CHAPTER 1

BASIC PRINCIPLES OF
REFRIGERATION

This is your training section, and it contains all of
the theory you will receive while you are leaming 1o
service air conditioning and refrigeralion equipment.
Wi arc not going into the theory of refrigeration in great
detail. It is enough that you have a reasonable under-
standing of the physical laws that are the basis for the
refrigeration cycle. This information will not repair any
refngeratorormake you one dollar. However, itwill lay
a foundation for you 1o build a wonderful trade on. You
will be a more efficient trouble shooter if you have this
information inthe back of your head. Kecpit in the back
of your head and your hands will travel faster and surer,
What you are about to read here is contained in
books that would A1l the shelves of a large hibrary.
These books are highly technical and full of scientific
words and phrases. With all due respect to the authors
of these books and the scientists who furmished the
matcrial, we are going o condense the whole Lot down
to a fow pages of readable language. The scientists who
contribuled the most w this library wene Charles, Dal-
ton, and Boyles, These three scienists discovered cor-
tain physical laws which cannot be disputed. These
laws are much like Mewton's Law of Gravity. For the
purpose of this course and with due rezpect for these
scientists, we are going o call these laws Doolin's
Laws. I will lay down these laws, and we will examing
them and tic them into the refrigeration cycle; then we
will leave them, for they will not repair refrigoration
Cuipment.

LAWNO. T

There is no such thing ar “"cold” unil the ther-
mometer registers 460 degrees below zevp, Everything
aove this i5 heat,

We use the wemm “cold” every day. We say, “The
box is getling colder.” This is not cxactly truc, ITn fact,
the box simply has less heat inside.,

Here is the tcmperature scale as we know il plus the
lower scale. (Fig. 1-1)

H 90° A HOT DAY
750 ANICE COOL DAY

H 32°WATER FREEZES
0° ZERO

-10®MINUS TEN
OR IO BELOW

4 -100°VERY COLD

-459° BELOW ZERQ
460° BELOW ZERQ

(Fig. 1-1)



DOOLIN’S TROUBLE SHOOTERS BIBLE

In plain language refngeration is a problem dealing
with heat. Since I have already said everything is heat
down o 460 degrees below zero, that s whene: cold
begins, there is still some heat at 459 degrees below
zero. This is 50 cold—you nodice Tuse the word “cold;™
yel, we know betier. This is so cold that if you were
cxposed (o it for a fow minuics and T towched you with
a screwdriver, your body would shatter like glass.

You may never have given 11 muech thought: but a
relnigeralor in your home, the one you keep your food
in, i% a3 box where there 15 3 mechamical unit taking the
heat out of the inside and everything that is stored
inside. The unit is pot putting something into the box
which was not there before. The relfigerating woit is not
imparting some quality 1o the inside. All it is doing is
pulling the heat out and getting rid of it on the outside
of the box. The insulation in the box keeps heat from
geriing back imtoo fast. Then there is a constani struggle
for the machinery to get the heat out of the box and to
trv to keep enough of it out 20 that there is less heat on
the inzide than on the putside, The reason water in your
ice cube trays tums (o ice is that the heat was pulled out
of the water until it reached 32 degrees, and then it
tumed solid. As a matter of fact, anice cube s very hot
if we memember that cold begins at 460 degrees below
FaLE

I knorw this does mid repair reld gerators. Bul again,
Wwe are just gering acquainted with some facts that will
help vou 1o be a masier servicemar.

If yvou are straight on this first law that w refriger-
ate means (o remove heat, then let's go to Law No. I

LAWNO, 1
Hear &5 ever ready to flow o anything which con-
fains less heat

This statement 15 just as truc as your saying that
water will run downhill or seek its own level, It's the old
law of gravily. For instance, ifl [ pour water into the high
end of this tube, you will agree that it will run over on
the short end of the “U" unil it levels off at the gravity
line. You know this will happen, and it is a true law of
Zravity.

It is just as true as the fact that heat will always star
o fow o anyihing with less heat. IF' 1 had vwo anvils and
one had less heat than the other, te heat in the warmer
one would fow over o the cooler one until both were
the same temperaure.

Let's examine the two anvils in Figure 1-2.

If one were 60 degrees and the other 80 degrees in
temperature, the 80 degree anvil would immedialy
give up some if its beat to the other until they were both
equalized at 70 degrees. You can ne more stop the flow

(Fig. 1-2)



of this heat than you can stop water from running
downhill. But you can dam water up. Likewise, you can
dam up heat with an insulation barricr; but this will not
stop the heat flow. It will go on through the insulation
if it takes ten wears. All the insulation in your home
refrigerator is doing is slowing down this flow of heat
encugh so that the refrigeration unit can get ahead ol it.
Mothing can stop the flow of heat. All that can be done
is to slow it down; that 15, the rate at which it moves.
Everything 15 a conductor of heat—air, steel, wood,
copper, cven flesh, Some materials are better conduc-
tors than others.

The Egyplians had an airconditioning system which
utilized the law of heat flow in the Fharaoh's palace twao
thousand vears before Christ. Here iz the way it worked.
Every night 3,000 slaves came down o the palace at
sundown and removed the main wall of the palace. The
wall was 15 feet high, 10 feet wide and 60 feet long. It
weighed over a thousand tons. One side of this huge
marble block was polished and fitted into the palace
ballroom. The rest was just rough stone, Using rollers,
the slaves hauled this huge block out into the Sahara
Desert where it stayed all night, The desert was cold at
night, and the heat in the stone flowed out into the cold
desert air, At the crack of dawn, they dragged the stone
back to the palace and cemented it back into place. All
day long while it was 130 degrees on the roof of the
palace, this stome soaked up the heat in the palace. Inis
puessed that the lemperature in the palace stayed about
B0 degrees all day. Imagine, 3,000 men doing what
roughly one 100 hp motor would do today.

Actually, we use the same principle today, But
instead of 3,000 men to do the job, we use a mechanical
system; and the refrigerant gas carnes the heat outside
where we get rid of it. Simpler yot, modem relrigecration
today soaks up heat where it is not wanted and carries
itout where it does not matter and gets rid of it It's the
same principle as the stone and the slaves, only we use
refrigerant and a pump. The heat is ever ready to flow
10 anything that has less heat. Your body geiz cold when
you are improperly dressed nod because as grandma al-
ways said, “The cold will penetrate!™ but becavse your
hody heat flows out through your clothes,

Mow we have laid down two laws, Law Mo, I, that
relrigeration is a problem dealing with heat all the way
doveen to absolute #oro at 460 degrees below zemo, Law
No. IF, that heat 18 Muid orin g constant state of mation
always ready 1 move 10 anything with less heat, or
“gooler,” if vou please. With these two laws in mind, we
are going to invent a refrigerator aller we gt One mone

law stated.

Thiz third law may pive vou some trouble, bt |
believe we can get it across. AL first it may not seem o
have as pood a connection with refrigeration as the first
twir laws, Bul afler we understand it thoroughly, you
will see the possibility of our inventing a simple refrig-
erator together utilizing these simple three laws.

LAW NO. ITI

Anytime a liquid changes to a gas or vapar, i must
give up iz heat; and the heat iz carvied off in the vapor,

Tosayitanother way, whenever aliquid changesits
state from a liquid to a vapor, heat is pulléd out of the
liquid that is still lcft: and this heat is carricd ofT in the
'l.-'apar.

This is the law of changing states of liquid. You
may never have given it much thought, but when your
skin is wet and you dry off very rapidly, the liquid is
changing to a vapor. The heat is being pulled out of the
flesh of your body; and you are chilled. The heat has
aciually leftin the water vapor. This law is simple if you
will stop and think a minute. Have you ever had gaso-
line, drip gas, or carbon-1et on your hands? Did yvou
notice the cold (comection, heat loss) from vour hands?

Al the rigk of belaboring a point, T want to be sure
you nail this law down. It is the basis of all the refrigera-
tion in the world, natural or mechanical (except the sun
and the eanth relationship—solar heat).

