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PREFACE

Air-Conditioning Mechanic has heen designed to provide Marines, Corporal and below, in
MOS 1181, with a comprehensive coverage of air conditioners and air-conditioning systems.
Combining the principles presented in this course with on-the-job training will prepare
Marines to ingtall, operate, test, maintain, and perform limited repairs to air-conditioning
units and systems,

SOURCE MATERIALS

TM 5-670 Refrigeration, Air Conditioniag, Mechanical Ventilation, and
Evaporative Cooling, Feb 1962

TM 5-4120-222-15 Air Conditioner: Compact Vertical Models CE 20 VALS and
CE 20 VAL4, May 1969

T™ 5-4120-239-14 Overator. Organizational, Direct Support, and General
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Sep 1968
MCO 10230, 2 U.S. Marine Corps Military Standard Air Conditioners,
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Chapter 1
PRINCIPIL.ES OF AIR CONDITIONING
1-1. INTRODUCTION

a. General, -Some 30 to 35 years ago places such as schools, office buildings, factories,
and homes were not air conditioned, About the only place to get cool on a hot, humid day was
the local movie theater, and even there the humidity was not controlled; just the temperature
was lowered, Most people in those days relied upon a system of fans or a nice shady spot on
the back porch to get cool, World War II, as it did to so many technical fields, brought about
a big change in air conditioning, A large demand for improved technical methods and higher
industrial production resulted in a need for improved equipment and techniques with regard to
controlling atmospheric conditions, Today, the armed forces, as well as industry, have
reached a point where highly trained personnel are needed to operate the equipment that controls
our environment, The day of the pedestal floor fan and the small oscillating fan are gone, We"’
now depend on machines to control and condition the air that surrounds us., We have advanced
to the point that proper control of atmospheric conditions has become almost a necessity, For
example, electronic equipment will corrode and become useless because of high humidity,
I'raining aids, data processing machines, photographic latoratories, storage vaults, hospital
laboratories, and operating rooms must all be air conditioned to insure that the air is kept
dust free, and that temperature and humidity are maintained at a prescribed level, Air con-
ditioning is also necessary to maintain the health, morale, and efficiency of trvops, People,
along with the equipment they work with, require satisfactory working conditinns and climate,
To keep pace with the ever=-increasing technical nature of the mission of the Marine Corps, the
development and installation of air+conditioning equipment has become a necessity. Air con-
ditioning is the process of conditioning the atmosphere in a given space in order to maintain a
predetermined temperature~humidity relationship to meet optimum comfort and technical re-
quirements, This process includes both cooling in the surnmer and warming in the winter,

b, Purpose of air conditioning, Today air conditioning is used by the military to control the
environment in which troops and equipment operate, This environmental control extends not
only to the temperature of the space, but to controlling the humidity (moisture content), re-
moval of foreign and undesirable particles from the air, and distribution of the conditioned air
throughout the space, Moisture, heat, and foreign particles enter the air in many ways, The
human body gives off heat and moisture, The average adult engaged in light work will give off
approximately 500 Btu’s (British tt rmal units) of heat per hour and will consume and give off
ahout three pounds of water daily, Equipment will give vp heat to the surrounding atmosphure
either through friction caused by mechanical motion or by heat created by electricity flowing
through wires, contacts, motors, etc, Moisture and foreign particles can enter a conditioned
space through windows, doors, minute cracks, ventilation'systems, and by people carrying
them on their person and clothes, In order to maintain an environment at a specific level of
control, air-crnditioning equipment is used to raise or lower temperatures, remov= moisture
and foreign particles, andto distribute air evenly through>ut the space to be controlled,

1-2, REFRIGERATION THEORY

a, General, Inorder to become a successful mechanic in any field, you must first under-
stand the principles and theories that make the equipment work, Since air-conditioning equip-
ment works on the theory of refrigeration, let us first stu:y the pasic principles and theories
hehind refrigeration theory,

b, Heat, Every ;ubstance contains heat but some will have more than oth rs, Heat is
produced by the movement of molecules within a substance; the more the molecules move, the
ngner e tempeteiute of the sibstance becomes, It ihercfore follows that the npposite is true;
the more slowly the molecules move, the lower the temperature, Put another way, the more molec~
ular action, the more heat produced and tne less molecular action, the less hea. produced, It
would also follow that a complete lack of molecular action would pruduce a complete lack of
heat or ubsolute zero, The terms hot and cold are often heard, hot meaning a high temperature
and cold meaning a low temperature, Cold cannot be produced but is simply the result of re-
moving heat, This is done by slowing the molecular action within a substance, Once the
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moleculas action of a substance is slowed, the result is not the production of cold but the pro-
duction of a lower degree of heat, leat cannot be los! or destroyed, but it can be transferred
to another substunce, Heat will travel in one direction only; from an object or substance of a
higher temperature to cne of d lower temperature, This transfer of heat will often cause many
substances to change their state; from a solid to a liquid, liquid to a gas, or vice versa, There
are different types of heat and different methods of heat transfer, Let's first look at some dif-
ferent types of heat,

(1) Sensible heat, Sensible heat is heat that raises or lowers the temperature of a snbstance -
without changing its state; that is, without changing it from a solid to a liquid, from a
liquid to a gas, or vice versa, Y

) Specific heat, This is the amount of heat, in Btu's, that is required to change the
temperature of one pound of a substance one degree Fahrenheit, Some substances
require more heat than others to produce this change in temperature, Since water
is used as the basis of comparison for specific heat values, the specific heat of water
is 1,0, All other substances have specific heat values either aboveé or below this fig=
ure, Figure 1~1 shows the specific heat value of a few common substances, The a-
mount of heat necessary to cause a desired temperature change in a substance can be
calculated quite ¢asily, Simply multiply the weight of the substance by its snecific
heat by the desired temperature change in degrees Fahrenheit, Expressed as an
equation it would be: amount of heat to be add.d or removed in Btu = weight x specific
‘'heat x temperature change in degrees Fahreuheit. '

Example: How many Btu's must be added to 20 pounds of copper to raise its
temperature from 40° to 65°F ? Specmc heat of copper is , 095
(fig 1-1),

Solution: Btu =20 x ,095 x 25

Btu = 47,5
¥ This formula will work unless the temperature -change desired would cause a change of
‘ state,
! Specific Heat
MATERIAL (Btu #)

Wood viviiii it . 327
Water i vev it invnnnnrnns 1.

