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INFORMATION
FOR

MCl STUDENTS

Welcome to the Marine Corps Institute training program. Your interest in
self-improvement and increased professional competence is commendable,

Information is provided below to assist you in completing the course.
Please read this guidance before proceeding with your studies.

1. MATERIALS

Check your course materials, You should have all the materials listed in
the "Course Introduction." In addition you should have an envelope to mail
your review lesson back to MCI for grading unless your review lesson answer
sheet is of the self-mailing type. If your answer sheet is the pre-printed
type, check to see that your name, rank, and social security number are
correct. Check closely, your MCI records are kept on a computer and any
discrepancy in the above information may cause your subsequent activity to go
unrecorded. You may correct the information directly on the answer sheet. If
you did not receive all your materials, notify your training NCO. If you are
not attached to a2 Marine Corps unit, request them through the Hotline (autovon
288-4175 or commercial 202-433-4175).

2. LESSON SUBMISSION

The self-graded exercises contained in your course are not to be returned
to MCI. Only the completed review lesson answer sheet should be mailed to
MCI. The answer sheet is to be completed and mailed only after you have
finished a1l of the study units in the course booklet. The review lesson has
been designed to prepare you for the final eéxamination.

It is important that you provide the required information at the bottom of
your review lesson answer sheet if it does not have your name and address
printed on it. In courses in which the work is submitted on blank paper or
printed forms, identify each sheet in the following manner:

DOE, John J. Sgt 332-11-9999
08.4g, Forward Observation
Review Lesson

Military or office address
(RUC number, if available)

Submit your review lesson on the answer sheet and/or forms provided.
Complete all blocks and follow the directions on the answer sheet for
mailing., Otherwise, your answer sheet may be delayed or lost. If you have to
interrupt your studies for any reason and find that you cannot complete your
course in one year, ycu may request a single six month extension by contacting
your training NCO, at least one month prior to your course completion deadline
date. If you are not attached to a Marine Corps unit you may make this
request by letter. Your commanding officer is notified monthly of your status
through the monthly Unit Activity Report. In the event of difficulty, contact
your training NCO or MCI immediately.
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3. MAIL-TIME DELAY

Presented below are the mail-time delays that you may experience between
the mailing of your review lesson and its return to you.

TURNAROUND MCI PROCESSING TOTAL NUMBER
MAIL TIME TIME DAYS
EAST COAST 16 3 21
WEST COAST 16 5 21
FPO NEW YORK 18 5 23
FPO SAN FRANCISCO 22 5 27

You may also experience a short delay in receiving your final examination
due to administrative screening required at MCI.

4. GRADING SYSTEM

LESSONS EXAMS
GRADE PERCENT MEANING GRADE PERCENT
A 94-100 EXCELLENT A 94-100
B 86-93 ABOVE AVERAGE B 86-93
c 18-85 AVERAGE c 18-85
D 70-77 BELOW AVERAGE D 65-77
NL BELOW 70 "FAILING F BELOW 65

You will receive a percentage grade for your review lesson and for the
final examination. A review lesson which receives a score below 70 is given a
grade of NL (no lesson). "It must be resubmitted and PASSED before you will
receive an examination. The grade attained or the final exam is your course
grade, unless you fuil your first exam. Those who fail their first exam will
be sent an alternate exam in which the highest grade possible is 65%. Failure
of the alternate will result in failure of the course.

5. FINAL EXAMINATION

ACTIVE DUTY PERSONNEL: When you pass your REVIEW LESSON, your examination
will be mailed automatically to your commanding officer. The administration
of MCI final examinations must be supervised by a commissioned or warrant
officer or a staff NCO.

OTHER PERSONNEL: Your examination may be administered and supervised by
your supervisor,

6. COMPLETION CERTIFICATE

The completion certificate will be mailed to your commanding officer and
your official records will be updated automatically. For non Marines, your
completion certificate is mailed to your supervisor,
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7. RESERVE RETIREMENT CREDITS

Reserve ratirement credits are awarded to inactive duty personnel only.
Credits awarded for each course are 1isted in the "Course Introduction.”
Credits are only awarded upon successful completion of the course. Reserve
retirement credits are not awarded for MCI study performed during drill
periods if credits are also awarded for drill attendance.

8. AMERICAN COUNCIL ON EDUCATION (ACE) ACCREDITATION

Many of MCI's MOS courses have been evaluated by ACE and determined to
have equivalency credit in either the Vocational Certificate (VC) category or
the Baccalaureate/Associate Degree (BA) level.

If you are enrolled in a college or vocational program or plan to enroll
and have completed one or more MCI courses, you may be able to receive college
or vocational credit for them. Al1 that you need to do is to petition your
school to see 1f they will award you credit for the courses that apply to your
program area. You will need your completion certificate, and the Evaluation
of Educational Experiences in the Armed Services.

9. DISENROLLMENT

Only your commanding officer can request your disenroliment from an MCI
course. However, an automatic disenroliment occurs 1f the course is not
completed (including the final exam) by the time you reach the CCD (course
completion deadline) or the ACCD (adjusted course completion deadline) date.
This action will adversely affect the unit's completion rate.

10. ASSISTANCE

Consult your training NCO if you have questions concerning course
content. Should he/she be unable to assist you, MCI is ready to help you
whenever you need it. Please use the Student Course Content Assistance
Request Form (ISD-1) attached to the end of your course booklet or call one of
the AUTOVON telephone numbers 1isted below for the appropriate course writer
section.

Personnel /Administration/Corrections/Logistics 288-3259
Embarkation/Maintenance Management

Communications/Electronics/Aviation/NBC/Intel11gence 288-3604
Infantry 288-3611
Engineer/Motor Transport/Utilities 288-2275
Supply/Food Services/Fiscal 288-2235
Tanks/Artillery/Infantry Weapons Repair 288-2290

Assault Amphibian Vehicles
For administrative problems use the UAR or call the MCI HOTLINE: 288-4175

288 For commercial phone 1ines, use area code 202 and prefix 433 instead of
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FUNDAMENTALS OF REFRIGERATION
Course Introduction

FUNDAMENTALS OF REFRIGERATION is designed to familiarize the student with the
principles of the refrigeration process.

ADMINISTRATIVE INFORMATION
ORDER OF STUDIES

Study Unit Study
Number Hours Subject Matter

Fundamentals of Refrigeration
Refrigerants and Lubricants
Refrigeration Systems and Components
Refrigeration Controls

Atr Conditioning

REVIEW LESSON

FINAL EXAMINATION

O Pt N -

auuaamau

RESERVE RETIREMENT
CREDITS: 9

EXAMINATION: Supervised final examination without text or notas with a time
1imit of 3 hours.

MATERIALS: MCI 11.61, Fundamentals of Refrigeration,
rReview lesson and answer sneet. B

RETURN OF MATERIALS: Students who successfully complete this course are permitted to
keep the course materials.

Students disenrolled for inactivity or at the request of their
commanding officer will return all course materials.

SOURCE MATERIALS

M 5-745 Heating, Ventilating Air-conditioring and Sheet Metal Works, Oct
T‘JBB"‘E

NAVEDTRA 10660 Utilitiesman 3 & 2, Vol 1, 198]

NAVEDTRA 10661 ptititiesman 3 & 2, Vol 2, 1983

NAVEDTRA 13004 Refrigeration and Air-Conditioning, 1980

HOW TO TAKE THIS COURSE

This course contains 5 study units. Each study unit begins with a general objective
which is a statement of what you should learn from the study unit. The stud{ units are
divided into numbered work units, each presenting one or more specific objectives. Read the
ob{ective(sa and then the work unit text. At the end of the work unit are study questions
which you should be able to answer without referring to the text of the work unit. After
answering the questions, check your answers against the correct ones listed at the end of the
study unit. If you miss any of the questions, you should restudy the text of the work unit
until you understand the correct responses. When you have ma.tered one study unit, move on to
the next. After you have completed all study units, complete the review lesson and take it to
your training officer or NCO for mailing to MCI. MCI will mail the final examination to your
training officer or NCO when you pass the review lesson.
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Welcome to the Marine Corps
Institute correspondence training pro-
gram, By enrolling in this course, you
have shown a desire to improve the
skills you need for effective job perfor-
mance, and MCI has provided materials
to help vou achieve your goal, Now all
you need is to dcvelop your own method
for using these mmaterials 10 best advan-
tage,

The following guidelines present
a four-part approach to completing your
MCI course successiully:

1, Make a.''reconnnissance’” of
your materials;

2, Plan your study time and choose
a good siudy emironment:

3, Study thoroughly and sysiem-
atically:

4, Prepare tor 1he final exam,

L MAKE A "RECONNAISSANCE™ OF
YOUR MATERIJALS

Begin wirh a Jook at the course
introduction page, Read the COURSE
INTRODUCTION to get the “big picture
of the course, Then read the MATERIALS
section near the botiom ¢f the page 10
find out v hich text(s) and siudy Aids yvou
should have received with the course,
If any of the Jisted materials are miss-
ing, sve Information for M) Students
to find out how to get them, If you have
everything that is listed, vou are ready
to "reconnoiter’” your M('] course,

Read through the table(s) of cone
tents of your text{s), Note the various
subjects vovered in the course and the
order in which they are taught, leaf
through the text(s) aud louk ut the llus-

LacAHAVA PG T3
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tratione, Read a few work unit ques-
tions to get an idea of the types thct are
asked, If MCJY provides other study
aids, such as a slide rule or a plotting
board, familiarize yourself with them,
Now, ge: !oun to specifics!

11, PLAN YOUR STUDY TIME AND
CHOOSE A GOQOD STHDY ENVIRON-
MENT

From looking over the course
materials, you shuuld have some idea
of how much study vou will need to com-
plete this course, But "some idea’ is
not enough. You need 10 work up a
personal siudy plan: the following steps ..
should give you some help,

@ Ge1 a calendar and mark those
davs «f the week when you have tinme
free for study, Two study periods per
week, cach lasting 110 3 hours, arc
suggesied tor completing the minimum
we study units required each month by
MCIL O course, work and other
schedules are not the same for everyone,
The {mporiant thing is that yvou schedule
a regular yme for study on the same
days of cach week,

s ﬁ' M'

@ Read the course introduction
puge again, ‘The scection marked ORDER
OF STUDIES 1ells you the number of
study units in the course and the approsn-
inte number of snudy hours you wil
need 1o complete each study unit,  Plug
these siudy hours imo_vour schedule,
I‘or example. it vou set aside two 2-hour
study prriods cach week and the ORDER
O STUDNS esiimates 2 study hours for
your rirst study uniy, you could easily
schedule and complete 1he first study
unit in one study period, On your calen-
dar vou would marhk "Study Unit 1" on the

BEST COPY AVAILABLE




appropriste day, Suppose thst the
second study unit of your course re-
quires 3 study hours, Ia that case, you
would divide the study unit in half and
work on each half during a separate
study period, You would mark your
calendar accordingly, Indicate on your
calendar exactly when you plsn to work
on each study unit for the entire course,
Do not forget to schedule one or two
study periods to prepsre for the final
exam,

@ Stick to your gchedule,

Beside: olanning your gtudy
time, youn shculd also choose s study
environmen: that is right for you. Most
people need 8 quiet place for study, like
a librsry or s reading lounge: other
people study better where there is back-
ground music: still others prefer to study
out-of-doors, You must choose vour
study environment carefully so 1hat it
fits your individual necds,

Hl. STUDY THOROUGHI.Y AXD
SYSTEMATICALLY

Armed with 8 workahle schedule
and situated in a good s1udy envirunment
you are now ready to attack your course
study unit by study unit, To begin, turn
to the first page of study unit 1. On this
page you will find the study unit objective,
& statement ‘of what you should be able to
do after completing the study unit,

DO NOT begin by reading the
work unit questions and flipping through
the text for answers, If you do so,
you will prepare to fail, not pass, the
final exam, Instead, procced as fol-
lows:

Read the ohjective for the
first work unit and then read the work
unit text carefully, Make notes on
the ideas you feel are imporiant.

Withont réf:'rring to the text,
ansver the questions at the end of the
work unit,

@ Check your answers against
the correct ones lisied ut the end of
‘he study unit,

If you miss sy of the questions,
restudy the work wnit until you understand
the correct response,

. @ Go_on to the next work unit snd re-

pest steps through until you have com-
sleted all the work units in the study unit,

vi
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Follow the same procedure for esch
study unit of the course, If you have
problems with the text or work unit questions
that you cannot solve on your own, ask
your section OIC or NCOIC for kelp, If
he cannct sid you, requcst assistance from
MCI on the Student Course Content Assis-
tsnce Request included with this course,

When you have finished all the study
units, complete the course review lesson,
Try to answer each question without the sid of
reference materials, However, if you do not
know an answer, look it up, When you have
finished the lesson, take it to your training
officer or NCO for mailing to MCI, MCl
will grade it and send you a feedback sheet
listing course references for any questions
that you miss.

IV, PREPARE FOR THE FINAL EXAM

f

/y@

Haw do you prepste for the fins)
exam™ Follow these four stens:

Review esch study unit objective
as a summary of what wss tsught in the
course,

: @er«atl all portions of the 1uxt
that you found particularly diffienlt,

Review all the work unit questions,
paying special attention 1o those you missed
the firat time around,

@ Study the course review
lesson, paying particular attention
to tite questions you miused,

If you follow these simple

steps, you should do well on the
final, GOON LUCK!

i1
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STUDY UNIT 1

FUNDAMENTALS OF REFRIGERATION

STUDY UNIT OBJECTIVE: WITHOUT THE AID OF REFERENCES, YOU WILL IDENTIFY THE LAWS
OF REFRIGERATION, HEAT, PRESSURE, AND THE THREE PHYSI1CAL STATES OF A SUBSTANCE.

Long before modern day refrigeration, there was a need for preserving food. Most
foods when kept at room temperature, spoil very rapidly due tc the rapid growth of bacteria.
Refrigeration temperatures of about 40° Fahrenheit (approximately 4% Celsius) slow the
growth of bacteria, therefore foods can be kept for longer periods of time, Besides
preserving foods, refrigeration can be used for air conditioning, for cooling beverages, and
for controlling the humidity of the air.

We have learned through our western history that refrigeration was first used by the
ancient Egyptians, Greeks, and Romans, who cooled water in vessels of porous material) which
extracted some of the heat by evaporation. History also reveals that the snows of Lebanon
were brought by slaves to cool the wine for Caesar's fezsts. Foods were kept fresh by placing
them in vessels which were immersed in cool running streams. As time passed, farmers used
spring houses made of stone and erected over flowing streams to obtain water for their
household use. The temperature of the spring water was much lower than that of the outside
air. This temperature difference was the basis for our great grandfather's version of
refrigeration. Still another wethod of preserving food, extensively used throughout the New
England and Middle Atlantic States, was that of chopping and sawing ice from lakes and ponds
in the winter and storing it in cellars insulated with sawdust and straw which were then used
in the hot summer months. During colonial times and well into the nineteenth century, ice was
an important commodity used to trade with countries that did not produce natural ice. We can
say that this method of trade was the beginning of commercial refrigeration.

The first time that ice was made artificially was in 1820; however, artificially
produced ice did not become practical until 1834. It was at this time that an American
engineer named Jacob Perkins invented an apparatus which was to become the forerunner of the
modern compression systems. Refrigeration progress remained at a standstill uatil around
1890, at which time there was a shorta?e of natural ice because of an unusual warm winter.
From then on artificial ice making really began developing into the great industry that is
known today.

The refrigeration field is expanding swiftly. As a result a need for refrigeration
specialists increases.

As a Marine Refrigeration Technician (MOS 1161), you will be responsible for the
installation, operation, and maintenance of the refrigeration and air conditioning equipment
that is used in the Marine Corps.

This course will deal with the basic principles of refrigeration. Specific items of
refrigeration equipment will be covered in a separate course of study. Consult the current
edition of the Marine Corps Institute Catalog for other courses pertaining to refrigeration
equipment.

work Unit 1-1. FUNDAMENTALS
STATE THE FIVE THERMAL LAWS OF REFRIGERATION.
LiST THE THREE PHYSICAL STATES OF A SUBSTANCE.

In the study of refrigeration, it is important at first to master some of the basic
chemical, physical, and mechanical principles, since it must be noted from the start that all
refrigeration systems depend on five thermal laws. You, as a refrigeration technician, should
have a working knowledge of these five laws, as they will assist you in understanding what is
taking place within the refrigeration system. The following is a 1ist of these laws:

Fluids absorb heat while changing from a 1iquid state to a vapor state, and they
will give up heat in the process of changing from vapor to liauid.

The temperature at which a change of state occurs is constant during the change
provided the pressure remains constant.

Heat flows only from a body which is at a higher temperature to a body which is at
a lower temperature (hot to cold).

>
[
v
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In a gas, the molecules are spread so far apart and are so free to move that the force
of gravity has very little effect on them. A gas will, therefore, expand in a1l directions.
If ut a small ’umtity of a 'u into a container, the gas wil) quickly f411 the cantainer
|;v‘|1 t:n y. There will be no level above which there is no gas, as there is in the case of the

quid.

There are many substances which can exist in all three states depending upon their
temperaturs and the pressure exerted on them. You will be introduced to some of the
substances as you progress through this course.

EXERCISE: Answer the following questions and check your rasponses against those listed at
the end of this study unit.

1. According to the thermal laws used in refrigeration, heat flows in which direction?

2. The %mcutun at which & change of state occurs is constant during the change
prov

3. Other forms of energy in addition to energy are interchangeable.

4. What must the metallic parts of the ovcpouting and condensing unit possess
according to the thermal laws of refrigeration

8. In accordance with the thermal laws, at what point do fluids absorb heat?

6. List the three Physical states of matter.

b.

c.

Work Unit 1-2, HEAT BEHAVIOR
NAME THE TWO MEASUREMENTS OF HEAT.
CONVERT TEMPERATURES FROM THE FAHRENHEIT SCALE TO THE CELSIUS SCALE AND VICE VERSA.
DEFINE THE BRITISH THERMAL UNIT.

CALCULATE THE QUANTITY OF HEAT NECESSARY TO PRODUCE A GIVEN TEMPERATURE CHANGE IN
WATER.

IDENTIFY THE DIFFERENCES BETWEEN SENSIBLE AND LATENT HEAT.
NAME THE THREE TYPES OF HEAT TRANSFER.
STATE THE TYPE OF HEAT TRANSFER USED MOST OFTEN IN REFRIGERATION.

Perhaps you thought you would start out your study of refrigeration by studying COLD
since this 13 a course in refrigeration. However, as odd as it may seem, you must always
think in terms of HEAT to understand how a refrigerator, air conditioner, or any other
refrigeration system works, and before you realize it, you will be thinking in terms of heat
with the “pros.”

Heat, as was stated earlier, is a form of energy, and it has the ability to do
"work.® Electricity {is another form of energy which has the ability to do work. Like other
forms of energy, heat energy cannot be measured directly 1ike you measure gallons of water or
pounds of steel. You can, however, measure the effect heat produces on a substance. Heat,
when applied to most solids, makes them longer, wider, and/or taller. You know, for instance,
that & section of a concrete pavement will expand when it absorbs heat in the summertime.
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Practically all solids and 19quids will expand when heat is applied; but, when heat is taken
Sway from a substance, that substance will contract. You will recall that heat is a form of
energy which is not measuresdle in itself, but the heat fntensity or temperature of a
substance can be measured on a temperature scale.

Temperature scales were formulated through the use of glass tubes with similar
diameters and & reservoir for & 1iquid, such as mercury, that will expand and rise in the tube
when heated. There are two types of scales commonly used in refrigeration and they are:

¢ ;A!;gNNEIT SCALE - This scale figure 1-1, is based on the relative positions of
the mercury In tihie thermometer when water s at the freezing point and when water is boiling.
In order to use this instrument to measure temperature n between these two ﬂoints. the
distance was divided into 180 equal increments which were called degrees. The point where
water will either freeze or ice will melt, under normal atmospheric conditions, was labeled as
32 degrees. Whereas the location, on the scale (thermometer) where water would boil was
indicated as 212 degrees.

¢ g;L;;g%_gg%%g - This scale figure 1-1, formally referred to as centigrade, was
based on the Geciston divide the area between the freezing and boiling points of water
into equal increments, 0 degrees indicates the freezing point and 100 degrees indicates
the point at which water will bo?l.

You might wonder why the freezing point of water and the boiling point of water were
chosen as standards for both thermometers. These were chosen simply because water has a very
constant freezing and boiling temperature, moreover, because water is a very common substance.

There are two additional scales that are sometimes used in the refrigeration field.
The RANKIN (R) SCALE, which uses the same divisfons as the Fahrenheft scale, but sets the zero
of tiie scale at the temperature where molecular action of all substances ceases. This is the
point where no more heat can exist in a body and the temperature cannot be lowered any
further. This point is referred to as "Absolute Zero." This temperature corresponds to -460
degrees Fahrenheit; therefore, water boiTs at 5/2 degrees Rankin (212 degrees + 460 degrees),
assuming & standerd stmospheric pressure is present,

The other scale s the KELVIN (K) SCALE, which uses the same divisfon as the Celsius
(formally centigrade) scale. Because of the arger division, absolute zero is 273 degrees
below the standard setting. Therefore, water freezes at 273 degrees Kelvin and bofls at 373
degrees Kelvin.
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Fig 1-1. A comparison between the Celsfus and the Fahrenheit thermometer scales.



The last two scales are absolute scales and are used with very low temperature work
such as cryogenics. Cryogenics refers to the use and creation of temperatures in the range of
=157 degrees Celsius (C) down to -273 degrees Celsius, or =251 degrees Fahrenheit (F) down to
-460 degrees Fahrenheit. You need to know only that the Kelvin and Rankine scales exist and

are used in refrigeration. Refer to figure 1-2 for a comparison of the four temperature
scales used in refrigeration work.
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Fig 1-2. A comparison among Celsius, Fahrenheit,
Kelvin and Rankine thermomete; scales.
A - Boiling temperature of water.
B - Standurd conditions temperature.
C - Freezing temperature of water.
D - Temperature range for fresh foods.

E - Range of evaporator temperature for
foods.

F - Temperature range for frozen food
storage.

G - Absolute Zero.

As you work in the refrigeration field, from time to time it wil) become necessary for
you to convert from Celsius to Fahrenheit or from Fahrenheit to Celsfus. Most frequently, a

conversion from one temperature scale to the other has been performed for you and shown on a
conversion table. (Refer to tzble 1-1.)
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However, in the event that conversion tables are pot available, formulas have been
devised to facilitate the conversion. The formulas are based on the facts that Fahrenheit
zero §s located 320 below Celsius zero, and that the distance between the freezing point of
water and the boiling point of water §s 1800 on the Fahrenheit scale and 100° on the
Celsius scale. The conversion can be easily accomplished by a formula using either of the

following equations:
@® To convert Celsius to Fahrenheit:
OF = 1.8 (0C + 32) or OF = 9/5 OC + 32
® To convert Fahrenheit to Celsius:
OC = OF - 32 or OC =5 (OF - 32)
1.8 [}

Example: To convert a room temperature of 300C to its equivalent on the
Fahrenheit scale.