Take two buckets of water for instance. We put a
tight Iid on one bucket and leave the other open, Sel
them both out in the yard. The bucket that is evaporal-
ing, that is, drying up, will be 20 or 34 degrees cooler
than the closed bucket. Suck athermometer downin the
water in the open bucket. It should read approximately
70 degrees. Take the lid off the other bucket and stick a
thermometer o e water. It should be almost as hot as
the sun's heat on the Lid, The water that was evaporating
was cooler because the heat in the residual walcrleft in
the bucket was lcaving in the water vapor carmicd olf by
evaporation .

Forexample, suppose you sot two buckets of gaso-
ling gut in the yard. You have the same amount in each
bucket, You know that gusu]:im: EVAPOrales cven [aster
than water. The gasoline left in the open bucket just
before it all evaporated away would be 40 or 50 degrees
cooler than the closed bucket where the vapor Could nol
get out and carry away the heat, (Fig, 1-3)

This is an iron bound rule. Any higuid capable al
evaporating gives oll a vapor, and the heat necessary 1o
make the ligquid evaporate is carried off in the vapor.
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(Fig. 1-3)

The heat necessary 1o make water boil or evaporate into
steam is always contained inthe steam, In g stcam boiler
the heat from the [umace passes on through the water
and is carried ofT in the steam.

Summing this up, any liquid capable of changing
into vapor and from vapor back into liquid is a refriger-
«ri; that is, it moves or displaces heat. It takes on heat
changing from a liquid to a vapor, and it gives up this
same heat out of the vapor when it changes back into a
licpuid.

Men uwsing these three laws as the basis of their
experiments invented modem mechanical refrigera-
tion. First, they knew they had a problem dealing with
heat—~Law No. £ They had 1o get rid ofheat, not put cold
inzide of a box. Second, they knew that heat was fluid
and would always move immediately over into some-
thing less hot, like a big hunk of ice. Third, they knew
the law of changing staies of liquid. With these laws in
mind, mechanical refrigeration came into being.

Heat was the problem, not cooling, If the heat could
be displaced, it would be cool because there was less
heat. The pioncers in relfrigeration knew that heat would
flow immediately 1o anything with less heat. They knew
also that il there was anything inside of abox colderthan
the foods stored there, heat would go to this colder
thing. They reasoned that if they insulated the box, they
could hold back heat trying to get in from outside. They
knew that ice would work with these first two laws; but
they were after something better. So they brought the
third law into action. They reasoncd that iFall this were
true, then what was needed was some kind of ligquid in
4 container which would evaporate carrying the vapor
outside of the box through a chimney. This vapor would
carry the heat inside of the box to the outside. This was
preity good reasoning since it is almost exactly the basic
principle of modem refrigeration. Here is a picture of a
refrgerator much like the first one buile. (Fig. 1-4)

10

INSULATION

(Fig. 1-4)

GASOLINE

The pail is full of gasoline. As the gasoline evapo-
rates, the fumes go up into the hood and out through the
chimney. These gasoling fumes are loaded with heat
which was pulled out of the liquid left in the pail. More
heatis coming through the side of the pail into the liquid
and on out in the vapor. This crude box would actually
be approximately 20 degrees cooler on the inside than
the ouiside because of the heat being pulled out of the
inteTior,

But what's wrong with this unit? First, it wouldn't
keep meat, Second, some cscaping fumes might stink
up the box. Third, you would always be setting ina fresh
bucket of pagoline, so there would be too much waste.
You wouldn't want to strike a match to see what was in
your relrigerator ¢ither, But suppose we solder the hood
on Lop of the bucket, Now we are rid of the stink, but we
will have o fill the bucket through the chimney. We
have improved our refrigerator; but it still requires that
wie keep replenishing the gasoling, and it is not cold
enough. We canimprove that by getting anold plumber's
pump and sucking the fumes off at a faster rate, But why
waste the vapor fumes which contain the heat? Why not
pump the fumes out and then pump them into a coil like
awhiskey still and get the heat out. This will condense
the vapor back into gasoline.

Now we have a refrigertion cycle complete. Of
course, we will have 1o pipe the fumes or vapor to the



pump, then to the condenser coil, then back to the pail
inzide of the box.
Here is our improved version of our original COMDENSER
i HEAT
refrigerator. (Fig. 1-5) 1yt

(Fig. 1-5)

We have gone this far, Why not improve our refrigen-
tor once more, We will add an electric pump and con-
denser fan 1o blow the heat out of the condenser coil.

(Fig. 1-6) LOW SIDE
VAPOR LINE

Low Préssure
WPl ¥ Legud

Hegh Frossvas
ytdol & & Ei—‘aﬂ
5 |

FeTART OF
LigUID
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(Fig. 1-6)
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CHAPTER &

MOTOR STARTING DEVICES

You know that vou are not expected to do even
Mminor repair to an open-type motor, You take theose
moters to the motor repair shop. The motor shop man
may be able to loan you a replacement motor until your
motor is ready. Ifnot, the customer will just have to wait
of buy a new motor.

You are the motor man where hermetics are con-
cemed. You are not expected 1o open up hermetic pols
or rewind any hermetic motor. In fact, you can service
hermetic pots for years and never look inside of a
hermetic pot or go any further than the terminals on the
outside of the pot. However, you ane expected 10 repair
orreplace all defective hermetic motor starting devices.
You will be expected 1o know whether a pot is good or
bad. If you have to make this decision, make it with the
knowledge that you are absolutely sure. There is noth-
ing more aggravating than o condemn a pot and later
find that it is perfectly good. IF this happens, you have
failed to fost it properly, Take your time and be sune.

The motor starting devices you will be concermned
wilh are the relay and capacitors. You will, of course, be
expected 1o understand the overload device. But rarely
does an overload give any trouble. Overloads, line
starters, thermostale, pressure controls, and ordimary
off-and-on switches are all a parmt of the electrical
devices on refrigerating cquipment. These clecincal
devices are no more complicated than those wiich you
usc every day in the modern home, such as hot water
tank controls, washing machine controls, iron therme-
stats and the usual appliance off-and-on controls. The
two or Lthree-speed switch on your Kitchen mixer is
probably twice as complicated as the switches on a
wirtdow unit air conditioner.

In reviewing the hermetic pot, we know that we
have a single-phase motor in the pot. We know that it
has a starting winding and that the ends of the windings
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are ticd onio the terminals, We know that we have
replaced the centrifugal swilch, common Lo Open mo-
tors, with the relay. We know that the electrical engi-
necrs came up with the starting capacilor o help the or-
dinary molor o start with more xip and power. We
knovw that this starting capacilor is hooked in 20 that it
is disconnccted from the winding when the relay dis-
conneets the starting winding. T have not mentioned
ansither ype of capacitor which is being universally
wsed burt is nod absolutely necessary im order 1o operae
a hermetic pot. However, if the motor designer engi-
nezred his pot to wse this special capacitor, it will have
10 be used. This special capacitor is called the running
capacitor. Many hermetics use this running capacitorin
conjunciion with the starting capacitor. Take a look at
Figure 8-1 and note the hook up where the ordinary
relay and starting capacitor are the principle maotor
starting devices, Compare the relay capacilor stan pot
Loy the relay capacior Slar, capaciler run pol.

This running capacitor is hooked in between the run
and star wmminal, and it stavs in the circuit all of the
time. I repeat, even though the relay Has cul the siariing
windiag oul of the circiit and the sfarirg capaciior is
ouf, the running capacitor is still in the circuit. This
running capacitor can always be identified by its hook-
up rclation to the other starting devices, and it will
always be 10 a metal can since it 15 an odl-Nlled trans-
fommer or capacitor, You can compane this cxira capaci-
tor b the supercharger on a gas enging. The engine will
run without the supercharger but not a5 well as it would
run with a supercharger. The electrical engincers have
discovered that this oil-filled running capacitor, when
uzed on a hermetic, will actually reduce the amperage
load pulled by the motor, But probably more important,
the use of the running capacitor pcrmits SOME SAVIMES in
the aclual constructionof the single-phase motor power-
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wise, There is some guestion as o whether the actual
gavings are not off-set by the wear and tcar on the
running capacitor, Capacitors do Mow out and leak their
oil. Do not confiese the running capacitor with the
starting capacitor, Ong is a dry electrolyiic starting
device, and the other is an oil-filled running device
which stays in the circuit all of the time. What happens
clectrically within the windings of a single-phase molor
wihen the running capaciior siays in the circuit betwern
the run and start windings is far too complicated w
explain here. Itis enough that you know when one is bad
or good and whether it is the proper size and doing its
work. Compare the start capacitor here with the running
capacitor in appearance.