b (o - . 504
Iron v iiiiniennnnnnnes . 128
Mercury ..vvveveneeeeens . 0333
Alcohol ... .oivvvvunnnn, .015
COPPer. v rienrarsnsnn . 085
Sulfur..e.vriiroserirannns 177
GlaBB . vivvirineninnnncen . 187
Graphite ..........o0u0us . 200
BricK.veeeeivevrearannss . 200
Glycerine .......o000vns, .576
Liquid Ammonia at 40° F, 1,1
Carbon Dioxide at 40° F, ., . .6
Methyl Chioride at 40° F,, .38
Sulfur Dioxide at a0° F.... .35

'Fig 1-1, Specific heat values,

(3) Latent heat, IL.atent heat is heat that is added to or removed from a substance
causing that suhatance to change state (i,e.. melt, freeze, boil, or condense)
while remaining at the same temperature, As you know, water tan exist at 32° §
in liquid form and also in solid form (ice). In order for water to change from
liquid to solid it is necessary to remove an amount of latent heat. in order for
it to change its staie from ice back to water, the same amount of latent heat must
oe added. This is known as the latent neat of fusion or melting, There is another




latent h-at, the latent heat of vaporization or condensation. As it is possible to have both
water and steam at 212° F, {4 would then follow that a certain amount of heat is neces-
sary to cause the change of state, The amount of heat required to cause vaporization

or condensation of water is 970 Btu's per pound; to cause fusion or melting, 144 Btu's per
pound would be necessary,

(4) British thermal unit (Btu). A Btu is defined as the amount of heat required to raise the
temperature of one pound of water one degree Fahrenheit, Conversely, if water is
cooled, Btu's would be removed. There are no instruments for measuring Btu’s but
they can be calcuylated by the temperature change.

Example: IHow much heat would be required to raise the temperature of 73
pounds of water from 33° 1o 73°F?

Solution: Btu = wt, x degree change

Btu =73 x 40
Btu.= 2920

Example: If you .1ad 50 pounds of water and wished to lower its temperature
from 80" to 32YF, how much heat would be removed ?

Solution: Btu = wt, x degree change

n

Btu = 50 x 48

Btu = 2400

(5) Heat transfer, Heat can be transferred from an object of higher temperature to one
of a lower temperature, The transfer of heat will take place until both objects reacn
the same temperature, There are three methods of transferring heat: conduction,
convection, and radiation.

(a) Conduction (fig 1=2), Conduction of heat is accomplished by transmitting heat from
one pait of an object-to another part of the same object or from one substance to
another when the substances are in direct contact. This can be seen in flgure 1-2,
By placing cne end of the metal rod in the flame, it will become warmer than the other
end. The heat will flow along the rod raising the temperature of the cold end, Metals,
such as iron, copper, or silver, are good conductors of heat; other materials, such as
glass and cork, are not, Materials that offer a low resistance to the flow of heat are
called conductors; those that offer a high resistance to heat flow are referred to as insu-
lators, Conduction is aided by providing large surfaces of good heat-conductors,

-
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I'ig 1-2, Heat transfer by conduction,

(b) Convection (tig 1=3), Convection can be expiained by toilowlng the principie benind
a simple heating system such as the one showrn in figue 1-3. First, air is heated
and allowed to escape into an area where the air is cooler, Since air expands when
it is neated, it becomes lighter than cold air, ‘I'he cold air will flow under the hot
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air, forcing the hot air to flow above the cold, As the temperature hecomes equal-
ized, the air will begin to fall back towards the heating source and the cycle begins
over. Convection is aided through the use of fans, such as in a forced-cunvection

heating system,

- s

PR
t

> -

-

P A (
< "HEAT TRANSFER y
=1~ By CONVECTION V|

:S}\ » E'
1
A
i\\ g'
! A% Y % e
I -
) s .

Fig 1-3, Heat transfer by convection.

(c) Radiation (fig 1-4). This is usually accomplished through use of heating coils and
u a reflecting surface, The heatirg coils will prcduce the heat and the reflecting sur=-
face will direct the heat toward a given area, Since dark colors usually absorb
heat and light ones reflect it, heat transferred by radiation is usually provided with
a background of white or silver, '

’/ “

HEAT TRANSFER
LY RADIATION

\_. - heater

Fig 1-4, Heat transfer by radiation,

¢, Temperature und its measurement,

(1) General, The relative degree of a substance’'s warmth is called temperature, This
{s not to be confused with the quantity or amount of heat in a substance, but is merely
the sensible or measureable warmth of the substance, An ordinary thermometer is
used to measure temperature, There are twc types of acalés in common use today to
measure temperature, Fahrenheit and centigrade. Both of these scales were arbitrar-
ily chosen by scientists and both employ a glass tube of uniform bore, a bulb at the
bottom of the tube, and contain a liquid, usually mercury or alcohol. The Fahrenheit
scale is divided into 180 equal divisions between the freezing (also melting) ard boiling
point of water, whereas the centigrade scale is divided into 100 divisions, Wrter will
frecze (melt) at 52° on the Fahrenheit scale and boil at 212°, On the centigrade scale,
water freezes at 0° and boila at 100°C, A comparison of the two scales can be seen

in figurc 1-5, Water was chosen as a standard for these thermometers because it has
a very constant freczing and boiling point, and is an exiremely cuuLuoh stbstance.
1-4
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(2) Conversion, Although the Fahrenheit gcale is most commonly used in air-conditioning
work, it sometimes becomes necessary to convert Fahrenheit to centigrade and vice
versa, To convert Fahrenheit to ceutigrade, subtracc 32 from the Fahrenheit temper-
ature and muitiply the remainder by 5/9, i.e., C=5/9 (F-32), To ccnvert centigrade

to I"ahrenheit, multiply the centigrade temperature by 9/5 and add 32°, Expressed as
a formula, F= 8/5 C+32, ) ;

.
.

Example: Convert 41°F into centigrade,
Solution: C=5/9(F = 32)

C= 5/9 (41 - 32)

C=5/9(9)
C=5/9x 9/ T2
C= 5°

Example: Convert 20°C into Fahrenheit,

.

Solution: F=9/5C + 32 -
F= 9/5 (20) + 32
F= 9/5 x 20/1 + 32
F= 36 + 32
F= 68°
d. Pressure,

(1) General, Before an air conditioner can operate properly, a pressure difference must .
exist across the system, Pressure is expressed as the force per unit of area exerted
cn supporting surfaces, usually expressed in pounds per square inch (psi) or pounds
per square foot, The atmospheric or air pressure that is exerted on the human body
at sca level is 14.7 psi. Every substance will exert a pressure on the surface that
supports it, For example, a table will exert pressure on the floor through its legs.