OF = 1,8x 30 +32=54+32=86° or
OF = 9 divided by 5 x 30 + 32 = 54 + 32 = 86

Example: To gonvert a roon temperature of 500F to its equivalent on the Celsius
scale,

oCc = (50 - 32) divided by 1.8 = (18) divided by 1.8 = 109 or
oCc = 5/9 (50-32) = 5/9 (18) = 90/9 = 100

You have just learned one way in which heat is measured: by the HEAT INTENSITY of a
substance. Now, you will learn the other method by which heat {s measured: by TITY.
Heat quantity is different from heat intensity, because it takes into consideration not only
the temperature of the substance being measured but the ueight of the substance. The BRITISH
THERMAL UNIT (Btu) is the unit of heat quantity. It is defined as the amount of heat required
to raise the temperature of ) pound (1b) of water 1 degree Fahrenheit at sea level.
Conversely, it 1s also the amount of heat that must be extracted to lower by 1 degree
Fahrenheit the temperature of 1 1b of water. One Btu of heat quantity is a relatively small
amount of heat. One kitchen match wil) produce about one Btu of heat, To compute Btu's,
remember that one Btu is equal to a substance's weight in pounds multiplied by the temperature

difference.

Example: If you were to calculate the amount of heat necessary to increase one
quart of water (approx. 2.) pounds) from 609F to 750F, your first step
would be to determine the temperature difference which {s 150 (759
minus 609), Then, using the following formula you would compute the

required Btu's:
HEAT QUANTITY = BTU
Btu = Weight (in pounds) x Temperature difference
Btu = 2.1 Tbs x 150
Btu = 31.5
Example: If you were to calculate the amount of heat removed when 50 1bs of water
{s cooled from 900F to 40°F the formula would be the same.
Btu = 50 1bs x 50°
Btu = 2500
You have now covered the measurement of heat, heat intensity, and heat quantity. It
should be noted at this time that the first law of thermodynamics, that section of science

which deals with the mechanical action of heat, states that energy can neither be created nor
destroyed; it can only be converted from one form to another.



So far you have considered the most obvious effects of heat energy on a substance,
You have learned that heat energy, when added to most substances, causes them to become larger
with an increase in heat intensity and heat quantity.

Now, consider another very important effect that heat energy has on a substance: When
heat energy i1s added to a substance, the effect can be a CHANGE OF STATE. The term change of
state is simply a technical term which means that there is a physTcal change 1n the
materials. You are already familiar with these changes of state by using every day language:

® Melting a solid to a 11quid - Heat is added

® Bofling a 11quid to a vapor - Heat is added

® Condensing a vapor to a 1iquid - Heat is removed
®  Freezing a 11quid to a solid -~ Heat is removed

Note:  HEAT ENERGY NUST BE ADDED TO A SUBSTANCE TO CHANGE ITS STATE FROM A SOLID TO A
LIQUID OR FROM A LIQUID TO A VAPOR.

When water boils, 1t changes from water (11quid) to steam (vapor). This change is called a
CHANGE OF STATE. If heat must be added to cause a substance to melt or boil, what similar

statement could you make about changes of state from a vapor to a 11quid or from a 1iquid to a
solid? Let's see:

®  Heat energy must be added to a substance to change its state from 2 solid to a
11quid or from a 11quid to a vapor.
Example: Melting ice to water
Boiling water to steam
0

Heat energy must be taken away from a substance to change its state from a
vapor to 2 1iquid or from a 11quid to a solid.

Example: Condensing steam to water
Freezing water to ice

Note: THE TEMPERATURE OF A SUBSTANCE DOES NOT CHANGE WHEN A CHANGE OF STATE IS
TAKING PLACE,

If you combine this temperature rule with the heat rule you just learned, you can say
that heat energy must be added to a substance to cause it to change from a solid to a 11quid
or from a 11quid to a vapor, but the temperature does not change while the change of state is
taking place. Or you could say: Heat energy must be taken away from a substance to cause it
to change 1ts state from a vapor to a 11quid or from a 11quid to a solid but the temperature
dces not change while the change of state is taking place.

Using water as an example, refer to figure 1-3 to see what happens to the temperature
of water as heat is added at a uniform rate. Figure 1-4 shows what will happen 1f you were to
remove heat at a uniform rate. You should also note that at the freezing point or at the
boi1ing point temperature changes will not occur.
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Fig 1-3. Adding heat at a uniform rate.
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Fig 1-4. Removing heat at a uniform rate.

When heat is added to a substance and the temperature goes up, you know that a change
of state has not taken place. The heat added can be "sensed.” That is, you can SEE the
t.mperature change on a thermometer, thus that heat is called SENSIBLE HEAT. When heat is
added to a substance and the temperature stays the same, you know Tthat a change of state has
taken place. Heat added under this condition cannot be “sensed® with a thermometer, and since
it cannot be sensed, it is called HIDDEN HEAT or LATENT HEAT. Remember, heat added to a
substance thit causes a rise in temperature Is calle E_HEAT, and heat added to a
substance that causes a change of state is .called LATERT HEAT. The term sensible heat and
latent heat refer to the effect heat has on a substance. U0 not think that there are two
kinds of heat energy. Heat is the same kind of energy whether it causes a temperature rise or
a change of state, Figure 15 will show you sensible heat and latent heat.

g“ ~—=7 ATENT K HEAT ADDED AT
E . UNIFORM RATE

TINE  ———te
Fig 1-5. Sensible and latent heats.

Do you remember the definition of a Btu? One Btu is the amount of heat required to
raise the temperature of one 1b of water ) degree Fahrenheit.

Just as a definite amount of heat is needed to raise the temperature of one b of
water one degree Fahrenheit, a definite amount of heat is needed to change the state of one b
of ice to water. To be exact, it takes 144Btu’s to change one 1b of ice at 320 F. to water
at 320F, Since a change of state occurs when the ice is melting, these 144 Btu's represent
LATENT HEAT. Likewise, 144 Btu's must be removed from one 1b of water at 320 F. to freeze
tne water to fce 320 F, Another word that could imply freezing is FUSION. You would say,
then, that the LATENT HEAT OF FUSION of water is 144 Btu's per pound.

wr A
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Remember, latent heat of fusion is the heat necessary to change 1 1b of a solid to a
11quid without a change in temperature at standard atmospheric pressure. An equal amount of
heat must be removed to change the 1iquid to a solid. For example, in changing 1 1b of water
from a solid to a 14quid (ice to water) or from a 14quid to a solid (water to ice), you will
add or extract 144 Btu's of heat. This quantity of heat is called latent heat of fusfon. In
figure 1-6, the pound of ice at 320 F begins to melt as shown by the horizontal 1ine
representing “ice melting.® During the melting process the temperature of the {ce and water
do not change, but the heat content changes from 16 Btu's to 160 Btu's. The 144 Btu's
difference {s the latent heat of fusion.

Conversely, a definite amount of heat s necussary to change 1 1b of water at 2120 F
to steam at 2120 F The heat necessary to change 1 1b of a 1iquid to a vapor without a
change in temperature at standard atmospheric pressure {s called LATENT HEAT OF VAPORIZATION.
An equal amount of heat must be removed to change the vapor to a liquid. en this heat 1s
absorbed from a vapor it is called LATENT HEAT OF CONDENSATION. Each material has its own

value of latent heat of vaporization. ew examples are:

MATERIAL LATENT HEAT OF VAPORIZATION
Water 970 Btu/1b at 2120F.
Refrigerant 12 68.5 Btu/1b at 59F
Refrigerant 22 93.2 Btu/1b at 5OF

LATENT | I )
T OF | SENSILL LATENT T 4
MEAT | FUBION NEATY OF VAPORIZATION | NEAT
v v v
w&v"u“m f
b .'!.-‘ ‘\
x 2" p = \
w20 P /
H
(4
-
$
s
100*
u.

OTU PER. POUND OF WATER

Fig 1-6. Effects of various types of heat.

In figure 1-6, when water attains a temperature, at standard atmospheric pressure, of
2129F, 1t begins to boil. The water temperature remains at 2129F. unt{l 970 Btu's of heat
have been added and the pound of water boils away as 41lustrated by one horizontal segment of
the "11quid boi14ng.® The 970 Btu's of heat needed to change the water to steam 1s called the
LATENT HEAT OF VAPORIZATION.

Remember, any change of a substance such as from ice to water to steam is referred to

:s : change of state and a change of state is always accomplished by a GAIN or LOSS of latent
eal
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Many substances can change their state from a solid to a liquid and from a 1iquid to a
gas (vapor). Heat brings about these changes. Molecules of a substance are in constant
motion or vibration. Heat is molecular energy which results from the motion of these
molecules. The structure of the molecules dictates to a degree the molecular activity that
occurs within a substance. For this reason, substances may exist in three physical ites or
forms. These physical states are SOLIDS, LIQUIDS, and GASES.

®  SOLIDS: any physical substance which keeps its shape even when not
- contained. The molecules of the substance are strongly attracted to
each other. Considerable force is necessary to separate them.

® LIQUIDS: any physical substance which freely takes the shape of its
container, yet, its molecules are strongly attracted to one another.

® GASES: any physical substance which must be enclosed in a sealed container to
prevent its escape into the atmosphere,

When heat is added to a substance, the rate ¢f molecular motion increases, and the
substance passes from solid to 1iquid to gas form. For example, in a cube of ice the
molecular motion is slow, but as heat is added the molecular activity increases, thus changing
the ice to a 1iquid. Further application of heat forces the molecules to separate further,
thus increasing their motion to such an extent that water changes into steam or gas. Since

2e=: is not a substance, it can best be considered in relation to its effect on substances or
odies.

We will now discuss tne methods used to move or transfer heat. Another thermodynamic
law states that heat is always transferred in one direction - from a hot substance to a cold

substance. This transfer is accomplished by one of three basic methods; they are CONDUCTION,
CONVECTION, and RADIATION. —_—

We will take a close look at each of the three methods separately, In practice,
however, most heat transfer problems involve all three methods. You will find your knowledge
of these basic methods a big help when servicing refrigeration equipment.

As stated earlier, heat flows from bodie. of higher temperatures to bodies of lower
temperatures (hot to coldf in the same manner that water flows down a hill; and 1ike water, it
can be pumped up again to a higher level so that it may repeat its flow downward, When two
substances of different temperatures are brought in contact with each other, heat will
immediately flow from the warmer substance to the colder substance. The greater the
difference in temperature between the substances, the faster the heat flow. As the
temperature of both substances tends to equalize, the flow of the heat will slow and stop
completely when the temperatures are equalized. This characteristic of heat is utilized in
refrigeration. The heat of the air and substances in a refrigeration space, or heat in food
to be preserved, is transferred to the refrigerant, the colder substance. The three methods
by which heat may be transferred from a warmer substance to a colder substance are, as was
stated previously: CONDUCTION, CONVECTION, and RADIATION.

®  CONDUCTION: This is the process of transferring heat from one part of a body
to another part of the same body or between bodies that are
touching, or in good contact with each other. Heat flowing along
an iror bar, one end of which is held in a fire see figure 1-7,
is a simple example of this process. Movement Of heat continues
until there is a temperature balance throughout the length of the
bar. Conduction occurs when the conductor is in actual physical
contact with the heat source and the point of delivery. Heat
flows from the hot to the cold end of the bar by molecular
activity.
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Fig 1-7. Heat transfer by conduction.

The speed of the heat transfer, by means of conduction, will vary with different
materials, if the materials are of the same size. Also, the speed of heat transfer will vary
according to the ability of the material to conduct heat flow. In the three physical states,
solids are better conductors of heat than Viquids and 1iquids are better than gases or vapor,
depending on the materials being compared. Examples of good conductors are: copper, steel,
aluminum, and silver. Examples of other solids which are NOT good conductors of heat and are
referred to as insulators are: giass, wood, or other common building materials.

Copper and aluminum are excellent conductors of heat. These materials are used in the
evaporators, condensers, and refrigerant pipes (tubes) connecting the various components of a
refrigeration system.

The heat transfer that may be conducted through various materials is dependent upon:

® The thickness of the material.

® Its cross-sectional area.

® The temperature difference between the two sides of the material.
® The heat conductivity of the material.

® The time duration of the heat flow.

In a refrigeration system, it is desirable that rapid heat transfer occurs in both the
evaporator and condenser; therefore, the materials that are used mast have a high conductivity
rating. As you will see later in this course, the evaporator is where heat is removed from a
conditioned space or body and the condenser dissipates this heat to another medium or space.

® RADIATION: The second method of heat transfer 1S called radiation. This is
the transfer of heat by heat rays. The sun's rays heat the earth
by means of radiant heat waves, which travel in a straight path
without heating the intervening matter or air. It should be

understood that they heat ONLY the surface which they strike, see
figure 1-8.
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When you stand in front of a fire, you feel its warmth. Have you ever wondered how,
or even why the heat of the fires reaches you? It does not do so by conduction because you
are not in contact with the fire. It cannot do so by convection because, as you will see
later, the heated air above the fire rises and the colder air from the sides move in to take
its place. In other words, the convection currents flcw from you to the fire, not from the
fire to you. What {s left? The answer is RADIATION.

A1 bodies containing heat, no matter how small an amount, radiate some of that
heating in all directions in exactly the same way as a 1ighted lamp radiates light. As a
matter of fact, these heat rays are of exactly the same nature as 1ight rays except that their
wave length is somewhat longer. Radio waves, heat rays, and 1ight rays are all
electromagnetic waves or radiation; the primary difference among them s only the length of
the'i individual waves. When a radio wave strikes a good conductor of electricity, such as
metal, the waves are absorbed and the energy they contain is converted into electrical energy,
so that an electric current flows through the conductor. It {s this current which s
amplified and heard in radio and TV receivers.

When heat or 1ight radfation strike any body which absorbs them, their energy {is
converted {nto ;ENSIBLE}HEAT. If these radiation strike something whick s transparent to
them, they simply pass Through with no effect. If you were to hold a sheet of glass in front
of a fire, the glass would not warm up appreciably pecause both the 1ight and the radiant heat
pass through. However, if you were to hold a sheet of metal in front of the fire, the metal
would rapidly heat up, because the heat and 1ight rays are absorbed and converted into
sensible heat. It should be pointed out that the heat rays, which have the longer wave
length, contain most of the energy and, therefore, are mainly responsible for heating.

At low temperatures, there s only a small amount of radiation, and only minor
temperature difference are noticed; therefore, radiation has very little effect in the actual
process of refrigeration {tself. However, results of radiation from heat rays can cause an
increased refrigeration load. Heat transfer by radfation is a big factor when choosing air
conditioning equipment.

HEAT TRANSFER BY RADIATION

——HEATER

Fig 1-8. Heat transfer by radiation.
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. CONVECTION: The third and final means of heat transfer is by conveying or
motion of the heated material itself and is l1imited to 1iquids or
gas. This is called CONVECTIGN. A common example of this is the
movement of heat laden alr from a furnace into the rooms of a
building where it releases its heat and then returns through the
cold air duct to receive another supply of heat from the furnace,
see figure 1-9.

P4 \
J . \
_# "HEAT TRANSFER
BY CONVECTION \

\.Cold Air

Fig 1-9, Heat transfer by convection.

Heat transfer by convection is such an important factor to refrigeration technicians
that we must take a closer look at it.

Many refrigerators are constructed with "condenser" tubes at the rear of the cabinet,
see figure 1-10. The condenser must give off heat to the room in order for the refrigerator
to operate properly. Air close to the condenser gets warm by conduction and radiation, which
were both covered earlier in this study unit. The warm air will rise, and the cooler air will
take its place. The result is a continuous flow of air up the back of the refrigerator. This
air movement transfers heat from the condenser to the room by convection.

/Wcrrn air |
'
|

Condenser

Codl alr /

Fig 1-10. Refrigerator using convection.



So far we have described heat transfer by convection in which the air moves because
warm air naturally rises and cool air takes its place. Can you describe the heat transfer

process that takes place when a pan of water is heated on the surface unit of an electric
range? Your answer should be something like this; “MEAT FROM THE SHOT SURFACE UNIT IS

CONDUCTED THROUSH THE BOTTOM OF THE PAN TO THE LAYER OF WATER NEXT TO THE BOTTOM OF THE PAN.

TRTS AOTTER LAY W RISES ARD WAIEK TAKES ITS PCACE. THE RESULT 1S K SLUR
[ON_OF THE WATER TRAN: HE ECTTON THROUGHOUT THE PAN." What would be

the effect of stirring the water while s being neated? . ., . THE WATER HELPS THE

TRANSFER OF HEAT THROUGHOUT THE PAN OF WATER.* In other word, you FORCED the convection
process to take place faster than 1t would have taken by itself. Heat 1s tra~cferred by
FORCED CONVECTION wher some external force causes the air, water, or other fluids to move. If
the movement of the air or water is not forced, then heat is transferred by NATURAL CONVECTION.

On the refrigerator in figure 1-10, heat was transferred from the condenser to the
room by natural convection. The condenser on some refrigerators are located under the
refrigerator cabinet. A fan pulls air from the room over the condenser and blows the warm air

outside of the cabinet,see figure 1-11, In this case, heat is transferred by forced
convection.

Condenser

Cool air

JUU <

——————

k{ e :: Warm oir
S—

at

Fig 1-11. Refrigerator using forced convection.

EXERCISE:  Answer the following questions and check your responses against those 1isted at
the end of this study unit.

1. Name the two ways in which heat is measured.

a.

b.

2. Name the two ways in which heat intensity is measured,

a.

b.

3. Define the British Thermal unit (Btu).

4. Calculate the amount of heat, in Btu's, necessary to increase one gallon of water
(8.4 pounds) from 659 F to 859 F,

5. Convert a room temperature of 20° C to its equivalent on the Fahrenheit scale.

SRE s 26



6. Comvert a reem temperature of 000 F Lo 1ts equivalent on the Celsius scale.

7. What s the name given to Lhe hedt energy that causes & rise in temperature of a
substance? ’

6 What 15 the name ¢iven 1o the hest that couses & ¢ of state in
! ] ohoryy hange

9 Name the thres types of heat transfer.
[N
|
c.
10 WMot type of hoat tramsfer s most feportant to the refrigeration field?

York Wnft 1-3. MLUINS D MRESSUME
OEFing MRESSURE.
SESCRISE AWDIVERIC PRESSURL.
CIVEN A GASL PRESSURE READING COWVERT IT TO ABSOLUTE PRESSURE.
AUE TIE MOST CONMON TYPE PRESSURE A GASE USED IN REFRIGERATION.
WAE N0 WRICTIES OF PRESSURE GASES.
STATE NIREE LAMS TWAT EFFECT PRESSURE-TENPERATURE-VOLUME RELATIONSHIPS.

In the refrigeration cycle, you wil) work with an enclosed system where the effects of
Mdmnmumﬂxm.acmupmﬂ" examing the behavior




In the refrigeration field, you will be dealing mostly with pressures that are exerted
by gases or 1{quids.

Everything on or in the earth 1s subject to pressures of various sorts. The earth is
surrounded by an ocean of air called the atmosphere. This air extends 50 or more miles upward
from the surface of the earth, Even though air is very 1ight, the miles of air above us must

weigh & great deal. The weight and pressure that is exerted by this air 1s called
. 1C_PRESSURE."

It has been determined that a colum of afr, with a cross-sectional area of one square
inch and extending from the earth's surface at sea level to the 1imits of the atmosphere,
would weigh approximately 14.7 pounds. This atmospheric pressure was first dotermined by an
Italfan physicist named Toricelli many years A?o. He constructed a very simple barometer
figure 1-13, using a long glass tudbe about 36 inches in length and closed at one end. He
filled the tube with mercury and inverted it in a bowl of mercury, holding one of his fingor:
at the open end of the tube to prevent the mercury from spilling out while 1t was inverted.
When he removed his fingers, he found that the mercury did not run out of the tube as he might
have expected. [nstead, the level dropped only slightly, as shown in figure 1-13. When he
measured the height of the column of mercury, he found it to be 29.92 inches. He reasoned
that the force which was holding the mercury up was the weight of the air pressing down on the
exposed mercury in the bowl. It follows from this that the woifht of the air pressing down on
the mercury in the bowl was exactly equal to the weight of a column of mercury approximately
30 inches long. It was then easy enough to determine that a column of mercury, having a
cross-sectional ares of one square inch and a height of 30 inches, weighed 14.7 1bs. You
know, therefore, that the air above you exerts a pressure 14.7 pounds per square inch (psi).
This device is still used for precise measurements of air pressure since air pressure s
seldom exactly 14.7 pounds per square inch, but varies slightly, depending upon temperature,
altitude and water vapor content in the air. When this device is used to determine weather
conditions it is called s BAROMETER. If it 1s used in the laboratory, in a modified form, for
the precise measurements of Jow gas pressure it 1s called a MANOMETER. Both devices indicate
pressure by the height of the mercury column. and they are directly calibrated to read in
inches of mercury, rather than in pounds per square inch. It {is s simple matter to convert
inches of mercury into pounds per square fnch 1f 1t becomes necessary.

A manometer is one type of device utilized in the refrigeration and air conditioning
field for the measurement of pressure. This type of prassure gage utilizes a Viquid usually
mercury, water, or gage ofl, as a indicator of the amount of pressure involved.

NORMAL l?lﬂw \\\ //

Fig 1=-13. Simple barometer.

A space that is void, or lacking any pressure, 1s described as a PERFECT VACUUM. If
the space has pressure less than atmospheric pressure, it is defined as a partial vacuum, It
s customary to express this vacuum in INCHES OF MERCURY and not as negative pressure, In
some instances, 1t 1s also referred to as a given amount of absolute pressure, expressed in

POUNDS PER SQUARE INCH ABSOLUTE. This will be covered later in this work unit. When air is
exhaus Tom & sealed container, pressure within the container {s reduced below atmospheric



pressure and a partial vacuum is formed. Any pressure below atmospheric pressure is indicated

in inches on the vacuum gage. Every 2 inches of vacuum 1is equal to arproximately 1 psig below
atmospheric, From this 1t can be noted that 30 inches of vacuum equals O psia and at 14.7
psia pressure the gage pressure is 0 psig.

Gages are used to measure pressure. The pressure gages most commonl{ used b{
refrigeration technicians to determine what is going on within the refrigeration system are
Bourdon tubes. Figure 1-14 is an internal view of the bourdon tube pressure gage. The
essential element of this gage is the Bourdon tube itself. The oval metal tuge is curved
along its length and forms an almost complete circle. One end of the tube is closed, and the
other end is connected to the equipment or component being tested.

Fig 1-14. Internal construction of a pressure gage.
Note: The following is an explanation of the internal components of the Bourdon tube
I pressure gage: (The dotted line indicates how the pressure in the Bourdon
tube causes it to straighten and operate the gage.)
- Adapter fitting, usually an 1/8" pipe thread

Bourdon tube

Link

Gear sector

Pointer shaft gear

calibrating spring

Restricter

Case

A
B8
¢
0
E
F
G
H
J

Cross-section of the Bourdon tube

Ordinary pressure gages are calibrated with zero representing atmospheric pressure
(V4.7 psi). In other words, if the gage is not connected to anything and is open to the air,
it will read zero, even though it is actually reading pressure. In the case of the Bourdon
tube, any additional pressure applied, when the gauge is connected to a component, will tend
to straighten out the bourdon tube, thereby moving the needle and its mechanical linkage,
thus, indicating the amount of pressure being applied.