Let's bricfly review the development of the her-
metic pol motor. Originally the engincers had a single-
phase no-help pot with run and stan windings. Many of
these pois are still in use, Then the engincers added the
start capacitor between the start windings and the relay.
The relay was necessary alter the molor was welded up
inside of the can. After this sysiem of staring a bermetic
pot had been perfected, the clectrical engineers discov-
cred that another special device could be added: that is,
the runming capacitor. They added this capaciior and
hooked it between the run and stan. The engincers
desipned this special oil-filled capacitor so there was no
necessity W0 disconnect it from the circuil. 50 even
though the relay cul owl the star capacitor and the stan
windings lrom the circwit, the running capacitor stayed
in the circuit. The manufacturers called this their ca-
pacitor start, capacitor nun hermetic pot. That is, the pot
staried by the relay and start capacitor jolling the
armature; and siill the run capacitor was always in the
circuit. This was a pretly good combination and is sill
vsed by some manufacturers who favor the capaciior

slarl, capacilor mn lype pol over the plain capacilor
star, single-phase pol

Just about the time the engineers had perfecied the
running capacitor to be used in conjunction with the
relay and start capacitor, they made another discovery.
They discovered that the oil-filled run capacitor could
be made 1o do double service. That is, act as a siart
capacitor as well as a run capacibor, With this type
capacitor on g pot, there was no longer any need for a
glar capacitor or a relay: and hoth wene eliminated.
Here is the new look in pots. Note that this pot is called
the Permanent Split Capacitor Type. (Fig. B-2)

This PSC motor is very popular with the air condi-
tioning manufacturers wsing hemmetic pots. This is
understandable since it climinated both the start relay as
wcll as the stan capacitor. This ncw mun and sian
capacitor kicks the pot off just like the sl capacilor
with relay. Aler the pol reaches its running speed, the
new capacitor becomes a run capacitor with the charac-
feristics of a registor in the circuil through the star
windings. The old capacitor start, capacitor run modor
with relay has not really changed; it is still the same old
single-phiasc motor; but now it has the new look. In fact,
a relay and start capacitor can be added o onc of the
modem PSC hermetic pumps, and il will function just
a5 11 did before with start and run capacilor with relay.
We have not discussed this new PSC pot motor until
now for a good reason, Had we gone into this new Lype
combination start and run capacitor which climinates
the relay, you might have goten the impression that the
relay was no longer necded nor served any uselul
purpose in this rade. This is not the case. The relay i
very important b the hermetic pod;, and even though the
fiew pol uses this combination run and siart capacitor
which will do everything for the molor, the manuofac-
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—THERMOSTAT

]

sSTART & RuM

| P.5.C.
PoT

cAPACITOR GROUND WIRE
b To UMIT
OIL FILLE no RELAY NO
START cAPACIToR
(Fig. 8-2)

turer stll reserves the rghtl o g0 back 1 e nelay in
order 1o get this mowr kicked offifbe new combination
capacitor will not get the job done. You can sce that it
wiould be extremely important that you understand the
relay if the manufaciurer himsel Fhas the relay foran ace
in the hole in case of the PSC failure, The PSC jobs arc
wired exacily like the old straight run capacitor hook-
ups. Thatis, between the run and start. To identily aPSC
pol, you only have 1o look [or the relay. IT il is missing,
then it will have 1o be a PSC poL. Likewise, the stan
capacitor will be missing since a sian capacitor has o be
dizconnected just like the stan winding; and you would
never find a plain stant capacitor without & relay,

Take a look at this pure PSC hermetic pot wiring
diagram:

This special run-start capacitor may be large or in
multiples. You will find these PSC pots used in the
ceniral sysicm condensing units also,

Just what takes place inside of this oil-lilled ca-
pacitor used on the PSC pot is of nd consecuence Lo us
since we will never repair one or do more Lhan test il o
seeifilis good, The one thing that we are sure of is ghit
it kicks the pot off like a start capacitor, and then it
changes into a un capacitor and helps to keep down the
amp pull on the ling. This new type star and run capaci-
tor is ¢asy to trouble shoot. In fact, it is almost a wst
device in itsclf. That is, it can be uscd 10 1est the pot 1o
se¢ if the pot will respond properly.

If you have a PEC pot, use astart capacitor withiwo
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leads bare at the ends, Touwch e hare leads o e star
and run terminals. IF the compressor 12 good, it should
start, IF not, the compressor is bad. IF the compressor
stans, remowve the capacitor and it should run, IF 3 new
P capacitor dogs not start the compressor then it is
time 1o put the start relay and capacitor on. The com-
pressor has become a hard starier,

NOTE: When using the PSC capacitor, pressure
miest egrielize between the high and low sides. It wakes
approximarely three minuies on the off cycle for the
equalizaiion fo rake place.

Look at the P.5.C. hook up in Figure 8-3.

Summing up all that has been said abowt hermetic
peds, we can say that they will fall inone orthe odher of
the following classes;

1. Single phase with plain starting winding, using a
rclay for the disconncot device.

4, Uscd in houschold refrigerators and some frecz-

CTS,
2, Single phase with start winding and capacilor star
wilh relay.

a.Used in houschold refrigerators, freczers, win-

oy uniis, and g fow small commercial condens-
ing umnils.
3. Single phase, starl winding, capacitor star, ca-
pacitor run with relay.
a. Uscd in window wniis, central condensing wnils,
and some hermetic package units.
4, Single phase, start winding, Permanent Split Ca-
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pacitor Lype.
a Used exclusively in window and central units
and in some package units,
. Three-phase pot, No help of any kind needed.

4. Used in package units, ceniral and commercial

condensing unils.

You must remember that 3 run capaciior and & star
capacitor are fwo difforent things. They may be closely
related, but they have a different job to do, and they are
buikt differently. The stant capacitor is usually enclosed
in & hard bakelite case, and it may be of different sizes
orcapacity, Its size 15 usually measured by the MED and
the voltage, If the unit is 240, them you use a 330 V
capacitor. The MFD may be whalever the motor 15
designed to use. You can vary this slightly if you cannot
get an exact replacement, However, the vollage must be
correct for the unit, Run capacitors are almost always
encascd in a metal gil-filled can, and the MFPD is low.,
The run capacitor's MED may be as litthe as three MED
or as high as twenty MFD or thercabouts. MFD stands
lor microfarad, and that does ot iell us anything much.
But we are nol sludying 1o be elecirical engineers. The
permanent-lype run-and-stan capacitor will ook just
like the ordinary run capacitor but will generally be
largrer in size. The MFD will be from two to twenty, and
the vollage must be correct. Once in a great while, yvou
will find that a manufaciurer has used two 120 volt star
capacitors in parallel 1o take the place of one 240 volt
slart capacitor. This practice has been discontinued in

most cases. Even though this will work and two 120volt
capaciters are cheaper than one 240 volt capacitor, you
would be constantly chanping capacitors, both run and
start, il you work on many central systems or window
units, These starting &ids do go bad, and there i3 no
repair for them. They have o be replaced. One of the
MmOl common reasons for a pot W fail o stan and mn is
the breakdown of these capacitors. In fact, it is the first
thing you check on a capacitor motor after you have es-
tablizhed whether there is a voliage available to the unit
and that the thermoestat is on. One of the simplest tests
is to remove the suspecicd capacitor, whether it be start
or run, and spark it out Sparking out means (0 pul a
charge inw the capaciior and jump acnoss the conlacts
(o zee if it will unload or if it is capable of taking a
charge. There is no quicker or simpler test. [fthe capaci-
tor does not respond (o this irealment or seems to be
very weak, do away with it and put in a new one,

Here is the spark test: Take the bare ends of a cord
plugired into a 120 volt outlet and very quickly flick the
Wwircs across 1he two capacitor posis, This will charge
the capacitor. Pull your cord. Remember: i [s hor. Now
take a screwdriver with an insulated handle and short
across the pests of the capacitor, IF it is good, there will
be a hot spark, It will crack like a firecracker. I you are
lecry of working with the hot ends of 120 volt scrvice,
then use a light bulty in the line 10 reduce the voliage,