A liquid, such as water in a pail, will exert pressure on the bottom . ad sides of its
container, A gas, such as helium in a balloon will exert a pressure on all sides of its
container to an cxtent that depends on the temperature and the volume of the gas,
Gases and liquids have a definite pressure~temperature-volume relationsiip which 1s

y
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of great importance to the proper operation of an air-:onditioning unit or system, This
relationship will be discussed in paragraph 1-2e,

(2) Measuring pressure, Pressure is commonly measured with a gage, Illowever, it can
also te indicated in inches of mexzury or inches or feet of water, A standard atmos-
pheric pressure of 14,7 psi (atmospheric pressure at sea level) will support a co'umn of
nmercury of 29,92 inches and a column of water of about 34 feet, Pressure measured
with a gage will be measured atove atmospheric and is stated as pounds per square
inch gage (psig), Pressures below atmosgheric are usually indicated in inches of mercury.
When working with air-conditioning equipment jt wili often be necessary to use absolute
pressure (psia) for proper computation of pressure and volume, Absolute pressure is
gage pressure plus atmospheric pressure, In order tu convert gage pressure to abso=-
lute, you simply add 14,7 to the gage reading. ha

Example: What is the absolute pressure when the pressure gage readq 30 psi?

Solution‘i 30 + 14,7 = 44,7 psia,’ °

e. Pressure-temperature~-volume relationship, Understanding the relationship of pressure,
tempesrature, and volume and their effect on refrigerants is vital in understanding the refriger=
atlon cycle of an air-conditioning system or unit, The pressure~temperature-volume relation=- .
ship of gases is expressed by three laws; Boyle’s law, Charles’ law, and the general gas law,

Boyle's law states that the volume of a gas varies inversely with its absolute pressure,
provid.d the temperature remains constant, Stated as an equation; V P, = Vzp'. Boyle’s law
*can be stated in simpler terms by saying; when the temperature is heid constant, increasing
the pressure on a gas will cause a proportionate decrease in the volume; decreasing the pres-
sure will cause a proportionate increase in the volume, For example; a volume of gas, say five
cubic fert (cu ft), is placed in a cylinder and a piston exerting a pressure of 50 psig is inserted
*in the_ end of the cylinder to hold the gas in. Now, if the pressure on the piston is increused to
250 psig, the piston would move into the cylinder until the volume is decreased to one cu {i. If the
pressure was decreased to 55 psig, the piston would move out of the cylinder until the volume was
10 cu ft.

Charleg’ law states that the volume of confined gas varles proportionately to its zbsolute
temperature, provided the pressure is kept constant, Likewilse, the pressure varies rropor-
tionately, to the absolute temperature, provided the volume remains constant. Stated more simply:
when the pressure is cenulant, increasing the temperature of a gas will cause an equal incresa. o
in its volume, When the voiume i3 kept constant, an increase in temperzture will cause an equal
increase in pressure, Ewvpressed as formulas:

Constant pressure V1T2 = V2T1

-

Constant volume P1T2 = P2T1

The general gas law is a combination of Charles’ and Boyle's laws and expresses the re=-
latiunship between&ejzolume, the absolute pressure, and the absolute temperature of gases,
The general gas 1law 1s exprrssed by the equation: Y- = 5%’-'—

It shoul¢ be noted here that whenever any of these formulas are used only absolute pres-
sures and temperatures are to be used. It should also be noted that we have sald that volume
and temperature of gas are different after the pressure changes, It is important to note how=~
ever, that the temperature chaage will take place while the pressure changes, Compressing
the gas raises its temperature; expanding the gas lowers its temperature, As you will see this
is an important factor in the refrigeration cycle,

1-3, THE REFRIGERATION CYCLE

a, General, The refrigeration cycle is common to.all machines made for lowering and con=-
trolling che temperature in our evervday living. This cycle produces a lower temperature throueh
utilization of pressure differences and phase changes, The changes necessary to produce and con-
trol the pressure differences are made through the use of two systems: the compression system and
the abscrption system, These two systems differ in that the compresgsion system uses mechan=
ical cnergy to produce the necessary change in conditions and the abso>"tion system uses heat
energy, :

1-6
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h., Compression system (fig 1=6), The compression system produces a lower ternperature
by employing the theory of latent heat, pressure differences, and heat transfer, The transfey’
of heat is accomplished by using a liquid (refrigerant) which vaporizes at a low temperature and
pressure, Once the vapor has absorbed the heat, it is compressed and raised to high temper-
ature and pressure, It is then condensed back to a liquid - thereby dissipating the heat, Thus
this cycle consists of a high~pressure side and a low-pressure side, As the piston moves dowan,
low=pressure gas enters the compressor through the inlet valve, As the piston starts up, the
vapor is compressed increasing the temgerature and pressure, (This temperature increase is
greater than the temperature of the cooling medium which gurrounds the condenser,) When the
piston approaches the top of the cylinder, the discharge valve opens and the high~pressurc, high-
temperature vapor moves to the cordenser, The condenser, a series of tubes, is sufrounded
by a cooling medium (us.ally air or water), The latent heat of condensation is surrendered to
the cooling medium and the vapor becomes a high-pressure, high-temperature liquid, From
here the liquid flows 'on to the receiver, which is merely a storage place for the liquid until it
is needed by the_refrigerant control (usually an expansion valve), The expansion valve reduces
the pressure of the liquid and meters it into the evaporator, where it absorbs heat from the
area to be coo'ed and vaporizes to a low=pressure, low-temperature gas, Then the gas enters
the suction line leading to the compressor completing the cycle., A study of fig.re 1-6 will show
that the refrigeration cycle is divided in half with respect to pressure., From the compressor,
through the condenser and réceiver to the expansion valve is the high side of the cystem,. From
the expansion valve through the evaporator and back to the compressor is the low side, Regard-
less of size and manufacturer’s design of air-conditioning equipment, the refrigeration cycle
of all cornpregssion systems will be the same,

- s o o T T
ZVAPORATOR i
| -~ P “— Liouip LINE
] E TSEXPANSION
VALVE y

SUCTIiON LINE

COMPRESSOR CONDENSER RECEIVER _
[~~~ LoW-PRESSURE LIQUID

LOW-PRESSURE GAS
HIGH-PRESSURE GAS
HIGH-PRESSURE LIQUID
~— HEAT

i'ig 1-6, Compression system,
1-4, COMPONENTS AND CHARACTERISTICS OF AIR

a, Characteristics of air, Air is not a single substance, but is a mixtere of various gases,
Approximately 207 of the air is oxygen; a little less than 80", is the inert gas nitrogen; about
0,08 " is carbon dioxide; an 1 the rest (less than 1%) is a mixture of argon, helium, krypton,
neon, xenon, and hydrogen. These are the components of dry air, Air will also contain forcien
matter and water vapor, It is affected by weather conditions and is subject to gain and loss of
heat, Since air-conditioning equipment must be able to remove water vapor and foreign matter
from the air and counteract the effects of weather and heat gain or loss, it is necessary for you
to know how each of these things will affect the design, construction, and instaliation ot airs
conditioning cquipment,