There are two typical pressure gages used in refrigeration work. One is a PRESSURE
GASE which indicates the amount of pressure above that of the atmosphere see figure 1-15, and
the other is a COMPOUND PRESSURE GAGE see figure 1-16, which has, as the name implies, a dual
function: that oF registering a pressure above atmospheric pressure and that of registering
pressures that are below the atmospheric pressure.

1-18 29



Fig 1-15. Single function gage.

Pressures below atmospheric pressure are customarily expressed in inches of mercury
(Hg). This is shown on the compound gage, see figure 1-16, from 0 down to 30.

”l’- Wiy
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Fig 1-16. Compound gage.

In your work as a refrigeration technician, if it becomes necessary, to make a
distinction or to be more exact, use the term "gage pressure" and “"absolute pressure® if you
?:e7sta;t1ng from absolute zero. To convert gage pressure to absolute pressure, simply add

L] Ps.

Remamber, absolute pressure is measured from absolute zero pressure rather than normal
or atmospheric pressure. It {is equal to the atmospheric pressure (14.7 psi) ADDED to the gage
pressure. 3age pressure (psig) is used on most gage scales and is measured from above
atmospheric pressure. It is equal to absolute pressure LESS 14.7 psi.

Figure 1-17 will show you a definite relationship among atmospheric, absolute, and
gage pressure. For many problems atmospheric pressure does not need to be considered;
herefore, the customary pressure gage is calibrated and graduated to read zero under normal
atmospheric conditions. Yet, when gages are contained within an enclosure away from the
atmosphere, such as in a refrigeration unit, it is necessary to take atmospheric pressure into
consideration, and mathematical calculations must be in terms of the absolute pressure

involved.,

t ‘ 1-19 30



Pressure Pressure
40— 34.7
Prossure
30 44.7
above
20 34.7
stmospheric
in psi
10 24.7
atmospheric
0 14.7
pressure (e)
10— 20
Pressure below
atmospheric
20— 10
in inches Hg
30- 0
(29.92)

Fig 1-17. Relationship between
absolute, atmospheric,
and gage pressure.

In the study of refrigeration, 1t is important to understand some of the ways in which
pressure effects liquids and gases, and some of the relationships between pressure,
temperature, and volume in gases.

The pressure-temperature-volume relationships of gases are expressed by three laws:

® BOYLE'S LAW: It states that the volume of any gas varies inversely (opposite)
with its pressure, provided the temperature remains constant. This means that the product of
the pressure times the volume remains constant, or that if the pressure of a gas doubles, the
new volume will be one half of the original volume. Or it may be considered that, if the
volume is doubled, the absolute pressure will be reduced to one half of what it was
originally. This law may be expressed as an equation in the following manner:

Vy Py=V2 P2

In this equation Vy {s the original volume of the gas, Py is its original pressure, Vs

its new volume and P, 1ts new pressure. It must be remembered that Py and P2 have to be
expressed in the ABSSLUTE PRESSURE terms for the equation to be used correctly. Figure 1-18
can be used to {liustrate st

] 180Ib persqin. [1 [] €O persain. [T [} 30 1b. [loersaing
4

—— ’ 6 cuft.

= L]

Fig 1-18. Effects of pressure on volume.
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If 3 ft3 of a gas is placed in a cylinder, and a piston exerting 60 psig is inserted
in the opsn end, and if the piston is pushed down into the cylinder and compresses the gas
into 1 ftJ,, the pressure exerted would have to be 180 psig; 1f the piston were withdrawn so
that there were 6 ft3 of gas, the pressure would be reduced to 30 psig.

Example: If the ?age pressure on 2 ft3 of gas is increased from 20 psig to 50
psig while the temperature of the vapor remains constant, what will be the
new volume?

Py = 20 psig + 14,7 (atmospheric pressure) = 34,7 psia
P2 = 50 psig + 14.7 (atmospheric pressure) = 64.7 psia
V] = 2 ft3

Vo = ?

using the formula Vi x Py = V2 x P2, you would transpose the formula into the
following:

V2 = (P x Vq) divided by Py
V2 = (34.7 x 2) divided by 64.7
V2 = 1,072 £t3
Example: :: ::ditional pressure is applied to a volgme of 2 ft3 qf gas at 20 psig
gas remains Constant, whak 15 the new aressire dn petgr o e OF the
Py = 34,7 psia (20 psig + 14.7 atmospheric pressure)
V) = 2 ft3
V2 = 1,072 £t3
P2 =1

using the formula Vi x Py = V3 x Py, you would transpose the formula into the
following:

P2 = (Py x Vy) divided by V
You would insert all the given values as follows:

P2 = (34.7 x 2) divided by 1.072; therefore P> will equal 64.7 psia
Now you would subtract atmospheric pressure from Py as follows:

P2 = 64.7 - 14.7, therefore the answer would be 50 psig for P2.

Again, it must be remembered that Py and P? have to be expressed in the ABSOLUTE
PRESSURE_TERMS for the equation to be used correctly

©® CHARLE'S LAM: It states that the volume of a gas is in direct proportion to
its absolute temperature, providing the pressure is kept constant and the absolute pressure of
a gas s in direct proportion to its absolute temperature, providing the volume 1s kept
constant. The equations for this law are as follows:
Vy divided bv V2 = Ty divided by T and

Py divided by Py = Ty divided by Ty
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Most gases will expand in volume at practically the same rate with an increase in
temperature, providing the pressure does not change. If the ?as is confined so that its
volume will remain the same, the pressure in the container will increase at about the same
rate as an increase in temperature.

Charle's law formulas can be transposed into the following equations:

ViTa=V2T) and Py T =P Ty

Example: If the temperature of 2 cu ft of gas was increased from 400 F. to 1200
F., what would be the new volume, if there was no change in pressure?

V2 = (V] T2) divided by Ty
V2 = 2 x (120 + 460) divided by (40 + 460)
V2 = 1,160 divided by 500
V2 = 2.32 ft3
Example: If a container holds 2 ft3 of gas at 20 psig, what will be the new
grgssure in psig, if the temperature is increased from 40° F, to 1200
P2 = (P1 T2) divided by Ty
P2 = (20 psig + 14.7) x (120 + 460) divided by (40 + 460)
P2 = 40.25 psia
P2 = 40.25 psia - 14.7 atmospheric pressure’
P2 = 25,55 psig
In numerous cases dealing with refrigerant vapor, none of the three possible variables
will remain constant, and a combination of these two laws must be utilized, namely the GENERAL
LAW OF PERFECT GAS. This third law is written as an equation as follows:
(P1 V1) divided by Ty = (P V) divided by T2 or
PIViTa=P2 Vo Ty

Note: IT gES;EBE REMEMBERED THAT THE UNITS OF P AND T ARE ALWAYS USED IN THE
ABS .

Example: If a volume of 4 ft3 of a gas at a temperature of 709 F and at
atmospheric pressure is compressed to one-half its original volume and
increased in temperature to 1200 F, what will be its new pressure?

P2 = (Py V1 T2) divided by (V2 Ty)

P2 = (14.7 x 4) (120 + 460) divided by 2 x (70 + 460)

P2 = 34,104 divided by 1,060

P2 = 32,17 psia

P2 = 32.17 psia - 14.7 atmospheric pressure

P2 = 17.47 psig

Another relationship that must be examined is the basic relationship between pressure

and boiling point for 1iquids. The boiling temperature of any liquid varies according to the
pressure on the 1iquid: the higher the pressure, the higher the boiling point. It is well to

remember that condensing a gas to a 1iquid 1s just the reverse process of boiling a liquid

until 1t vaporizes, and that the same pressure and temperature relationship is required to
produce either change of state.
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Water boils at 80OF under a vacuum of 29 inches of mercury; at 2120F at
atmospheric pressure (14.7 psi), and at 4890 at a pressure of 600 psig. Refrigerants have
much lower boiling points than water, under any given pressure, but these boiling points also
vary according to pressure. Refrigerant R-12, for example, boils at =21.70F at atmosphertic
pressure, at 0OF at 9.17 psig; at FOOF at 46.9 psig; and at 1009F at 116.9 psig. From
these figures, you can see that R<12 cannot exist as a liquid at ordinary temperatures unless
it 1s confined and put under pressure.

If the temperature of a liquid is raised to the boiling point corresponding to its
pressure, and if tne application of heat is continued, the 1iquid will begin to boil and
vaporize. The vapor, which is formed, remains at the same temperature as the boiling 1iquid,
as long as it is in contact with the liquid. The vapor cannot be superheated as long as it is
in contact with 1iquid from which it is being generated.

There is a basic relationship between the pressure and boiling point for each 1iquid.
The refrigeration technician must throughly understand this relationship because it is by far
his most useful tool in troubleshooting a refrigeration or air conditioning system. Taking a
pressure reading with a suitable gage connected to the part of the system a technician is
:nvestigatlgg gan often tell him not only whether the system is functioning properly, but what
S Wrong w t.

The equations that were given earlier indicate the nature of the relationship between
the pressure, the volume, and the temperature of any gas. You will probably not find it
necessary to use the equations themselves, but you should have a thorough understanding of the
principles which they express. To summarize them:

@ when the temperature is held constant, increasing the pressure on a gas will
cause a proportional decrease in volume; decreasing the pressure causes a proportional
increase in volume.

@ When the aressure is held constant, increasing the temperature of a gas causes
: proportional increase iu volume; decreasing the temperature causes a proportional decrease
n volume.

@ When the volume is held constant, increasing the temperature of a gas causes a
proportional increase in pressure; decreasing the temperature causes a proportional decrease
in pressure. :

In this discussion of the effects of pressure on a gas, you have noted that the yolume
and temperature of the gas are different AFTER the pressure has been changed. It is also
important to note, however, that a temperature change normally occurs in a gas WHILE the
pressure is being changed. Compressing the gas raises its temperature. Allowing a gas to
expand lowers its temperature. As you will see, this is an important fact in the
refrigeration cycle.

EXERCISE:  Answer the following qhestions and check your responses against those listed at
the end of this study unit.

1. What is the definition of pressure?

2. Describe atmospheric pressure.

3. What is the amount of pressure exerted by the atmosphere?

4. Name the most common type pressure gage used in the refrigeration field.
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5. Name two types of pressure gages.
a.

b.

6. State the three laws that effect the pressure-temperature-volume relationship,

b,

C.

Work Unit 1-4, REFRIGERATION CYCLE
STATE THE PURPOSE OF A REFRIGERATION CYCLE.
STATE THE TWO DIFFERENT PRESSURES THAT EXIST IN THE CYCLE.
NAME THE THO DIVIDING POINTS OF THE PRESSURE AREAS IN THE REFRIGERATION CYCLE.
DEFINE REFRIGERATION TON.

Looking at figure 1-19, you will see a simplified refrigeration system. By applying
the theory of latent heat and pressure difference, you can visualize what is taking place to
produce a low temperature.

The purpose of the refrigeration cycle is to remove unwanted heat from one. place and
discharge it into another. To accomplish this, the refrigerant is pumped through a completely
closed system. If the system were not closed, it would use refrigerant by dissipating it into

the air, however, because it is closed, the same refrigerant is used over again, each time it
passes through the cycle it removes some heat and discharges it.

Fig 1-19. Mechanical refrigeration system.

A comparable situation would be a boat that is filled with water. You want to remove
the water, so you use a pail., As you scoop out the unwanted water and transfer it to the
outside of the boat, you are holding onto the pail and using it over and over again as you
continue to bail, see figure 1-20,
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Fig 1-20. Closed cycle.

The closed cycle serves other purposes as well. It keeps the refrigerant from
becoming contaminated and controls it flow, for it is a liquid in some parts of the cycle and
a gas in other phases.

Let's take a 1ook at what happens in a simple refrigeration cycle, and at the major

compone?gs which comprise it. We will enlarge upon the refrigeration cycle in the study units
that follow.

In the simple refrigeration system, figure 1-21, two different pressures exist in the
cycle, the evaporating or low pressure in the “LOW SIDE" and the condensing or high pressure
in the “HIGH SIDE." These pressures areas are separated by two dividing points, one is the
metering device where the refrigerant flow is controlled, and the other is the compressor
where the vapor is compressed.

At the metering device is where you start your trip through the cycle. This metering
device may be an expansion valve, capillary tube, or other device that is used to control the
refrigerant flow into the evaporator or cooling coil, as a low pressure, low temperature
refrigerant. The expanding refrigerant evaporates (changes state) as it travels through the
cooling coil, where it removes the heat from the space in which the evaporator is located.

Heat will travel from the warmer air to the coils cooled by the evaporation of the
refrigerant within the system, causing the refrigerant to "boil* and evaporate, thus changing
it to a vapor. This is similar to the change of state that occurs when a pan of water is
boiled on the stove and the water changes to steam, except that the refrigerant boils at a
much lower temperature.

This low temperature, low pressure vapor is drawn to the compressor where it is
compressed into a high temperature, high pressure vapor. The compressor discharges it to the
condenser, so that it can give up the heat that it picked up in the cooling coil or
evaporator. The refrigerant vapor is at a higher temperature than is the air passing across

the condenser (air-cooled type); therefore, heat is transferred from the warmer refrigerant
vapor to the cooler air.

In this process, as the heat is removed from the vapor, a change of state takes place
and the vapor is condensed back into a liquid at a high pressure and a high temperature.

The liquid refrigerant now travels to the metering device where it passes through a
small opening or orifice where a drop in pressure and temperature occurs, and then it enters
into the evaporator or cooling coil. As the refrigerant makes its way into the larger opening
of the tubing or coil it vaporizes and it is ready to start another cycle through the system.
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The refrigeration system requires some means of connecting the major components
(evaporator, compressor, condenser, and metering device) justs as roads connect communities.
Tubing or "1ines" make the system complete and prevent the refrigerant from leaking out into
the atmosphere. The suction line connects the evaporator or cooling coil to the compressor;
the hot gas or discharge line connects the compressor to the condenser; and, the 1iquid 1ine
is the corecting tubing between the condenser and the metering device. Some systems will
have receivers or storage tanks immediately after the condenser and before the metering
device, where the 1iquid refrigerant remains until it is needed for heat removal in the
evaporator.

There are many different kinds and variations of the refrigeration cycle components.
For example, there are at least a half dozen different types of compressors, from the
reciprocating piston through a centrif.igal impeller design, but the function is the same in
all cases, that of compressing the heat laden vapor into a high temperature vapor.

The same can be said of ihe condenser and evaporator surfaces. They can be bare
pipes, or they can be finned condensers and evaporators with electrically driven fans to make
the air pass through them.

There are a number of different types of metering devices used to meter the 1iquid
ref::ger:nt into the evaporator, depending on the size of equipment, refrigerant used, and its
application.

The mechanical refrigeration system described above is essentially the same whether
the system is a domestic refrigerator, a low temperature freezer, or a comfort air
conditioning system. Refrigerants may be different, and the size of equipment may vary
greatly, but the principles of operation and refrigeration cycle remain the same. Thus, once
you understand the simple action that is taking place within the mechanical cycle, you will
have come a long way toward understanding how a refrigeration system works.

Another system that will be touched on very briefly is the ABSORPTION SYSTEM;
however, the main emphasis will be on the MECHANICAL SYSTEM. Although the Marine Corps no
longer maintains absorption systems, you should have some understanding of such a system.

The absorption system differs from a mechanical system in that heat energy is used
instead of mechanical energy to make a change in the conditions necessary to complete a cycle
of refrigeration. Gas, kerosene, or an electric heating element may be used to supply the
required heat energy.

From figure 1-21, you can trace the elementary cycle of an absorption system. Heat is
applied to the generator or absorber from which ammonia gas s liberated and driven into the
condenser, where the vapor is liquified by cooling. This 1iquid refrigerant is forced from
the condenser to the receiver by the pressure of the vapor entering the condenser. When a
sufficient amount of ammonia is driven into the condenser and receiver, heating is
discontinued and the absorber cools. When the temperature of the absorber is lowered, it
begins to take back the ammonia gas. The apparatus is so constructed that it can obtain this
ammonia only from the cooling unit through the process of evaporation, thus lowering the
temperature of the compartment that is to be cooled. As the ammonia evaporates from the
cooling unit, it is replaced by l1iquid from the receiver. This operation will continue until
the proper amount of ammonia is reabsorbed by the generator. Then, heat is again applied and
a new charge of ammonia is stored in the receiver.
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In both systems, ABSORPTION and MECHANICAL, the unit which measures the amount of heat
removal and thereby indicates the capacity of tne refrigeration system is known as the
REFRIGERATION TON. It is based on the cooling effect of 1 ton (2,000 1bs) of ice at 320F
melting In 24 hours. As you have seen, the latent heat of fusion of ice (or water) is 144
Btu's. Therefore, the number of Btu's required to melt 1 ton of ice is 144 Btu's multiplied
by 2,000 which equals 288,000 Btu's. The standard refrigeration ton is defined as the
transfer of 288,000 2%u's in 24 hours. On an hourly basis, the refrigeration ton is 12,000
Btu's per hour (288,000 Btu divided by 24 hours). It should be emphasized that the
refrigeration ton is the standard unit of measure used to designate the heat removal capacity
of a refrigeration unit, and it is not necessarily a measure of the amount of ice the unit can
make in a given length of time.

EXERCISE:  Answer the following questions and check your responses against those listed at
the end of this study unit.

1. What is the purpose of the refrigeration cycle?

2. What are the two different pressures that exist in the refrigeration cycle?
a.

b.
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3. MWhere are the two dividing points of the pressure areas in the refrigeration cycle

b.

4. Define refrigeration ton.

5. The hot gas 1ine connects the and .
6. The suction 1ine connects the and .
SUMMARY REVIEW

In this Study Unit, you have learned the theories of the five thermal laws of
refrigeration, heat, pressure, the basic refrigeration cycle, and the refrigeration ton. All
these theories are important to you, as a refrigeration technician, because they will help you
to understand how refrigeration equipment is able to remove heat from a given area, Some of
the important things you learned and should remember are:

®  Heat is energy and 1t cannot be destroyed or be lost, but it can be
transferred fro- ‘ne substance to another in three ways: conduction,
convection, and . _.diation.

® The temperature or intensity of heat can be measured. The scales that are
used arégFaEFEﬁheit and Ceisius (centigrade). It is possible to convert one
scale to the other through the use of conversion formulas which should be

memorized, as they will be important to You in your work as a refrigeration
technician.

®  Heat is measured in Btu's.

® Sensible and latent heat are the types of heat which effect the temperature
and pnysical state of a substance.,

® Pressure is important in that 1t affects the physical state of a substance in
a pressure-temperature relationship,

® Pressure affects the volume of a gas, in that the pressure varies inversely
With volume. If the pressure increases, the volume decreases and 1f the
pressure decreases, the volume will increase; this happen only if the
temperature remains constant,

®  Pressure is measured in pounds per square inch (psi) above atmospheric
pressure and inches of mercury (Hg) below atmospheric pressure. Atmospheric

pressure at sea level 1is ejual to 14.7 psia.

® Two separate systems are used to lower temperature in refrigeration, the
mechanical system and the absorption system. Eacn system has its own cycle of
operation anilmethod of removing or transferring heat from a given area,

® A ton of refrigeration can be equated to the melting of 1 ton of ice 1h a 24
hour period. gﬁ!s equals to the removal or transfer of 288,000 8tu's. A
refrigeration t.n is equal to 12,000 8tu's per hour. (288,000 8tu's divided
by 24 hours)
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Answers to Study Unit #1 Exercises

Work Unit 1-1.

1.
2.
3.
4.
5.
6.

From a high temperature to a lower temperature

the pressure remains constant

heat

A high heat conductivity

While changing from a liquid state to a vapor state
a. Solid

b. Liquid s

c. Gas or vapor

Work Unit 1-2.

1.

2.

3.

5.
6.
7.
8.
9.

]0.

a Heat intensity
b. Heat quantity
a. Fahrenheit

b. Celsius

One Btu is the amount of heat required to raise the temperature of one pound of
water 10F at sea level.

168 Btu's

68OF

26.79C
Sensible heat
Latent heat

a  Conduction
b. Convection
C. Radiation

Convection

Work Unit 1-3.

1.
2.

3.
4.
5.

Pressure {s the amount of force exerted on a substance per unit area.

A:mospheric pressure is the amount of force that is exerted by the air surrounding
the earth.

14.7 psi
Bourdon tube
a. Single function pressure gage

b. Compound pressure gage.
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8. Boylas’ Law
8. Owrles’ Law
€Ce hﬂ‘ll et Low

vort Unit 1.4,

L

To resove unwented hest from one placs and dischargs it into snother
8. Cveporeting or low pressure side

b, Condansing or Nigh pressure side

8. Metering device

b, Cempressor

™he unit which measures the aount of heat removs) and theredy fndicatas the
capecity of the refrigerstion ystem,

Conpressor and condenser
Cvaperator ond compressor
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STUOY UNIT 2
REFRIGERANTS ANO LUBRICANTS

STUDY UNIT OBJECTIVE: WITH AND WITHOUT THE AID OF REFERENCES, YOU WILL IDENTIFY
PRIMARY AND SECONDARY REFRIGERANTS, THE DIFFERENCES BETWEEN PRIMARY AND SECONDARY
REFRIGERANTS, AND THE PROPERTIES OF REFRIGERANTS. YOU WILL IDENTIFY THE DIFFERENT
MARKINGS OF éDHPRESSED GAS CYLINDERS, THE TRANSFERRING AND MEASURING OF
REFRIGERANTS, REFRIGERANT OILS, PROPERTIES OF REFRIGERANT QILS, VISCOSITY RATING
OR REFRIGERANT OILS, AND THE SAFETY PRECAUTIONS FOR REFRIGERANTS.

Refrigerants are the vital fluids in the mechanfical refrigheration system. They absorb
heat from & place where it 1s not wanted and emit it elsewhere. e evaporation of the 1iquid
refrigerant removes heat, which is released by the condensation of the heated vapor. Any
substance that undergoes phase change from 1iquid to vapor and vice versa may function as the
refrigerant in vapor compression type systems. However, only those substances that undergo
these changes at commercially useful temperatures and pressure levels are of practical value.

It can be said that there is no "universal® refrigerant. Since mechanical
refrigeration is used over a wide range of temperature, some refrigerants are more suitable
for h gh temperature refrigeration, such as comfort cooling, than, others that operate at
lower temperature ranges, such as those used for commodity storage and freezing. There are
sti11 other lpglications requiring even lower temperatures. The choice of a refrigerant for a
particular application frequently depends on properties not related to its ability to remove
heat. For example, its toxicity, flammability, density, viscosity, and avatlability. Thus,
the u::ction of a refrigerant for a particular purpose may be a compromise among conflicting
properties.

Work Unft 2-1. REFRIGERANT REQUIREMENTS
STATE THE PURPOSE OF A REFRIGERANT.
LIST THREE FACTORS THAT AFFECT REFRIGERANTS.

