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PREFACE

The purpose of this publication is to explain tha fundamental concepts of heat
transfer and refrigeration in simple, averyday terms. Explanations are genaral in
Pature and are not intended as a courss in thermodynamics,

The refrigeratlon cireuits describad are basic and do not cover wida variations in
design of air conditioning equipment. Modern refrigeration circuits contain some
components that are not described here. Operating pressures in actual systems
vary greatly depending upon efficiencies, cost and the purpose for which a
particular design Is inténded.

The necessity for understanding basic principles cannot be overstated.

Note: This publication iz general in nature and is intended for
INSTRUCTIONAL PURPOSES ONLY. It is not to be used for
equipment selection, application, installation, or specific service
procedures.
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HEAT TRANSFER

Heat is a form of anergy. Heat cnargy cannot be
created nor destraved, but can be transferred from
onc substance to another substance.

Heat encrgy can be produced by changing mechan-
ical, electrical or chemical energy into heat,

All substances contain heat unlil the temperature of
the substance iz reduced to 460° Fahrenbieit below
zero. At thig temperature molecular motion and heat
ceases to exist and is refarred to as absolute zera.
Man cannat create a machine that will reduce =
substance to absclute zero: therefore, every sub-
stanc¢ contains some heat.

Every day we refer to substances as hot, warm or
cold. What we really mean is that some substances
contain more heat than others. For example, we
may refer 1o a block of ice As cold and a block of red
glowing metal as hot, bul both contain heat.

Gold may be detined as a lesser amount of hest
than a substance that contains more heat just as
darkness could be defincd as a lesser amount of
liggh.

Temperature is the intensity of heat in a
swhstance. Many different scales and methoos
have been used for measuring lemperature. The
most familiar scale 1o most of us is the Fahrenheit
scale that is based on water freezing at 32°F. and
boiling at 212 °F. at sea level pressure.

With the increazed use of the metric system we
must also consider the Celsius (formerly Centi-
grade) scale. This scale is based on water freezing
at 0°C and boiling at 100°C at sea level pressure.
Figure 1 illustrates Fahrenheil, Celsivs and Abso-
lute temperaturs scales.

This publication will use the Fahrenheit scale
lhroughouwt the faxt,

Temperature is an important factor in the study of
heat transfer since heat will transfer or mave from a
warm substance to a colder substancc only. The
rate or amount of heat transfor depends upon the
temperalure difference in the substances, the dis-
tance separating them and the medium through
which the heat is lu be transferred.

lleal may be translerred by three basic methads:
conduction, conyection and radiation. All three
methods are wtilized in air conditioning and heati ndg.

Conduction is most nften associated with solid sub-
stances such as walls, glass, refrigerant coils and
other solid bodiss, For example, in the cold winter-
tima heat will flow through a wall from the warm in-
terier of a house to the colder cutside lemperature,

P

The yreater the temperature difference across the
wall, the faster heat will flow. This conduction is re-
ferred to as the heat loss of that particular wall,
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FIG. 1 — TEMPERATURE SCALES

Conduction of heat thraugh a wall or other surfaca
is referrc:d to as the U factor of tha surface. U™,
o conductance of a surface is equal to the
number of BTU per hour that will travel through
one square toot of the surface per "F. difference
across the surface.

In the summer when the cutdoor temperature is
highezr Lhan the indoor temperature, the wall or other
surtaces conduct in the opposite direction and re-
ault in a heat gain or heat increase within the struc-
ture. The conduction or """ factor ia the same for
heat less or heat gain.

Since heat logs and heat gain are both undesirable
losses, insulation is used to reduce lhese losses.
The larm "R'" factor or "R vatue is used tg desig-
nate the resistance to conduction of heat through
walls and other swfacas. The "R value of insula-
tien anc wall surfaces is defined as the tempera-
ture differenca across a wall or other surface re
quired for 1 BTU to travel through one square foot
of the surface in one haut. For example, an fnsulat-
ing material rated at R-20 will permit 1 BTU to travel
lbrough ope square foot of the surface in ane haur
when the temparature difterence across the surface
5 A07F.



An insulating material rated at B-40 will permit exactly
one half the conduction as B-20 through the same sur-
face at the same temperature differential,

When the H value of Luiliding materials such as brick,
concrets, dry wall, plaster, gkass, insulation, and other
construction matarial is known, and each material’s
sguare foot area is known, the heat loss and heat gain
of the structure can be accurately calculated at design
temperature differences and equipment selected 0
properly heat and cool the structure.

Each area of the country uses spacific design tempear-
atures based on average U.S. Weather Bureau data
far winter angd surmmesr. Figure 2 ilustrates heat trans-
fer by conduction,
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FH3, 2 — HEAT TRAMSFER BY CONDUCTION

Convection is heat transfer caused by air contacting a
warmer substance. The heated air rises and is re-
placed with cocler air which removes more heat from
the warmer substance. Circulation of air due to heat
differantial iz referred to as free convection. If a fan aor
other mechanical device is used to force air over a
warmer gr colder surface to transfer haat the method
is Galled forced canvection, Most modern heating amd
cooling systems ubilize forced canvection in comjunc-
tian with an air duct system to haat or cool the struc-
tura. Figure 32 illustrates both free and forced heat
transfer by means of convection. Figure 4 illustrates a
forced convection air duct system.
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Fii. 4 — HEAT TRAMSFER BY FORCED GONYECTION

Radiation is the transfer of heat by rays to a cooler
substance throwgh a medium such as air withowut haat-
myg Lhe mediuorm ilzelf. The heat generated by the sun,
an electric lamp or open flame are examples of radiant
heat.