1-7



b, Foreign materials, The air that is dsed for air conditioning or ventilation containg many

impuritics ranging from carbon (from incomplete combustion), dust (from the ground), to rtib-
ber particles from tires, .plant pollen,and lint from clothing, The size, quantity, and type of
dust particles picked up by a system vary over a wide range,
many particles of dust sraller than 5 microns (1 micron is approximately 0,001 millimeter or
about 0,U0004 in,), However, many of the dust particles are larger than 800 microns, or

"

The atmosphere may include

about 1/32 in, Figure 1-7 shows a comparison scale of dust particies in microns,

c, Removing foreign materials, Since air-conditioning intakes are usually placed near
horizontal surfaces from which all this foreign matter can be picked up and distributed, the
system must con"f&@ a filtering device of some kind, Removing dust particles from air that is

4

DUST PARTICLES CARRIED IN THE ATMOSPHERE
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Fig 1-7, Atmospheric dust particles,

to be used by an air-conditioning system can be accomplished by any of the following methods

of filtration,

A
(1) Air washing, This is done by
water,

(2) Lry filtering,
screen, animal hair, hemp fibers, fiberglass, or glass wool.
the filter and changes directic. several times,

These

Mtiers are made of porous material such as steel wool, wire
The air passes through
The dust particles will collect ou: the

fibers, thus cleaniag the air,

5]

forcing the air through a spray chamber or a screen of

(3) Wet filters, Wet filters are made up of the same materials 4s a dry filter; however,

they are coated with a viscous material, usually oil, The air passes through them and

dust particles ar. collected in the same manner as with the dry type, As dust particles
¢.llect in both the dry- and wet-type filters, resistance to the flow of air through them

is increased, These filters will have to be cleaned or replaced depending on whether

they are the cleanable or throw-away .ype.

(4) Electrostatic filters,

is passed between parallel plates,

(5) Centrifugal separation, To filter dust particles from the air in this method, the air is

These filters remove dust particles by passing the air between
two electrodes and imparting an electrical charge to each dust particle, Then the air
The electrostatic field that is created between the
charged plates and the grounded plates drives the charged particles to the grounded
plates where they accumulate, The grounded platee are usually coated with a thin
layer of oil to insure that the dust particles stay on the plates,

circulated at high speed,
of the air,

d, Air and water vapor, Because air-conditioning equipment must be able to maintiiin a

certain humidity level (depending on the equipment’s design) and the humidityv level of the air
depends on the amount of water vapor that it contains, you should be familiar with how water

L J

The centrifugal force that is created will force the dust out

vapor affects the air, Water is usually present in air, however, it will vary in quantity from

day-to-day depénding uu ihe wealier.

et

Wwater vapor is present i ail 48 au v ioivié gas and is
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in the forn: of super-heated steam, However, when eir is cooled to the dew point,
steam in the afr starts to condense and may appear as a mist or condensation on cold surfaces,

Water vapor is not absorbed or dissolved 9y air; it is 8imply mixed with air as you might mix sand
and water, The temperatare of the watexr vapor and the air is always the same,

(1) Saturated air, Saturated air is air that contains all the water vapor it can possibly Lnld,
This can be comparad with a can filled with sand, Although the can is completely filled
with sand, there will =till be airapaces in it, If you were to pour water over the sand
until all the spaces were completely filled, as soon as no more water could be added,
you could say that the sand is saturated with water, The same is true with air, Air
will hold different amounts of water vapor, When it is holding all the water vapor pos=

o © sible, it is saturated, Thue amount of moisture in the air at its saturation point varies

with the temperature of the air, The nigher the temperature of the air, the inore mois-

ture it can hold,

(2) Dew point. The saturation point of air is usually referred to as the dew point, If the
temperature of air falls below itg dew point, some of the water vapor in the air must
condense to water, generally into drops, The dew that appears on foliage early in the
morning is condensation, Dew will normally form when the air is moist and there is
a drop in temperature, The sweating of cold pipes is also the condensation of dew from
the moist air coming in contact with the cold surface of the pipes, Similarly, water vapor
condensing on surfaces with temperatures lower than 320 F will form as frost or ice,

(3) Condensation of saturated air, Condensation of water vapor from the air can take place
at any temperature below the dew point, In nature, moisture is condensed on foliage and
other suriaces as dew if the dew point #s above 320 F, If the temperature is below freez~
ing, the moisture condenses as fi *st Above the earth's surface, it condenses as mist;
when the mist is very thick, tue m ‘ure is called fog, If such condersation on dust
particles is high in the air, the fog -en called a cloud, Under certain conditions of
sudden cooling with a great amount . .ondensa‘ion, the droplets g.ow so large that they
can no longer float in the air and they fall as rain, Sometimes a layer of air at a temper-
ature below 32°F exists in a high storm area, Through this cold layer, raindrops may
be carried up and down several times by air currents until they freeze and fall as hail,

In cold weather, when the temperature is below 32°F, condensation on the dust particles
in the air forms snowflakes, '

1-5, AIR TEMPERATURES AND THEIR MEASUREMENTS

a. Air temperature,

(1) Sensible heat of air, Sencible heat {s measured by dry-bulb temperature, i.e., the
temperature of the air fiself without regard to the humidity that it may contain, Sen-
sible heat is the heat of dry air,

(2) l.atent heat of air, A complete absence of moisture in air rarely occurs, Probably
the only places on carth that this condition could be found would be in the desert regions,
Any water vapor that {s present in the air contains the latent heat that made it a vapor,
This latent heat of the moisture in the air is the latent heat of air,

(3} Total heat of air, Air as it exists around us is a mixture of sensible heat and latent
heat, The total heat of air would be the sum of the sensible and latent heats,

b. Air temperature measurements, Since air conditioning deals with the various heats of
air and the condensation of the moisture in it, three different temperatures must be considered
before you can understand and control the operations of air conditioning, These are dry=~bulb,
wet=bulb, and dew=-point temperatures,

(1) Dry-bulb temperature, This is a measure of sensible heat in the air and is measured
with an ordinary thermometer, The dry bulb does not take iuto account the latent heat
of the moisture in the air, .
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2)

(3

(4)