IN THE SELECTION AND USE OF REFRIGERANTS, LIST FOUR CHEMICAL PRCPERTIES THAT MUST
BE CONSIOEREO.

IN THE, SELECTION ANO USE OF REFRIGERANTS, LIST FIVE IMPORTANT PHYSICAL PROPERTIES
THAT MUST BE CONSIDERED.

In the process of cooling, you must have something that will effect a heat transfer,
That is, something that will carry heat from one area or substance to another. To do this,
you use fluids that exert a direct action on an area or substance, and that can easily change
their state from a 1iquid o a gas and from a gas to a 1iquid. These fluids, called
REFRIGERANTS, are heat carriers. They absorb heat at low temperatures, and when compressed to
a higher t’:meratun. they release the absorbed heat to a cooling medium, thus affecting the
heat transfer.

Many different refrigerants have been used since the early days of refrigerat_ionq
Experimentation, research, and testing are stil1l gofng on with varfous chemicals or compound
and mixtures of chemicals. At one time or another, afir, butane, choroform, ether, propane,
water, and other organic and inorganic compounds have been used.

With the discovery of new chemicals and compounds, the practical advantages and
disldvantages of each of the refrigerants in use were carefully appraised. Therefore,
consideration is now given to the characteristics of various refrigerants , both from a
chemical and a physical standpoint. The availability and cost of each refrigerant is also of
great importance.

Refrigerants in common use today are fluids that are affected by HEAT, TEMPERATURE,
and PRESSURE in a manner similar to water. Some of these refrigerants are better that others,
hut the perfect refrigerant has yet to be discovered. As you know, an automatic mechanism,
such as & refrigeration system ,should be safe. Therefore, the refrigerants selected should
be as close to perfect as possible, and still they should be able to accomplish their cooling
Job efficiently and effectively. Refrigerants should be NONPOISONOUS, NONFLAMMABLE,
NONEXPLOSIVE, and have a LOW BOILING POINT. They should also be NONCORROSIVE so that the more
common metals may be used 1n The construction of component parts.” A good rerrigerant is
STABLE and not easily decomposed or subject to chemical reaction with lubricants used in the
s&ﬁh }t is also desirable to keep normal operating pressure as close as possible to
atmospheric



pressures. Great differences in pressure would cause the system to over work. This would
cm]ase leaks and would cut down on the efficiency and life expectancy of the compressor and
valves.

Remember that each refrigerant reacts to the effect of TEMPERATURE and PRESSURE. Each
has a critical temperature and pressure. The critical temperature of a refrigerant is the
maximum temperature at which it can be liquefied. The critical pressure of a refrigerant is
the maximum pressure at which it can operate in a system without causing leaks and without

causing the compressor to overwork. Therefore, the critical pressure must be well above a
system's normal condensing pressure, and the critical temperature must be well above the

system’s normal condensing temperature. In either case, if they (CRITICAL TEMPERATURE or
PRESSURE) are only a 1ittie above normal pressure and temperature, 1t will cause overworking

of the compressor aid excessive power usage.

In the selection and use of refrigerants the following characteristics must be taken
into consideration:

®  CHEMICAL PROPERTIES:

® Flamability

®  Explosiveness:

® Toxicity

® stability
@ PHYSICAL PROPERTIES:
Boiling point
Freezing point
Specific volume
Density
Critical pressure
Critical temperature
Latent heat content
011 miscibility

Leak detection

These properties, both chemical and physical, will be examined more closely so that
you will understand each of their characteristics.

@ FLAMABILITY and EXPLOSIVENESS: When a system is operating satisfactorily,
there is no need to worry about its refrigerant. However, should a fire, due to an outside
source, occur in the vicinity of any refrigeration component, there is always the danger that
the fire might spread. With a fire, there is also the possibility of an explosion if a
refrigerant escapes from ruptured 1ines or tubes.

If a leak occurs or if repairs must be made to some component, the flammability and
possible explosiveness and toxicity of the refrigerant must be taken into consideration. .Even
though the system may be evacuated, all of the refrigerant contained in the receiver or
condenser receiver, the brazing, soldering or welding that may be necessary in the repair ar
replacement of a component may present hazards, because enough vapor may renain in the
component or connecting 1ines to cause danger from the heat or flame of the repair equipment.

Since hydrocarbon refrigerants, such as butane (R-600), ethane (R-170), and propane
(R-290), are highly flammable and explosive, proper care must be taken when working with an
open flame around a s¥stem 'using any of these refrigerants. The halocarbon refrigerants are
considered to be nonflammable, but some become toxic when exposed to flames. Among these are
trichloromonofluoromethane (R-11), dichlorodifluoromethane (R-12), and
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monochlorodifluoromethane (R-22). R-502, which {s an azeotrope refrigerant, is a mixture of
48,8% R-22 and 51.2% R-115 (chloropentafluoroethane), and is nonflammable.

Since there are many “"tongue-twisters" in the chemical names of refrigerants, it was a
relief when a numbering system was developed. The numbering system, which {s more commonly
used today instead of the chemical names, is customarily preceded by the trade name of the
m:nufacture:i Eut. in general practice, the number s preceded by the term refrigerant or just
the letter "R.

This numbering system for refrigerants was developed by the DuPont Company, the first
to market many of the new breeds of refrigerants. At the outset, the letter 'F'n{for freon, a
registered DuPont trademark) preceded the numbers. Later, as there were other producers of
halocarbon refrigerants, DuPont made {ts numbering system available to the entire industry.
as]gasksggted previously, refrigerants now are known by the letter "R" and number, such as

- 9 - 9 etc.

@ TOXICITY: The Underwriters Laboratories has conducted extensive tests on
guinea pigs to {Tiusirate the toxicity of all refrigerants; the guinea pigs quickly showed the
effects of inhaling toxic gases and vapors. It should be noted that humans were not used in
these tests.

Air {s the exception to the rule that all gaseous substances are, to some degree,
toxic. Of course there are varfous degree of toxicity. Carbon dioxide is inhaled whenever
people breathe, and it is therefore harmless to humans up to a certain level in the
surrounding atmosphere. However, an individual exposed to an atmosphere containing about 8%
to 10X carbon dioxide or more would soon become unconscious.

The test made by the Underwriters Laboratories pertained to the type of chemicals or
compound, the percent of the vapor being tested in the given atmosphere, and the duration of
the time in which the subject was exposed to or had breathed the mixture. Underwriters
Laboratories have devised a numbers classification that ranges from 1 to 6; the lowest number
designates the most toxic and dangerous refrigerant, and the highest number designates the
least toxic refrigerant. Figure 2-1 1ists the classification of some refrigerants and the
concentration and length of exposure that leads to serious injury.

GROUP LIMITATIONS REFRIGERANTS
1 Concentration of gases or vapors Sulphur
about 0.5-1% for about 5 min s Dioxide
capable of producing serious injury.
or death.
2 Concentration of gases or vapors Ammonia

about 0.5-1% for about 30 min fis
capable of producing serious injury
or death.

3 Concentration of gases or vapors Chloroform
about 3-2,.5% for about 1 hr s
capable of producing serious injury
or death.

4 Concentration of gases or vapors Methyl Chloride
about 2-2.5% for about 2 hrs 1is
capable of producing serious injury

or death.
5 Gases or vapors that are less toxic R-11, 22, 502,
than Group 4 yet more toxic than Butane, Propane

those in Group 6.

6 Concentration of gases or vapors R-12, 114
about 20% for periods of about
2 hrs has apparently no injury.

Fig 2-1. Classification of gases and vapors
by Underwriters. Laboratories.



The National Refrigeration Safety Code (NRSC) divides refrigerants into three groups:
group 1 1is the safest; group 2 is somewhat flammable and toxic; and group 3 is extremely

flammable.
to the Underwriters Laboratories,

The National Board of Fire Underwriters (NBFU) uses six classes; they are similar

however, class 1 1s the most toxic one and class 6 the least

toxic. Refer to figure 2

-2 for a comparison.

N, B, P, U, Toxicity Clessificetion !
N, R, 8 C, []
Moit toxic Leeet toxic
(e} 1 1 3 3 4 ] [}
- X
Kulene-131 xx
X
e dioxice -
[ Carrene 91 X
le hlorid
T E— X
F- P
rou
|_Dichloroethylsne X
[ X
or
Me formete X
| _Ammonie X
oxide a
R4
[ Tsobutans X
Ethane X
“Fropass : I X
Fig 2-2. Group and toxicity classification.

@ CRITICAL PRESSURES and TEMPERATURES:

reacts to the effects of temperature and pressure.

element or a mixture of el
which it will remain as a

has a temperature above which it cannot remain o
These points are the va

pressure exerted on it.

As was stated previously, each refrigerant
Every refrigerant, whethe: a single

ements (a compound), has among its characteristics a pressure above

1iquid, even though more heat is added.
r exist in a 1iquid state, regardless of the
por pressure and the temperature,

Each element or compound,

respectively, of the refrigerant. Some of these are shown in figure 2-3.
REFRIGERANT PRE%%E&EA:SIA TEMggéx%ﬁat OF

R-12 596.9 233.6

R-22 721.9 204.6

R-502 591 179.9

Fig 2-3. Critical pressures and temperatures of some refrigerants.

The pressures and

They do not have a tendency, under normal conditions,

temperatures shown in figure 2-3 are well above the pressures that
can be expected to occur in the condenser, and also above the temperatures that accompany
these operating pressures. These refrigerants are chemically stable in the ranges specified.

to react with any material used in the

manufacture of the components in the refrigeration system, nor do they ordinarily break down

chemically.

If the refrigerant in a system is unstable,
chemical reaction will change the original characteristic

1t quickly becomes useless, since a
s or properties of the refrigerant.

Decomposition of the refrigerant will add noncondensable gases, thus causing abnormal

pressures and temperatures within the system,

troubles.

@  PHYSICAL PROPERTIES:

more heat when changes
a liquid or as a vapor.

and the resulting sludge may cause mechanical

It has been stated earlier that a refrigerant absorbs much

1ts state frow 4 liguid to a vapor, than when it absorbs the heat as
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Therefore, the BOILING POINT of a refrigerant is of great importance,



for it must readily evaporate below temperatures of the product or space which is to be
cooled. Refrigerants that do not have a relatively low boiling point require that the
compressor be operated with a deep vacuum.

The FREEZING POINT of a refrigerant is another important property, particularly in
extremely low temperature applications. This point should be sufficiently lower than any
anticipated evaporator temperature

The LATENT HEAT CONTENT of the selected refrigerant usually is high, which is a
desirable characteristic for targe capacity systems. MWith a high latent heat content, less
refrigerant is circulated for each ton of refrigeration effect produced; therefore, a
compressor of lower horsepower could be used. In systems of low capacity, the use of a
refrigerant with a low latent heat content will require the circulation of more refrigerant
than those with a higher latent heat content. Such a refrigerant will also make the control
of the system easier, since less sensitive control devices are needed in a system that
circulates a larger amount of refrigerant.

The DENSITY and SPECIFIC VOLUME of a refrigerant are two properties that have a
reciprocal relatfonship.” Wnen comparing refrigerant for different applications, advantages
and disadvantages must be taken into consideration. In order to utilize smaller lines, tubes,
or refrigerant pipes (these terms are used interchangeably), a high-density, low specific
volume refrigerant should be used. Such a system costs less to construct and install. In
some commercial installations where there is a considerable vertical distance between the
major components of the system, less pressure is required to circulate the refrigerant through
the components and piping.

Low OIL SOLUBILITY or MISCIBILITY is also an important characteristic of a
refrigerant, but 1t can cause 011 return problems, if it is too low. Solubility or
miscibility is the capacity of the refrigerant in its 1iquid state to mix with oil necessary
for the lubrication of the moving parts in the compressor. The oil will circulate with a high
soluble refrigerant in a liquid state from the compressor and/or receiver, through the 1iquid
line and the metering device and into the compressor.

Since the refrigerant vaporizes in the evaporator, a different situation exists; oil
and refrigerant vapor do not mix readily. The oil circulating through the system can continue
on its way to the comgressor only if the vapor is moving rapidly enough to entrain the oil and
carry it along through the suction line to the compressor crankcase. If the vapor lines,
either suction or hot gas, run in a horizontal path, it is customary to size them so that the
vapor travels at a velocity rate not less than 750 fpm (feet per minute). When the vapor
lines are run vertically u?ward. the velocity of the vapor should not be less than 1,500 fpm
to assure that the oil will travel up the vertical line. An example of this would be an
evaporator located somewhere beneath the compressor or condenser.

®  LEAK DETECTION: Leak detection was and is fairly easy when ammonia or sulphur
dioxide is beTng used, since their peculiar odors are discernible from all others. Yet,
depending strictly upon odors for leak detection of these refrigerants may be deceiving as
well as dangerous. Frequently, in order to pinpoint a leak when there is quite a bit of vapor
in the air, a solution of soap and water is swabbed or wiped over the suspected area. When a
system is still under pressure, bubbles will form in the immediate area of a leak. This means
of leak detection should not be used if a section of the system is under a vacuum, for the
soap and water solution might be drawn into the system.

Figure 2-4 shows a halide leak detector, which has been used successfully on systems
with halogenated refrigerants for a number of years. This leak detector consists of two major
components: the cylinder containing gas and the detector unit. The principle involved is
that air is drawn through the search hose and across a copper reactor plate, which has been
heated red hot from the gas flame. When the search hose is manipulated so that it comes in
contact with the leaking refrigerant vapor, gas is drawn through the hose. When the gas or
vapor comes in contact with the flame and the reactor plate, the flame changes to a bluish

reen or violet color. For most leaks, this type of detector works satisfactorily; however,
t is not as sensitive as the electronic leak detector shown in figure 2-5. This type of
detector is capable of detecting leaks as small as 0.5 ounce per year. Its use is growing in
the field because of its sensitivity. This detector contains an internal pump that draws air
into the probe and hose or tube. If there is any halogenated gas in the air drawn across the
electrodes in the sensing element, a built in signal light will flash frequently as shown in
figure 2-6, The rate of the flashing will increase depending upon the amount of refrigerant
vapor in the air.



Q

ERIC

Aruitoxt provided by Eic:

Control Knob "On-Off"* Swilch

Fig 2-5. Electronic -ak detector.
(Battery op.rated)

Fig 2-6. Electronic leak detector.
(Electric) .
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EXERCISE:  Answer the following'questions and check your responses against those listed at
the end of this study unit.

1. What is the purpose of the refrigerants used in mechanical refrigeration systems?

2. List the three factors that affect refrigerants.
a.

b.

C.

3. List four chemical properties of a good refrigerant that must be considered in the
selection and use of refrigerants.

b.

c.
d.

4, List five important physical properties of a refrigerant that must be considered
when selecting and using refrigerants.

b.

Ce

d.

Work Unit 2-2. PRIMARY ANDU SECONDARY REFRIGERANTS
DEFINE PRIMARY REFRIGERANTS.
IDENTIFY SECONDARY REFRIGERANTS.
SPECIFY THE MOST PROMINENT REFRIGERANTS IN USE TODAY.
DETERMINE THE CHEMICAL AND PHYSICAL PROPERTIES OF R~-12 REFRIGERANT.
DETERMINE THE CHEMICAL AND PHYSICAL PROPERTIES OF R-22 REFRIGERANT.
DETERMINE THE CHEMICAL AND PHYSICAL PROPERTIES OF R-11 REFRIGERANT.
DETERMINE THE CHEMICAL AND PHYSICAL PROPERTIES OF R-502 REFRIGERANT.

In refrigeration, you will deal with two types of refrigerants: PRIMARY and
SECONDARY. Your main concern in this course will be with primary refrigerants but secondary
refrigerants will also be discussed briefly.

Secondary refrigerants are agents such as air, water, and brine. They are in
themselves not refrigerants and cannot be used in systems requiring primary refrigerants.
Secondary refrigerants are coolec and passed over or around an area that needs cooling. They
pick up heat from that area and then return to the cooling component of the primary
refrigerant system. They are again cooled and the cycle starts over. These agents may be

used as brine or water sprays or they may. be passed over the system by the use of a blower or..
fan. Remember, secondary refrigerants cannot be used in the primary system.
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Primary refrigerants are fluids used in air-conditioning and refrigeration mechanical
systems that absorb heat from an area to be cooled and release this heat outside of the cooled
or refrigerated area. Mechanical refrigeration equipment in use today is dependent upon the
primary refrigerant to perform its task in the removal of heat. The refrigerant pumped
through the system s recycled constantly. It {s NEVER consumed. Replacement {s only
necessary in the event of a leak, or when repairs are required by the system or equipment.

There are numerous primary refrigerants in use today; however, you, as a refrigeration
technician in the Marine Corps, will be concerned with only four of them. Of the four, you
will be working extensively with two refrigerants, R-12 and R-22. The other two refrigerants,
R-11 and R-502, are refrigerants that you might come across {f you are assigned to a base
maintenance organization.

The majority of the equipment used by the Marine Corps requires the use of R-12
(Dichlorodifiuoromethane) and R-22 (Monochlorodifluoromethane). Some of the domestic and
comercial refrigeration equipment, usually large capacity units, require the use of R-11
éT{%g?loromonofluoromethane) and R-502 (Azeotropic mixture of 48.8% of R-22 and 51.2% of

Due to the extensive use of R-12 and R-22 by the Marine Corps, you will begin your
study of primary refrigerants with these two. After you have completed this study, you will
be introduced to R-11 and R-502 refrigerants by a brief discussion.

Because the refrigeration industry was in need of a safe refrigerant with desirable
characteristics, the fluorocarbon families of refrigerants were developed. The most prominent
vefrigerants in use today are part of the fluorocarbon family of refrigerants. They are R-12
and R-22. R-500, an azeotropic refrigerant so called because it is a combination of two
refrigerants, was developed as a substitute for R-12, and 1t has a greater refrigeration
capacity than R-12 for comparable temperature and displacement. The cooling capacity of a
unit will increase approximately 15% when R-12 s replaced with R-500.

R-12 was developed from carbon tetrachloride. Carbon "tet® as 1t was known {n the
industry is used as a cleaning solvent. Because it contains no moisture it {s {deal for
cleaning compressor parts and in flushing a system. To develop R-12 from carbon tet, two of
the chloride atoms were replaced with two flurine atoms. The resulting compound was
dichlorodifluoromethane, better known as R-12. Because of its high stability and low
operating pressures and temperatures R-12 {s an {deal refrigerant.

® R12 soichlorodifluorunethane)_- Its characteristics are as follows: R-12 is a
very gopular refrigerant. $ colorless, aimost odorless 14quid with a boiling point of
-21.79 F. at atmospheric pressure. It remains a 14quid at ordinary temperature {f under a
pressure of 70 to 75 psig (pounds per square inch gage). In concentrations higher than 20% by
volume in air, 1t has an odor that resembles carbon tetrachloride. It is nonirritating to
eyes, nose, throat, and lungs {n vapor or air mixtures. R-12 vapor s nonpoisonous, but it
will not support breathing. It produces mild anesthesia 1f inhaled in sufficient quantities,
Care must be taken to keep R-12 from coming Into contact with the eyes, or freezing may
result. The only hazard to using R-12 §s.the health hazard; however, in order for it to
become a health hazard, there must be an .accumulated leakage in a nonventilated space, or the
vapors must come in direct contact with a high temperature open flame (approximately 1,0000
F). If either of these {nstances occur, ¥ou will notice a pungent and irritating odor which is
ample warning to prevent your health from becoming endangered.

R-12 §s a NONTOXIC, NONCORROSIVE, NONIRRITATING, and NONFLAMMABLE refrigerant,

Chemically, it is inert at ordinary temperatures and thermally stable t¢ above 800°
F (4279 C). This temperature is well above the safe operating temperatures of most
;sfrige;a;ing mechanism materials and lubricants. A table of R-12 properties s shown in
gure =7



VOLUME DENSITY HEAT CONTENT
8TU/LB.

PRESSURE VAPOR LIQuUID
Temp. P. Psie Psig  Cu. Fr./Lb. Lb./Cu. Pt. Liquid Vapor
-150 0.154 2.6 178.65 104.36 =-22.70 60.8
=125 0.516 28.67* 57.28 102.29 =17.59 63.5
=100 148 272,01 22.16 100.15 -12.47 66.2
-75 3.308 2.02* 9.92 97.93 -71.3 9.0
- 50 .17 15.43* 497 95.62 - 2,10 PAR )
- 25 13,556 2.32* 273 93.20 3.17 74.56
- 15 17.141 2.45 2.19 92.20 5.30 75.65
- 10 19.189 4.4 1.97 91.69 6.37 76.2
-5 21.422 6.73 1.78 91.18 7.44 76.73
0 23.849 9.15 161 90.66 8.52 na
5 26.483 .79 1.46 90.14 9.60 77.80
10 29.335 14.64 1.32 89.61 10.68 78.335
25 39310 4.6 1.00 87.98 13.96 799
50 61.394 46.70 0.66 85.14 19.51 82.43
75 91.682 76.99 0 82.09 25.2 84.02
8 108.04 93.34 .38 80.67 2.7 85.82
100 131.86 117.16 0.3 78.79 3n.10 87.03
125 183.76 169.06 0.22 75.15 7.8 88.97
150 249.31 234.61 0.16 7.04 43.85 90.53
175 330.64 315.94 on 66.20 51.03 91.48
200 430.09 415.39 0.08 60.03 59.20 91.28

*Inches of mercury below ene atmesphere.

Fig 2-7. Properties of refrigerant R-12.

R-12 has a relatively low latent heat value. In the smaller refrigerating machines
this is an advantage. The large amount of refrigerant circulated will permit the use of less
sensitive and more positive operating and regulating mechanisms. It is used in reciprocating,
rotary, and large centrifugal compressors. It operates at a low but positive head and back
pressure and with a good volumetric efficiency.

As shown in figure 2-7, R-12 has a pressure of 26.5 psia or 11.8 psi at §9 F (-159
C), and a pressure of 1800 psia, 93.3 psi at 869 F (309 C). The latent heat content of
R-12 at 59 F is 68.2 8tu/1b.

Leak detection of this refrigerant may be made by several means:
® A soap and water solution
® A halide torch
® An electronic leak detector

Water is only slightly soluble in R-12. At 00 F, it will only hold six parts per
million by weight. The solution formed is only very s1ightly corrosive to any of the common
metals used in refrigeration construction. The addition of mineral oi1 to the refrigerant has
no effect upon the corrosive action, except to lessen the amount of discoloration caused by
the free water. R-12 is more susceptible to moisture when compared to R-22. R-12 is soluble
in 011 down to -970 F (-689 C). This helps the oil flow in very cold evaporators. The
0i1 will begin to separate at this temperature, and because it is 1ighter than the '
refrigerant, it will collect on the surface of the 1iquid refrigerant.

@® R-22 (Monochlorodifluoromethane) - Its characteristics are as follows: R-22 is a
man-made refrigerant developeo ror rerrigeration installations that need low evaporating
temperatures. It is a versatile refrigerant that operates at a higher system pressure, but in
exchange it has lower compressor displacement reguirements. It is used most frequently in
most packaged air-conditioners 1ike room and window air conditioners, and it is popular in
central cooling units and heat pumps. This refrigerant is:a NONTOXIC, NONCORROSIVE,
NONIRRITATING, and NONFLAMMABLE synthetic chemical specially desTgned for refrigeration
InstallatTons that have a very low temperature cooling units, such as a fast freezing unit
that maintains temperatures of -200 to -409 F (-299 to -40%2 C). It is not necessary
to use R-22 at below atmospheric pressures in order to obtain these low temperatures.