Sce these tesis for capacitors in Figure 8-4.,

What if vou were out in the ficld servicing air con-
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CHAPTER 9

TROUBLE SHOOTING
WINDOW UNITS

You never charge a houschold refrigerator while
the bow is in the customer’s home. You might change
oul a relay or a capacitor if that is all the unit necds, The
size of the box and ynit will dictate your policy. Wherne
some [reezers are concerned, it may be more practical
o charge them on the premises than 1o attempt 10 bnng
them to the shop, However, if the freceer is small
enough to be transported, take it to your shop. Only in
case of emergency should you charge a freezer in the
home, I you have 1o charge it right where it is located,
come back over a period of two or three days (o finish
the job. Do not attempt 0 make major repairs o any
household unit, whether freezer or refn geralor, on Short
notice or on one call,

Take all window units o vour shop, if possible,
Explain to the customer that you already have a service
charge for coming out, and it will cost him no more for
you to take it in and check it properly. Tell him that you
will ¢all him ared let him koow exacly what you find
and how miwch it will cost o repair. Remember, if you
do a quick job in his home and you overlook some small
thing that had nothing to do with the work you were paid
for performing, you are still held to make your work
good. The customer does not understand that the relay
and capacitor are two different things. All he knows is
that ke has paid you for working on hiz window unit;
and if the job docs not hold up, he wanis you 1o make il
good. Had you taken the box 1o your shop in the first
place, you would probably have caught the bum relay
along with the bad capacitwer. Itis always tough to have
to explain to a customer that you did not look at the
capacitors and that all you did was fix the bad relay
which was in need of replacing. The main thing that is
on his mind is that you did not do your job in the first
place. Remermber this, charge for your work and give

good service and carciul workmanship. If you give your
work away for nothing and it does not hold up, you will
always be remembered for being a poor mechanic.
Mever will vou be remembered as having been chari-
table, I you charge, and your work holds up, vou will
always be known as the man whe charges but does good
work, The very man whoe may say yourcharges arc high
will come back (o you, for he wants the best, When vou
arc dealing with the customer in his home, make sure
that you both have a distinct understanding as 1o what is
going © be done. Do not ake anything for granted.
Don't ever be guilty of having to say, T thought you
knew that this was our pelicy.” Make sure that he knows
your policy. When dealing with the customer in refer-
cnee to what is wrong with the unit, always state wial
you belicve to be wrong and tell him that you do not
know what caused this failure until you make a more
carcful cxamination. Don't give a customer a lecture on
the refrigeration cycle. You will only succeed in con-
vinging him that you are trying o find out yourself what
i poing on. The more you talk, the more you will
convince him that you are inexperienced. Be thorough,
Be brief. Be sincere. Collect your moeney when you are
finished and be on your way. Don't hang arcund full of
good tidings and joy because you have his money in
your pocket. He will become aware of it soon enough
aller you are gone. If you do your job and do it well,
there will be no need 0 make a high powered sales
pitch. The job will hold up or it won't hold wp. For this
TEAS0N, You are again Caulioned not 10 gel caughl in the
trap of doing a fine job on the main trouble and over-
looking a small thing that will give the customer the
impression that you have never touched the unit simply
because it quits again, If vou have the unit in your shop,
it will offer greaier chances for you Lo find anything that
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might cause a failure after you have declared the job
complete,

Let's take a call ogether on a window unit. We
arrive at the home and take ina box of tools. Actually,
we really do not need the tools since we do not plan (o
doany work in the home. But we have o take in the tools
since the public expects us to be prepared to work, even
if we do not intend to make more than an examination
Do not set tool boxes down on carpeting. The bottom of
the ol box may be dripping with oil. Watch that wall-
io-wall carpeting. Now we are in front of the window
unit. We ask the lady of the house a fow simple ques-
tions which have nothing o do with the technical
aspects of airconditioning. A good opening question is,
“When did it mun last?™ If the oemer does not scem o
know anything whatsoever about the unit, then your job
iz to find out why she called you, What is the complaini?
Suppose the unit won't un. You would immediately
check the wall plug 1o sce whether the cord cap is
plugged in tightly. The cord being plugged in dehaly
you jigple the thermostatic switch, and IF the unit
attempts to start and dies again, take it into the shop. It
probably has a bad thermostat, but that isn’t all. It may
have mun long enough for the thermostat to break down
the relay. The unit could be a hard starter because one
start capacitor was out and (he odginal it came with
Wi,

You might alzo find loose terminals had caused the
ling from the thermostat to run hot and this had conmtrib-
uted to the thermostat's break-down. But suppose itwas
simply a defective thermostat, and you change it out
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right im the home. If it holds up, fime. [F not, you will be
called back. You were paid fo fix the unit. Now fix it.
Back to ourunit, suppose it is siill dead after jigeling the
thermostat, Mow you can look to your relay if you have
no other way of checking to see if you have any voltage
at all, Suppose you do have a pig tail socket and lamp
with you, and you check the scrow terminals on the
thermostat o ground.

Sce the check for voltage in Figore 9-1 and sce the
check points in Figure 9-2.

You find that there is juice through the thermiostat
and on to the relay. There is no use going any further
here. You cannaot Fix this in the home, so just break itoff
rght there. Declare yourself, don’t quibble. Say, “I
know that there is a defective relay, and I will replace it,
but I would like to find out if something caused this
relay o go bad ornot.” Actually, vou plan to change the
relay, blow out the condenser and evaporator, change
the filter, check the pot terminals and the capacitors for
leakage. Odl-Milled cans can rustoul, and the oil will leak
out. Ifthis happens, the capacitor is ruined, even though
it might stan or operate for a few times during the day.

Suppose a customer says that the pump scems to be
running, but the fan does not, This will be an observant
customer. You will have to check to make sure that he
doesn’t have it backwards; that is, the pump is out and
thee lan is on, However, most customers will miss the air
Now of the fan very quickly. Now this fan mobor is a
two-specd capacitor run-and-star type. It may look just
like a shaded pole motor; and for all purposes, it doesn™t
make much difference. This motor is two-speed and
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looks like this in Figure 9-3,

You will note that a two-speed moter has three Iead
wircs. Whenthisis the case, one of the wires will always
be on the line. It will be known as the commorn; that is,
common to both the low and high speed windings.
Seg this high-low speed bookup in Figure 9-4,

You can always bet that if there are three wires
coming in and oul of a window uril fan molor, 101S Lwo-
speed. It will have a two-speed switch, and it will run on
gither speed, So, if the fan mofor changes speed, it
simply means that the system operates nicely or ¢or-
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(Fig. 9-3)

rectly on one cerlain speed and 15 unbalanced on the
reduced speed.

Once in a while you will run inlo a fan motor that
uses a transformer in the circuil in onder © reduce the
gpeed of the motor. See this hookup with the trans-
former acling as & resisior in the line in order 1o reduce
the specd of the motor, (Fig. 9-5)

Fun mators are casy to deal with, They cither run or
don't run, and there 15 seldom any middle ground. If the
motor does not rn propedy, iLwill have to be replaced
ar rewound.

Rewinding window unit fan motors is a gambling
propasition, Even if (he modor rewind man believes he
can do the job and is willing to guaranice his motor
rewind, you must consider that 11 15 more work 10 take
a metor in and oul than it 15 w© rewind 1L It is beter
replace bumed out fan motors with new molors, Re-
winds to these motors are not oo satisfactory; and il you
have 10 take a motor out again because it will not hold
up, you arg risking your reputation with your customer
nalwithstanding the loss of labor.

Youmust change a fan motor o the correct voltage,
ard it would be a good idea to try your very best o get
an exact replacement. Do not use substitutes where
]]IJ.I'EJL"'.II.'I-‘.’."E-:I' and amperage are congemed, Fan blades
pul just as positive a load on a molor as a piston and
crankshall.

Mever take wire colors for granted. There will be a
Factory wiring diagram on the motor. Take a good look
al the diagram tobe sure the new motor does not take on
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a new wire folonng, Do nol accidentally hook the Tine
Lo hagh and low waether. The mowor will bom {agier
than the leads can be removed. See Figure 9-6.