Heat generated by the sun shining through windows is
a desirable heat gain in the winter but undesirable in
the summmer dince heat is added to the structure by
radiation. Figura 5 illugtrates radiant heal.

FIG. & — RADIANT HEAT

BASIC REFRIGERATION PRINCIPLES

The study of mechanical refrigeration requires the
studant to thoraughly undarstand the hasic principles
that govern the behavior of refrigerants, air, and the
mechanical components necessary to control the
refrigeration system and accomplish the desired re-
sultzs. A few basic laws apply to all refrigeration sys-
tems from simple refrigerators and air conditioners to
the most complex commercial systems. Complexity of
a system is purely mechanical. A 2 ton air conditionear
and & 100 ton air canditioner must perform the same
basic functions to operatse properiy,

Haal anergy transtorred by air conditioning and heat-
ing equipment is measured in Britlsh Thermal Units
{ETU). The BTV is the amount of heat necessary to
raise one pound of water 1 °F. One pound of water iz
approximately one pint. Eight pounds of water is 0.96
gallons.

(Cart.)
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The heat required to raise one pound of any other sub-
stance may be mors or lees than 1 BTU. The specific
heat of any substance is the amount of heat ra-
quired to ralge the temperature of 1 pound of that
substance 1°F. Fur eaample .24 BTU is reqguired to
raize the temperature of one pound of air 1 °F.; there-
fora the specific heat of air is 0.24. The temperature of
the substance has ng etect on specific hoat. Q.24
BTU will increaze the temperature ot one pound of air
from 1°F_lo 2°F or from 150%F_ to 151 *F.

Another term that is used to designate heat energy in
air conditioning equipment is the ton. A ton of refrig-
aration is the amount of heat necessary to melt ona
ton {2000 pounds) of ice at 32°F. in a 24 hour peri-
od and is equal to 12,000 BTL per hour,

Before attempting to analyze the operation ot a refrig-
aration systemy, i1 5 necessary that we understangd the
bBehavior of liquids and vapors when heat is applied.
For this purpoee we will analyzg the behavior of watar
since it is universally known for its freazing and boil-
ing characteristics. All figuids that will change & A
vapor whien heat is applied and return frem a vapor to
a liquid when heat s removed has been assigned s
refigerant number. Wator has been aagianed a retrig-
erant numbear of R-718,

¥¥e would all agree that water will reeze at 32°F, and
boil at 212°F., but we muat always ramembar that
this condition exists only at zs8a levet pressure which
is accaptad as 14.7 pounds per square inch pres-
gure {P5I1).

Atmospheric pragsure is the pressure axerted on the
earth's surface by the weight of air abave tha oarth' s
surface and will vary with elevatnon above sea level
and weather conditions. A column of air from the top of
the atmosphare resting on one sguare nch of the
garth’'s surface at sca lovel weigha 14.7 pounds, re-
sulting-in 2 sea level pressure of 147 PSSl Water wifl
boilat 2127°F, at this pressure.

At 14,000 faat above sea level atmospheric pressure
i reduced te 8.4 PS1 since a one square inch calumn
of air has |ess height and therefore weighs less. Water
will boil at 185°F. at elevations of 14,000 feet above
sed level due to the decrease in pressure,
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The mast imporlant rule in refrigeration principles is
that & liquid's boiling temperature changes with
changes in pressure exerted on tha ligquid. An in-
crease Inh pressure increases the boiling tampera-
ture. A decrease in pressure decreases the bolling
temperature.

Refrigeration swystcms mechanizally control the pres-
sures within the system forcing the refrigerant o boil
At A spacific temperature required to maintain the de-
sired temperatures within the system. Figure 8 shows
the pressure-temperature characteristios of water,

Figure 7 illustrates the behavior of water in an open
container at sen level pressure,

When heat iz applied to the water the thermometer will
indicate an increase in the water tempersture, Since
the addition of heal cAn be 'sensed’” or seen as a
change in temporature indicated by the thermometer,
the heat added s called sansible beat, When haat is
added to a liguid the temperature of the liquid will
increase until the boiling point of the liquid is
raachad.

When engugh heat is added to the water to cause the
water to bail, the thermomoetor will no longer indicats a
change in temparature but will remaire at 212°F. ayan
thaugh heat continues 10 he added. When this occurs
we have reached the saturation temperalure for water
at 14.7 PGl pressure,

The saturation temperature of a liquid occurs when
heat continues to be added and a thermometer indi-
cates no change in temperature, therefore the satura-
tign tecmperature of waterat 4.7 PSlis 212 °F,
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FIG. 7w SENSIHLE AND LATENT HEAT

It is obwious that heal energy continues to be added
but since the wark dane is not indicated by a change
in temperature, the enargy inputis "hidden' or latent.
When heat energy is utifized to change a liguid to a
vapor without a change in temperature, It ia called 5
change of state. The haat energy used during this
changa of atate is called the latent heat of vaporiza-
tion. When vapor Is mixed with the liguid from which
it was evaporatad or is in contact with the liguid, it iz
called a saturated vapor. The temperature of a vapor
cannot ke increased above the boiling point as long as
any liquid is present.