This refrigerant has a boiling point of -400 F (-410 C) at atmospheric pressure.
It has a latent heat content of 93.21 Btu/lb at 59 F (-150 C), The normal head pressure
at 860 F is 172.87 gsia. 158 psi, as shown in figure 2-8. The evaporator pressure is 43
psia or 28 psi at 59 F,

Water mixes better with R-22 than R-12 by a ratio of 3 to 1 or 19.5 parts per million
by weight. Water must be kept at a minimum, and driers (desiccants) should be used to remove
most of the moisture. -

It should be noted that R-22 has good solubility in 041 down to 169 F (<99 c).
However, the 011 remains fluid enough to flow down the suction line at temperatures as low as
-400 F. At this point, the 011 will begin to separate.

Leak detection for this refrigerant is the same as for R-12; a soap and water
solution, a halide torch, or an electronic leak detector may be used.

VOLUME DENSITY HEAT CONTENT

PRESSURE VAPOR LIQUID BTU/LB.
Tomp. F. Pelo Palg Cu. F1./Lb. Lb./Cu. F1, Liquid Vapor
-150 0.272 29.37* 141.23 98.24 -25.97 87.52
-125 0.886 2812 46.69 96.04 -20.33 90.43
=100 2.9 25.04* 18.43 93.77 =14.56 93.37
-75 8.610 18.50* 8.% 91.43 - 8.64 96.29
- 50 11.674 6.15* 4.2 89.00 - 2.51 99.14
- 25 22.086 1.9 2,33 86.48 383 101.88
- 15 27.865 13.17 1.87 85.43 6.44 10294
- 10 31.162 16.47 1.68 84.90 1.75 103.46
- 5 34.75¢ 20,06 1.52 84.37 9.08 103.96
0 38.657 23.96 137 83.83 10.41 104.47
s 4208 219 1.24 83.28 W75 1049
10 47484 277 1.13 82.72 13.10 105.44
25 63.450 48.75 0.86 81.02 17.22 106.94
50 98.727  84.03 0.56 78.03 U8 108.95
75 146.91 132.22 0.37 74.80 31.61 110.74
8% 172.87 158.17 0.32 73.28 34.93 11.40
100 210.60 195.91 0.26 .24 %2 1nan
125 292.62 71.92 0.18 67.20 4237 112.88
150 »6.19 31.50 0.12 62.40 56.14 1273

*Inches of mercury below one atmosphere.

Fig 2-8. Properties of refrigerant R-22.

® R-N gTr1ch1oror..onof1uoromethane‘ - This refrigerant is a synthetic chemical
product which can be used as a refrigerant. s STABLE, NONFLAMMABLE, and NONTOXIC. It is
different from R-12 and R-22 in that it is considered to be a Tow pressure refrigerant; it has
a low-side pressure of 24 inch vacuum at 50 F, and a high-side pressure of 18.3 psia at
869 F. The latent heat content at 50 F is 84,0 Btu/1b. This refrigerant is extensively
used in large centrifsga1 compressor systems. As much as 35 1bs of this refrigerant may be
used for each 1000 ft9 of air conditioned snace. This would accommodate a room of about 10
ft by 12.5 ft by 8 ft.

It is often used by the service technician as a flushing agent for cleaning the
internal, parts of a refrigerator compressor when overhauling the system. It is useful after a
system has had a motor burnout or a great deal of moisture has accumulated in the system. By
flushing the moisture {rom the system with R-11, evacuation time is shortened. R-11 is one of
the safest cleaning solvents that can be used for this purpose. This refrigerant will remain
a liquid at temperatures, at atmospheric pressure, up to 700 F.

® R-502 iAzeotropic mixture) - Refrigerant R-502, as was stated earlier, is an
azeotropic mixture o +8% of R-22 ana 51.2% of R-115. It is a NONFLAMMABLE, NONCORROSIVE,
practically NONTOXIC 1iquid. A good refrigerant for obtaining medium and Tow temperatures, it
is suitable where iemperatqres vary from to -60° F,” It is often used in frozen food
lackers, frozen food processing plants, frozen food display cases and in storage units for
frozen foods and ice cream. It is only used with reciprocating compressors. It combines many
of the good properties of both R-12 and R-22. It gives a machine the approximate capacity of
R-22 with approximately the condensing temperature of a system using R-12.
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This refrigerant's relatively low condensing pressure and temperature {ncrease the
1ife of the compressor valves and other parts. Better lubrication is possible because of the
increased viscosity of the of1 at the lower condensing temperature. Because of the lower
condensing pressure, 1t s possible to eliminate the 14quid injection to cool the compressor.
This s often necessary with R-22.

The boi1ing point of R-502 {s -50.10 F at atmospheric pressure. Condensing pressure
s 198.9 psia or 175.1 psi at 860 F. Its evaporating pressure at 50 F 4s 50.68 psia or
35.99 psi. Its latent heat content at -200 4s 72.5 Btu/1b.

R-502 has a fair solubi1ity in oi1 above 180° F, Below this temperature, the oi1
tries to separate and tends to collect on the surface of the 1iquid refrigerant. However, o1
is carried back to the compressor at temperatures down to -40° F. Sometimes, special
devices are used to return the 041 to the compressor.

The fluorocarbon ‘halo?en! family of refrigerants consists of two groups: those of the
methane aroup such as R-11, R-12, R~13, R~14, R-2], ana K~22 and those of the ethane grou
such as R- and R-114. A third group of refrigerants are called azeotropic refrigerants.
Any compound refrigerant that is composed of two or more refrigerants Is an azeotropic

refrigerant. An important characteristic of such a compound s 1t STABILITY.

A11 fluorocarbon refrigerants have one thing in common, a low boiling point. The
lower boi1ing point, the faster the vaporization. The refrigeration cycle Is Lased upon the
abi1ity of a refrigerant to evaporate and be reclaimed using the compressor and condenser.

The boil1ing point of a refrigerant generally indicates its best use. The temperature demand

in relation to the boiling point helps to determine the right refrigerant for a particular use.

EXERCISE:  Answer the following questions and chcck your responses against those 1isted at
the end of this study unit.

1. What are primary refrigerant?

2. Which of the following are classified as secondary refrigerants?
a. Air, R-12, and brine
b. Brine, air, and azeotropic
C. Water, air, and brine
d. Fluorocarbon, halogen, and azeotropic
3. Select the two most prominent refrigerants in use today by the Marine Corps.
a. R-12 and R-115
b. R-22 and R-114
c. R-11 and R-502
d. R-12 and R-22

4, st‘1:mospher1c pressure, what is the temperature at which refrigerant R-12 wi1l
0

a. <21.79F

b. ~28.79 ¢

C. 400 F

d. 38°F

e. 70to 750 F

5. R-12.is an {deal refrigerant because of its high and low
operating .

i 52
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7.

10.

.

2.

13.

4,
15,

If you were to enter a nonventilated area that contained a refrigeration system
and were to smell an odor that resembled carbon tetrachloride, what would you
suspect?

a. That something was burning.

b. That the area contained a high concentration, at least 20% by volume, of R-11,
c. That the area contained 'a concentration of R-22.

d. That the area contained a concentration, higher than 20% by volume, of R-12.
R-22 is used in units that can maintain temperatures as low as .
a. 320to 00 F

b. 00 to -20° F

C. =200 to -409 F

d. -40° to -609 F

Refrigerant R-22 has a boiling point of at atmospheric pressure.
What is the evaporator's absolute pressure at 52 F, in a unit that uses R-22?
a. 28.19 psia

b. 42.88 psia

c. 47.464 psia

d. 63.45 psia

What are the methods for detecting leaks in units that use both R-12 and R-22?

Besides being a refrigerant, R-11 1s often used by the refrigeration technician
as a .

What is the low-side pressure at 59 F of a unit that uses R-11 as a refrigerant?

R-502 has a boiling point of at atmospheric pressure.
R-502 is used only with . type compressors,

What 1s the one thing that all flucrocarbon (halogen) refrigerants have in common?

a3
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Work Unit 2-3. REFRIGERANT TABLES

GIVEN A REFRIGERANT TABLE FOR R-12, OETERMINE CONOENSING PRESSURE, EVAPORATOR
PRESSURE, ANO REFRIGERATING EFFECT,

GIVEN A REFRIGERANT TABLE FOR R-22, OETERMINE OENSITY, TOTAL HEAT CONTENT, ANO
ABSOLUTE PRESSURE.

GIVEN A TYPICAL REFRIGERATION SYSTEM, OETERMINE THE QUANTITY OF REFRIGERANT IN
POUNOS PER HOUR REQUIREO TO OBTAIN THE OESIREO COOLING LEVEL.

A refrigerant is a carrier of heat in a refrigeration system; consequently, it is
found in different parts of the system in different physical states. To determine the
pressure, density, volume, heat content and latent heat corresponding to certain temperatures
found in various sections of the system, Yyou use REFRIGERANT TABLES ?Tables‘l and II). These
tables have been compiled for each of the most commonly used refrigerants; they give all the
information pertinent to that refrigerant at certain temperatures. As a refrigeration
technician, you need not have a full understanding of 211 information that can be extracted
from these standard tables; however, information regarding temperature and pressure can be
found quickly by referring to these tables.

The pressures and temperatures shown in columns 1, 2, and 3 of each table are related
in such a way that each pressure-temperature combination represents the boiling point or the
condensing point of the refrigerant. It must be remembered that the boiling point of a 1iquid
and the condensing point of the vapor are exactly the same at any given pressure. For
practical purposes, because icemaking equipment and extremely low temperature cold storage
systems must be included, the tables start at -40° F. Because R-12 boils at approximately
-21.79 F, it should be noted that the pressures below that temperature are negative and
r:p::s;nt : partial vacuum. That 1s, those pressures are below standard atmospheric pressure
0 .7 psia.

As was discussed earlier, in refrigeration you will be dealing with two types of
pressures: GAGE and ABSOLUTE. Pressure is an indication of the action of a force on a
surface. At sea level, the pressure of the atmosphere'is 14.7 psia. The ordinary pressure
gage reads only the pressure which exceeds atmospheric. pressure. This is called GAGE PRESSURE
and is read in pounds per square inch. ABSOLUTE PRESSURE ic found by adding the atmospheric
pressure to the gage pressure. Referring to Tables I an@ I, notice that the absolute
pressure in column 2 is 14.7 pounds higher than the gage pressure in column 3. In normal
practice, gage pressure is used. A VACUUM GAGE indicates pressure below atmospheric, and the
reading is expressed in inches of mercury (Shown by asterisks in column 3).

Referringot? Table? I agglll. gxaming gach cglumn. ]Columndl and 9 give the .
temperatures at ntervals. umn 2 and ist the absolute and gage pressures for each
temperature at which the refrigerant will efther boil or condense. 3o§umns 4 and 5 show the
density or weight of the 1iquid refrigerants and refrigerant vapor, in pounds per cubic foot.
Cotumn 6 shows the heat content, in Btu's per pound, of 1iquid refrigerant which must be added
to caise the temperature of 1 1b of 1iquid refrigerant from -400 F to the temperature in
column 1 or 9. Column 7 shows the amount of heat required to change 1 1b of refrigerant from
a 1iquid at the temperature in column 1 or J €0 2 vapor at the same temperature. Column 8
shows the total amount of heat needed to raise 1 1b of refrigerant from -400 F to the
temperature in coiumn ) or 9, and then vaporize it at the same temperature.

Evaporating and condensing temperatures are determined at the design stage of the
equipment. For example, in an air conditioning system the evaporator temperature may be 409
F and the condensing temperature may be 1050 F, However, in a cold storage plant
evaporator, temgeratures may be as low as =109 F, with the discharge temperatures varying
from 950 to 1109 F. Thus, depending on the degree of cooling desired and the type of
equipment used, the evaporating and condensing temperatures become somewhat fixed.
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Properties of setureted refrigerent R-12,
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Table I.

Properties of saturated refrigerant R-12-(con't),
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Table II.

Properties of saturated refrigerant R-22-(con't).
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Assume that the design of a particular item of equipment calls for the refrigerant
(R=12 in this case) to boil at 409 F, Referring to table I, it is found that the pressure
in the evaporator (where the refrigerant vaporizes and absorbs heat) at that temperature will
be 36.971 psig. For practical purposes, it can be assumed that pressure at the inlet (suction
side) of the compressor will also be 36.971 psig. Pressure of the vapor must now be raised to
allow the condensing medium at a normal temperature to remove heat that was picked up by the
R-12 refrigerant as it passed through the evaporator. If the condensing medium being
circulated around the refrigerant tubes (condenser) was of the same temperature as the
refrigerant, no heat exchange would occur. Making the additional assumption that the
refrigerant must be condensed on the high-side of the system, at 1109 F to enable the medium
to condense it effectively, you will find it by referring to table I and further you will find
that the condensing pressure will be 136.41 psig.

A further study of Tables I and II will show a wide range of additional information
that can be derived from the refrigerant tables, such as refrigerant effect, system
requirements, compressar size, and whether a system is operating at the effic ency for which
1t was designed.

@ REFRIGERATING EFFECT - If a specific job is to be done in a refrigeration system
or cycle, each pound of refrigerant circulating in the system must do its share of the work.
It must absorb an amount of heat in the evaporator or cooling coil, and it must dissipate this
heat (plus some heat that is added in the compressor) out through the condenser, whether
air-cooled, water-cooled, or ezaporatively cooled. The work done by each pound of refrigerant
as it goes through the evaporator is reflected by the amount of heat it picks up from the
refrigeration load, chiefly when the refrigerant undergoes a change of state from a 1iquid to
a vapor.

When the refrigerant, as a 1iquid, leaves the condenser, may go to a receiver until it
is required in the evaporator, or it may go directly into the 1iquid 1ine to the metering
device and then into the evaporator coil. The Tiquid entering the metering device Just ahead
of the evaporator coil will have a certain heat content which is dependent on its temperature
when it enters the coil, as it is shown in the refrigerant tables. The vapor leaving the
evaporator will also have a given heat content according to its temperature. This too is
shown in the refrigerant tables.

The difference between these two amounts of heat content is the amount of work done by
each pound (1b) of refrigerant as it passes through the evaporator and picks up heat. The
amount of heat absorbed by each pound of refrigerant is known as the REFRIGERATION EFFECT of
the system or within the system. -

This refrigeration effect is rated in Btu per pound of refrigerant (Btu/1b). Although
there are numerous formulas for computing refrigeration effect, you will use the tables to
calculate two ways in which refrigeration effect or work being done by each pound of
refrigerant under certain conditions is determined.

For example, assume that R-12 in the coils has a temperature of 409 F, and the
temperature of the 1iquid just before the expansion valve (metering. device) is 1000 F. From
table I, column 8, the heat content o¥ the vapor at 400 F is 81.43b Btu/1b; the heat content
of the 1iquid at 1000 F, column 6, is 31.1 Btu/1b. Therefore, the refrigeration effect will
be 81.436 Btu/1b minus 31,1 Btu/1b, or 50.335 Btu/1b. In other word, one pound of R-12 will
absorb 50.335 Btu's per pound of refrigerant in passing through the refrigeration system under
the preceding conditions.

As a second example, using the table of saturated R-12 (Table I), it can be seen that
the heat content of 1009 F 1iquid is 31.10 Btu/1b (column 6) and that 408 F 1iquid s

17,27 Btu/1b (column 6). This indicates that 13.83 Btu/1b (31.10 Btu/1b minus 17.27 Btu/1b
has to be removed from each pound of refrigerant entering the evaporator. The latent heat of
vaporization of 400 F R-12 is 64.17 Btu/1b (column 7), and the difference between this

amount and that which is given up by each pound of refrigerant when its 1iquid temperature is
Towered from 1000 to 400 F is 50,34 Btu/1b. (Note: This 50.34 Btu/1b is for a particular
evaporator and refrigerant and is NOT the same Tn all cases.)

As another example let's use a different refrigerant. From the table of saturated
R-22-(Table II), 1t can be seen that the heat content of. 100° F 14quid is 40.98 Btu/1b, this
figure is obtained from column 6, and Shat 400 F 11quid 1s 21.70 Btu/1b, this figure also
was obtained from column 6. This would(indicate that 19.28 Btu/1b (40.98 Btu/1b subtracted by
21.70 Btu/1b) has to be removed from each pound of refrigerant entering the evaporator. The
latent heat of vaporization of 400 F R-22 1s 87.39 Btu/1b, (this quantity was obtained from
column 7), and the difference between this amount and that which is given up by each pound of
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refrigerant, when 1ts 1iquid temperature is lowered from 100° F to 40° F, is 68.11 Btu/1b
(87.39 Btu/1b minus 19.28 Btu/lbg.

Again, it must be emphasized that the refrigeration effect will be different depending
on the particular evaporator and refrigerant used in the system. This can be seen by the
examples that have been or will be given. An example of this is as follows: If we were to
use R-12 as the refrigerant in the system, increase the temperature of the refrigerant 1iquid
from.the condenser to 1100 F and decrease the temperature of the 11quid refrigerant to 300
F. Using the table of saturated R-12, you see that the heat content of 1100 F 14quid is
33.53 Btu/1b and that of 300 F 1iquid 1s 15.05 Btu/1b. From this, you will find that 22.47
Btu/1b has to be removed from each pound of refrigerant entering the evaporator. (Remember,
because of the small orifice in the metering device, when the compressed refrigerant passes
from the smaller opening in the metering device to the larger tubing in the evaporator, a
change in pressure occurs along with a change in temperature.) The latent heat of
vaporization of 300 F R-12 s 65.36 Btu/1b, and the difference between this amount and that
which 1s given up by each pound of refrigerant when its 1iquid temperature is lowered from
1100 F to 300 F is 42.89 Btu/1b. This quantity is obtained by subtracting from 65.36
Btu/1b (column 7) 22.47 Btu/1b (the amount of heat that must be removed from each pound of
refrigerant entering the evaporator).

©® SYSTEM REgUIREMENTS = In order to obtain the desired cooling level (system
requirement), you must be aple to determine the proper amount of refrigerant required in a

particular system. To find this, first determine the amount of heat per hour to be removed in
Btu's (this would be predetermined by heat calculations). Divide this (the amount of heat per
hour to be removed) by the heat removal potential (refrigeration effect) per pound of
refrigerant and 1f the total heat load is known, given in Btu's per hour, you can find the
total number of pounds of refrigerant that must be circulated during each hour of operation of
the system to obtain the desired cooling level. This figure can be further broken down to the
amount that must be circulated each minute by dividing the amount circulated per hour by 60.

Example:

If the total heat load to be removed is 60,000 Btu's per hour, and the refrigerating
effect in the evaporator amounts to 50 Btu/1b, then:

Qgsggggﬁt“'sAPef hour = 1,200 pounds per hour or 20 pounds per minute.
u's per pound

Since 12,000 Btu's per hour equals the rate of one ton of refrigeration, the 60,000
Btu/hr in the above example amounts to 5 ton of refrigeration,

60,000 BEE;E; = 5 tons of refrigeration
»

and the 20 1bs of refrigerant that must be circulated each minute is equivalent of 4 1bs per
minute per ton of refrigeration. You know that one ton of refrigeration for 24 hours is equal
to 288,000 Btu's.

In this example, where 20 1bs of refrigerant having a refrigerating effect of 50
Btu/1b is required to take care of the specified load of 60,000 Btu/hr, the result can also be

obtained in another manner. As previously mentioned, it takes 12,000 Btu/hr to equal 1 ton of
refrigeration, which is equal to 200 Btu/min/ton.

ngg%'ﬂ‘t_" = 200 Btu/min/ton

Therefore, 200 Btu/min/ton when divided by the refrigerating effect of 50 Btu/1b
amounts to 4 1bs/min/ton.

200 Btué%inéton = 4 1bs/min/ton

To obtain the amount of refrigerant required for the 60,000 Btu/hr, multiply 4
1bs/min/ton by 5 tons of refrigeration, which will equal 20 1bs/hr. -

To find the amount .0f R=22 required in a system which has a heat load of 36,000 Btu/hr
and a refrigerating effect in the evaporator amounts to 68 Btu/l1b.

36,000 gtu r = 529.4 1bs/hr or 8.82 1bs/min
218 59



From this example, you can see that it will take 8.82 pounds of refrigerant per minute
of R-22 circulating in the system to obtain the desired cooling level of 36,000 Btu/hr.

®  COMPRESSOR SIZE - The required displacement, in cubic feet per minute, of the
compressor for a system may be determined by reducing the hourly supply of refrigerant
required to a per minute basis and dividing the quantity by the density of the refrigerant
vapor leaving the evaporator, Because the compressor is not 100% efficient, the calculated
displacement must be divided by the volumetric efficiency, expressed as a decimal, to
determine the actual compressor displacement required,

The capacity of the compressor must be such that it will remove from the evaporator
that amount of refrigerant which has vaporized in the evaporator and the metering device in
order to get the necessary work done. The compressor must be able to remove and send on to
the condenser the same weight of refrigerant va?or. s0 that it can be condensed back into a
liquid and so continue in the refrigeration cycle to perform additional work.

If the compressor, because of design or speed, is unable to move this weight, some of
the vapor will remain in the evaporator, This, in turn, will cause an increase in pressure
inside of the evaporator, accompanied by an increase in temperature and a decrease in the work
being done by the refrigerant, as a result the design conditions within the refrigerated space
cannot be maintained., A compressor that is too large will withdraw the refrigerant from the
evaporator too rapidly, causing a lowering of the temperature inside of the evaporator, so the
design conditions will not be maintained in this situation either,

As you can see, refrigerant tables provide many methods of checking and cross checking
temperature and pressure readings, plus numerous other bits of information that you will need
to know. It is not your function as a refrigeration technician to determine the proper size
and performance characteristics of a refrigeration system. However, you should be able to
determine whether a system {s operating at the efficiency for which it was designed. By using
the refrigerant tables you should be able to accomplish your mission.

EXERCISE:  Answer the following questions and check your responses against those listed at
the end of this study unit.

Note: (Questions 1 through 3 refer to the refrigerant table for R-12.

1. In a refrigeration system des1$ned for R-12 to boil at 36° F and condense at
1049 F, what would the condensing pressure be?

2. For the conditions described in question #1, what would the evaporator pressure be?

3. For the conditions described in question #1, what is the refrigerating effect?

Note Questions 4 through 6 refer to the refrigerant table for R-22.
4. What is the density of R-22 vapor at -28° F?

5. What is the total heat content of R-22 vapor at 320 f?

6. What is the absolute pressure of R-22 at a temperature of 56° F?

7. Assume you have a refrigeration system designed to use R-22, rated at 60,000
BTU/hr and the evaporator temperature is 4 F, and the condensing temperature
s 100° F. Determine the quantity of refrigerant in pounds per hour required to
circulate in the system to obtain the desired cooling level,
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Work Unit 2-4, STORASE AND HANDLING OF COMPRESSED GASES

~ SPECIFY IN WRITING TWO IMPORTANT REASONS FOR PROPER IDENTIFICATION OF COMPRESSED
GAS CYLINDERS.