Most new two-speed replacement motors will have
diagrams with the motor. Ifa drawing is nol packed with
the maotor then yvou should check specd to be sune. Run
the fan motor on both speeds, and yvou will know that
you have the common Iocated. When the fan connec-
tions are made to the swich block or erminal block
around somewhere on the unif, the common will always
be in the line. The two-specd switch will always be
working across the two-specd ends of the motor, (Fig.
9-7)

How let’s go back 1o our onginal fan molor come-
Maint. The customer has said that the fan wouldn'

NSFIRMER
ﬁﬂn :%#:En

Lo-SPEED SPEED

Hi- SPEED

(Fig. 9-5)
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work, and you lound that he was right. Tt will not work.
You check all of the connections, and you fingd that (he
fan motor is apparcnty bumed out or has an open
winding. In some cases, it is possible lor the Tan to work
on one winding when the other winding 15 burned ool
Where thisisthe case, a1l you can do is to have the whole
mator rewound, or replaced with a new one.

You should own a long Allen wrench for faking
loose the squirrel cage blower on the evaporator emd of
double shaft moters, This is a tough screw (o take loose,
and it will require you to own this particular wrench,
Sese this approach to the Allen screw in the squinrel cage
Blower i Figure 9-8,

Many of the fan blades on window unit fan motors
are 20 designed thal they stay in the bousing of the con-
denser or evaporator even though you take oul the
motorilself, When this is the case, you should be careful
net 1o bend or damage the fan blade when sliding ivolf
the motor shafl, The modor will have o b tilled or
tumed 50 you can slide the fan off the motor shafi
wilhoul pulting any undue strain on any part of the fan
itsell. A bent fan will wobble and cause vibration and in
time will loozen on the shalt. Keep fan blades clean, and
they will tum belter with less Ioad on the motor. Dinis
a drag on a fan. It will cause an overload on the fan
motor, and the fan will not deliver enough air if it is
dirty. Where double motors are used 10 a window unit,
the motor problem is much simpler; and taking out the
motor will be an easier matier. You must always be
carclul in giving esumates for labor on taking out and
replacing fan motors. This work can bcoome wery
involved. You may find that you will have 1o charge
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twice a5 much as vou estimated in order (o break even
on your labor.

The same practice applics to the fans used in com-
mercial and package units, Clean the blades occasion-
ally. Kecp the fan motor piled. You should pay special
attention to squirre] cage blowers which can accumu-
late cnough dust and dint 1o become almost a solid disc
of dint. In many cases, where you cannot get to these
blowers, you will have to use high pressure air or even
a steam cleaning outfit.

But let’s go back to our trouble shooting. We can
make a quick check on any fan motor by taking the
moter leads loose and using a clip cord.

Sce this check method to be sure that the fan is all
right as shown in Figure ¥-9.

In most cascs, if you make the ongnal call and pick

up the window unit, vou will have some idea as to what
happencd; or at lcast you will know what the complaing
is. For instance, il won't run, no refrigeralion, mns
noisy, lets water drip on the floor, etc. But suppose you
have a belper who picked up a unit and asked no
questions. He brings the unit o your shop. You are
ready to proceed. First you would take a good look with
a flashlight to see if you could locate anything which
would tell you why the unit went bad. You would not
touch the unit with your hands. While you arc having
this look arownd, you would note that the unit is 240
volts and the refrigerant is F-22. If you do nat sec any
metal data tag and you have nothing to go by, you can
take a look at the pronged cap that plugs the unit into the
wall. If this cap is three pronged or polanzed, then you
could almost say for sure that the unit is 240. One way
or another you can gencrally determine the voltage,
Here is the procedure you can follow 1o tell you the
vollage: See the specification tag, metal data, or name
plate, If there is no name plate, look on or about the pot
ilsell for a slenciled leter designating that this pot is F-
22 10is F-22, vou can bet icwill be 240. Take a look
atthe cord plug. 1TiUsthree pronged, it will be polarized
and for use on a 240 volt oml Another pood indicator
is 10 note the homepower on the pot IF it iz one
homsepower or beller, you can almost bet the unit is 240,
Lock atthe datatag on the fan motor. 1t may tell you the
fan motor voltage, and it will always be the same as the
pot Finally, il you are still in doubt, try ranning the unit
on 120 and see how it responds. Never try 240 volis
first. If it is not lefi on for any great kength of Gme, no
harm will be donc cvenifitis a 240 unit. If you have an
amp meler, you can always check the amperage againse
the pot sixe. 15l is nol correct [or the motor rating, you
will have the wrong voltage. This is no problem; forget
it. Just note the voltage when you first check a pot. The
kind of relrigerant will ikewise be lound on the name
plate of the pot; and if thens is absolutely no indicator of
the gas, hore, 100, you can use your own judgment. In
most cases, 1 he pot 15 one bomsepower, il may be F-12.
S0 what? If you pul the wrong gas m a umit, it will not
runt propeely, iF it will ron ac all. But no harmy will be
done. It will take vou only a minutc to know that you
must switch to the other gas. As a general rule, you can
gay that 99 percent of all window units will use F-22;
and 9% percent of all fractional horsepower window
unitz, like 172 and 3/4 homscpower, will use F-12.

We noted that this unit was 240 and F-22, You look
carcfully with your flashlight and find nothing 1o indi-
cale trouble. Everylhing looks ¢lean and operative.
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CHAPTER 10

HOUSEHOLD REFRIGERATORS
AND AUTO AIR CONDITIONING

Drry air isell does no particular damage to a refrig-
cration system other than waking the place of the refrig-
erant. Big rocks in the gas tank of your autemobile
would do po particular damage; but if there were
enough of them, they would take up the space normally
occupied by gas; and you would have an undersize gas
tank, Air will {ill up the condenser space where the
Freon normally condenses, and this will cause a condi-
tion that is cqual to cutting down the size of the con-
denser. I you will remernber that the manufacturer has
already cut the size of the condenser to the minimum Lo
mect competition, then you will be acutely aware of the
fact that if any air is let into a refrigeration system, the
normal head pressure will be increased in proportion to
the amount of air in the system, 3aid in anotherway, air
inthe condenser of a unit is cqual to pulting rocks in the
radiator of your aumtomaobile, You will agree that if you
put enough mocks in the radiator of your automobile, te
temperature of the cooling waler may be increased (o
the danger poinl Air displaces the nommal condensing
refrigerant. The air contained in the charging hoses and
gauge manifold could be enough to elfect the head
pressure of a small sysiem like a household box, home
freczer, awindow unit 10 this air is peemitied 10 enter the
system. The manufactorer has made the condenser just
big enough w get the condensing job done and no more;
therefore, if the condenser capacity or clficiency is
effected by an alien gas, it would not operate properly
if it eperates at all.

Mever confuse air with water, Air is made up of
many gases like oxygen, nirogen, hydrogen, and so on.
Some of these gases contained in air will condense
underextremely high pressure, butnot at the pressune of
the normal relngeratng unil Forthis reason, wecall air
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aman-condensable gas, Waer will condense, and it will
in tum change into a vapor and from a vapor back into
awaler slale, Water 15 actually a refdeerant like Freon,
but it 15 of no value as a relrgerant like Freon, simply
because i does not evaperate [ast cnough to do any
work in the emperaiure range that we humans live in,

There is a good chance that you will never ler
enough airinte a system (o do any appreciable damage
by reason of the air alone; however, air will and does
carry large amounts of water. Inone cubic foot of airon
a humid day, there may be as much as one teaspoon full
of plain water, Air soaks up water and becomes satu-
ratcd. This is something that you already know; how-
gver, it would be 2 wise relrigeration man who remem-
hers that any air tiat be lews ino a sysiem may carry
some water in e [orm of an invisible vapor, This walcr
vapor will condense out of the air when il 15 put under
pressurg in the condenser of & unil, Likewise, moisiure
willpondense out of the airificis cooled o the nghit dew
point in the evaporator. You know this from having
Laken samething cold out of the refrigerator and having
waler of sweat Tonm on the surface, This sweat was the
water condensing out of the air in the kitchen onto the
surfuce of the cold vessel tken outl of the relfgerator.,
If this same air were inside of a unit circulating witk Gy
gas andd 1L came inwoe contact with te cold evaporator,
the water would condense out of the air, even though the
dry air would keep on circulating or end up trapped in
the top of the condenser. Itis possible (o got walor inio
@ system by carclessness, and it is possible that a water-
cooled condenser could rupture and let waier indo a
sysiem when the gas was all leaked out, Likewise, a
serviceman could be using water around a system when
he was working and let water in aceidentally, However,



ag 4 general rule, you can say thal when a system 15
satlurated or has moisture 1L, e maislure came [nom
a leak. That is, a leak developed and the sas escaped;
and when the gas pressune was all gone, the unit contin-
wed w ron and secked in aic. The moisiure in this air is
condensed out inside of the system. The unit ow has
water in it as a result of 2 gas leak. The colder a system
ig, the more likely it is {0 accumulate moisiure as a result
of a leak; therefore, whenever you open up any systcm
that is still cold or frosty, you must be doubly canciul
that you do not let amy air into the system. In fact, a cold
evaporator will condense walcr just as fast as the air
carrving the water enfors the coil.

