 474
low-side float valves, 303–304,

474
lubrication

centrifugal compressors,
196–198

oil circulation, 283, 287
reciprocating compressors, 184

M
magnetic-clutch control,

automobile air-conditioning,
369, 372, 381–382, 395

main, 474
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maintenance
adding oil, 439
adding refrigerant, 437–439
of automobile air-conditioning,

384–389
back pressure, checking, 434
combination gages, use of, 436
compressor, checking, 444
compressor, malfunctioning,

386–387
of compressor valves, 435–436
of condensers, 232–237, 387
of console air conditioners, 119
evacuating the system, 443–444
of evaporators, 255–257, 388
gages, use of, 436–437
general procedures for, 431–432,

450–451
head pressure, checking,

432–433, 451
leaks, testing for, 441–443, 451
of motors, 422–423
purging the system of

noncondensables, 441, 451
refrigerant charge, 434–435
refrigerant lines, 388
removing oil, 439
removing refrigerant, 439
of reverse-cycle units, 346–347
of room air conditioners,

129–139
sight glass, use of, 389
suction pressure, checking, 386,

433
suction-throttle valve, 388
system pump-down, 440–441
of thermostatic expansion valve,

387–388
See also troubleshooting

manometer, 474
manual control, 289–290, 308
manually cleaned filters, 64
measurements and measuring

devices
barometer, 8–9, 10, 13, 462
British thermal unit (Btu), 4, 10,

27, 463

pressure gages, 10, 12, 245,
436–437, 475

refrigeration capacity, 10–12
relative humidity, 16
sling psychrometer, 9–10, 11, 16,

27
thermometer, 7–8, 13, 16, 17,

478
mechanical efficiency

compressor, 205
defined, 474
fan, 90

mechanical equivalent of heat, 474
mechanical ventilation, 97

defined, 53, 58
duct-system resistance, 59–60
and natural ventilation

compared, 58
volume of air required, 58–59

mercury thermometer, 17
methyl chloride, 151–152

defined, 474
first aid for exposure to, 168

micron (µ), 474
mixing chamber, 332–333
moisture condensation,

preventing, 286
Mollier chart, 474
motion, 1, 12
motor(s)

alternating current (AC), 399,
428

belt drives, 215, 422
capacitors, 91, 411–412, 474
capacitor-start, 407–408, 428
classes, compared, 400–401
compound-wound, 399, 425
compressors, 199
constant speed, 92
controls. See motor controls
defined, 474
direct current (DC), 399, 425
direct drives, 215
exciter, 404
fan, 127–128
horsepower calculations,

423–425
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maintenance, 422–423
oiling of, 137
permanent split-capacitor,

408–409, 428
permanent split-phase capacitor,

127
polyphase, 399–406, 428
positive, 299
power source, 399
pull-in torque, 417
repulsion induction, 409, 428
repulsion-start induction,

409–410, 428
reversing, 299
series-wound, 399, 425
shaded-pole, 91, 127
shunt-wound, 399, 425
single-phase, 91, 399, 406–412,

428
slip-ring, 92
split-phase, 91, 406–407, 428
squirrel cage, 400–401, 402,

428
synchronous, 403–406, 428
torque, 416, 417
troubleshooting, 425,

426–428
two-value capacitor, 408
types used for air-conditioning,

399
voltage, 399
windings, 417
wound-rotor, 401–403, 428

motor controls
AC, 413–418
compressor, 420–421
condensing-water, 421
pressure, 421
single-phase, 418–420
solenoid valves, 421, 428
squirrel cage motors, 413–414
synchronous motors, 416–418
temperature-motor, 420–421
wound-rotor motors, 414–416,

417
mufflers, 266, 270
multi-blade dampers, 299

N
National Association of Fan

Manufacturers, 89
National Electrical Code, room-air

conditioners, 122
National Electrical Manufacturers’

Association (NEMA), 400
National Fire Protection

Association (NFPA), 455–456
natural ventilation, 53–56, 97

combined wind and temperature
forces, 55

defined, 53
and mechanical ventilation

compared, 58
roof ventilators, 55–56
temperature-difference forces,

54–55
ventilator capacity, 56
wind forces, 53–54

neon, 1, 12
night-and-day thermostat, 294
nitrogen, 1, 12
noise

evaporators, 270
fans, 94–95

noncondensables
defined, 474
purging the system of, 441, 451

nonportable air conditioners,
357–361

construction principles, 358
heating coils, 361
plumbing connections, 358–359
water-cooling tower, 359–360