If a vapor is remowved from its physical contact with
liquid and additional hcat iz added to the vapor, the
temperature of the vapor can be increased. A vapor
that has been heated above It bolling point i callad
a superheated vapor. Figure B illustrates the change



from & saturated vapor to a superheated vapor. When
heat is applied to the liquid, the temperature of the
liguid and saturated vapor willl remain a constant
212°F. When additional heat is added to the wapor,
the vapor will ba suparheated ta a tempearature above
its boiling point. |n Figura 8 the thermometer measgur-
ing th& claud of superheated vapor indicates 252°F,
Since the boillng temperature of the water at 14.7 PSI
is 212°F. and the measured temperature of the
superheated vapor is 252°F,, the vapor has been
superheatad 40°F.

Superheat is defined as the measurad temperatyre
difference between the boiling temperature of a
liquid and the measured vapar temperature.

Heaat required to boil the warer |= latent heat and the
heat required to superheat the vapor is senslble heat.
If more haat is added to the water, the water will boil
faster but the water temperabure will rernain at 212°F.
If more neat is added to the vapor, the vapor tempera-
ture will Ingrease, therefore increasing the superheat.

When heat is added to a liquid in sufficient quantity
to cause the liquid to change to a vapor, tha liquid is
described as boiling ar avaporating.

When heat is removed from a vapor in sufficient
quantity to cause the vapor 1o change to a liquid, the
vapr is described as condensing.
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FIG. 2 — WATER EVARPORATING AND SUFERHEATING

When heat is removed from a vapor it will condense or
change back ta a liquid at exactly the same tempera-
ture as its boiling femperature as fong as the pressure
remains the same.
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FIG. 9§ —
WATER EVAPORATING, SUPERHEATING AND CONDENSING

[t can be stated that the boiling or evaporating temper-
ature, the saturated temperatura, and the condensing
temperature of & substance is exactly the sama tem-
perature when the pressure remains constant. The
terms merely dencte whether heat is added or re-
moved. Figure 9 illustrates the esvaporation and con-
densing of water at 14.7 PS5l pressure.

When the superheated vapor contacts B coal cantainar
the vapor condenses into a liguid. Note in Figure 8 that
the water is condensing at 212°F ., but adequate heat
i= rernoved to cool the liquid to 200°F. which is 12°F,
cooler than the condensing temperature of 212°F.
The measurad temparature of a liquid below ils
condensing lemperature Is calited subcooling. The
liquid in the condensing container is subcooled 12°F.
and conltains ne vapor. The water in the condensing
container could be returned to the evaporating con-
tainar and used over and over again without replenish-
ing the liquid supply. Actually, in an open system
operating at atmespheric pressure some of the liquid
would be lost due to evaporation into the air surround-
ing the system, but in actual refrigeration systoms the
circuit would be sealed and none of the refrigerant
walld be lost and would not require additional refrig-
erant far the lifa of the syslem.

If the water systen that we have analyzed were sealed
and the pressurs ingreased 15 P31 above atrmospheric
pressure of 14.7 PSlL or to 29.7 PSSl the sams
evaporating, superhsating and condensing  would
ocour but the evaporating and condensing tempera-
tures would Ingrease from 212 °F, 1o 252 °F. due to
the increase in pressure.

In a refrigeration system the same phencmenon ocours
axcent the ayatem is aealed inte a cloged circuit, re-
frigerants other than water are used, and the pres-
sures in the system are contralled to praduce tempera-
tures requirgd to meet the refrigeration circuirs
requirements,

BASIC AIR CONDITIONING HEAT
TRANSFER

The funclion of an air conditioning system s to create
an atmesphere where the temperature and humidity of
a structure are controlled to mest the requirements of
the structure. Requirements of a structure housing
people rmay vary greatly from o structure housing
machinery, food products or other materials. For
example, residential structures that hause peopla and
the muchinery necessary for their everyday living
needs generate both heat and moisture. The residen-
tial air condittoner must remove both heat and mois-
fure to maintain & comfortable atmosphers.

Heat generated by electrie ranges, motors and many
other household gppliances add heat to the air within
the structuore but do not add moisture. This heat in-
creases the air temperature which can be measured or
sensed as a temperalure invrease by an ordinary
thermometer. Haat generatad by a deavice that in-
creases tha temperature of a substance without
adding maolisture or removing moisture is called
gangible haat.

{(Codaly
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Steam generagted by cooking, bathing. washing dishes
of clothes, and many other daily household activities
add moishure to the air within the structure. The mais-
ture in the air cannot be measured by an ordingry
thormometer byt addsz to the total heat toad and
causes ocoudpanls to feel uncomfartable. Since the
moisture contont ot the air cannot be measured with
an oidinary thermometer, it i= “hidden”™ or latent
When heat is added or removed from a substance
with no change in the temperature of the substance,
it is called lakent heat.

Paople, clolhes washers, clothes dryers, dish washors
and many other household devices generale both
sensible and latent heat.

In most households about 70% of the heat generated
is sensible and the remaining 30% is latent, These
parcentages can vary with climatic conditions in oif-
ferent geographical locations and the living habits of
the household occupants.

The air conditioning system must be designed to re-
move both sensible and latent heat in corresponding
ratipge 0 maintain 3 comfortable climate within the
structure. Figure 10 illustrates a lypical air condihon-
ing ewvaporator where the retrigorant temperature is
controlled to accomplish this purpese. Heat from the
¥5°F. entering air cauvscs the 35°F. saturated refrig-
grant in the coil to boil or evaporate, Heat removed
from the air is transferred to the refngerant, resulting
in 55 °F. air leaving the coil.
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FIG. 10— SEMSIELE AMD LATENT HEAT TRANSFER

The meazurable difference in entering and lagving air
temperature is 20°F. representing the sensible sool-
ing accomplished by the coil or, simply stated, the
capability of the cail to change the air temperature. In
air conditicning and heating work a changsa in tem-
perature, either an increase or a decrease, is de-
noted by the symbol AT. The A symbaol is derived
from the Greek alphabet letter Delta, meaning change.