It is important that you know that even though you
get the airout of a system, it may have given up its mois-
ture inside the system. This is the cuse where you let air
et into @ cold space like a frosted up evaporator. The
moisture would condense out of the air very quickly;
and when you purge the airout, all vou would be getting
out would be deyv air.

Up to this point we have discussed airand meisture

i general terms. Mow, ibcan be nanled down o specific
units. Start with a household refnigerator,

These boxes are the worst kind o quit because of
moisiuce. Any watce that 13 in tus sysiem will freees
inoo asolid plug of ice right where te cap iube feeds the
refrigerant into the evaporaor (ice cube maker). This
plug of ice will stop up the flow of liquid relrgerant.
The ynit will pull down to a vacuum and defrost and will
niot {recze again until this ice plug is melted and the
waler pulled out with a vacuum pumip, Step by sicp, let™s
fake a look at a box in a home that is geiting a full slug
of watcr.

One of the most commaon ways that water gets into
4 houschold box system is by punching a hole in the
evaporalor with an ice pick or sharp instrument, Much
of the repair work you will do on a houschold box that
has lost s gas 15 the result of someone trving to defrost
the eviaporaws with an ice pick or rying o pry oul a
frozen ice cube tray with a sharp instrument.

See this drawing in Figure 10-1:

+— SUCTIDON LINE

CAP TUBE

EVAPORATOR

DOOR
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SHARP INSTRUMERNT /

i

UNDER ICE CUBE TRAY

(Fig. 10-1)
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CENTRAL HEATING SERVICE CHECK LIST FOR FALL LIGHT-UPS

Check air filter. It the filter is dirty, be sure to clean or replace.

Inspect fan and blower motor. Oil both if not self-lubricated.

Inspect belt. If the belt is frayed or cracked, replace it

Clean pilot burner and light. Be sure to have a clear blue flame.

Check safety pilot and be sure it 18 operating properly.

Check the operation of the solenoid valve and be sure it will open and close properly.

Check the differential and make changes on the heat anticipator if needed.

Check out the operation of the fan control. Be sure that the fan will come on and go off properly.
Check and be sure the limit switch will operate. This can be done by removing the belt or removing
the common wire on direct drive motors and turning on the main burner.

Let the heater operate through several heating eveles. You can do this by changing the setting on
the thermostat manually.

SERVICE POINTERS FOR CENTRAL HEATING

.1

Heater will not come on.

Check pilot light, If it is off, clean and light.

When pilot light all right, check thermocouple. It may be bad and nead 1o be replaced.
Check voltage supply to transformer; if all nght, check manstormer to be sure of voltage to the
control circuit.

Check and see if solenoid valve will open.

Check thermostat and be surc the points are making contact.

Heater cycles off-and-on too often.

A, Check heat anticipator settings.

B. Check the setting of the limit control. If set too low, it would canse the fire to cycle often.
Heater takes too long to heat the house.

A. Check for dirty filter which would canse a restriction to the air flow.

B. Check for loose fan belt, fan not running at full speed.

Heater will not cut off, house overheating.

A, Check thermostat to see that the points are opening.

B. Check and make sure the solenoid valve is not stuck open. If it is, be sure to replace it.
C. Check the control circuit and be sure thers 15 no short circuat,

Fan runs constantly.

A, Fan control stuck closed; replace it

ne s

B
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HEATING TROUBLE SHOOTING GUIDE

COMPLAINT

CAUSE

REMEDY

AL Mo hieat.

L)

. Thermocouple
- Milivalt coil in pilot reset bad.

. PFlal light off.

bad.

. Pilot orifice dirty mnot letting

cnough flame burm across the
thermocouple.

. Draft in fumace bumer, causing

thermocouple to Fail, Filot blows
away from the thermocouple in
thiz case.

- Mo power to furnace.

. Bad trunsfommer,

1. Check and see il pilot is on 100°
shut off.
2. Replace thermocouple.
A, If mlivell eodl 15 buill into valve
replace valve, IF pilot salety 12 re-
mote, replace pilot safety only.
4, Clean pilot orifice,

5. Check forcracked heat exchanger
first, If OK, climimate unesoal
draft,

. R:plmfumnrmﬁ:lhmuk:r,and
find reason for failure of either,

7. Check size and volage of trans-
former. Check lor shorted 24 voll
circuiL

B. Burner will come on but fan
will not Fum,

Bl

. Fan control contacts not closing.
. Sefting of fan control o0 high,

. Fun motor defective.

. Fan motor will come on bt fan

will ol mun.

. Beplace fan control
. 3¢f fan to cut in at approximatel y
14{) degrees.
3. Check power at fan motor termi-
nals, and replace if defoctive,
4. {heck for hooken fan belt,

ol

C. Burner cycles on thermostat
normeally but fan will not cut
olf.

. Fan contmol contacts stuck.

. Fan contral cul oul Se1 100 low.
. Fan gef in manual position.

. Thermaostat sct on continuous fan,
. Fan relay stuck.

1. Remove one wire of fan contrel,
I [an cuts ofT, replace stuck con-
tral.

2. Set fan control o cut out at ap-
prosimately 110 degrees,

3. Check to see if fan has manual
pesition, Tum (o automatic,

4, 3¢t thcrmaostat 1o auto position.

3, Replace fan relay,
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CHAPTER 13

HEAT PUMPS

Heat pumps are an intricaie picce of machinery,
requinng more knowledge than what the average serv-
icenan has. Refrigerant changes have 10 be accurale
and the heat pump is more complex than the commaon
Central Heating and Cooling systems.

Heat pumps have been around for many years
cspecially making a big show around the late 1950s
and carly 19605, AL this tme they wene more popular
in warmer winter climates such as Florida, Southem
California and deep southem states.

Teday, heat pumps are making big advances inall
climates. High fossil fuel costs (butane, propane and
heating oil) have umed people’s interests inits diree-
tion, Wherne only electricity is available heat pumps arc
common, since the electrical cost 1o operatc a heat
purmip is as much as 30% less as comparcd to heating
witli electrical resistance heat.

Heat pumps can be complicated when servicing
them., If you do not have a complete understanding of
how the heat pump operates and you can't readily
answer questions by the customer, they will quickly
diagnose vou as inexpericnced. This scotion will give
vou the savy 0 answer questions, make quicker obser-
vations and more knowledgeable in making the repair.