Wet=bulb temperature, This is an ordinary thermometer that has had its temperature=
sensitive tip covered with a piece of fabric, usually cotton or wool, which has been dip= N
ped in clean, fresh water (preferably distilled). The fabric must bie clean, completely free
from oil, and it must also be thoroughly saturated with water. The wet-bulb thermometer
will measure the ability of the air to absorb moisture. Therefore, the wet-bulb reading
will be lower than the dry-bulb, unless the air is already 100% saturated with moisture,
The wet=bulb thermometer will indicate the total heat of the air that is measured, The
difference between the wet-bulb reading and the dry=-bulb reading is known as the wet-
bulb depression, What happens is that air moving over the saturated fabric will cause

the moisture in the fabric to evaporate; Since evaporation requires a transfer of heat,

the heat will be drawn from.the thermometer’s bulb. Therefore, the wet-bulb reading
will be lower by a gertain number of degrees, .The drier the air that ic measured, the
greater the wet-bulb depression, ' '

Dew-point temperature. The dew point depends on the amount of water vapor in the air,
If ais at a certain temperature is not saturated and the temperature of this air drops,

a point will be reached at which the air is saturated, At this temperature, condensa-
tion begins, This is the dew-point temperature of the air for the quantity of water vapor
that is present,

-

Relationship between the temperatures,

(a) When the air contains gsome moisture, but is not saturated, the dew=-point temperature

will be lower than the dry=-bulb temperature and the wet-bulb temperature will be
somewhere between the two, - :

(b) AS the amount of moisture in the air increases, the differences in the thre2 temper=

atures will become less.

(c) Dnce ihe air becomes saturated, all three temperatures will be the same,

- ¢, .'sychrometry, The word psychrometry means the measurement of cold, It is the name

that has been given to the science that deals with air and water vapor mixtures, The amount of
vater vapor in the air has a great influence ori human comfort, This atmospheric moisture is

called humidity, The expression, ‘'It isn't the heat, it’s the humidity,’* is an indication of the

popular recognition of the discomfort produced by moisture-laden air in hot weather,

(1)

(2)

Relative humidity, Water vapor mixed with dry air in the atmosphere is known as
humidity, The weight of the water vapor, which is expressed in pounds or grains
occurring in each pound of dry air, is called specific humidity, The amount of mois~
ture that 1 cubic foot of air holds at any given time is its absolute humidity, For ex=~
ample, if a gallon bucket is 1/2 full of water, it is 50% full, If a cubic foot of air that
gould' hold 4 grains of moisture, actually contains only 2 grains, it is 50% full, The
ratio of the amount of moisture which the air does contain to what it could contain is
called the relative humidity, Generally it is the actual absolute humidity divided by
the absolute humidity of the saturated air at a given temperature, The equation would
be:

actual grains of water vapor per pound of dry air
percent relative humidity = { Lot i graing of water vapor per pound of dry x 100
air that could be contained at the given temperature

{An instrument used to rheasure relative humidity is called a hygrometer).

Psychrometers, Instruments for measuring both wet= and dry-bulb temperatures at the
same time are known as psychrometers, There are several different types of psychro=
meters. The one which you will use the most is a sling psychrometer (fig 1-8) which is
made up of a wet- and dry-bulb thermometer mounted side by side on a common base with

a handle that enables the wholei?faaratus to be whirled around in the air. The fabric cover-
ing on the wet bulb is saturated with distilled or clean, fresh water and then the entire appa-
ratus is whirled around in the air (four or five times) as fast as possible until the wet bulb
reaches its equilibrium. Then, a reading of both thermometers is quickly taken. The differ-
ence between the two thermometers will depend on the relative humidity of the air. Another
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type of psychrometer is the aspiration type (fig 1-9), This is a permanent setup, A
small fan {9 used to blow air past the two mounted thermometers until the wet=bulb
equilibrium is reached, The wet hulb ie saturated with water by the fabric extending
into a wetting well into which water is placed,

(3)

Fig 1-8, Sling psychrometer,

WET-BULS il ORY-BULS
THERMOMETER— THERMOMETER
AIR INLET

Fig 1-9, Aspiration-type psychrometer,

Some air-conditioning systems use recording-type psychrome‘ers., These psychro-
meters are placed at various points in the duct system and provide a continuous record
of both the temperature and the relative humidity, thereby eliminating the necessity for
frequent sling psychrometer readings, Whenever possible, distilled vater should be
used to wet the fabric on the wet=bulb thermometer since mineral deposits in tap water
will build up on the fabric and destroy its capillary action, If a psychrometer is being
used in an area where the air is heavily dust-laden and the mineral content of the water
being used is high, the fabric should be changed after every use,

Psychrometric charts, These charts are used in conjunction with psychrometer read-
ings to find the properties of a given quantity of air, There is no practical way of iso-
lating water vapor from the air and actually counting the grains of moisture in it, How-
ever, a wet-bulb depression is easily obtained and it is a direct index of the amount of
moisture present in the air, The relationship between the wet-bulb depression and the
graing of water per r ;und of dry air can be plotted on the psychrometric chart, With
no more than the we. and dry psychrometer readings, it is possible to determine rela~
tive humidity, dew point, moisture content in grains, and the total heat and volume per
pound of dry air, Figure 1-10 shows a psychrometric chart which is constructed for
standard atmospheric pressure at sea level, (29,92 inches of mercury), Other charts
are constructed for high altitudes and situations where abnormally low surface pres-
sures exist,

1«11
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®)

Use, To use the psychrometric chart, assume that the readings taken with a sling
psychrometer ware 85°F dry bulb and 70,8°F wet bulb, Locate the dry=-bulb tem=
perature (85°F) a. .he hottom of the chart, Plot the 85° line straight up, then find

the 70, 8OF wet~bulb temperature line located along the top curved line on the chart,
Plot a line slanting downward from left to right, a fraction below and parallel to the
71° line, until it intersects the 85° line already plottel, You will no ce that the point
of intersection is near the 50% relative humidity line (the heavy curved line), Now plot
a line horizontally to the left until it intersects the wet=bulb scale; this will give you

a dew point of 64, 5° F, The steep diagonal line running through the wet- and dry=-bulb
intersection point tells you that 1 pound of air under these conditions will occupy ap~
proximately 14 cubic feet, Projecting a point horizontally to the right will show that
there are 91 grains of water per pound of dry air, - Total heat, found by following the
wet-bulb ‘ine upward to the left, is 34,70 Btu per pound of air, This is the heat rep=
resented by dry air plus the latent heat that is present at tl.ds degrze of partial satur-
ation (50% relative humidity). Now try a sample problem,