The amount of sensible heat removed from the air-
stream depends upon the wolume of air passed
thraugh the cail and the AT resulting.

G

Air volume 1 measured in cubic foct par minute (CFM).
To determine the actual heat remowved From air, yolume:
{CFM) must be convertad to weight. The weight of air
is stated in pounds {Lbs).

One pound of dry air cooupies about 13,33 cubic feet
of space; therefore, 13 .33 cubie feet of air equals one
pound. T ¢hangg the temperature of one pound of air
1°F. requires 0.24 BTU. The sensible heat (H) re-
maoved by air conditioning edquipment iz stated in BT
per hour {ETUH}. The sonsible cogling capacity can be
determined when the AT across the coil and the
Lbs /hr. of air through the cosl are Kkrnwn,

BTUH Sensible Heat Removed = CFM x AT X 1.068

Whera: 0.24 = BTU required ta raise 1 1b of air 1°F,
B{3 min./hr.

13.33 Cu. FL/Lb.

24 %4.5=1.08

Mate in Figure 10 that the refrigerant inside the
evaporator coil is evapgrating ¢r boiling at 38°F. The
air pas=ing across the axternal surface of the coil is at
78°F. In gimple terma, it could be stated that the re-
frigerant ingide the coil is attempting to reduce the coil
surface lamperature to 38°F. At the sama time, the
¥5% air passing acress the ool is attempting ko in-
crease the ool surface temperature to 75°F. The
rosulting coil surface temperature will be somawars
between 28°F. and 75°F. In most air conditioning
systems the- evaporator surface temperature wilt be
10°F. 10 13°F, ghove the evaporating tempearature of
the refrigerant inside ithe coil. tn this case the surface
temperature would be bstwesan 48°F and 53°F or a
nominal 59°F,

Thiz temperature is cold encugh 10 causa some of the
maisture contained in the entering air to condense or
change into watcr on the surface of the coil where it is
nermally drained away.

The amount of water that condenses on the coil de-
pends upon the surface temperaturg of the coil and the
moisture contert of the air. Colder surfaces and high
moisture content air will result in a greater condensa-
tion of water,

The air leaving the coil will not only be reduced in tem-
perature by the sensible capacity of the coil but wil
also contain less moisture per pound due to the latant
capacity of the coil resulting |n cootar, dehumidified
leaving air.

Tha work energy required of the air conditioner to

remove ane pound, approximately one pint, of water
from air iz 1060 BT,

If we apply basic thaory to an example evaporator, we
cauld determine whethaer or nat the evaporator is func-
Lo rg prroesrly

For the example, assume:

Evaporator airflow = 1000 CFM

AT = 20°F

Maoisture removal = 8 Lb. fhr,
Sensihle capacity

BTUH senslble = CPFM X AT X 1.05
0r

21,8600 - 1000 X 20°F X 108



Latant capacity
BTUH latent = Lbk./hr. X 1060
8,480 =8 X 1080

The total cooling capacity is equal to the sensibla
capacity plus the latent capacity, or: 21,800 8TUH
sengible + 3 ABRDBTUHIatent = 30 800 ETUH total, The
percentage of sensible capacity is equal to the zen-
sible divided by total, o

21,600BTUH  _ -50 oEngiBLE
30,080BTUH

The remaining 28% is latent, resulting in 8 72% to

2H% ratio and is referred to aza 72/ 28 sansible latant
capacity split.

THE MECHANICS OF A BASIC COOLING
SYSTEM

In orgder b accomplish the basic requirements neces-
sary 1o maintamn gomfort conditions within a strugtureg,
the mechanical refrigerant system must be designed to
cargfully control pressures within the aystem that will
assure that tha air conditioner accomplishes its
purpose.

Figure 11 shows tha components necessary for the
opration of a basic air cooled air conditioning systerm.
These components consist of a compressor, conden-
ser, expansion device, and the evaporator, The fune-
tions of each of these basic componants are explained
in the following paragraphs.
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THE COMPRESSOR

The functien of the compressor is to maintain a
preseure diffarential batwean itz inlat {suction) and
its outlet {discharge) that will cause the refrigerant
within the refrigerant clrcuit to flow In sufficlent
~fquantities to meet the cooling requirements of the
systam.

A comprassor circulating Refrigerant 22 must be cap-
atle of circulating about 180 pounds of refrigerant per
hour for each 12,000 BTUH cooling capacity of the
gvaporator. The compressor motor input gnergy re-
quired for each 12,000 BTUH capacity is about 1-3/4
horsepower.

Far example, a 36,000 BTUH air conditioner girculates
about 540 pounds of refrigerant per hour and requires
about 5-1/4 horsepower. This represents a largs

amount of heat energy that must be dissipated by the
motor. In most compressors used in air conditioning
equipment today, the mafor iz instalfed in the zame
housing with the compreessor 6o that refrigerant circu-
lating in the system must pass over the motor. The
great volume of refrigerant vapor passing ower the
motor dissipates motar heat rapidly resulting in very
amall motars with high horse power ratings.

tn fact, & 5-1/4 horsepower compresscor mtor coled
by refrigerant may ke no larger than a 1 /2 horsepowsar
rmatar designed to operate in 3 fres air location.