STATE TWO ITEMS OF INFORMATION FOUND ON COMPRESSED GAS CYLINDER DECALS.

IN REFILLING, SPECIFY THE MAXIMUM QUANTITY OF REFRIGERANT THAT IS PLACED IN A
EMPTY CYLINDER.

SPECIFY IN WRITING THE PROTECTION ACCORDED REFRIGERANT CYLINDERS DURING THE WINTER.
SPECIFY IN WRITING THE PROTECTION ACCORDED REFRIGERANT CYLINDERS DURING THE SUMMER.

As a refrigeration technician, you must be able to tell the difference between the
numerous compressed gases that you may come into contact with during the performance of your
duties. The way in which you will be able to do this is to identify the different markings of
the cylinders that contain compressed gas. You must also know the correct procedures for
handling and storing these cylinders. In the performance of your duties, you will be actively
involved in transferring and measuring refrigerant.

In the following work unit, the identification, handling, storage of compressed gases
and the cylinders that they are in, plus transferring and measuring refrigerants will be
discussed.

You will find there are many types of ?ases used throughout the Marine Corps.
Although, while performing your duties you will come into contact with only a few on a day to
day basis, you should be capable of identifying all cylinders that you may encounter as a
refrigeration technician.

The most important reasons for identifying compressed gases properly is to first
PREVENT PERSONAL INJURY and secondly PREVENT PROPERTY DAMAGE that may result if compressed
gases are not handled properly. In the past, many Tncidents of property damage and persoaal
injury have occured because one gas cylinder was mistaken for another. To prevent this, rigid
color codes have been established to make it PRACTICALLY impossible to confuse gas cylinders.

Gases have been broken down into nine classes, and each has its own color. The
following are the classes of gases and their assigned color code:

GAS BASIC COLOR OF CYLINDERS

Industrial Tan

Medical Blue

Toxic material Brown

Refrigerant Orange

Fuel Red

Inert Gray

Oxidizing Black

Oxygen Green

Fig 2-9. Types of gases and colors of cylinders,

Figure 2-9 shows some of the more common gases that you, as a refrigeration
technician, will come in contact with, their color markings, usage, and safety precautions for
handling them.

Gases (Asterisk indicates high-pressure gas)

GAS CONTAINER SIZE CGLOR MARKINGS USE PRECAUTIONS
*Compressed gas 200 ft3 cyl Black w/green seneral Gene::l sa;?
stripe handling. Air

under pressurc
is dangerous

*Carbon dioxide 15 1b cyl Gray Recharging fire General safe

extinguishers, handling
soda fountains,
etc.
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Gases (Asterisk indicates high-pressure gas)

GAS CONTAINER SIZE COLOR MARKINGS USE PRECAUTIONS
*Carbon dioxide Various Red Fire extin- General safe
weights guishers handl1ing
*0Oxygen 200 ftg cyl Green General welding Dangerous fire
100 ft< cyl and cutting hazard. Do not
55 ft3 cyl purposes, store near
combustible
gases
or flammable
materials.,
200 ft3 cyl Green w/white  Refilling small NEVER
stripe aviator's LUBRICATE
breathing cyls. -
*Acetylene 10 ft3 cyl Yellow Welding, cutting Highly f1amm-
40 ft3 cyl and heating able. Store
225 ft3 cyl procedures cyl. upright.
Keep valves
closed
*Chlorine 30 ft3 cyl Brown For chlorin- POISON
100 ft3 cyl ating water sup Store cyl up-
120 £t3 cyl ply systems right
150 ft3 cyl
Refrigerant R-12 10 1b cyl Orange Refrigerating General safe
35 1b cyl systems handl1ing
100 1b cyl
Refrigerant R-22 10 1b cyl Orange Refrigerating General safe
35 1b cyl systems handling
100 1b cyl
Refrigerant R-11 Bulk Orange Refrigerating General safe
systems handling
Refrigerant R-502 35 1b cyl Orange Refrigerating General safe
systems handl1ing
Ethyl chloride 50 1b cyl Orange w/ Refrigerating Highly flamm-
yellow stripe systems able
Ammonia 50 1b cyl Orange w/ Refrigerating Guard against
brown cap and systems leaks. Isolate
yellow stripe from others.

1f conventional
base, store up-
right in cool
place.

Fig 2-9. Compressed gas cylinders,
their markings, and safety

\ precautions.

Other identifying features consist of the name of the gas stenciled lengthwise on the
cylinder in 2 inch letters in two places, and two oval decals 3-1/2 inch long by 1-1/2 inch
wide, These decals show the name of the gas, proper handling precautions, and the amount of
pressure to be left in the cylinder when 1t is returned for refilling. The decals are of the
same background color as the identification color of the gas.

Most refrigerants are shipped and stored in compressed gas cylinders of some type,
which are made of high quality steel and conform to ICC (Interstate Commerce COmmissiong

specifications. These regulations pertaining to the manufacture cover testing, filling, and
shipment of all compressed gas containers and are subject to interstate transportation laws.
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There are three types of refrigerant cylinders: storage, returnable, and disposable.
Safety regulation prescribed by ICC regulations require that cylinders which have contafined a
corrosive refrigerant must be checked every five years, Cylinders containing noncorrosive
refrigerants must be checked every 10 years. All cylinders over 4-1/2 inch in diameter and 12
inches long must contain some type of pressure release protective device, a fusible plug, or a
spring operated relief valve.

®  HANDLING CYLINDERS - Refrigerant cylinders should be considered full and
handled with car& AT ATT tim&s o prevent possible accidents, They must NEVER be dropped or
allowed to forcefully strike each other or any other object. When cylinders are standin?
upright, they should be fastened to prevent them from being upset accidentally, Particular
care should be taken by personnel NOT to strike the cylinder valve when a valve protection cap
is not in place on the cylinder. .Suitable trucks with provisions for holding cylinders
securely in position are to be used for conve ing and handling cylinders., Cylinders must NOT
be 11fted by cranes or by mechanical 11fts unless they are fastened in special containers,
racks, or cradles. Rope or chain slings are NOT to be used. Cylinders should NEVER be 11fted.
by grasping the valve or valve protection. cap.

® CYLINDER STORASE - Refrigeration cylinders must be protected against excessive
rise and/or fall of temperature, If possible, cylinders should be stored indoors in a cool,
dry place. Storage areas must be well ventilated to prevent the possible accumulation of
explosive or harmful concentrations of gas. Cylinders stored in the open must be protected
from ice and snow in the winter. In tha summer, they must be protected or screened from the
direct rays of the sun. Ventilation should be provided to keep temperatures below 1259 F
and to carry off any possible leakage. Refrigerant cylinders must not be stored near highly
flammable materials such as oil, gasoline, aid waste, or in a location where heavy objects may
fall on or strike them. Smokinf should be PROHIBITED wherever cylinders are stored. Steps
must be taken to insure that cylinders do not get knocked over. Empty cylinders must be kept
separate from full ones.

Now that the procedures for handling and storing refrigerant cylinders have been
discussed, you will learn how to transfer and measure refrigerants that were mentioned
earlier, Figure 2-10 will show you the common refrigerant cylinders that you will undoubtedly
encounter,

Refrigerants are shirged in compressed gas cylinders as a 1iquid under pressure. The
1iquid refrigerants are usually removed from their shipping containers (fig 2-10, #6) and
transferred to a service cylinder (fig 2-10, #3 thru lsg or to a refrigeration unit 1f the
quantity of refrigerant calls for a large quantity. When small quantities of gasecus
refrigerants are desired, they may be removed directly from the upright cylinder. However,
since vaporization of the refrigerant requires heat, the cylinder must be heated fror some
external source other than room temperature, unless only small quantities are required.
Cylinders may be heated by immersing them in hot water or by wrapping them in a hot towel at
less than1120° F. Heating by FLAME s NOT recommended because of the possibility of a fire
or explosion,

4 s 6

Fig 2-10. Refrigerant cylinders.
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As a refrigeration technician, you will usually carry a small service cylinder that

weighs 4 to 30 1bs, which you will use when charging refrigeration systems. The service
cylinders are usuafly filled from the storage cylinders located in the shop.

When a service cylinder is to be filled, it should be placed on a scale to determine
its weight. Refrigerant service cylinders must NEVER be overfilled because a rupture, due to
extreme pressure, may result, and this endangers the lives of personnel in the area. A
platform scale, such as the one shown in figure 2-11, is usually used. After the drum
(service cylinder) 1s initially weighed, it should be chilled by placing it in ice water or a
refrigerated tank. It is then connected to the supply cylinder with a charging line and again
placed on the scales. At this time the air should be purged from the charging 1ine (hose) by
opening the supply cylinder valve for an instant with the flare nut loose on the service
cylinder, refer. to figure 2-11, After purging the charging hose, tighten the flare nut and
ogen the valve on the service cylinder. Now, open the valve on the supply cylinder to permit
the refrigerant to flow into the service cylinder. When the weight of the cylinder indicates
that the pro:er amount of refrigerant has been transferred, close all valves tightly.
Disconnect the charging hose at the service cylinder and cap all openings. The filled weigh
of a refrigerant cylinder must not exceed its empty weight plus the rated refrigerant capacity
for a cylinder of that particular size.

NEVER completely fill a refrigerant cylinder with a 1iquid refrigerant. Always allow
space for the refrigerant to expand. Liquid refrigerant expands with an increase in
temperature, as you should always know. A cylinder completely filled with cold or cool
refrigerant will burst if allowed to warm. To check, shake the cylinder end to end. If there
is unfilled space, the 1iquid refrigerant will be able to be heard as it sloshes from end to
??f{ : completely filled cylinder will make no sound. The SAFE LIMIT for a cylinder is 85%

ed.

Some shops will not have the cagnbility to refill service cylinders. Returnable
service cylinders are exchanged at supply issue point. Empty cylinders are retur.ed and full
ones are provided as a replacement on a one for one basis.

The use of returnable service cylinders is being reduced because of the increase in
the use of DISPOSABLE service cylinders. Refer to figure 2-12 for examples of disposable
service cylTnders.

LARGE STORAGE CYLINDER

STORAGE-CYLINDER VALVE

VALVE A (PACKLESS TYPE)

SERVICE-CVLINDER FLARE NUT
STAND

SMALL SERVICE CYLINDER

SCALES

Fig 2-11. Transferring refrigerants.

g o
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Fig 2-12. Disposable service cylinders.

Many popular refrigerants are now available in small quantities from a few ounces to
30 1bs in disposable (throwaway) cylinders. These containers are easy to handle and they
eliminate the problem of refilling. Figure 2-12 {1lustrates popular throwaway cylinders.

Most disposable cylinders are fitted with relief valves. These are usually located in
the valve body. Some throwaway refrigerant containers are sealed cans. The top ic made in
such a way that a special service valve can be tightly clamped to the top of the can. This
valve, when clamped on the can, can be made to puncture it, thus providing a means of drawing
the refrigerant from the container.

Disposablé cylinders MUST NEVER be recharged nor used to store those refrigerants that
are removed from a system that s undergoing repairs.

With the advent of disposable cylinders, all cylinders are color coded to permit easy
identification. The following is a 1ist of the color codes currently in use:

REFRIEGERNAT CYLINDER COLOR CODE
R-N Orange
R-12 White
R-22 Green
R-502 Orchid

NEVER rely totally on the color code on any cylinder or container to identify
compressed gases; be sure to read the label. If you have any questions, do not use the gas in

theig l;nder until your questions have been answered and the contents of that container is
verified.

The following is a 1ist of 13 rules that you should follow when working with
refrigerant cylinders:

@® NEVER drop the cylinder or permit them to strike each other.

® NEVER use a 1ifting magnet or a sling when handling cylinders. A crane may be
used only if a cradle or safe platform is provided.

@ Keep cylinder valve caps on at all times, except when the cylinder is being
used.
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EXERCISE:

1.

3.

4,

5.

6.

7.

NEVER completely f111 a cylinder; 85% is the maximum safe limit. Overfilled
cyTinders are apt to burst due to the hydrostatic pressure.

@ NEVER mix refrigerants in a cylinder.

@ NEVER use cylinders for a support or roller.

® NEVER tamper with the safety device on a cylinder.

® Open cylinder valves very slowly and use a cylinder valve wrench. DO _NOT use
a pipe or monkey wrench.

® NEVER force misfitting connections. Make sure all connections are of the same
s{ze as those on the cylinder.

@ NEVER attempt to repair o1 alter a cylinder or its valve.

®  NEVER store cylinders near flammable or combustible matertals.

@ Always keep cylihders in a cool place and away from direct rays of the sun.

@ NEVER store full and empty cylinders in the same location.

Answer the following questions and check your responses against those listed at
the end of this study unit.

The reason for proper {identification of compressed gases is to
prevent and .

Besides showing the amount of pressure to be left in the cylinder when it is
returned for refilling, what are two other items of information found on the
decals affixed to the cylinders?

b

What means is used to determine the quantity of refrigerant in a cylinder?

when refilling a cylinder, what is the maximum percentage of a refrigerant that
can be safely placed in the cylinder?

In the winter, cylinders stored in the open must be protected
from and

In the summer, cylinders must be protected or screened
from .

Ventilation should be provided to keep temperatures below when
refrigerants are stored during the summer.
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Work Unit 2-5.  LUBRICANTS

STATE AN ° 'PORTANT ASPECT OF LUBRICATION IN THE MAINTENANCE OF THE MECHANICAL
COMPONENTS OF A REFRIGERATION SYSTEM.

DEFINE THE VISCOSITY OF A LUBRICATING OIL.

LIST THE TWO PRINCIPAL METHODS OF PROPER COMPKESSOR LUBRICATION.
STATE THE PURPOSE OF AN OIL SEPARATOR IN A REFRIGERATION SYSTEM.
LIST THE THREE MAIN CATEGORIES OF REFRIGERANT OILS.

In refrigeration systems the moving parts in several of the components create
friction, which can be destructive to metal surfaces. In addition, this friction results in
an increase in the temperature of the moving parts involved. Because proper lubrication
reduces possible damage resulting from friction, it is an important aspect in the maintenance
of the mechanical refrigeration system's components. The compressor requires PROPER
LUBRICATION for its bearings, pistons, and gears.

In the case of a reciprocating compressor, the space between the piston and cylinder
wall must be sealed off so that all refrigerant vapor will be forced out of the cylinder and
into the hot gas discharge 1ine. This sealing off is accomplished by the refrigerant oil as
it is forced to travel along with the compressed refrigerant vapor. If the ofl film does not
seal off the space as the piston moves back and forth in the compressor crankcase, a loss in
efficiency will result.

As mentioned earlier, oil used in refrigerating systems mixes with and travels along
with most refrigerants in the 1iquid state. It is imperative that oi1 from the crankcase be
forced out of the compressor and into the condenser through the hot gas line. In order to
maintain proper lubrication of the moving parts and to keep the correct oil level in the
compressor crankcase, the oil must complete the circuit along with the refrigerant, and then
it must make its way back to the compressor.

Traveling with the 1iquid refrigerant, the 011 will reach the evaporator, which is one
of the components in which moving the oil presents a problem. If the oil does not travel from
the evaporator to the suction 1ine, the evaporator can become o0i1 logged, decreasing the heat
transfer surface of the cooling coil.

Suction lines must be sized correctly to maintain the velocity of the vapor, in order
to entrain the o1l with it through the circuit back to the crankcase of the compressor. If
the o1l 1s not returned to the compressor, this component could soon be operating in a “"dry"
condition. When this happens, no o1l is pumped through the cylinder; therefore, the vapor
seal will be gone, and the compressor will lose efficiency. If this situation continues
uncorrected for a lengthly period, there will be damage to the compressor.

To principal methods are used for proper lubrication of compressors:
® The splash system
® The force-feed or pressure system

In the first method, lubrication is initiated by the revolving of tre crankshaft in the oil
within the crankcase. Fingers or throws on the crankshaft dip into the oil and throw it onto
the bearings or small grooves that lead to the bearings and seal. 0l also iS thrown onto the
pistons and cylinder walls, thus maintaining the vapor seal between these components. The
importance of keeping the proper 011 level in the crankcase cannot be siressed too strongly,
along with the need for keeping the o1l moving through the system along with the refrigerant.

A small pump is used in the pressure system to force the o011 te¢ the bearings, seal,
piston pins, pistons, arJ cylinder walls. A compressor, with this type of lubrication system,
is, of course, more costly than one using the splash system; however, the former supplies more
protection and assurance of proper lubrication of the compressor, as long as there is an
adequate supply of oil in the crankcase.

Some compressors are inherent ®oil pumpers.® That is, they pump oil out along with
the refrigerant vapor at a rate faster than it can be returned through the system to the
crankcase. Often, the manufacturer will include an oil separator on the condensing unit. If
the compressor is to be used in a built-up system, the manufacturer will recommend that such
an 011 separator be included in the instaliation.

2-26 6 7



Figure 2-13 shows a cutaway of an 01 separator installed in a refrigeration circuit.
It 1s important that the oi1 be returned to the compressor as soon as possible, so the oil
separator is located between the compressor and %iie condenser. The high-temperature,
high-pressure vapor, along with the o1l forcaed cut of the compressor travels through the
discharge 1ine from the compressor until it reacnes the oi1 separator. There, 1ts direction
of flow 1s changed, and its rate of flow lesseans, since the separator has a larger volume and
cross-sectional area than does the discharge 11ne. Depending upon the design of the
separator, 1t may contain screens or other devices that will force the ofl1 to drop into the
reservoir of the separator, while the refrigerant vapor continues on {ts path through the
separator,

Note: The oil separator must be insulated to prevent flash gas from occuring inside
the separator.

0i1 Retum Refrigerant
Line Vepor Line

Suction
Line Line

@ﬂ

,,\{ @:l

/ W ===

Compressor Separator Condenser

(-
A A BT

Fig 2-13. 011 separator.

As shown in figure 2-13, most separators contain float and valve assemblies for
releasing the o011 back into the compressor. When a given amount of o1l has accumulated in the
reservoir chamber of the separator, the buoyancy of the of1 will raise the float and open the
valve. The pressure of the refrigerant discharge vapor {s greater than the pressure in the
compressor crankcase, and this difference in pressure forces the of1 to return to the
crankcase. As the o011 level 1n the separator lowers, so does the float, causing the needle
valve to close and permitting the accumulation of more of1 in the separator.

As was mentioned earlier, a refrigerant oi1 must have good lubricating qualities and
the capability to seal off the low side from the high side in the compressor. Whila the ofl
lubricates the bearings in the compressor, it also acts as a cooling melium by removing from
?hese be::ings the heat caused by the friction of the moving components wien the compressor {s

n operation.

The perfect 011 to use with all refrigerants and under all conditions has not been
developed as yet. Each of the refrigerant ofls available has its good and not-so-good
characteristice, and these must be balanced against the requirements of the installatfon and
the use to which the particular system is to be put.

The following 1s a 1ist of several qualities that a refrigerant ofl must possess to be
used within a refrigeration system:

® It must remain 7luid at Tow temperatures.
® It must remain stable at high temperatures.

© It must not react chemically with the refrigerant, metals, motor insulation
(when used in hermetic compressors), air, or other contaminates.

® It must not decompose into carbon under any anticipated operating conditions.
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® It must not deposit wax when subjected to ths low oparating tesparaturas that
ust be met.

@ It sust be dry end as free of moisture as possibla.
. ':;t:" pr:u:n ::ms:s. o:'!‘s aul:m. for :ofrlmr::;xl;': stems u;: of mh"’c'v;'aé“
origin. can class nto three mein categories: a basa 0 a NA
base onhn 8 minture of paraffin end naphthene commonly refarred To as a MIXED bass oVT-

Theve different ca fes are derived from the crude of) found 1n different parts of the

-ﬁu. Proper refining processss remove the heaviar peraffins and naphthcnas from the crude
oll.

The following 15 a Vist of characteristics that must be considered whan determining a
refrigerent of) to use; however, they are not isted in order of importanca.

® viscosity
Pour point
floc point
Flash point
Dialectric strangth
Fire point
Oxidation resistence
Color

The Y of a refrigerant 011, or sny other 1fyuid, 13 a measurement of its
resistance L0 Viow, or simply how thin or thick 1t s under o 9ivan sat of conditions. A
wposured sample of the 1iquid, at & specific temperature, flows through a calibrated orifice.
=0 Liap 1t tokes, 1n seconds, expresses 1ts viscosity.

The of an 011 13 the lowest temperature at which the ofl will flow.
Usuel iy the of the o1l will be lowered to the point where 1t will no tonger flow,

ond then 59 F Is added to this temperature. (A ow pour point 15 an indication that ths ofl
1 st the lowest temperature resched in the system at its designed operating

ft has besn found that all refrigerant ofls contain wax in varying degrees. This wax
ate from the other components n the of ! when the tesperature of the of! 1s lowered

nur. When & refrigerent o1} 1s dewaxed as much as possible (for the wax cannot be

cenpletely removed) tests ore run to find the temperature at which the remainder of the wax

hen wex separstes frem the of), the mixture of ofl and refrigerant becomes c! .
As the temperature of the mixture is lowered further, fine suspended particles of wax wil
fore iate small balls or c'usters. The temperature at which this formation 1s visidle s

called the FLOC POINT of *ae ofl.

Since wax will collect at the colder areas within the refrigeration system (the
expansion valve aod the evaporator), there will be a loss of heat transfer efficiency in the
evagorator, and the expansion valve or other type of metering device say 88sily become
restricted or clogged.

A porticulor o1l may be used in high-tesperature refrigeration or comfort air
conditioning, but 1t may not be satisfectory for use in low-tesperature applications.
me.'" flec point is an faportant property to consider when choosing § refrigerant o)

or & specific use.

Although refrigersat ofls usually presest mo danger or fire hazard within various
systams, 1t 1s fapurtant to know the Lﬂiﬂl}&“ 3 particular ofl. This is the tesperature
R vhich of! vepor, when u‘«u to a flame, wiii flash into fire. This occurs at a specific
tenperature ot which the of) becomes unstable and some of its components tend to separate.
Thorefore, the flash poiat of refrigersnt ofls must be avofded.
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Many compressors énd motors are hermetically sealed together in housing or shells, and
the refrigerant vapor from the evaporator passes across the insulated motor windings. In such.
cases, the refrigerant oi1 must have a resistance to the flow of electric current, and it is
%h; ?ea::romo?% of this resistance which is the QIELECTRIC STRENGTH of a refrigeration’

ubricating oil.

The FIRE POINT of a refrigerant oil is associated with the flash point of a fiuid,
which was previously described. When the temperature is increased beyond the flash point of
the :1; vapor and the oi1 continues to burn during the test, the oil's fire point has been
reached.