Sample problem. Assume that your sling psychrometer readings were 95°F
e =

dry bulb and 86°F wet bulb, Find the relative humidity, dew-point, cubic feet
ner pound of dry air, grains of water per pound of dry air, and total heat,

Answers:
Relative humidlty. . . L] L] [ ] [ ] L] L] L] . L] 7370
Dew point- e 0 s 8 8 8 0 9 0 8 s s s e 84°F

14,52
178 grains
50, 3 Btu per 1b of dry air

Cuftperlbofdryair , ¢« v o « ¢« o + s
Grains of water per |b of dry air ., . .
TOtalheat......-...-o--.-

u ¢ un opon

Application, Most air=conditioning systems are designed to produce 74° to 80°F dry-
bulb temperature and maintain a relative humidity between 45% and 50% in the air-
conditioned space, By using the psychrometric chart and the sling psychrometer, '
you are able to determine whether the equipment is operating efficiently and meeting
design conditions, Air that is too “'wet'’ prevents moisture from evaporating from
“the skin and causes more discomfort than air that is too warm, Therefore, obtain-
ing the relative humidity of the air-conditioned spaces should be the first step in
estimating the performances of air-conditioning equipment, If a system has been
properly designed and installed, high humidities can be traced to improper operation
of refrigeration system components or to an {ncrease in the volume of air (cubic feet
per minute) that is delivered to the air-conditioned spaces by the system's blower

or fan, Common. sense tells us that the air leaving the evaporator coils must be lower
than room temperature in order to produce a cooling effect. This temperawure dif-
ference is usually between 15° and 200, However, the exact difference is determined
by the volume, in cubic feet per minute, of air-that is delivered to the space, The
larger the volume of air, the less temperature diffe.ence is necessary between the
room and the air leaving the evaporator coil, Conversely, the less the volume of -
air, the greater the temperature difference required, Size and placement of cool

air outlet grilles determine the velocity of the delivered air as well as its volume
per minute, Initially, this is a design problem in which the objectives are to supply
sufficient cool air to take care of the heat load and to keep air velocities down to a
point where objectionable drafts and noises are prevented.
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1-6, MEASURING AIR VELOCITIES

a, Airflow, Proper distribution of the cooled air is vital to the satisfactory operation of an
air-conditioning unit, To calculate the volume of air in cubic feet per minute needed per ton of
refrigerant capacity, the following factors must be known: (1) The predetermined difference
between inside iir (Inside dry-bulb design temperature) and the tempe -ature of the air leaving
the cooling colls, and (2) the sensible heat load of the conditiuned space, After the volume of
alr delivery has been determined, the system can be checked for proper operation by measuring
the air velocity at coil faces, grilles, and in the interior of ducts (there are various instruments
used to measure the air velocity), Any reduction in the amount of air that is being delivered will
indicate that either the flow of air i{s being blocked by the accumulation of frost, scale, or
dust on the evaporator coils; or that improper maiptenance of the blower and associated
duct work is causing a loss of efficiency. The most common instruments used to tneasure
ait velocity are the manometer, pitot tube, anemometer, and the direct-reading velocity meter,

b, Manonmetery, There are two types of marometers used to measure air velocity: the
U-type (fig 1-11) and the slant type (fig 1-12),

GAGE TUBES TC
* AIR DUCTS {

i

GAGE TUBES TOAIR

["1 4~ DUCTS N
| N

|
. \
INDICATION GRADUATED
IN INCHES OF WATER

——od

cna

»
]
R
]

INDICATING FLUID | ! INDICATING FLUID

INDICATION GRADUATED
IN INCHES OF WATER

FFig 1=-11, U-type manometer, Fig 1-12, Slant-type manometer,

The U -type manometer measures the pressure in two places; {ts scale is calibrated in inches of
water, Tt is used to measure the pressure difference between an air passage and the atmosphere,
or between two separate passages, To do either one, use flexible tubing to connect .he openings

of the manometer to the spaces to be measured, The gage reading will be the pressure which is
exerted on the free flowing liquid and will be in inches of water, The slant-type manometer is usu-
ally used to measure the pressure drop across a filter in a duct system, The slant-type manom-
oter operates niuch the same as the U -type, but must be perfectly level wheneve: .t is used. It

is also used with the pitot tube to determine air velocity within a duct system,

¢. Pltot tube (fig 1-13), The pitot tube, used in conjunction with 1 slant manometer, will
dutermine the total velocity pressure in a duct system in inches of water, The pitot tube is
constructed of two tubes, one enclosed in the other, The end of the tube is'placed in the air
passage so that the opening in the end of one tube will pick up the airflow and measure the total
The other opening consists of small holes aiong the side of the tube (arranged so the

pressure,
air will flow past them) and measures the static pressure, When these two pressures are con-
nected to the slant marometer, the difference between them will be the veloeity in inches of

wialer, To insure correct velocity readings in a duct, several readings should be taken in dif-
ferent ptaces in the duet and the readings averaged,
. .
d. Direct flow velocity meters (fig 1-14), This type velo~ity meter is calibrated to read
“he adr v elocity in feot per minute, [t may be placed direetly in the air stream or may be con-
nected through a flexible tube to gpeeial jets which permit the taking of velncity readings.
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Fig 1-13, Pitot tube, - 'Fig 1-14, Direct-reading velocity meter,

e, Anemometer (fig 1-15). The nemometer is used to measure air velocities at duc. open-
ings, It is moved across the entire area of the duct opening for a given period of time and the
average velocity in feet per minute is calculated. .

Fig 1-15. Anemometer,
1=7, COOLING REQUIREMENTS

Maintenance personnel need not be thoroughly versed in the intricate design computations
of an air-conditioning system. However, they should be familiar with the many factors that
affect the design computations and the capacity of a particular unit, Before air-conditioning
equipment is installed in a particular space, an estimate of the hourly heat load in Btu's is
made. This estimate includes heat that is created by solar radiation, moisture infiltration,
lights, power equipment, sunlight coming through windows, latent and gensibie heat given off
by people, and the amount of activity within the air-conditioned space, This estimate will not
apply throughout a 24-hour period during the cooling season, However, the equipment is
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designed to operate efficiently under all of the combined effects of the heat-producing factors,
As a result of the estimate, it is decided to install equipment that has so many *‘tons’’ of cooling
capacity, One ton of refrigeration in equal to the removal of 12, 000 Btu's per hour. This would
be equivalent to the cooling effects of melting 1 ton of ice in 24 hours, Such design data can be
obtained from charts and original design specifications, and should be used to analyze the per=