O
odors, 1, 12, 75
oil

adding, 439
automatic lubrication system,

centrifugal compressors,
196–198

circulation of, in water-cooling
systems, 283, 287

pour point, 475
removing, 439
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oil separators, 196, 260–263,
270

oil trap, 475
optimum comfort line, 26–27
outdoor condensing units,

237–238
outdoor design conditions,

312–325
summer, 313
U.S. climatic conditions,

314–325
winter, 312–313

output, 475
overload protectors

current-and-thermal type, 419,
428

room air conditioners, 126,
134–135, 136

single-phase motors, 418–419
thermal type, 419, 428
testing, 134–135

oxygen, 1, 2, 12
ozone, 12

and chlorofluorocarbon
compounds (CFCs), 148

defined, 475
and Freons, 157
source of, in air, 1

P
packing, 475
packless valve, 475
pan-type humidifiers, 71
parallel pass condenser, 217
performance factor, 475
permanent split-capacitor motors,

408–409, 428
permanent split-phase capacitor

motors, 127
phenolphthalein paper, 153
phosgene, 373
phosphorous pentoxide, 475
piping

cooling-unit, 280–281
discharge lines, 283–284
insulation, 286–287
liquid lines, 281–282
oil circulation, 283

pressure-drop considerations,
280–281

purposes of, 281
refrigerant, arrangement of,

284–287, 288
selection of, 280
suction lines, 282
supports, 285–286

pistons, compressors, 178–181
plain-tubed condenser, 217
plain-tubing evaporators, 241,

242–243, 269
plate evaporators, 241, 242
plate-type condenser, 217
pneumatic relays, 300
point of liquefaction or

condensing, 6
polyphase motors, 399–406, 428

squirrel cage motors, 400–401,
402, 428

synchronous motors, 403–406,
428

wound-rotor motors, 401–403,
428

poppet valves, 178
portable air conditioning units,

101
positioning relays, 300
positive motors, 299
pounds per square inch (psi), 9
pour point, oil, 475
power, 475
power-conversion factors, 425
power factor, electrical devices,

475
power input/output, fan, 90
preheater, 333—334
pressure

absolute, 459
air, at sea level, 9, 13, 19, 27
atmospheric, 8–9, 10, 13, 19, 27,

462
back, checking, 434
balanced, 462
barometric, 9, 10, 27
condensing, 159, 228
control devices, 291
critical, 7, 466
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defined, 475
evaporating, Freons, 159–160
gage, 9, 436
head, 160, 229–232, 432–433,

451
hydrostatic, 473
regulators, 297, 308
stabilization of, in air-cooled

condensers, 230–232
static, 90
suction, 386, 433
total, 90, 479
velocity, 90

pressure drop, 287
defined, 475
piping and, 280–281, 287
refrigerants, 164

pressure gages, 245, 436–437
combination, 437
compound, 10, 12, 436
defined, 10, 475

pressure-motor control, 421
pressure-reducing process, 175,

215
pressure-regulating valves,

305–306, 307, 309
pressure regulators, 297, 298,

308
pressure-relief valve, 475
pressure–temperature relationship

Boyle’s law, 6
combined law of Boyle and

Charles, 6–7
critical pressure, 7
critical temperature, 7
law of Charles, 5
law of conservation of energy, 6
law of conservation of matter,

5–6
point of liquefaction or

condensing, 6
refrigerants, 160, 161

prime-surface evaporators. See
plain tubing evaporators

professional organizations, list of,
453–457

propeller fans, 89, 98, 334–335,
469

psychrometer, sling, 9–10, 11, 16,
27

psychrometric charts
calculation examples, 19, 21–25
defined, 18, 475
instructions for using, 19, 20

psychrometry
air and water-vapor mixtures, 15
comfort charts, 25–27
defined, 15
humidifying and dehumidifying,

15
psychrometric charts, 18–25
relative humidity, 15–18

pull-in/pull-out torque, 417
pump-down procedure, 440–441
purging, 475
purifiers, air, 66–67
pyrometer, 476