When the compressor motor is located In the same
housing with the compreszor and sealed into the
refrigarant circuit auch that circulating refrigerant
passes over tha mator for the purpose of coaling the
mator, it is callad a hermetic motor-compressor,

Haak digzipated into the refrigerant by the compresgar
must ba rejectad by the condenser.

Most hermetic compressors  are equipped with a
thermal overload protector buried in the motor
winding., The protecter senszes current to the motor
and the temperature of the motor winding. Any com-
binatipn of moter current and winding temperature that
could cause damage to the motor will autormatically
disconnest the alectrical circuit 1o the motor,

This type motor protection system sérves to interrupt
powar o the compressor if enough refrigerant is lost
from the system that insufficient flow would cause the
maotor to overheat. This type of system eliminates the
reed for low pressure cut-guts in mast apphcations
since the low pressure cut-out performs the same
basic low refrigerant charge protéectian function.

Refrigerant compressors are designed to pump refrig-
erant vapor only. If 8 saturated vapor or liquid is per-
mitted to enter the comprassar, it can result in dilution
ef the ol and damage to compressor bearings and
wvalves.

The damage or resultant faillure of the compressor
depends upon the amount of liquid permitted to enter
the compressor.

Figure 12 shows a cut-away view of a typical hermetic
motor-comprassor.
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THE CONDENSER

Tha function of the candenser is to change tha
high preesure, high temperature vapor dis-
charged from the compressor to a high pressure
liquid. Refrigerant vapor leaving the compressor
containg the toial heat removed by the evaporator,
heat dissipated by the compressor motor, heat of
friction generated by bearings and heat causad by
maolecular friction of the refrigerant itself.

Vapor entering the condenser is at high pressure
ang highly superheated. Since the air across the
condensar is mueh cooler than the vapor inside the
condenser tubing, heat is transferred from the re-
frigerant to the condenser where it is dissipated or
rejected into air surrovending the condenser.

Tha refrigerant condanses t© a liquid and is sub-
cooled by the condenser.

Liquid refrigerant leaving the condansar is normally
subcooked by 10°F. 10 20°F.

Propar operation of the condensar requires that it
furnish a continuous supply of subcooled liguld to
the expansion device.

Any dirt or foreign malerial thal clogs the condsnser
or low air volume across the condenser could result
in & saturated vapor instead of a subcooled liquid
entering the expansion device. If thiz condition
aoaursg, it ig referred 10 as 'gassing the cxpansion
device”, and will result in impropar operation of tha
air conditioning system and may cause the evapora-
tor to freeze ice on its surface.

EXPANSION DEVICES

Capillary tubes, axpansion valves or calibrated meter-
ing orifices are often referred to Aa fow contrals,
metering cantrols oF eipansion controls.

Actually, the expansion device, regardless of its con-
struction, introduces a calibrated friction loss that con-
trols the evaporater inlet gressurs,

The purpose of the expansion device is to maintain
an evaporator pressura that will resull in 3 saturated
vapor temperature in tha evaporator below entering
air temperature 20 that heat can be transferred from
the air to the refrigerant.

In air conditioning applications, it is desirable to con-
trol the evaporating or boiling temperature of the re-
frigerant at least 20" F. below the temperature of the
air entering the evaporator surface but maintain the
evaporator surface temperature above 32°F. to pra-
vent ice from forming on the cvaporator surface,

3]

Expansion devices are carefully selected for tha
specific system for which they wera dasigned.

Any deviation from original capillary tube length and
internal bore or dewiation from tornage rating of an
expansion valve will result in improper system
operalion.

THE EVAPORATOR

Tha purpose af the ewvaporator is to transfer heat
from air entering the evaporator to the refrigerant in
the evaporator.

For maximum heat transfer it is necessary to maintain
a constant refrigerant temperature throughout the
avaporgtor. This can anly be accomplished if the
evaporator tubing is supplied with a saturated vapor
that will evaporate at a constant temperature thmugh—
out the avaporator.

An evaporator that s filled with 2 saturated vapor is
said to be “fully refrigerated’’. In other words, the en-
tirc evaporator has some liquid content in the satu-
rated vapaor that will evaporate at a constant tempera-
ture,

If the supply of refrigerant in the evaporator is evapo-
rated before reaching the evaporator outlet, the vapor
in the remainder of the evaporator will be superheated
by the air across the evaporator and effective heat
tranefer for khe superheated portion of the cvaparator
will be loat. Thia condition iz referred to 88 a “starved
evaporator” or not fully refrigerated.

If more saturated vapor is supplied {fo the evaporalor
than can be evaporated by the heat contained in the
evaporator airstream, some of the saturated vapor will
leave the evaporator and continue down the suction
ling to the compressar. Whan the refrigerant leaving
the ougporator containg some liquid, the condition is
referred to as “evaporator flooding'” or “flooding the
compressor.” This is an undesirable condilion since
Hoguld enterlng the compressor can be detrimental to
compressor reliability.

Ay reduction of feat load on the evaporator will
cause flopding with a capillary tube or metering orifice
flow control, Evaporator unioading can be cacsed by
dirty air filters, cloging of air registers, failure of the
evapaorator motor or fan belt, or icing of the evaporator
coil.

Some refrigerant systems utilize a suction accumulator
iocated between the evaporator odtlet and the come-
pressar inlet to prevent liquid from entering the com-
prassor whan the evaporator is not fully Ioadaed.

Operation of suction accumulators will be discussed in
succeeding paragraphs.