formance of any individual air-conditioning system,
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Chapter 2
REFRIGERATION COMPONENTS AS APPLIED TO AIR -CONDITIONING EQUIPMENT
2=1, GENERAI. PURPOSE AND APPLICATION OF REFRIGERATION COMPONENTS

a, Purpose, Refrigeration equipment cools, dehumidifies, and distributes air to a gisen
area, Air-conditioning equipment must also be able to remove impurities such as smoke, dust,
and other particles from the air used to condition a given space, The requirement of removing
heat und moisture remains the same; however, the methnds of distributing the air and the ad-
ditional requirement of filtration become quite compliex, Methods of distributing the conditioned
air range from delivery into the space through louvers and grilles in the front of the unit {such
as with a window unit) to delivery through intricate duct systems, Filtration of impurities from
the air is accomplished by simple fiber filters to the more complicated electrostatic filtering
method, Although air conditioning is usually associated with providing comfort, the military
uses only a small percentage of air-conditioning equipment for this purpose, Personnel effi-
ciency, safety, and protection of materials are the primary concerns of the military, Areas
such as operating rooms, clinics, recovery rooms, and similar medical facilities must have
controlled temperatures and humidities at all times, The same applies to storing of instrum .. ,
electronic gear, armament, specialized machinery, training devices, and certain explosives,
Other operational facilities that require air conditioning wc 'ld be photographic laboratories,
telepinone switchbeard rooms, communication centers, control towers, and certain indoor train-
ing are1s, Obvious reasons for the need to control temperature and humidity in areas housing
these facllities and materials are to control corrosion and deterioration and to pruvent equip=
ment failure, In some of these areas it is necessary to control the humidity at a specific lzvel,
For instance, operating rooms are kept at a relative humidity of 55% to prevent static eiectricity,
whereas spaces housin; certain machinery an * electranic equipment must be kept at or below 45%
relative humidity, The wide variety of uses for air-conditioning equipment on a mili.ary base
.1ake it necessary for maintenance personne! to be forever studying to keep up with the advances
that are being made in the field «f aii’ conditioning,

b, Application, Refrigeration comp' 1ents similar to those used in refrigevators, iceplants,
freezers, etc. constitute the mnst imro.tant portion of air-conditioning systems, Component
parts such as compressors, condensers, evaporators, metering devices, receivers, etc, are
very similar and the theory that underlies the use of these components is essentially the same
for each unit, The factors, however, that govern the design and arrangement of the equipment
for the specific pvrpose of conditioning a given air space are different, In this chapter we will
discuss the use of these components and their use witkiin an air-conditioning system,

2=2, COMPRESSORS

a, General, The purpose of a compressor within an air-conditioning system is to remove
the heat-laden refrigerant gas from the evaporator, compress it to condensing pressure, and
move it along to the cundenser, Compressors are divided into three types: reciprocatirg,
rotary, and centrifugal, These threu: types can be manufactured in three different ways: open,
semi-sealed, and hermetic (sealed), The opei. -type compressors are menufactured so that all
parts are accessible for repair or replacement and the drive motor is usually connected to the
zompressor by drive helts, The semi-sealed compressors eliminate the drive belts and the
1ecessity for a crankshaft seal, thus avoiding two major maintenance problems, The hermetic
type is a completely sealed unit and eliminates oth>r maintenance problems, The hermetic
comp.anisor will be discussed in paragraph 2-2e,

b, Reciprocating compressors (fig 2~ ~-1), A reciprocating compressor is very similarto a

2-cycle gasoline engine, Many of its components are similar not only in appearance but in
their use, Pistons, conne:ting rods, bearings, crankshafts, and valves are employed in the
construction of a reciprocating compressor, The cycle of operation is also similar in that the
intake iy on the downstroke and the exhaust is on the upstroke. The refrigerant gas is pulled
into the compressor through the intake or suction valve on the downstroke of the compressor,
When the piston reaches the termination point nf its downstroke and begins its upstroke, the
intake valve closes, As the piston ascends, the refrigerant vapor is compressed to condensing
pressure, the exhaust or discharge valve opens, and the compressed refrigerant vapor is al-
lowed to escape to the condenser, Figure 2-1 shows the operating cycle of a reciprocating
compressor,
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Fig 2-1, Operating cycle of a reciprocating compressor.

c. Rotary compressor, This type compressor is used in many small-tonnage units to cun-
.vert low=pressure, low-temperature refrigerant vapor to high-pressure, high-temperature
vapor, These compressors are simplicity itself in that they have very few moving parts, "‘here
are two types of rotary compressors--stationary-blade and rotating-blade, In the stationary-
blade type (fig 2-2), an eccentric is mounted on the shaft or thq shaft itself is cammed (enlarged
on one side) so that it rides constantly around the oufar wall o the ¢ 'inder or chamber, A
spring~loaded blade is mounted in the wall of the cylinder or chamb:r so that it separates the
intake and outlet ports or valves, and maintains a constant pressure on the eccentric or shaft,
As the eccentric, or the cammed surface revolves within the cylinder, the low=pressure vapor
enters the cylinder, is carried around the cylinder while being compressed, and is finally
forced out the rutiet port, The blade keeps the compressed vapor from escaping to the intake
side of the rompressor, In the rotating=blade compressor (fig 2=3), the blades are mounted on
the shaft (which is mounted eccentrically in the cylinder) and rotate with it, The low-pressure gas
enters the cylinder through the inlet valve, and is trapped between the blades, and is compressed:
whiie it travels around the cylinder, The gas escapes through the outlet valve as the blades pass
by {t, It is kept from escaping back to the inlet side by the extremely close clearance between the
blades and the cylinder walls, and the presence of lubricating oil which causes a pressure-tight
seal, ) :
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Fig 3-3. Schematic of rotating-blade compressor,

d. Centrifugal compressor (fig 2-4), Centrifugal compressors are used in farge air-
conditioning systems, These systems handle large volumes of refrigerant gas at low pressure,
Centrifugal compressors operate on the principle of centrifugal force tq compress the gas and
discharge it to the system, The refrigerant is fed into a hcusing where there is a rotating disk
complete with impeller blades (fig 2-5), The impeller rotates at a high speed forcing the gas
out against and around the housing to the discharge port, Because the efficiency of these com=-
pressors will vary with their speed, they are usually run at speeds much higher than the speed
of thetr drive motors, Therefore, centrifugal compressors are usually equipped with a step-up
gear train, ’
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i'ig 2-4, Cutaway view of an enclosed Fig 2-5, Impeller from a centrifugal
centrifugal compressor, compressor,
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e. Hermetic compressor (fig 2-6), The most commonly used compressor in self-contained