Q
quick-connect couplings,

350–353, 476

R
R-134a refrigerant, 162, 169, 373
radiation, 3, 12, 476
reactor, room air conditioners, 127
Reamur scale, 7
receiver-dehydrator assembly,

automobile air-conditioning,
376–377

receivers, 173, 214
reciprocating compressors, 125,

153, 171, 177–184, 215
closed-type, 178
component parts, 177, 178, 179,

180
connecting rods, 181
crankshaft, 181–183
drive methods, 177–178
hermetic-type, 178, 179, 215
lubrication and cooling, 184
open-type, 178
pistons and piston rings,

178–181
shaft seals, 183–184
valves, 178, 180, 181
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reed valves, 178
refrigerant(s)

adding, 437–439
ammonia, 153, 166, 168
automobile air-conditioning,

162, 373, 388
boiling point, 147, 148, 152,

153, 154, 169
Boyle’s law and, 6
calcium chloride (CaCl2),

154–155, 463
carbon dioxide, 154, 166
charge, checking, 434–435
chlorofluorocarbon compounds

(CFCs), 147–148
circulation of, 159, 258
classification of, 148–150, 169
coefficient of performance,

163–164
controls. See refrigerant controls
critical temperature, 160–161
cylinder capacity, 167–168
cylinders, storing and handling

of, 166–167
defined, 175, 476
desirable properties of, 147,

175
driers, 263–264
early types of, 150
environmental effects of, 148,

157, 169
ethyl chloride, 152–153
first aid for exposure to, 168
flowback, protection from,

199–200
freezing point, 160
Freezol, 154
Freon family of, 156–160, 166,

168, 169
handling, 166–168
head pressure, 160
hydrofluorocarbons (HFCs),

162, 169
irritant, 473
isobutane, 154
latent heat of evaporation,

162–163

leaks, detecting, 139, 151, 152,
153, 154

methyl chloride, 151–152, 168,
474

piping arrangement, 174,
284–287, 288

power consumption, 163–164
pressure–temperature

relationships, 149, 160,
161

R-134a, 162, 169, 373
receivers, 173, 214
refrigerating effect of, 162–163
removing, 439
selection of, 147, 169, 176
specific heat, 163
spillage, 259–260
sulfur dioxide, 151, 160, 166,

168
toxicity of, 147, 166
tubing, reverse-cycle air

conditioning, 348–350
typical, characteristics of, 148
vaporization of, 166
volume of liquid circulated, 148,

164
refrigerant controls, 174, 214,

245–251, 300–309
automobile air conditioning,

369–371, 374, 388, 395
automatic expansion valves,

300, 308–309
capacity requirements, 251
capillary tubes, 305, 309
chilling units, 247–249
crankcase pressure-regulating

valves, 305–306, 309
dry-expansion coil

arrangements, 249–251
evaporator pressure regulating

valve, 306, 307, 309
high-side float valves, 305
low-side float valves, 303–304
reversing valves, 306–308, 309
superheat, 245–247
thermostatic expansion valves,

300–303, 309
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refrigerant cylinders
capacity, 167–168
handling and storage of,

166–167
refrigerant system

automatic expansion valves, 139
brine systems, 154–155
components of, window air

conditioner, 101
compressor amperage, 139
congealing tank, 155
evaporator temperature,

138–139
holdover tank, 155
servicing, 138–139

refrigerating effect, 162–163, 258
refrigerating system, 476
refrigeration

calculating amount needed, 19,
27

capacity, 10–12, 463
cooling process, steps in, 175
cycle, 165, 174–175
defined, 147, 169
necessary, calculation of, 27
simple system, operation of,

164–166
ton of, 10, 51, 103, 144, 478

refrigeration cycle, 165, 174–175
refrigerator

components of, 164
controls, 174

reinstallation
of compressor, 203

relative humidity, 328
calculating, 15, 27
defined, 15, 27, 476
as a design condition, 311–312,