OPERATION OF A TYPICAL R-22 SYSTEM

Refrigerants used in air conditioning systems are
selected for their stabilily, non-loxic characteristics,
chemical effects on il and metals, ability to pro-
duce maximum refrigeration al minimum powsr in-
put and operate at pressures suitable for the type of
compressor used in the system.

Refrigerant 22 {R-22) is the most widely used re-
frigerant for air conditioning syslems since il meets
the basic requirements and is among the leading
refrigerants in operating efficiency ratio of power
input 1o work accomplished.

Figure 13 iz a chart showing the temperature-
pressure charactenstics for R-22. .

Temperature-pressure charts lisl the lemperature of
the refrigerant in a saturated vapor slate al various
pressures. In other words, the refrigerant must ¢on-
tain some liquid and some vapor for the tempera-
ture-pressure relationship shown on the chart Lo be
useful.
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FIG.13 — T TEMPERA TURE PRESSURE CHART (REFRIGERANT 22)

For examplg, the chart indicates. a temperature of
100%F. at a pressure of 1959 pounds per square
inch gauge {(F31G). PSIG Is the pressure measured
with a pressure gauge, Gauge pressuce is equal to
pounds per square Inch absolute {PSl or PSIA]
plus 14.7 pounds atmospheric pressure. This re-
lationship exists only if the refrigerant contains
some liquid and some wvapor. The relationship is
accurate if the refrigerant is evapaorating, condens-
ing, or al rest in a partially filled container. |f R-22 at
185.9 PSIG iz al a2 lemperature below 100°F, |t
would be pure liguid with no vapor content or would

be a subcooled liquid by the number of degrees
measurad below 100°F.

F R-22 at 195.9 PEIG i3 at a temperature above
100°F. it would be all vapar with no liguid content.
The measured tempergiure above 100°F. would
indicate the amount of superhaat containcd in the

wapaor,

Example:

R-22 at 195.9 PEIG and 100°F, is saturated vapor.
R-22 at 125.8 PSIG and BO°F. i 20° subcooled
liguid.

R-22 at 1958 PS3IG and 1209F. is 207 supor-
heated vapor.

Ta fully understand the operation of a refrigorant
system, it is absotutely necessary to understand tha
temperature-pressure characteristic of the refrigor-
ant and to understand whether saturated wapor,
liquid or superheated vapor must be present in each
functioning component in the system.

Figure 14, shown on page 10, illustrates the refrig-
arant circuit oparation of a typical air conditioning
system.

The supgrheated vapor enters the condensor at
2779 P3G and 230°F. The 85°F. outdoor air
acrass the condensar rapidly removes the super-
heat from the rafrigerant since the temperature dif-
ferance betwesgn the air and refrigerant is 135°F.
The refrigerant begins to’ condense. Note that the
refrigerant pressure hasg dropped to 270.6 PSIG at
the condenser mid-point. Pressure losses due to
friction between the refrigerant and tubing walls and
betwean the refrigerant particles thamselves ocour
in all heat transfer tubing and also in connecting tub-
ing. These logses are referred to as "pressure
drop” within the Coil. The coit shown in figure 14
has an entering prassure of 277.9 PSIG and a leav-
ing pressure of 259.8 P3IG, résulting in an 18 PSIG
pressure drop in the ceil. Tha magnituce of pres-
sure drop in a heat transfer coil is determined by the
inside diameter of the tubfng. configuration of the
tubing and velacity of the refrigerant.

Pressure drop in heal transfer coils represent an
efficiency loss in the system. Coilz and refrigerant
piping ara designed to minimize pressure drop.

The refrigerant at the coil mid-paint at 270.6 PSIG is
condensing at 123“F. As tha refrigerant pro-
grasses through the coil, the total latent heat is
transfarred to the airstream and a solid column of
liquid forms. The 35°F. air continues to ramove
heat from tha liquid resulting in a sensible change in
temperature of the liguid. When the liquid leaves the
condenser at 2589 PSIG and 105°F. it has been
subcooled. The degree of subcooling is determined
by subtracting the measurerd temperature of the
liquid line from the saturated temperaturs shown on

‘atempearature chart at 258 % PSIG.

{Cont.}
a
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Example; 120°F. {saturatcd tcmporature @ 255.9 As long as the refrigerant in the evaporator contains

PSIG minug 105%°F, measurcd liguid temperature) =
15"k, subcooling.

Air codled R-22 condensgers are normally designed
to provide 10°F. t 20°F. subcoolad liguid; how-
ever, subcooling will vary with load conditions on
the system and variations in air volume across the
condenser coil.

The condenser muat supply the expansioh devices
with @ subcooled liquid at & preasurs adequate to
ovarcome the restriction of the sxpansion device
and fully refrigerate the evaporator.

The capillary tube is a highly restrictive fubhe that
causes the retrigerant 1o increase velacity, creating
g preasure drop of such magnitude that the outlet
pressure is reduced to 74.5 PSIG.

Refrigerant fed into the evaporator evaporates or
boilz since the evaporalor tubing is above the
44°F, saluraled temperature of the refrigerant.
Heat is transferred from the 75 °F. indoor airstream
to the refrigerant.
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aome liquid, it will continue to evaporate at a con-
gtant temperature. The evaporator in Figure 14 ig
fully refrigerated since the evaporator contains a
saturated vapor throughout its tuking.