Sulphur compounds in a refrigerant lubricating oil are undesirable. Sulphurous acid
forms when moisture mixes with a sulphur compound. This acid, which is not cons{dered much of
a factor in oils today, can be very corrosive to the metal components of a refrigeration
system. A good lubricating ofl should show a minimun of CORROSIVE TENOENCY when a strip of
highly polished copper is immersed in a sample of oil and subjected to temperature above
2000 F. After a period of about three or four hours, the copper strip is removed from the
oi1 sample. If it is pitted or more than slightly discolored, this is evidence that the oil
contains too much sulphur.

STABILITY of the refrigerant lubricating o1l was discussed in connection with the
flash poTnt of refrigerant 0ils. Still another indication of an oil's stability is its
resistance to chemical reaction, OXIOATION RESISTANCE.

011 to be used in most lubricating processes must be refined to remove unsaturated
hydrecarbons, but the more an oil is refined the lower its lubricating quality. In the early
days of refrigeration, 011 used in this process was continuously refined until it was almost
colorless. The COLOR of a good refrigerant oil ordinarily is 1ight yellow; this indicates
tha%imost of the hydrocarbons have been refined without having lost their lubricating
qualities.

Refrigerant oils must be kept in sealed, chemically clean containers. Any lines or
containers used to transfer these oils must also be chemically clean. Refrigerant ofl left
exposed to air for any length of time becomes contaminated due to the moisture absorbed from
the surrounding #ir and cannot be used. Any ofl that is removed from a system should be
discarded. NEVER reuse refrigerant oil in a system, always use new oil. Be sure that any
containers from which new 011 is taken are sealed immediately after drawing out the needed
amount. Whenever oil is removed from a system, it should be checked for discoloration and
odor. If either or both are present, it means that moisture is present in the system and the
moisture is allowed to get into the oil in a refrigeration system sludge or varnish will form
which will cause damage to the unit.

As was stated earlier, refrigerant oils are rated by viscosity to operate at certain
temperatures. Because cf this, you should check the technical manual for the particular
system you are working on before putting 011 into the system. In this way, you will ensure
that you are using the proper oil for the temperatures at which the system operates.

In the event that you are unable to ascertain the recommended oil, the viscosity of
of1 indicated in figure 2-14 may be used for most applications.

=]
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SERVICE CONDITION REFRIGERANT VISCOSITY

EEEE!!!!Q!.EEE!!!!E!EE
Normal A 150
150/additives
High Halogen 150/additives
Ammonia 300
300/additives
Evaporator tgggeraggre
Above O F. Halogen 150
150/additives
Ammonia 300
0 F to -400f Halogen 150
150/additives
Ammonia 150
150/additives
Below -400F Halogen 150
150/additives
Ammonia 150
150/additives
Automotive compressors Halogen 500

Fig 2-14. 011 viscosity.

EXERCISE:  Answer the following questions and check your responses against those listed at
the end of this study unit.

1 what is the important aspect of lubrication in the maintenance of the mechanical
components of a refrigeration system?

2. Define viscosity of lubricating o1,

L

4

3. List the two principal methods of proper compressor lubrication.
a.

b.

4. State the purpose of an ol separator in a refrigeration system.

5. List the three main categories of refrigerant oils.
a.

b.

C.
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Work Unit 2-6. SAFETY AND FIRST AID
STATE THE PRECAUTION REQUIRED WHEN WORKING WITH HIGHLY TOXIC REFRIGERANTS.

STATE WHAT SHOULO BE OONE TO A PRESSURIZEO SYSTEM BEFORE OPENING THE LINES OR
REMOVING PLUGS.

SPECIFY THE TYPE OF TREATMENT PROVIOED IF REFRIGERANTS COME IN CONTACT WITH THE
SKIN.

Most refrigerants are nontoxic; however, all refrigerant gases are dangerous in the
absence of oxygen or in high concentrations per given volume of air. Whenever gases or highly
volatile liquids are used, make certain that the area is well ventilated. R-12, for example,
is 1in contact with an open flame when investigating a leak with the halide leak detector,
insure that you do not inhale the fumes that are produced.

Since many refrigerants do not emit disagreeable odors, it is highly possible to work
in an area where there is a considerable amount of refrigerant vapors without being aware of
it. Refrigerant vapors, when breathed, cause irritation and conjesture of the lungs and
bronchial tubes, often accompanied by coughing and vomiting. If enough refrigerant vapor is
breathed, suffocation might result. This occurs because refrigerants are heavier than air and
they will replace the air in the area of the system. This is very dangerous because if the
air you breathe does not contain at least 19.1 percent oxygen, you would become unconscious.
Whenever you are working around vaporized refrigerant gases, take time out regularly to
breathe some fresh air and allow your lungs to clear. Also, it is very important for you to
wear a gas mask, if you are working on a system that is known to contain a highly toxic
refrigerant.

Refrigerants, as they vaporize, will remove heat from any surface in which they make
contact. If any liquid refrigerant comes into contact with your skin, the exposed area should
be treated the same as for frostbite. Remove the victim to the warmest available place. 0Oo
not handle the affected area. Immerse the affected area in warm, not hot, water for about 10
minutes. If warm water is not available, make every attempt to warm the affected area by
using your body's heat. If possible, keep the affected area slightly elevated. Keep the
affected area dry and the victim warm. Oo not rub or massage the affected area. Also, do not
apply ice or cold water to the affected area. The victim must receive medical attention as
soon as possible. REMEMBER, an individual involved in an accident involving refrigerants
should be immediately taken to a doctor.

For your own personal safety, ALWAYS wear goggles and gloves when working on units,
especially when charging and discharging a unit or system. These items will protect your
eyes, skin, and hands in case of a sudden leak.

Refrigerant o1 contained in a hermetic compressor which has had the motor burned out
may b$ very acidic. This oil should NEVER be allowed to touch the skin because it may cause
an acid burn.

The following s a 1ist of safety precautions that you, as a refrigeration technician,
should follow when working on a system or handling refrigerants:

@ Keep a gas mask at the entrance of an area in which there are known toxic
refrigerants in the unit or system.

©® Keep refrigerant 11qq1ds and vapors away from your eyes and skin.

@ Whenever your are testing for leaks or transferring refrigerants, wear a gas
mask and or goggles, depending on the type of refrigerant being used in the
system undergoing repairs.

@ yhen handling chemical cleaning agents, ALWAYS wear goggles and rubber gloves.

@ Flame-type leak detectors should NEVER be used on systems that use any type of
refrigerant other than the halogen-type refrigerants (R-12, R-22, etc.).

@ NEVER use a torch or other open flame to heat a cylinder or 2 system that
contains 1iquid refrigerants.

® Store refrigerant cylinders in a cool, dry place.
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® DO NOT expose refrigerant cylinders .o the direct rays of the sun for a long

perfod of time.

®  ALWAYS use scales when you are fi1ling refrigerant cylinders to prevent
ng them beyond their capacity.

®  ALWAYS reduce the internal pressure of a system to 1 or 2 psi pafore opening
nes or removing plugs.

®  ALWAYS use a pressure gage to determine pressure in a system or unit.
®  NEVER open a system when 1t is in a vacuum.

Accidents occuring to refrigeration technicians are usually of the following types and
may be prevented with the use of proper safety precautions:

®  Physical injuries by mechanical means.
® Electrical injuries.

® Burns and scalds.

®  Injurfes form fire and explosions.

® Disabilities caused by toxic gases.

Even though most moving parts on refrigeration equipment provide protection for
personnel through guards, trip switches, and other automatic protective devices, alertness on
the part of the maintenance personnel is sti11 necessary. Gloves, ties, and 1oose clothing
should NEVER be worn around moving machinery. Tools should be kept clean and in good
condition, with particular attention to the sharpness and squareness of screwdriver blades.
Box wrenches should be used in preference to open wrenches because there 1s less danger of
slippage. Before repairs are undertaken, 1t 1s advisable to open all electrica? switches
controlling the equipment and tag or lock them to prevent short circuits or accidental
starting of equipment.

Voltage used in the operation of refrigeration equipment ranges from 120 to 480
volts. A high-horsepower centrifugal machine may operate from a 240/416 volt power 1ine.
Severe electrical shocks, often fatal, are common {n carelessly managed shops. All switches
and electrical devices and 1ines should be checked frequently. When 11quids are spilled on
floors, fatal grounding through the human body 1s possible 1f exposed electrical connections
are touched by maintenance personnel.

Care should be exercised when using cleaning solvents, especially when the temperature
of the air or of the parts being cleaned 1s in excess of 1000 F, Again, good safety
practices dictate adequate ventilation of the area. Keeping equipment clean and free of ofl
on the exterior also contributes to reducing the hazards of fire or explosion.

When undertaking service operations that will involve refrigerants, other gases,
solvents, or the repair of electrical parts, 1t 1s good practice to always have a portable
fire extinguisher at hand.

EXERCISE:  Answer the following questions and check your responses against those 1isted at
the end of this study unit.

1. What is an important precaution required when you are working on a system which
contains a highly toxic refrigerant?

2. Prior to opening the 1ines or removing plugs on a pres.urized refrigeration system
or unit, what should you do first?
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3. In the event that a liquid refrigerant comes—in contact with your skin, how should
you treat the affected area?

SUMMARY REVIEW:

In this Study Unit, you learned to identify the primary and secondary refrigerants and
their properties. You have learned the importance of refrigeration charts and how to use
them. You have also learned how to properly mark and store cylinders, transfer, and measure
refrigerants, lubricants, and the safety procedures necessary when handling refrigerants.

Remember, a primary refrigerant is one that acts directly on an area or surface even
though it is in a sealed system. Some primary refrigerants are R-12, R-22, R-11, and R-502.
Primary refrigerants must be safe to use, they must accomplish the purpose that the system is
design?d for, and they should operate at pressures as close to atmospheric pressure as
possible.

A secondary refrigerant is an agent such as air, water, or brine. It must first be
cooled by an external source and then circulated over the area to be cooled. Remember, a
secondary refrigerant cannot be used in the primary system.

Refrigerant charts are important. With their proper use, they can save you a lot of
time and trouble. You should know how to use them because they will tell you, at a glance,
the proper refrigerant to use, the amount to use, the pressure at which they operate, and the
amount of heat required to change the refrigerants state.

The marking and storage of refrigerants (or for that matter any industrial gas) are
extremely important. If improperly marked or stored, industrial gas cylinders can prove to be
extremely hazardous to 1ife and 1imbs. Remember the do's and don'ts of marking and storing
refrigerants.

Always use the proper method for transferring refrigerants from a supply cylinder to a
service cylinder (drum). NEVER try to guess at the amount of refrigerant that you ar cetan
in a cylinder. NEVER overTiTT any refrigerant cylinder.

Be sure that you are using the proper lubricant for the system and refrigerant.
Lubricants are refined to different viscosities for use with refrigerants that opers®z at

certain temperatures. Charts are available and must be used to ensure that the v ..
lubricant {s used.

Because of the pressures and temperatures at which refrigerants operate an~ the fact
that some refrigerants are toxic, all safety precautions must be observed. Be far.iiar with
the proper first aid procedures for overexposure to refrigerants, both gases and .. quiod, in
the event you are required to provide first aid to save a fellow Marine.

Answer to Study Unit #2 Exercises
Work Unit 2-1
1. They are heat carriers. Which means, they absorb heat at a icw temperature and
when compressed to a higher temperature, they relzase the absurbed heat to a
cooling medium.
2. a, Heat
- Temperature
C. Pressure

3. a. Flammabilit:
b. Explosivenes:
c. Toxicity

d. Stability
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4. a. Boiling point
b. Freezing point
C. Miscibility (011 solubility)
d. Critical Pressure

e. (Critical Temperature

Work Unit 2-2

1. Fluids used in air-conditioning and refrigeration mechanical systems that absorb
heat.

2. c.

3. d.

4. a.

5. stability, pressuras and temperatures
6. d.

7. c.

8. -~410F

9. b.

10. Soap solution, halide torch, electronic leak detector
11. Flushing agent
12. 24 inch vacuum
13. -~50.10F
14. reciprocating

15. A low bo’}ing puint

Work Unit 2-3
1. 209.9 psig
2. 63.27 psig
3. 92.67 Btu/1b
4. 0.4043 1b/ft3
5. 108.33 Btu/1b
6. 109.8 psia
7. 860.14 pounds per hour
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Work Unit 2-4
1. personnel injury and property damage
2. a. Name of gas
b. Proper handling precautions
3. MWeight
4, 85% of its capacity
5. ice and snow
6. direct rays of the sun
7. 1209F

Work Unit 2-5
1. To reduce friction resulting from moving components of the system
2. Simply stated, it is the thickness or thinness of the o1l
3. a. The splash system
b. The force-feed or pressure system
4. To return the ofl to the compressor as soon as possible
5. a. Paraffin base
p. Naphthene base

c. Mixed base (Paraffin and Naphthene)

Work Unit 2.6
1 Wear a gas mask
2. Reduce the pressure {n the system to 1 or 2 psi before opening the system.

3. Trea: the affected area as you would for frostbite.
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STUDY UNIT 3
REFRIGERATION SYSTEMS AND COMPONENTS

STUDY UNIT OBJECTIVE: WITHOUT THE AID OF REFERENCES, YOU WILL IDENTIFY VARIOUS
REFRIGERATION SYSTEMS AND T.l[EIR MAJOR COMPONEMTS. YOU WILL ALSO IDENTIFY THE
VARIOUS FEATURES AND CONSTRUCTION OF THE COMPONENTS THAT COMPRISE THE COMPRESSION
REFRIGERATION SYSTEM AND THE MAINTENANCE THAT THESE COMPONENTS REQUIRE.

This study unit will describe and illustrate various refrigeration systems.
frigeration systems may be classified in numerous ways: by the type of refrigerant control,
tor control, compression system, absorption system and so on. It is important that you
come familiar with the fundamental operating principles of the common systems described
thin this study unit. The illustrations contained within are not intended to show the exact
mponents and uses of actual units. Instead, they ex lain the fundamentals of construction
id operation. For detailed instruction and the actual uses of various units you should
msult the appropriate technical publication for the item of equipment in question.

irk Unit 3-1.,  REFRIGERATION SYSTEMS
LIST FIVE TYPES OF REFRIGERATION SYSTEMS.
NAME THE MOST COMMONLY USED REFRIGERATION SYSTEM EMPLOYED TODAY.
LIST THE MAJOR COMPONENTS OF A MECHANICAL REFRIGERATION SYSTEM.
The types of refrigeration system used by your grandfathers was, in all probability,
1 ice refrigerator, also referred to as an ICEBOX,see figure 3-1 using the ice system of
sfrigeration. The usual ice refrigerator was an insulated box equipped with a holding area

t the top for blocks of ice. Shelves for food were located below the ice compartment. These
relves were constructed so that air could circulate through the refrigerator.

Fig 3-1. Ice refrigerator.

3.1 .
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As you have learnid varlter, heat is transferred from a higher temperature to a colder
temperature. In the ICE refrigevstor system, the 1tems placed in the storage area were of a
higher temperature than that of the ice; therefore, the heat was transferred to the ice,
notice the dark arrows in figure 3-1. Cold air would flow downward, notice the light arrows
in figure 3.1, from the ice compartment and cool the items in the storage area. The cool air
would absorb the heat from the {tors =tcred and rise from the bottom of the box, up the sides
and back of the box to the ice compartment, over the ice, giving up the heat that was absorbed
and returning 1t to the storage ares to repeat the cycle.

The ice system is by far the simnlest system of refrigeration. It has the ad-antage
of maintaining the interior of the box at a fairly high humidity. Foods stored in this ty,?
of refrigerator do not dry out rapiuly. Temperatures inside an ice refrigerator are
controlled by the flow of air over tha ice and through the insulated box. The normal range. of
temperatures for this type of system is vetween 400 and 500 F,

Another simpie refrigeration system is the EVAPORATIVE system. You have learned in
the previous study units that as a fluid evaporates as 1t absorbs heat, Evaporation of water
s a good example. This is why you perspire. The avaporation of moisture from your skin
surface helps to keep you cool. Another very good example of this is rubbing alcohol, If you
were to rub the back of your hand with rubbing alcohol it would feel cool to you, This is due
to evaporation. The rubbing alcohol absorbs the heat from the area in which it came into
contact. Any substance in which the heat i removad will feel cool or cold,

Perhaps you have experienced another common application of th's principle known as the
“DESERT BAG." The desert bag is used to keep drinking water cool, Tiw bag is constructed of
a tTghtTy woven material. Once it is filled with water, some water will seep through since
the bag is not waterproof; thus, the outside of the ba? will be moist. Under certain
conditions, primarily in the desert, where it is usual y hot and dry, the moisture on the
surface of the bag evaporates rapidly, thereby keeLing the water inside cool. In certain
parts of the world where these conditions exist daily, drinking water must be cooled or you
would not be able to drink it due to its extreme heat content. Since surface water in the
desert sometimes reaches 130° to 1500 Fahrenheit, the desert bag is a convenient method
which s used to cool drinking water,

DRY ICE refrigeration system consists of blocks and/or slabs of solid dioxide, which
are made 1n various shapes and sizes to be used to absorb heat. Dry ice (solid carbon
dioxide) changes directly from a solid to a vapor without changing to a 1iquid state prior to
vaporizatfon, It is, therefore, said to sublime. Sublime means “to convert a solid substance
by heat into vapor, which, on cooling, condenses again to a solid form, without apparent
liquefaction.*

Dry ice should NEVER be handled with bare hands. It will cause instant freeze burns.
ALWAYS wear heavy gloveS. Normally, dry ice is stored in heavily insulated material to
prevent you from coming into direct contact with it,

Figure 3-2 shows a common method of using dry ice as a frozen food refrigerating
device. A good example of this is during the summer camping season when dry ice is used by
campers to keep perishable foods from spoiling during the trip. The dry ice is usually packed
so_that the ice is either on the top or sides of the perishable items or the item to be kept
cold. Carbon dioxide (dry ice) as it absorbs heat, cganges to a vapor and keeps the items of
food cold. The dry vapor tends to replace the atmospheric air in the storage container which,
in turn, preserves the food.,
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Fig 3-2. Dry ice refrigeration system.

The third refrigeration system that you will learn is called the ABSORPTION system.
The absorption system is unique in that, through the use of a flame, it removes neat from a
compartment, and the moving parts of the system are a few valves and cages. This principle
was first discovered in 1854 by Michael Faraday. Faraday was conduct?ng experiments trying to
liquefy certain “fixed" gases (gases which could only exist in vapor form). Among these gases
was ammonia. Faraday knew that silver chloride, a white powder, had the peculiar property of
absorbing large quantities of ammonia gas; therefore, he exposed the silver chloride to dry
ammonia gas. After the silver chioride had absorbed all the gas it could, he sealed it in one
end of a test tube shaped like an inverted "V." He then applied heat to the end containing
the sliver chloride and ammonia and placed the other end in cool water, see figure 3-3. The
heat released ammonia vapor and drops of colorless liquid began to appear in the cool end of
the tube. This was the first time liquid ammonia was produced. Faraday continued the heating
process until enough 1iquid ammonia had been produced. He then removed the flame and water so
that he could observe the characteristics of the 1iquid ammonia. Almost immediately the
ammonia started to boil vigorously and change back into a vapor. As the ammonia changed to a
vapor, the silver chloride began to absorb it once more. Faraday touched the end of the tube
containing the boiling 1iquid and was amazed to find that it was intensely cold. The ammonia,
in changing from a 1iquid to a vapor, had extracted heat from the nearest thing at hand, the
test tube itself. Ever since Faraday's experiment, men have used several different chemical
combinations in an effort to improve absorption systems.

These efforts have resulted in two types of absorption systems, SOLID and LIQUID. As
the names imply, the solid system uses a solid as the absorbent and the Tiquid system uses a
liquid. Of the two the 1iquid system is or rather was the most popular,

The 1iquid system, which was used in the Marine COrps many years ago, was water and
ammonia, water acting as the absorber and the ammonia as the refrigerant. In this
water-ammonia system, it is necessary to inciude a third ingredient to create a partial
pressure to allow the ammonia to evaporate at a low pressure. Dalton's law, which explains
the necessity of the hydrogen, states that: the total pressure of gases is the sum of the
partial pressures created by each gas in the mixture (Py + Py = Ptg. The law further
explains that each gas behaves as if it occupies the space a?one. For example, if you had a
container containing 20 psig (Py) of oxygen and 30 psig (Pp) of hydrogen, the total
pressure in the container would be 50 psig (Py); and the hydrogen, that is lighter than the
oxygen, would rise to the top of the container. Hydrogen in the water ammonia system acts the
same way. It mixes with the ammonia vapor and creates the additional pressure in the
absorption system's evaporator and then returns to a hydrogen storage tank.
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Fig 3-3. Faraday's experiment.

Some of the components of the absorption system are quite similar to those that will
be covered in the mechanical compression system. The condensing coil, receiver, and the
evaporator are much the same. However, the compressor is replaced by a heater or burner and
generator. Refer to figure 3-4 for the identification of the components in the absorption
system.

The WATER-AMMONIA absorption system is the simplest of all absorption systems. This
particular sysiem requires no moving parts; however, the i-ternal pressures are quite high,
they read as much as 200 psi, which means that the construciion must be extremely rugged. The
system is welded closed and is, therefore, a seaied system. Some absorption systems inciude
metering devices such as expansion valves, thermostats, and gas flow regulators. Expansion
valve, in an absorption system. ‘re used for the same purpese and are almost identical to
those used in the mechanical em. Thermostats and gas ©luw regulators are used mainly for
automatic operation of the bu, s and for control of heat in the system. Some absorption
systems include automatic defrost equipment which is similar in design and operation to that
used in the mechanical systems. Others are defrosted simply by turning off the heat which
stops the refrigerant flow. '
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Fig 3-4. Water ammonia absorption system (Servel).

As you learned in previous study units, the job of the refrigeration cycle is to
remove the unwinted heat from a particular area and discharge it into an area where it is
unobjectionable.

The VAPOR COMPRESSION refrigeration cycle is the most common method of heat transfer
used today by tne refrigeration industry. There are FOUR major components in the compression
system of refrigeration: EVAPORATOR, COMPRESSOR, CONDENSER, and the REFRIGERANT FLOW CONTROL
DEVICE (metering device).

An understanding of refrigeration theory will make it clear that wherever the
production of low temperatures is involved, the same mechanical process must, in general, be
employed. As a result, the units that comprise these various systems are quite similar in
type and operation. Whether the system is designed for air conditioning or for the
refrigeration of foods in the home, freezers, or cold storage plants, equipment such as
compressors, evaporators, condensers, and refrigerant flow controls will be present.

Figure 3-5 11lustrates a simplified refrigeration system. By applying the theory of
latent heat and pressure differences. you can see how low temperatures are produced. This
illustration may be applird to any refrigerator regardless of the size or shape.

Every system involves a cycle of one kind or another. You will trace the entire cycle
step by step.
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Fig 3-5. Compression system.