HOW THE HEAT PUMP WORKS

Cooling — Dunng cooling season, the heat pump
works like any other summer air conditioner. Ituses an
indoor coil, a compressor and an ouwtdoor ¢oil 10
remove heat from inside the home or office to outside,
Fans mowe air across e ooils and circulate @irin the
conditioned space. A thermostat tums the fans and
compressor on and oll a8 cooling is needed. Hotter
wizather means mone cooling is required, =0 the unit
will run longer. When the temperature is highest, the
unit may run continuously for several hours,

Heating — In the heating scason, the use of the
coils are reversed, The cutdoor coil picks up heat from
putsicks air (remember there is heat inoair down 1o

absolute zero -460°F) and the indoor ceil releases this
heat to warm the conditioned area. Colder weather in-
creases heat nocded and the unil runs Jonger. 10 most
arcas the temperature will sometimes drop low enough
that the heat pump will run continuously. This outdoor
temperature, at which the heat needed is equal to the
heat pump's capacity, is known as the system’s "Bal-
ance Poinl.” Thiz temperature will vary with cach in-
stallaton, depending on the heat loss of the area and
thwe sie of the heat pump selected. Below the “Balance
Point,” the heat pump will ron continuously and the
auxiliary resiztance heat will be cycled on and off by
the thermostat. Heat pumps can continees to operate of-
fectively at outdoor temperatures below O°F,

Always remember this, and be sure the customer
knows that discharge air iemperatures in the condi-
tioned area, using heat pumps, will only operate 15% to
30° warmer than room tempersture. The air will feel
drafty il blown directy on a person. People who have
vsed pas heat or some other type of heat will have
difficulty in understanding this. However, the fem-
perature of the conditioned arca should have no prob-
lern maintaining its temperature sct point at the th-
crmostat. At this point you will find it better wo refer to
the condenser as the outdoor coil and the evaporacoT as
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e incdoor codl. The outside unit should be refomed bo
as the ouedoor prit and the inside fan amd ool the
indoor uril. This terminology will make heat pump
conversations easier to understand,

Defrost Cyele — When the cuidoor temperature
drops below 45°F, frost may ocour on the outdoor coil.
Frost build up will be heavicst on damp days with the
lemperature at 35* 10 40°F. The heat pump has an
automatic control which will reverse the system and
stop the outdoor fan 10 delrost te coil when needed.
When the reversal takes place, we are aciually going
back to an air conditioning eycle whereas the outdoor
coil becomics the condenser and melis the ice away.
Some units operate on a timer al 45 1o 90 minute
intervals, Others have an electronic control, which
senscs ooil and air temperatures o determine when a
defrostcycle is necded. They may go as long as 6 hours
between defrost. The coil may be almost completely
covercd with frost al limes. Don't worry unless it
continues 10 build up a thick layer with areas of hard
clearice, [Texcessive ice build-up occurs, then service
15 neaded.

When the heat pumpis delrosting, acloud of steam
may rise from the cutdoor unit for a short time, This is
normal and harmlcss, but may be diagnosed as smoke
by the customer, more especially if they have never ex-
pericnoed this before, The water, which runs from the
defrosting coil, must be drained away [rom the unit. In
arcas where snow 15 common, the unit must have legs
lemg enough o be kept above the snow level.

IMPORTANT THINGS TO REMEMBER
ABOUT THE HEAT PUMP
. Water musl drain away from the outdoor codl,
. The cutdoor unit must be above snow level.
. Ins1all the unit so roof dripping will not buoild up on
the ontdoor coil,
4, Donot install the unit whene snow most comimonly
drifis,
5. Select the sunny side of a building, away from the
north wind o0 make use of the sun's radiant heat.

(e ]

Lest

THE THERMOSTAT

The heat pump thermaosial is moch different than
the comventional heating and cooling stat. It will kave
gwitches toselect some or all of the following lunctions
(Fig. 13-1).

Cool — Tums cooling on when lemperature rises
above the st point, Contact 15 made through a sealed
mercury bulb in the stat.

210

Heat — Tums heat pump heating on where
temperaiire drops below set poind. 1T room tempera-
ture drops anodber 27, tums on auxiliany resistance heat
with heat pump continuing to nn.

Autbo — Turmns on cooling or heating as required o
maintam gel points. Most themmostats have at least 47
separation between heating and cooling settings.

(T — Turns heating and cooling modes off (fan
may still run in FandOn).

Fan/On — Tums fan on for continuous operation
(leave in auto for best electrical conservation and hu-
midity control),

Fan/Auto — Fan cycles on and off with cooling or
heating operation,

Emergency Heat — Tums heat pump compres-
sor and outdoor fan off and provides heat from electine
resistance heat only. Use this switch to manually tim
the heat pump off and change to auxiliary heat in casc
of heat pump problems.

A dever is used 10 2l the wemperature desired.
Some stats have two levers, one for heating and one for
coolng.

Lights may be used 1o indicate that the auxiliary
clectnic heat 15 operative. The Lights may be different
colors on different types of stats, Typical lights will be
blue or green for normal avxiliary heat and red for
emergency heat.

To operate most ceonomically, do not Change the
temperature sciting up more than 2% Above 27 will
bring om the auxiliary heat with the heat pump operat-
ing. If a higher lemperature is required, be patient and
o 2% al a time.

Might Setback Thermostats — Night seiback th-
ermostals are available to avtomatically tum the tem-
perature down at night and back up in the moming.

{Fig. 13-1)



Only zetback thermestats with gradual, incremental or

intelligent recovery should be used with heat pumps.

Seiback stats withowt gradual recovery will use the

auxiliary heat strips to warm air in the moming, and

may use more clectricity than was saved at might. Ask
vaour parls supplier for recommendations belore in-
stalling a sethack or “Enersy Saving™ stac

Heat Pump Monitor — A control called a heat
pump moniter may be installed with the heat pump
system. If soif will check the performance of the heat
pump and turm it off il a problem occurs, It will switch
to auxiliary heat and tern on the emergency heat light
on the thermostat o el vou thiat the syslem requines at-
tention.

Operating Economically — To prevent nuisance
calls from your customer and o help the costomereco-
nomically, here are some ps w improve system
elliciency.

1. Eeep all grilles and registers open and clean of
ohstructions, The system 15 designed o deliver
450 CFM of air per ton. Restricting that air could
damage the unit or cut off on a salely control.

2, Keep doors and windows closed. Fresh aie 1s not
neaded.

3. Be sure all air ducts are well insulated (2 inches
minirmum) and all joints taped Gght.

4, Advise the cusiomer to let sun through windows
in winter and keep out in sumumer.

5. Be sure clothes driers are vented w© outside away
from ouidoor unit,

6. Fircplaccs are pleasant, but fireplaces infiltraie
mare ouiside air for combustion and flue dralt
than they heat, The heat pump may actually run
maore. Even though the thermaostal seling may be
keeping the anca warm, the excessive draft may
make 1he occupant feel cold. This is even mone
common with a heal pump since the regisiry air
discharge 15 cooler than most heating systems.

7. Usekichen and bathroom exhawst fans only when
TNCCCHSNAry.

8. Add insulaton, stomy windows and insulate out-
side doors. Seal cracks w prevent air leaking. This
i5 advize vou would give o the customer.

9. Keep filters clean. Reduced air flow reduces eifi-
ciengy,

10, Operate the indoor fan on “AUTO™ It will cost
less and will provide better humidity comtrol in the
SLMIET,

11, Keeplamps, TV and other heat sources away from
the thermosiat,

EFFICIENCY

EER — Most people are very conscious of the
EER or energy efficiency ratio, and rightly so. The
higher the EER the more savings received from opera-
tion, The EER is uwsed when the compressoris used and
15 nothing morne than how many Biu you are getting out
of every waill of power put in. It is determined by
dividing the wal capacity (in Bru/hr) of the system by
the mtal electric power consumed in wats/hour. Fos
example, if a three ton heat pump operating on a 40°F
cutdoor temperature has a heating capacity of 38,000
Biwhrand is using 4,380 watts per hour, then the EER
would be 39,000 Bu/hr over 4,380 watts/lir= 8.9 Blu/
watt or EER = 8.9,

= 32000 _3q
4,380

It would be easy o understand that an EEE of 10,0
is more desirable than an EER of 7.0, because the EER
of 100 means that you are getting IO BTL s of cooling
for each wall consumed.

Heat pumps are more economical than straight
electric beat. We can measure this economy using
gither of the following rating methods.

One method is theenergy efficicncy ratios oTEER,
which is used to rate any air conditioning system, An-
other method, which has been used for years when
discussing the elficiency of a hoat pump, i the coclfi-
cignt of performance or COP, Mo matter whichmethod
i% used, a knpwledge of how they arc determined is
important.