The refrigerant leaving the evaporator is at 67.1
F3IG and 51°F.. indicating that all liquid has been
gvaporated and the remaining vapor has been
superhasated before antering the suction line and
the compressor. Suparheat in the suctian line can
b determined by subtracting the measured suction
line temperatura of 51 °F. from the saturated tem-
perature for R-22 at 67.1 PSI3, which is 38°F,
according to a temperature-prassure chart.

The superheat in this cage is 12°F.

Air conditioning systems are normally designed to
operate with a 1Q"F. to 15°F. superheal in the
suction ling at full lpad conditions. Suction line
superheal will vary wilh indoor [9ad conditions and
gutdoor tlemperatures that affect the operating head
pressure. Capillary tube and metering orifice flow
controls tend to operate the system at higher
superheat when the cutdoor temperature is low and



may saturate or flood the suction line when out-
door temperatures are extremaly high.

Expansion valve flow controls are designed to main-
tain a constant suction line superheat aver a broad
range of load conditions. Expansion valves will be dis-
cussed in succeeding paragraphs.

A simple analysis of an operating air conditioning
system could he reduced te the foillowing
requiremeants:

1. The systern must utilize a compressor or othor
source of enargy Lhat will maintain a pressure ditfferen-
tial in the syatem that will cause a constant fow of ré-
frigerant.

2. The condenser must rejsct that tetal system heat
irta air, water or ather media, condense and subcoo!
the refrigerant and maintain adequate pressure to
supply the refrigerant requirements of the avaporator.

3. The expansion device must control the pressure at
tho evaporatar indet that will produce a saturated Vaper
termperature bDelow tho air temperature across the
evaporator and above tha freezing tcmperature of
walter that forms on tha avaporator coil,

1. Refrigerant leaving the evaporater and entering the
compressor must be a superheated vapor to prevent
damage to the compressar. The refrigerant ch arge in a
capillary tube or metering orifice system controls suc-
tion line superhoat. Expansion valves maintain a
constant superheat in tha suetion ling,

SUCTION
ACCUMULATORS

Figure 15 depicts a typical
suction fime accumulator.
The purpose of this device
i5 1o prevent liguid refrig-
erant from entering the
comprossor when the sys-
tem evaporator is flopded .

FIRLIM

T
COMMFRESSOR EWAFIRATIHE

The accumulalor is used
with capillary tube and
metaring orifice flow can-
trods in somo applicaticons.

The accomolator is |o-
cated botwoan the evapo-
ratzr outlet and thg com-
presssoriniet.

Any liquid rafrigerant that
leavas the evaporalor
enfters the body of the ac-
curnulator. MNote in Figure
15 thal lhe s=uchion line
inlet supplying the com-  FIG- 15—

pregsor is located near the  SUCTION ACCUMULATOR
top of the accumulator. Liquid from tho evaporater is
stored in the lower portion of the accumulator suoh
that refrigerant vapar from the top of the accumulator
is supplied to the compressor. The U tube config-
uration of the compressor inlet tube prevents accumu-
lation of il that circulates with the refrigerant from
being irapped in the accomulator, Changes in pres-
gure within the accumulatar will cause trapped refrige-
rant to evapurate and return to the circulating system:

WETERIMNG
OHIFICE

however, any oil trapped in the accumulator will not
evaporate and would remain i 89 accumulator, da-
feating the purpose of reftigarant storage and reducs
ing the ol supply in the compregser. & small hole is
drilled in the lowar pottion of the accumulator ‘I
tube that will force any liquid, whether oil or refrige-
rant, ta return ta the compressor in catibrated quanti-
ties. Thig hoda is referred to as the accumulator metar-
ing orifice.

Accumulators are not normally uscd with expansion
vilve low cantrals since the expansion valve pravents

ligquid fluoding from the gvaporator under narmal oper-
ating conditions.

Accumulators are not normally used with capillary
tubes or metering orifices whan the system refrigerant
charge ¢an be controlled.

Heat pumps utilizing capillary tubes or matering ori-
fices in the heating functicn require the use of accumu-
lators or other refrigerant storage devices.

THERMOSTATIC EXPANSION VALVES (TXV)

Expansion vaive flow controlz utilfize a temperature
mansing elemeant and a pressure eensing element that
are connected to the outlet of the evaporator coif, The
valve is desigyned such that any changa in pressure or
temparature at the evaporator gutlet will cause the
metering crifice within the valve to allew more or less
refrigerant to enter the evaporater and maintain g furlly
rafrigerated evaporator, but will not permit liguid ro-
Irigerant to leave the evaporater and flood the come
Pressor.

Figure 16 shows the basic speration of a thermostatio
gxpansion yvalve. The thermal sensing element oxerts
pressure on lhe upper side of the valve diaphragm.
Suction presaure exerts pressure on tha lower side of
the valve diaphragm. The diaphragm opens or closes
the valve orifice permitting more or less refrigerant to
enter the evaparator as the evaporator load raquire-
ments change. The valve is preset to maintain a specif-
10 suparheat at the logation of the thermal and pres-
sure sensing clemants.

BLCTRH LIME
T GOMI IESs0n

GOMNTRGL
BULE

STHLIIM S
SCHGRe
CLFHFRT]

~LIAF] ERAR

LMD FHOINE
GOHDENSER

FIG. 16 — THERMOSTATIC EXRANSION YALYE
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BASIC HEAT PUMP OPERATION

The heat pump refrigerant systerm operates exactly
like a basic cooling system as far as basic refrigaration
principles are concerned. The differences in an air
canditioner and a heat pump system are:

1. Tha heat pump utilizes a switchover valve to ra-
verse the flow ot refrigerant in the heating function,

2. A separate expansion davice is required for both
the heating and cooling modes of operation.

3. Chack valves are required to route the refrigarant
through the proper expansion device when the system
reverses from cooling t& heating and visa versa.