"military air conditioners today is the hermetic compressor which has the motor rotor and the
compressor crankshaft built as one complete unit, Then the entire motor/compressor is scaled
into a gas=tight-housing, The hermetic compressor is relatively maintenance free as it etimi-
nates compressor shaft seals, flywheels, motor pulleys, and belts which cause many mainte-
nance problems, However, because it I8 a sealed unit, the valve plates become inaccessible
and cooling of the unit becomes a major problem, Manufacturers have attempted to solve the
cooling problem by several methods. Onc is to press the starter into a dome located on one
end of the sealed housing, This provides easy heat transfer from the windings to the casing
and then to the surrounding atmosphere, Another method is to pas$ the returning gas around
the windings before it is compressed, This does, however, present a problem because the gas
may bhecome warm enough to cut down on the volumetric efficiency of-the compressor, The
hermetic compressor is by far the easiest to maintain, but if internal problems do arise, the
entire unit must be replaced since none of its parts are accessible for repair or replacement,
Hermetic compressors vary in size from 1/16 hp up to 20 hp, The internal design will depend
on the compressor's size and the manufacturer, Some are spring mounted internally, while
others are spring mounted externally, Small hermetics have a single cylinder, while 1/2 hp
“and up wil]l have two or more cylinders, Sinall hermetics use drive motors that are single
phase, 2= or 4~pole motors, ‘but the larger hermetics gencrally use 3-phase motors,

ROTARY COMPRESSOR

Fig 2-6, Cutaway of a hermetically sealed rotary compressor,
2-3, CONNENSERS

a, General, The function of a condenser in the refrigeration cycle of air-conditioning equip-
ment is to convert the high-pressure hot gas into a high-pressure liquid, This is accomplished
by the rondenser removing the latent heat of condensation from the refrigerant vapor, Conden-
sation continues until enough of the refrigerant becomes a tiquid at the pressure-temperature
balance which exist~ in the high side of the system. Condensers can be generally classified as
either air-cooled or evaporstive,

<
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b, Air-cooled condensers; Air-cooled condensers consist of either bare tubing coils or
finned tubing coils over which air is circulated, Ii. small units, static airflow is used over
bare tubes, while in larger units, fans are used to draw or blow air over the surface, The air
surface of a condenser is incressed through the use of equally and closely spaced fins,

(1) In forced=-convection-type units, fans are driven by the compressor motor or by a sep-
arate motor in the case of hermetic compressors, To increase the efficiency of a con-
denser that uses forced convection for cooling, a metal casing or shroud is vsed. This
causes a funneling of the air and directs all air movement over the condenser’s surface,
These condensers are frequently built with 2 or 3 layers of tubes and are firned,

(2) Some large commercial types of air-conditioning units will have the condeuser mounted
outdoors away from the rest of the system, The refrigerant vapor is pumped from the
compressors through the compressor discharge line to the condenser and the liquid is
piped back to the building, These condensers are usually quite large, dissipate a large
amount of heat, and ire forced-convection type. Figure 2-7 shows a schernatic of a
simple static-type condenser while figure 2-8 shows a forced-convection type using a
finned surface and a fan,
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Fig 2-7, Simple static-type air-cooled Fig 2-8, Forced-convection-type air=
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c, Water=cooled condensers, Water-cooled condensers are usuaily employed in large
commercial-type air-conditioning units similar to those used in mesashalls, clubs, post
exchanges, hospitals, and storage areas, Condensers used in these type units are of
two types, shell and tube type and tube-within-a-tube type,

(1) Shell-and-tube type (fig 2-9), This type of condenser consists of a sealed tank or shell
containing a copper coil or tubes, The hot refrigerant gas is admitted into the shell of
the condenser and allowed to circulate around the tubes through which pre-cooled water
is flowing, The latent heat of condensation is removed from the vapor and transferred
to the circulating water, As the vapor cools and liquifies, it collects in the bottom of
the shell, This type of condenser construction is advantageous as it is compact and
eliminates the need for a receiver and fans, The shell-and-tube-type condensers are
designed in two types. One has a water coil inside the shell while the other has a
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number of straight tubes inside the shell which are attached to wal:r manifolds mounted
at either end of the shell, With the later design, the water tubes are easily serviced
by removing the manifolds and running a pipe cleaner through the tubes,
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Fig 2-& Shell and tube=type condenser (cutaway view),

(2) Tube-within-a=tube condensers (fig 2=10), With this type ol water-cooled condensers,

one tube is inserted into another, Cooled water circulates in the inner tube and the

\ refrigerant vapor in the outer tube, This type condenBer can be construried in cylin-
drical, spiral, or in a rectangular style using soft copper tubes, They can also be
constructed by using straight copper pipes employifig an end plate water manifold,
These condensers employ a counter=flow method of condensing the refrigerant vapor,
That is, the water enters the condenser where the refrigerant leaves and the refrig-
erant enters where the water leaves,
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Fig 2-10, Cutaway of a tube-within-a~tube condenser,

d, Evaporative condensers (fig 2-11), These condensers operate on the cooling effect pro-
duced by the evaporation of a small amount of water, Standard evaporative condensers are
much like cooling towers in that they use a spray or drip chamber, a water~collecting van, a
motor=4driven pump, a motor=driven fan, and are usually located outside, Additionally, it {s
necessary in an evaporative condenser to have a refrigerant condensing coil, Refrigerant
vapor is circulated through the condensing coil, water is sprayed over it and air is circulated
around the coil, The latent heat of condensation is transferred to the water, evaporating it,

-
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and the air carries off the heat, The refrigerant in the coil then liquifies, Evgporative con~
densers can L2 mounted indoors; however, air ducts must be installed to provide the proper
air circulatien,
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Fig 2-11, Schematic drawing of an evapo rative condenser,
2-4, RECEIVERS

"a, Use, A receiver is used to temporarily store the higk=pressure liquid refrigerant,

Once the refrigerant is condensed, it passes to the recejver where the liquid is collected and -
kept until it is needed by the metering device,

b, Construction, On units of 15 hp or less ihe receiver is usually a cylindrical steel tank
monnted on the base of the unit or underneath it, The receiver is normally equipped with an
inlet valve (condenser service valve), outlet valve (receiver or king valve), and a prcssure= <
relief safety device, The safety device is sometimes’ a simple fusible safety plug of low=-melting )
point metal (about 160° F), or it can be a relief valve that opens at a preset pressure, This
pressure can be from 210 to 260 psi, depending on the unit’s design dnd type of refrigerant
being used in the system, This type relief va