328
dew-point temperature, 17, 27
dry-bulb temperature, 17
effective temperature, 17
grains of moisture, 16, 27
measurements of, 9, 16, 27
specific volume, 17
temperature-humidity index, 18
total heat content, 18, 27

wet-bulb depression, 18
wet-bulb temperature, 17

relays, 134, 299–300, 308,
419–420

relief valve, 476
repulsion induction motors, 409,

428
repulsion-start induction motors,

409–410, 428
resistance

air-duct, 59, 85–88
electrical, 476
thermal, 476

reverse-cycle air conditioning
system, 341–354, 351–354

control equipment, 344–346
cooling cycle, 342
defrost-cycle operation, 346
heating cycle, 341–342
indoor arrangement, 347–348
installation and maintenance,

346–347, 348, 349
quick-connect couplings,

350–353
refrigerant tubing, 348–350
reversing valve operation,

342–344, 345, 354,
355–356

system troubles, 353–354
reversing motors, 299
reversing valves, 306–308, 309

operation of, 342–344, 345
troubleshooting, 354, 355–356

revolving roof ventilator, 56
ridge roof ventilator, 56
ring-plate valves, 178
roof ventilators, 55–56
room air conditioners

advantages of, 101
automatic expansion valves, 139
capacity requirements, 103–104
casement window installation,

111–115
checking capacitors, 133–134
cleaning, 137, 144
components of, 102, 144
compressor amperage, 139
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room air conditioners (continued)
compressor motor, 135–137
compressor motor overload,

134–135
compressor motor relay, 134
compressors, 124–125, 144
console-type systems, 116–122
cooling capacity, 103
cords and plugs for, 123, 144
defined, 101, 143, 460
dismantling, 130
double-hung window

installation, 106–111
electrical components, 124–127,

144
electrical system, 122–129, 144
electrical testing, 130–135, 144
evaporator temperature,

138–139
fans in, 127–128
filters, 137, 144
installation methods, 104–122,

144
National Electrical Code, 122
oiling of, 137
operation of, 101–103,

143–144
outside support bracket, 115
overload protector, 126
portable units, 101
power supply, 122
refrigerant leaks, 139
refrigerant-system service,

138–139
relay check, 134
run-capacitors, 127
servicing, 129–139, 144
starting capacitors, 126–127
starting relay, 126
system leaks, 137
thermostats, 128–129
troubleshooting, 140–143,

145
unit control switch, 129
window units, 101, 102
winter care, 137–138, 144

room cooler, 476
room thermostats, 291–294

rotary compressor, 153, 171,
184–189, 215

commercial applications, 189
defined, 184, 476
operation of, 184
rotating blade, 184, 187–189
stationary-blade, 184–187
types of, 184–189

rotating blade rotary compressor,
184, 187–189

run-capacitors, room air
conditioners, 127

running time, 476

S
saturated vapor, 476
saturation temperature, 17, 27
Schraeder valve, 476
scroll compressor, 189–192

efficiency and, 189
HP-20 model, 192, 193
HS-22 model, 192, 194
operation of, 191–192
scroll compression process,

189–191
seal, shaft, 476
sealed unit, 476
sea-level air pressure, 9, 13, 19, 27
Seasonal Energy Efficiency Ratio

(SEER), 189, 192
self-cleaning air filters, 64–67
semiautomatic control, 290, 308
sensible heat, 4, 12, 18–19, 471
series condenser, 217
series-wound motors, 399, 425
shaded-pole motors, 91, 127
shaft seals, 183–184

leaks in, 201
shell-and-coil condenser, 219, 224,

226
shell and tube, 219, 476–477
shunt-wound motors, 399, 425
sight glass, use of, 389, 434
silica gel, 477
single-blade dampers, 299
single-phase motors, 406–412,

428
capacitors on, 411–412
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capacitor-start, 407–408, 428
controls, 418–420
fans, 91
overload protectors, 418–419,

428
permanent split-capacitor,

408–409, 428
repulsion induction, 409, 428
repulsion-start induction,

409–410, 428
split-phase, 406–407, 428
start relays, 419–420
two-value capacitor, 408

single-seated valves, 299, 308
sling psychrometer, 9–10, 11, 16,

27
slip-ring motor, 92
sludge, 477
smoke, 2
soda lime, 477
solenoid valves, 71, 380–381, 421,