4, A defrost system is reguired to defrost the outdoor
coll when autdoar temperatures are below freezing in
the heating mode because the gutdoor coil functions
as the evaporatar.

Figure 17 shows the refrigerant flow direction in a
basic heat pump refrigerant circuit in the cooling mode
of operation. Note that the swilchover valve is posi-
tioned such that discharge refrigerant is routed to tha
suldoor coil which is utilized as a condenser in the
cogling mode. Liguid refrigerant leaving the condenser
flowa through the outdoor check valve which ia in the
open position during cooling operatian. The outdoor
capillary tube& is bypassed by the check valve, bo-
cause refrigerant flows in the line of least resistance.

Tha indoor check valve is closed during the cooling
mode causing tha liquid to enter the indoor capillary
tube. The capillary tube feeds the indoor coit which
functions as the evaporator, Refrigerant from the
evaporater is routed through the switchover valve to
the compragaor suchion inlat ko complets the refriger-
ant circuit. The refrigerant circuit performs cxactly
like an air conditioning system when it is operating in
the cooling mode.

Figure 18 zhows the basic heat pump circuit in the
heating mode of speration. Note that the only change

in the refrigerant circuit ts the position of the switch-
owver valve which raverses the flow of refrigerant in the
sysiem.

Cischarge refrigerant is routed to the indoor coil which
functions as the condenser. Heat rejected hy the con-
denser Is discharged to the indoor area of the struc-
ture where tha indoor coil is located.

Liquid from the indoor coll now antars the liquid line in
a reverse direction causing the wndoor check valve 1o
apen, by-passing the Indoor capillary tube, The out-
door check valve closes due to the reverse flow and
forces the refngerant through the cuidoar capiliary
tube.

Rafrigerart from the capillary tube feeds the outdoor
coil which functions as the evaporatar in the heating
mode. Refrigerant from the sevaporator 1z rooted
through the ewitchover valve to the compressor suc-
tion inlat complating the heating refrigerant cycle.

Refrigerant flow from the compressor discharge line to
the switchover valve, and flow from the switchover
vaive to the compressor suction Intet, is in the same
direction in both the heating and cocling modes,

During cold weather oparation in the heating mode,
the outdoor coil functioning as an evaparator will op-
grate with the refrigerant in the ¢oil evaporating at a
temperature below 32°F which will cause moistura
from the air antering the cail o freeze on the codl sur-
face. When enough ice freezes an the coil o cause a
hesat transfer reduction of & magnitude that impairs the
capacity and stticiency of the system, an electro-
mechanical circuit located in the ocutdoor unit will
sense the iting condition and auwtomatically switch the
systom to a defrost mode of operation.

Defrast 13 accompllshed by reversing the refrigerant
flow. The defrost sansing circuit causes the switchover
valve {0 change position and revert to the cooling
mode of opearation.

BASIC HEAT PUMF CIRCUIT
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Hot refrigerant from the compressor is routed
through the outdoor coil causing the ice 1o malt trom
the surface of the ¢oil. The outdoor fan stops curing
defrost operation {0 shorten the time required for
defrost, The same electro-mechanical sensing cir-
cuil that initiated the defrost cvgle also senses when
the coil is free of ice. The sensing circuit automati-
cally terminales the defrost cycle by swltching the
switchover valve back to the heating position and
restarting the outdoor fan.

Curing the defrost cycle, Lhe indeor coil functions as
the évaparater and delivers cuol air into the struc-
ture. Electric heaters or other secondary souces of
heat located in the indoor airstream are automatical-
ly energized during the defrost cycle Lo pravent cool
drafts and to prevent the temperature within the
structure from dJdropping to an wuncomfortable
tamparature.
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CHECK VALVES

Figure 19 is a cut-away view of a typical check valve
used in a heat pump system. When the refrigerant flow
is in the direction indicated by the flow arow, the valve
offers no restriction to the flow of refrigerant. When
refrigerant flow is reversed, the ball valve will contact
the =eat and cloze the path for refrigerant flow, The
vilve is refrigerant flow operated.

SWITCHOVER VALVES

Switchover valves are often referred to as reversing
wvalvas or four-way valves. The valve is operated by an
glacirical solencid coil cannactad to g pilat valve.

The zolancid coil is electrically energized by the sys-
tem raom thermostat when the cogling mode of opara-
tian is salactad or by the defrost slectrical system.

When the solenoid coil is energized, the pilot valve
connects one end of the main switchover valve ta the
compressor suctian ling. Pressure in that snd of the
valve is reduced to suction pressure. Pressurs on the
apposite side of the main valve slider is connected to
the compressar discharge line. Fressure differantial
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FIG. 20 — GOOLING CYLLE

across the slider causes tha shider to move 1o the posi-
tion shown in Figure 20. Refrigerant is rauted thraugh
the valve in the direction indicated by Figure 20,

The switchover valve asolensid <oil is de-energized
when the system room thermostat is placed in the
heating position. The pilot velve connects suction
pressurs to the oppesite end of the main valve slider
causing the shlider to mowve to the position shown in
Figure 21_ The position of the main valve glider deter-
minas the direction of refrigerant flow in the heat pump
rafrigarant system. Figure 21 indicates the direction of
flow in the heating mede of operation,
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