COP — This 15 the coeflicient of performance for
a heat pump. To determine COP of a heat pump, the
following formula can be used. COFP = Biwhr capacity
overumiiwatlage X 3413 Boyfwall. 17 we use the same
three ton unit as in the last example, the COP would be
39,000 Bughr overd 380 watt X 3,413 Brufwatt = 2.0,

COP = By hr

Wais x 3.413 T

39,000
COP = . = 2.6
4,380 x 3.413

Thiz indicaics just how cificient the wnit is when
wompared 1o eleciric resistance heal, 'When electric
heatigwsed 11 penerales 3.4 13 Bloolheat foreach watl.
Therefore, the COP of straight clectric heat is {100 and
can never be any higher. When comparing the COP of
the heat pump with that of an clectric heater, we find
that the heat pump can deliver more heat per walt of
powerused. The heat pumpis theretore more cfficient.

211



DOOLIN’S TROUBLE SHOOTERS BIBLE

Under the operating conditions in our example, the
heat pump will deliver 2.6 times as much heat as our
clectric resistance heater using the same wattage.

THE REFRIGERATION CIRCUIT

The first step in understanding the heat pump is 1o
know how the relrigeration system works. Since the
basic concepl used for changing the unit from cooling
to heating cycle is to reverse the refrigerant flow, each
coil will act as a condenser oras an evaporator depend-
ing on the direction the refnigerant is flowing, so the
coils are referred 1o by their location in the air stream
ratteer than their luncton (Fig. 13-2). The indoor coil
is located in the indoor air stream and the outdoor coil
is in the outdoor air stream.

The Refide

Let's trace the Now of relrgerant through atypical
heat pump during the oooling cycle when the unit is
removing heat mom the conditioned space and reject-
ing it putdoors (Fig. 13-3). Starting at the compressor
discharge, the hot gas is discharged to the reversing
valve, which directs it to the outdoor coil. The outdoor
coil acts as a condenser. Qutdoor aircirculated overthe
coil removes heat from the refrigerant and causes it 1o
condense o & hot liquid.

(Fig. 13-3)
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The ligquid refrigerant now passes through a meter-
ing device (Fig. 13-4), where the pressure is reduced
causing some of the liquid to flash off and cool the
remaining liquid to a lower lemperature. This cool
ligquicl passes to the indoor codl which acts as anevapo-
rator. The liguid boils and absorbs beat from the indoor
air passing over the coil causing the refrigerant 1o

evaporale inlo a cool vapor.

(Fig. 13-4)

It is imporant at this time to know that heat from
the air crossing the evaporator is énough 1o make 2
reftigerant bodl since the bolling poinis of refrgerants
are lower than air temperatures and therefore absorb
heat.

In Figure 13-5 the cool vapor now passes through
the reversing valve which directs itto the accumulater,
where any liquid refrigerant will be trapped and ihen
back io the compressor where the gas is compressed 1o
a high pressure, high temperature gas and the cycle is
Tepeated.

COOLING CYCLE

{Fig. 13-5)

During the heating cycle, (Fig. 13-6) when heat is
removed from the outside air and rejected indoors, the
hot gas discharge from the compressor is directed by
the reversing valve 1o the indoor coil. The indoor coil
now acts a8 a condenser. The indoor air picks up heat



[rom the refrigerant as it passes overthe coil and causes
the refrigerant o condense 10 a hot liguid.

{Fig. 13-6)

In Figure 13-7 the liquid refngerant now passes
through a metenng device where it flashes (o a low
pressure, low emperatune mixture of liquid and vapor.
The mixure now passes 0 the outdoor coil,

‘The outdoor coil acts as an evaporator. Heat from
the outdoor air is absorbed into the refdgerant as ic
boils into a2 cool vapor. The refrigerant gas poes
through the reversing valve which direcis il 10 the
accumulator and back to the compressor where it is
compressed and the cycle is repeated.

(Fig. 13-T}

From the cycle diagrams, you can sce that heat is
in fact moved by the heat pump. The total amount of
heat rejecied by the coil, (indoor coil} which is acting
1% a condenser, is equal 1 the todal heat absorbed inlo
the gystiem plus the heat of compression,

When a heat pump is operating in the higher
lemperature range, the heat of compression is only a
fraction of the ol capacity of the system.,

As the oudoor lemperature drops, so docs the hoat
pump’sability to absorb heat This resultsina decrcase
in capacity of the unit, For cxamplc: A three ton heat
pump may be capable of putting out 39,000 BTU s of

(Fig. 13-8)
heat with the outdoor iemperature being at 437, but on
a 207 day, it may only put out 22,000 Btu of heat. At
gome temperature, the heat pump will not be able to
supply enough heat to maintain comfort conditions, so
some form of supplemental heat must be provided,
generally electric resistance heat, This will be dis-
cussed in detail later,

In order o make the process of ransferring heat
work for both heating and cooling cycles, the direction
of refrigerant flow must be comtrolled. The device that
controls the direction of refrigerant low in a heat
pump is called the revensing valve (Fig. 13-8).

There are four piping connections on the reversing
valve, There are two dircctions of flow that are never
changed and they ane the hot gas discharged from the
compressor and the suction line back o the compres-
8OF.

The remaining two ports connect o the outdoor
and indocr coils, The direction of flow depends on the
cycle.
The vabve is solenoid controlled. A typical revers-
ing valve directs the refrigerant Mow by using a fce
Noating slide inside a cylinder (Fig. 13-9). The slide
changes position by refrigerant pressure. As this slide

k]
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CHAPTER ONE

1. Heat 15 always present until
A a subsiance becomes cold

B. the freezing point of 32°F is reached
C. absolutc temperature is reached

2. Absolute zero is considered as the temperature in which
A freezing of water occurs
B. absolute temperature is reached
C. there is no longer a sense of heat felt by touch

3. Heat will always flow
A. from a wammer body to a colder one

B. as long as a substance is at its freezing point
C. as long as a refrigeration device is in operation

4. The purpose of a home refrigerator is
A to store foods and dairy products
B. to remove the heat present in stored products
C. to remove some of the heat in products down o a desired temperature for food preservation

5. Any time a liquid changes to a vapor it must
A ahsorh heat

B. absorb heat up to its boiling point
C. cool it down

6. The purpose of a mechanical refrigeration system is to
A, remove heat
B. mun long enough to cool
C. remove heal from one confined area and reject it into the atmosphere

7. Freon refngerants are used i refrigeration machines because
AL it is easy Lo contain in the system
B. it has a low boiling point
C. it docs not contaminate the atmosphere

8. The purpose of the evaporator is Lo
A, pive up heat
B. absorl heat
C. to frecze water

9. The purpose of the condensor 15 to
A, give up heat
B. absorb heat
. lower the volume of refrigerant

10. When a liguid refrigerant absorbs heat it
A, boils and gets hot
B. starts the refmigerant moving in a cycle
C. bls and gets cold
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12.

13,

4.

17.

Refrigerant 12 (TFreon 12) boils at a temperature of
A =217 below wern

B. ai212F

C. a8 s00n as vapor appears

In considering pressure and temperature relationship we should always assume that

A, wherever there is pressure there will be temperature

B. for every piven pressure, refrigerants will always boil below zero

C. for every given pressure, the temperature will always be in direct relationship to that pressure

Using yvour pressure-temperature chart, let’s say you have a pressure of 37 PSI using refrigerant 12. What
will be the refrigerant temperature?

A, 4FF

B. at freezing point

C.32F

Answer the same question as before, but use refrigerant 22,

A. around freezing

B. it would be the same as B-12

C. arpund 13"F

. The purpose of the metenng device {capillary tube) 15 to

A. make a connection between the condensor and evaporator

B. have a certain length of small tubing to mamtain a constant amount of refrgerant to be fed into the
evaporalor

C. to maintain a constant load on the compressor

. The three main components i the refrigeration cycle are

A, the evaporator, capillary tbe and the condensor
B. the evaporator, connacting tubing and the condensor
C. the evaporator, the condensor and the compressor

The refngeration cyele connects and Nows as follows

AL from the compressor W the comdensor - condensor to the metenng device to the evaporator - then back to
the compressor

B. from the compressor to the evaporator - into the capillary tube - into the condensor and back to the com-
pressor

C. from one component to the other until depending on the size of the capillary be

. When a refngeration svstem 1s low on refrigerant, you can expect the evap-orator pressures to be

A, Just about right
B. a little too high
C. lower than normal
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