428, 477
solid, 477
solubility, 477
solution, 477
specific gravity, 471, 477
specific heat

defined, 4, 12, 471, 477
refrigerants, 163
of water, 4

specific humidity, 473
specific volume, 17, 477
split-phase motors, 406–407, 428
spray-cooling ponds, 279
spray pond, 477
squirrel cage motors, 400–401,

402, 428
controls, 413–414

squirrel cage winding, 417
starting capacitors, room air

conditioners, 126–127
start relays

room air conditioners, 126
single-phase motors, 419–420

stationary-bed type dehumidifier,
77, 78

stationary-blade rotary
compressor, 184–187

stationary roof ventilator, 56
steam, 15, 477
steam-jet central air-conditioning

system, 331, 366
steam trap, 477
strainers, 265–266, 270
subcoolers, 266–267, 268, 271
subcooling, 258, 282, 477
sublimation, 477
suction accumulators, 260
suction lines, 282, 287, 478
suction pressure

checking, 386, 433
defined, 478

suction valves, 178
suction-throttle valves, 382–384,

388, 396
sulfur dioxide, 151, 160, 166

first aid for exposure to, 168
superheat, 245–247

checking, 246–247
defined, 5, 13, 478

superheater, 478
support bracket, window air

conditioners, 115
surge accumulators, 260
surge drums, 260, 270
suspended-type air conditioners,

361–363
Suva™ refrigerant. See R-134a

refrigerant
sweating, 478
switching relays, 300
synchronous motors, 403–406,

428
controls, 416–418

syphonage roof ventilator, 56
system, 478
system evacuation, 443–444

T
temperature, 1, 12

ambient, 273, 461
average annual minimum, 312
control devices, 290
critical, 7, 160–161, 466
critical, refrigerants, 160–161
defined, 478
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temperature (continued)
dew-point, 17
dry-bulb, 16, 17
effective, 17
evaporator, 138–139
indoor, recommended for

comfort, 25–27, 311–312
median of extremes, 312
and pressure, relationship with,

5–7
saturation, 17, 27
wet-bulb, 16, 17

temperature-humidity index, 18
temperature-motor control,

420–421
thermal conductivity, 478
thermal effect, 54, 97
thermal-type overload protector,

419, 428
thermistor, 478
thermocouple, 478
thermodynamics, 478
thermometer, 7–8

alcohol, 17
defined, 7, 13, 478
dry-bulb, 10, 16
Celsius scale, 7–8
Fahrenheit scale, 7
mercury, 17
Reamur scale, 7
wet-bulb, 10, 16

thermostat(s), 308
automobile air-conditioning, 369
defined, 478
duct, 294
electrical circuitry for, 293
immersion, 295
microprocessor-based, 128
night-and-day, 294
room, 291–294
in room air conditioners,

128–129
twin-type, 294, 295

thermostatic expansion valve,
300–303, 309

automobile air-conditioning,
377–380, 387–388, 396

defined, 478
function of, 174, 300–301
operation of, 301
sizing of, 302–303

three-way valves, 299, 308
time clocks, 256–257, 270
ton of refrigeration, 10, 51, 103,

144, 478
total heat, 18–19, 27, 479
total pressure, 90, 479
toxic gases, 1, 12
trichlorofluoromethane, 147
troubleshooting

air conditioners, general,
207–214, 444–450

automobile air-conditioning,
392–394

central air-conditioning,
363–366

compressors, 207–213
electrical system, 426–428
reverse-cycle air conditioning

system, 353–354, 355–356
room air conditioners, 140–143,

145
tubeaxial fans, 89, 98, 469
tube quick-connect (TQC)

couplings, 350
turbine roof ventilator, 56
turbulent flow, 479
twin-type thermostats, 294, 295
two-value capacitor motors, 408

U
unit control switch, room air

conditioners, 129
unit coolers, 244
unit heater, 479
unit system, 479
unloader, 479

V
vacuum, 479
valve(s)

automatic expansion, 139, 174,
300, 301, 308–309

check, 267–269, 271
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compressor, 178, 200–201,
435–436, 444

constant-pressure, 465
constant-temperature, 465–466
control, 298–299, 308
crankcase pressure-regulating,

305–306, 309
defined, 479
discharge, 178
double-seated, 299, 308
evaporator pressure-regulating,

306, 307, 309
external adjustment of, 378
float, 303–305, 470
maintenance, 200–201
packless, 475
poppet, 178
pressure-relief, 475
pressure-regulating, 305–306,

307, 309
reed, 178
reversing, 306–308, 309,

342–344, 345, 354,
355–356

ring-plate, 178
Schraeder, 476
single-seated, 299, 308
solenoid, 71, 380–381, 421, 428,

477
suction-throttle, 382–384, 388,

396
thermostatic expansion, 174,

300–303, 309, 377–380,
387–388, 396, 469, 478

three-way, 299, 308
water-regulating, 219, 220, 228,

276–278
vaneaxial fan, 89, 98
vapor, 479
vapor-compression refrigeration

cycle, 174–175
vaporizing process, 175
vegetation, 326
velocity pressure, 90
ventilation

air-duct systems, 77–88
air filters, 61–69, 97

air filtration, 60–61
air leakage, 53
defined, 53, 97
dehumidifiers, 73–77, 98
fans and blowers, 89–97, 98
fresh-air requirements, 57–58
humidifiers, 69–73, 98
mechanical, 53, 58–60, 97
natural, 53–56, 97
requirements, 90

ventilators
airflow in, 55
capacity, 56
mechanical, typical, 59
roof, 55–56
wind stream and, 54

viscosity, 479
volume, fans, 89
volumetric efficiency, 205, 468

W
water-cooled condensers,

219–227, 238
bleeder shell-and-tube, 219
configurations of, 224, 225
cooling-water circuits, 220
double tube, 219, 220–224
evaporative, 224–227
flooded atmospheric, 219
head-pressure controls, 228–229
metal combinations in, 223
shell-and-coil, 219, 224, 226
types of, 219, 220–227
winter shutdown of, 204–205

water cooler, 479
water-cooling systems, 273–288

ambient temperatures and, 273
atmospheric cooling methods,

274–279
combination units, 273
cooling ponds, 278, 287
cooling-unit piping, 280–287
discharge lines, 283–284, 288
liquid lines, 281–282
oil circulation, 283, 287
piping insulation, 286–287
piping supports, 285–286
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water-cooling systems (continued)
refrigerant-piping arrangement,

284–287, 288
selection of, 273
spray-cooling ponds, 279
suction lines, 282, 287
water sources, 273, 287
water towers, 274–278, 279, 287
winter operation of, 273

water filters, 12
water-regulating valve, 219, 220,

228, 276–278
water towers, 274–278, 287

algae growth in, 276, 287
operation of, 275–276
as source of cooling water for

nonportable air conditioner,
359–360

water-regulating valves in,
276–277

winter preparation of, 276
water vapor

defined, 5, 27
percent of in total air by volume,

15
weight of, 16, 27

wax, 479
weather, as a design consideration,

326–328
weather stripping, 53
wet-bulb depression, 18, 479
wet-bulb temperature, 17
wet-bulb thermometer, 10, 16
wet compression, 479–480
wet-expansion evaporators, 247,

248, 269
wet replacement-type filters, 64
wet (viscous) filters, 2, 97

air purifiers, 66–67
automatic-type, 64–66
flushing-type, 65
immersion-type, 64, 66
manually cleaned type, 64, 65
wet replacement type, 64

wind, 53–54
window air conditioners, 101

dismantling, 130
installation of, 104–115

window frosting, preventing, 53
window-mounted console air

conditioners, installing, 119,
120

wound-rotor motors, 401, 403,
404, 428

controls, 414–416, 417

X
xylene, 480

Y
year-round central

air-conditioning
absorption system, 331,

338–341, 366
advantages of, 331–332, 366
air-supply fans, 334–335
air-supply system, 332
air washers, 335
classification of, 331, 366
controls, 335–336
cooling coils, 334
filters, 335
gas-compression system, 331,

366
heating coils, 333
mixing chamber, 332–333
noise, 335
nonportable units, 354,

357–361
preheaters, 333–334
purpose of, summer vs. winter,

331
reverse-cycle systems, 341–354
steam-jet vacuum system, 331,

366
suspended-type air conditioners,

361–363
system selection, 337–338
troubleshooting, 363–366
zone control, 336–337

Z
zero, absolute, 5, 7–6, 459, 480
zone, 336

comfort (average), 480
zone control, 336–337
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