Referring to figure 3-5, let's trace the cycle in the compression system. As the
piston moves down in the compressor, low-pressure gas 1s emitted t rough the valve to fi11 up
the cylinder. As the piston starts up, compression takes place because the gas is forced into
a smaller space. As the gas is compressed, heat of Compression is added. At the top-most
position of the piston, the gas is forced through the exhaust valve into the condenser. The
gas is at its highest pressure. The condenser is a series of tubes surrounded by a cooling
medium, either air or water. As the gas is forced through the tubes, the heat of compression
Plus the latent heat of vaporization from the evaporator is dissipated into the surrounding
cooling medium,

The removal of heat causes the gas to condense to a high-pressure 1iquid. This Viquid
flows into a receiver, which is merely a storage space, and moves up the liquid line to the
expansion valve, where the pressure of the 1iquid is reduced. As a result, it absorbs heat
through the walls of the evaporator, lowering the temperature of the compartment to be
cooled. As the 1iquid boils, which is caused by the heat picked up from the cooling
compartment, it changes into a low-pressure gas. This low-pressure gas now enters the suction
1ine leading to the compressor. The cycle is now complete,

EXERCISE:  Answer the following questions and check your responses against those listed at
the the end of this study unit.
List the five sysiems of refrigeration.

de

b.

Ce

d.

2. What is the most common refrigeration system employed today by the refrigeration
industry?
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3. List the four major components of & mecharice) refrigeration system,

LN

Worn Unit 3.2, COMPRESEON
LIST Wi CORSTRUCTION FEATURES OF A RECIPROCATING COMPRESSOR.

GivEN VARIOUS ROTARY AND CENTRIFUGAL COMPRESSOR FEATURES, MATCH EACM CONSTRUCTION
FEATURE WITH CITHER THE ROTARY OR THE CENTRIFUGAL COMPRESSOR.

STATE TWE CONSTRUCTION FEATURES OF A MERNETIC COMPRESSOR AND DIFFEREMTIATE BETWEEN
T™™E HERMETIC AND SDNIWEAMETIC COMPRESSOR.

%}" VARIOUS CONPRESSOR MAINTENANCE PROSLENS WITH THEIR PROBABLE CAUSES AND

STAIL HOM TO TROUBLESHOOT NERMETIC SYSTENMS.
STATE MOW TG TEST CAPACITORS AND RELAYS.

™e is & very iagortant part of the compression system. It I3 & device
that ceapres » O0d 1ts function 13 to remove the hest-laden gas from the evaporator and
reise the tanperature of the 9ot above thet of the coolinG medium. MNot all refrigeration
tystems reguire the same of compressor. 3Some srm require a small volume of
refrd te D0 moved with a high difference in Inlet and outlet preasture. This difference

Yot . JOme l{uu- require & large volume of 988 moved with a saal)

:nun » The application and tempere range dictate the type of comprassor
s, The three of compressors ""W. ROTARY (both of these

conpressers are pesitive displacement types), and
The comgresser Res twe functions within the system:

®  Raceiving or remeving the refrigerant vapor from the evaporator, so that
¢esired prossure sad tempereture can be meintained.

O Incressiag the pressure of the refrigerant vapor through the process of
comgression, and sinultanecesly increasing the rature of the vapor so
that it will give up its heat Lo the condenser cooling medium.

The t f ] 368 g8 by means of &
ma—a'u‘::‘mur ® use today compres 948 by means o

reciprocating pistea. It refrigerants that have & low volume of gas per pound
ond & Bigh differeatial (R-12, R-22, ond sumenia). The aﬂ%eqq %m;ﬁ is the most
relfadla, Guradle, and 15 the sasfest ¢f 311 the coupres atala, see Tigure 3-¢,
Mefor to figure J-7 for the eperating cycle of the reciprocating compressor.

Fig 3-6. Reciprocating compressor.
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There are two basic types of reciprocating compressors; SINGLE ACTING {vertical) and

BLE ACTING (horizontal). ¥he vertical reciprocating compressor is normally an enclosed
sype 1n ch the piston is driven directly by a connecting rod, which is moved by a
crankshaft. Both the crankshaft and connecting rod are enclosed in a crankcase that §s
pressure tight to the outsida, but open to the refrigerant.

Prossurs i Oytinder Prossere b Cyllader
mm‘ Vo Reloss Dlasharge Vabve
Cloond

Fig 3-7. Operating cycle of a reciprocating compressor.

Hor1zont compressors usually use crankcases that are vented to the outside, hut
closed to the system refrigerant. In this construction the piston {is driven by a piston rod
connected to a crouhud.. This crosshead is moved by a connecting rod that operates off a
crankshaft.

The reciprocating compressor is highly adaptable to various designs, types, and numbe:
and arran nt of cylinders. « The number of cy)inders may vary from ore to 15 and may be
arranged in the following manner:

@ Inline. If al) the cylinders of a compressor are arranged in one straight
Tine, 1t 1s called an inline compressor.

o ¥.* The cylinders of this type wil) form the letter *V* with the crankshaft
Tocated at the bottom of the *v.*

@ Radial. A radial compressor has all the cylinders located around the

crankshaft.

® “A." A "N type compressor has three banks of cylinders on a common
' crankshaft.

The bodies of compressors are made of close grained cast iron in one- or two-piece
construction. The two-piece construction has the crankcase and cylinders cast separately,
then bolted together with a gasket between them, This facilitates the removal and replacement
of bad or damaged cylinders. The one-piece compressor 1s cast in one block with a baseplate
under the crankcase. Compressor bodies can be of the UPEN, SEMI-HERMETIC, or HERMETIC type.
The open-type compressor has the crankshaft protruding from the compressor body. 1he shaft is
turned by & pulley, belt, and motor. Refer to figure 3-8 for an example of an open type
compressor and to figure 3-9 for an example of the hermetic reciprocating compressor.

The type of piston used in refrigeration compressors i3 determined by the particular
valve arrangement. If the suction valve is located in the top of the piston, it 1s called a
trunk- piston. (The suction gas has to pass through the piston to reach the compression
chamber.) 1f the suction valve 1s located in the cylinder head, the plug-type piston is
used. In large compressors the pistons are equipped with piston or compression rings, while
the smaller compressors use only 011 grooves.
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1. Sight glass 4. Compressor ol sight glass
3. Compressor pulley 8. Boit and nut
3, Compressor “ 6. Drive belts

Fig 3-8, Open-type reciprocating compressor.

Fig 3-9. Hermetic reciprocating compressor.

Crankshafts are made of drop-forged chrome-nickel steel alloy and are carefully
balanced. Some compressors have eccentric crankshafts, which allow for better balancing and
less vibration at high speeds. The smaller connecting rod bearings ‘are usually made of
bronze, while the larger connecting rod bearings are usually of the insert type. In the
eccentric type, the entire eccentric strap is normally made of bearing bronze.

The three most common types of compressor valves are the POPPET, RING, and REED. The
poppet valve is used on large, slow-speed compressors. These’valves are t0o noisy, heavy, and
cumbersome for use in the modern, highspeed compressors. High speed compressors use the reed
valve or the ring valvé. These valves are made of high grade, spring st 1. Some of the
valve shapes are 11lustrated in figure 3-10.
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Fig 3-10. Compressor valve shapes.

Some compressors have the suction valve located in the piston, but the normal trend is
toward locating both the suction valve and the discharge valve in a VALVE PLATE. This valve
plate is located between the compressor body and the compressor head. This arrangement
permits the replacement of both valves with minimum difficulty. The suction valve is located
on the bottom of the valve plate, and the discharge valve is located on the to? of the valve
plate. The discharge valves are spring-loaded for safety. If a surge of liquid is drawn into
the compressor, it cannot be compressed. A larger opening is needed to allow the liquid to
move through without damage to the compressor. This larger opening is provided by the
spring-loaded discharge valve.

Some refrigeration compressors are driven by external electric motors or gasoline
engines. This requires the crankshaft to go through the boay of the compres.or. The
compressor body contains refrigerant gas and oil that must not be allowed to leak between the
body and the shaft. Also, air and moisture must not be allowed to oe drawn into the
crankcase. To prevent this leakage, aishaft]?eal is us:d. The most common shaft seals used
on open-type compressors are the rotating bellows, stationary bello's, and diagﬁragg. Refer
to figure 3-11 for a cutaway view nf the open~type comoressor.

INTAKE
seavice  NTAKE
VALVE

L PISTON
RINGS

CONNEC . NG
ROD

Fig 3-11. Cutaway view of a npen-type compressor.

The ROTARY COMPRESSOR compresses the gas by a squeezing action, which results in the
gas being reduced 1n volume and increased in pressure. This compressor has very few moving
parts and can be manufactured rather inexpensively. Although small rotary compressors have
been used in small domestic units, the large rotary compressors are used extensively in
industrial low temperature applications. There are basically two types of rotary compressors;
the compressor blade and the rotary blade.




The rotary compressor with the stationary blade consists of a cylinder, a roller, and
a shaft. The shaft has an eccentric on which the roller is mounted. A blade is set into the
cylinder so that it maintains contact with the roller. The blade is held in place against the
roller by a spring. The suction and discharge ports are on opposite sides of the blade.
Figure 3~12 illustrates a stationary blade rotary compressor.

DISCHARGE PORT ECCENTRIC

7/
STATIONARY BLaDE M SHAPT

SPRING
SUCTION PORY —*

Fig 3-12. A stationary blade rotary compressor.

The rotary compressor with a rotating blade cunsists of a cylinder and a rotor
containing a number of blades. The center of the rotor is eccentric with the center of the
cylinder ?see fig 3-13). In some designs the blades are spring-loaded to hold them against
the cylinder, while others depend on centrifugal force. These compressors are generally
operated at motor speed in order to reduce the size of the unit.

SUCTION PORT

DISCHARGE PORT

Fig 3-13. A rotating blade rotary compressor.

The CENTRIFUGAL COMPRESSOR, as its name implies, compresses the gas by centrifugal
force. It is used with refrigerants that have a relatively large gas volume but small
pressure differentials. Although it has a high boiling temperature, refrigerant R-11 usually
satisfies these requirements.

Centrifugal compressors are normally constructed with a series of impeller wheels
mounted on a steel shaft and enclosed in a cast-iron casing. Most centrifugal compressors
have from two to four impeller wheels. These wheels are constructed with two discs (a hub and
a cover), with many blades (vanes) mounted radially between them. They are made of stainless
steel or a high carbon steel with a lead Coating to resist corrosion and erosion. Refer to
figure 3-14 for the operating cycle of a rotating blade rotary compressor.
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Fig 3-14. Operating cycle of a rotating
blade rotary compressor.

Hermetically sealed compressors are basically built 1ike the open-type compressors,
except the compressor and the motor are enclosed together in an airtight housing. There are
two types of enclosed systems: the hermetic compressor and the semi-hermetic compressor. The
hermetic compressor has a welded case that makes it almost impossible to repair by the
refrigeration technician. The semi-hermetic compressor has a bolted case that can be
disassembled for repairs. One big advantage to the hermetic compressor over the open
compressor is that it does not require a shaft seal to prevent the entrance of air and the
leakage of refrigerant.

The hermetically sealed reciprocating compressor consists of a cylinder and head, a
piston and connecting rod, intake valves, exhaust valves, flywheel, and crankshaft. They may
also have service valves and suction strainer. Because the compressor is operating in a
closed environment where the temperature range is rather narrow, clearances as small as 0.001
inch are possible between the moving parts.

The piston may be driven in a number of ways. In one of these ways, the crankshaft
may pe 1ike the kind used in automotive engines. Another type uses an eccentric crankshaft
which operates 1ike a cam. Sti11 another is the scotch yoke mechanism, which uses a pin
mounted off-center to the crankshaft. A s1iding member {nside the piston permits the rotation
of the pin to be translated into an up and down motion. Variations such as these are possible
because the gases being pumped do not produce heavy bearing loads. The piston is made to come
as close as possible to the head without touching. Clearance may be as 1ittle as 0.01 inch
from the top dead center.

Exhaust and intake valves are usually thin disks of steel that seat against shoulders
in the valve plate. These valves are sometimes called FLUTTERS or REED valves. Pressure in
the cylinder closes the intake valve and raises the exha ust valve on compression. On the
intake stroke, pressure in the suction line opens the intake valve, while back pressure from
the high-side closes the exhaust valve. Valves are designed to operate at a maximum 1ivt of
0.10 inch. Beyond this point, the valves get noisy.

Fewer moving parts and less vibration are the advantages of the rotary compressor,
which is made in two styles. One style uses an eccentric shaft with a blade which is forced
against the shaft by a spring. The blades slide back and forth in a slot in the case,
between the intake and exhaust. As the shaft turns, it traps a gas charge at the intake and
sweeps 1tdarounn to the exhaust. 011 makes the seal for the blade so that the gas will be
compressed.

In another style of rotary compressors, vanes are mounted in slots on the shaft. The
shape of the case around the vanes is eccentric. Centrifugal force holds the vanes in
continuous contact with the eccentric wall. The inlet port is located in the wall farthest
from the shaft, at the spot where a gas charge is picked up between two vanes. As the shaft
turns, the space between the shaft and the wall becomes smaller, compressing the charge of
gas. The exhaust port is set in the case where the shaft almost rubs against the case. The
compressed charge of gas is forced out the exhaust port at this point.
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The exhaust valve is a flapper type made of spring steel. A muffler is placed in the
high-pressure line to suppress the popping noise that accompanies the release of a gas
charge. The suction 1ine has a check valve to prevent gas from leaking back when the
compressor {s stopped. The suction strainer prevents dirt particles from entering the
compressor.

When the compressor fails to work properly, the system will not do the Job for which
1t was designed. This results in loss of food, damage to equipment, or discomfort to
personnel, thus creating an added expense to Marine Corps operations.

One of the most common symptoms of a defective compressor is noisy operation. This
could be caused by a 10ose pulley, worn or damaged pistons, worn connect ng rods, or improper
lubrication. Normally a loose pulley only requires tightening, while defective pistons or
connecting rods require a complete overhaul. Improper lubricatfon, if found in time, would
normally only require the addition of oil. One important requirement before adding ofl is to
check for leaking gaskets or shaft seals.

Another symptoms 1s a high suction pressure. If this {is noticed, the most 1ikely
cause is a leaking suction valve. To check for leaking suction valves, front seat the suction
service valve and observe the low-side manifold gage. If the compressor cannot pull this
small volume down to 20 inches Hg, the suction valves are defective. This can be corrected by
installing a new valve plate assembly. If a new plate assembly is not avaflable the old valve
plate can be lapped. If a low head pressure is noticed during operation, the most 1ikely
cause s leaking discharge valves. A new valve plate assembly is also required for the
malfunction.

Another item to check is the drive belt. Inspect its tension and alinement. The belt
may be checked by turning the unit ofT and by placiug your finger on the center of the belt.
If the tension {is correct, you should be able to move the belt up and down approximately 1/2
inch on small units and 1 inch on large units. The tension of the belt i5 very { ortant,
since loose belts will s1ip and wear very quickly, and belts that are too tight will stretch,
weaken, and eventually break. The alinement of the flywheel and motor pulley are also very

important for good operation. A1l belts should run straight and true without vibration.
Check to make sure that the motor shaft is parallel with the compressor shaft.

The sealed system preferred for freezers and refrigerators is called a CLOSED or
HERMETIC system, because the shell that contains the motor and compressors is welded Shut.
he motor leads pass through a glass insulator, which is bonded to the metal to insure a Joint
that will never leak. As was stated earlier, the one big advantage of a hermetic compressor
1s that there are no mechanical seals to develop leaks. This eliminates at least one
trouble-spot from the system used in domestic refrigerators and freezers. However, as you
know, there are still enough other trouble-spots to keep a service technician busy.

The best troubleshooter puts his brain to work before reaching for the toolbox. The
first step you must take on the job, should be to question the user. Ask, for example, these
things:

@ uhen did you first notice this trouble?
® Is this condition intermittent, or 1s it continuous?
® (Ooes this just happen when a heavy load is placed on the unit, or all the time?

The answers to such leading questions should enable you to determine whether the trouble is
being caused by misuse or malfunction. By eliminating outside factors at the beginning, you
will know that you are dealing with a fault in the equipment itself. After this, consider the
possible electrical troubles FIRST, as they can usually be checked easily and quickly.

There s a logical sequence for making test> on the electrical system. The first
check seems so simple that it s often overlooked. Check to insure that the unit is TURNEO
ON. Remember, the unit cannot operate without electrical power. A quick reference for common
Faults is given in figure 3-15, together with the possible causes, and their remedies. Such a
troubleshooting chart is most useful, since it presents a great many facts in a small place.
This information can be found, in greater detail, in the technical manuals for each pfece of
equipment as there is variation from type to type.

N
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ELECTRICAL TROUBLES (HERMETIC UNITS)

FAULTS CAUSE REMEDY v
Will not run. No power. Close circuit or repair open.
Defective thermostat. Replace.
Defective defrost switch. Replace.
Defective defrost timer. Replace.
Open overload protector. Reset or replace.
Open relay coil. Replace relay.
Open motor winding. Replace compressor.
Runs noisy. See mechanical troubles.
Short-cycles Relay contacts not Replace relay and check
and runs noisy operating. capacitor and bleeder resistor.
Short circuit or Check and replace

grounded motor winding. compressor.

Unit trips circuit Short c15cu1t or Check out electrical system.*
breaker or blows fuse. ground.

*Note: If a fault causes a ground in the box, you can be fatally shocked by
touching the refrigerator or the freezer chest.

Fig 3-15. Electrical troubles.

In addition, you sometimes find the solution to a problem while studying a troubleshooting
table, even though the specific fault does not appear in the table. Often, in fact, a common
fault is passed by because it seems too obvious. The service person may think that a common
fault is to easy and could not possibly be the tcouble. DU NOT prejudge; instead, make
reasonable “"guesses” from what you see and from the trouble chart, then test to find out. In
the following paragraphs, you will be given a detailed explanation of common troubles to be
found in the electrical system.

Check the source of power for voltage to the unit. HOW? With a voltmeter or a
multimeter! In the case of a refrigerator, open the door. If the light does not come on,
there are several possibilities: (1) the power circuit s incomplete to the unit; (2) the lamp
is burned out; (3) the door switch is defective; and (4) the circuit to the unit may be good,
but the wires to the lamp and the door switch are broken somewhere in the box. If the lamp
lights, you will know that there is power to the unit. However, check the voltage wich an
accurate voltmeter when you suspect low voltage. REMEMBER, the voltage may vary 10 to 15
volts with changes in the load during the day. Most units will not indicate problems unless
the voltage drops below 105 volts.

Make sure that the power cord is disconnected before making a continuity test on the
protector. With an ohmmeter or a DC-powered test lamp check for a continuous circuit through
the overload protector. If it tests OPEN, you have found at least one trouble spot which will
prevent the compressor motor from operating. Replace the defective overload protector and
check the unit for normai operation. Many compressors have the overload protectors located
inside the shell. A distinctive label on the compressor is used to indicate an internal
mounting. Placing a yrotector inside the shell has the effect of extending the cooling period
after an overload trip. REMEMBER, when checking an overload protector mounted inside, allow
the compressor sufficient time to cool so that the protector has a chance to automatically
reset itself. How long is "sufficient time"? When you can rest your hand comfortably ~n the
shell, the compressor should have cooled enough for you to make a valid tast of tne overload
contacts.

Check, too, all control switches for proper operation, since one open switch will
prevent the unit from operating. Such items as the-mostats, defrost controls, and freezestats
are all designed to open and close the primary circuit. REMEMBER the function of the item you
are checking, because an open circuit may not mean that the device is defective. A thermostat
should show an open circuit if the feeler bulb is colder than its cperating point. A defrost
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control will be open if the time is in the defrost cycle. Some defrost systems have a reset
which is actuated by an increase in temperature above a set point. A freezestat will show an
open circuit when 1t senses a temperature lower than its operating point. You can check the
operation of a device by raising or lowering its temperature. Check a thermostat by placing
the feeler bulb in a glass of ice and water. Connect an ohmmeter or test light across the
contacts so that the time of opening and closing can be observed. Place a thermostat in a
glass of water and read its temperature at the time the contacts open. Remove the ice and add
warm water slowly till the contacts close. Again, read the temperature of the water. Replace
the thermostat i1f it does not conform with the manufacturer's specifications,

A hermetic system can be checked quickly with a motor-stat analyzer, see figure 3.15,
It will check for continuity in motor windings, for shorted windings, and for grounded
windings. It can also be used to start a motor or to reverse the direction of rotation. The
analyzer contains capacitors which can be used in the motor circuit to increase its starting
torque. Higher starting torque or momentary reversing are two ways of unlocking a compressor
which for some internal reason cannot be started normally. When an analyzer is not available,
plug the refrigerator cord into an outlet and test for voltage at the terminal block where the
cord terminates. There should be voltage ai the terminals if the cord is good. If the motor
runs, you should use a clamp-type ammeter to check for correct motor current. Next, you must
unplug the cord and make some continuity checks with a test 1ight or an ohimnmeter. Unless you

are familiar with the electrical system, you will need a wiring diagram for the unit that you
are testing.

Fig 3-16. Motor-stat analyzer.

Some compressors have an electrical heater in the crankcase to prevent condensing of
the refrigerant during the off cycle. Liquid refrigerant can cause slugging and damage the
compressor, Be sure of the type of motor used before you attempt to trace the motor circuit.
Determine what type of relay (hot-wire, current, or potential relay) is in the unit., After
you have checked the diagram and understand the circuit, you will be ready to check out that
specific motor.

For the purpose of our explanation, refer to figure 3-17, which illustrates the
circuit for a potential relay. You will use the compressor motor circuit shown in figure 3-17
to identify the motor's terminals in the following discussion. Make a continuity check
terminals "C" to "S" and between "C" and "R*. A test lamp should light normally in each case,
if the windings are good. An open circuit is indicated when the lamp fails to light. Note
that this test is valid only if direct current is usad to energize the test light. 1f
alternating current is the only power available for the test lamp, thc common connection at
*C" must be disconnected. Otherwise, the closed contacts of thé relay and the capacitor will
make a complete circuit. Disconnecting "C* is nct necessary when checking with an ohmmeter,
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because it uses direct current from self-contained batteries. The reason is that a capacitor
dlocks direct current, while it allows alternating current to flow.

To test for a grounded motor winding, check from terminal “C" t. an unpainted part of
the compressor-motor shell. Use an ohmmeter to measure the resistance of the motor windings
to test for a shorted coil. Readings should compare to the specifications of the manufacturer.

A severely shorted coil would be indicated by tripping of the branch circuit breaker
or by blowing the fuse when the unit is plugged into the voltage outlet. If tests indicate
that the motor windings are at fault, replace the hermetic unit. If the motor runs but
overheats during operation, a current draw test with a clamp-type ammeter will give you an
indication of condition. Motor current should be within 10 percent of the name plate rating
on the unit. The name plate may give two amperage figures, such as FLA 3.6 and LRA 18.0. The
FLA stands for “full load amperage," while LRA stands for “locked rotor amperage. If the
current exceeds the name plate rating by more than 10 percent, it is considered
unsatisfactory, and the hermetic unit must be replaced. A motor drawing its LRA rating
indicates that the rotor is not turning. Conditions inside the sealed unit will also be
indicated by unusual vibration and noises. Figure 3-18 shows some of the most common
mechanical troubles. Most problems that occur are due to a faulty hermetically sealed system
requiring a complete replacement of the compressor.

THERMAL
OVERLOAD
MOTOR
fga:5
l s R
DEFROST L
SWITCH _
POTENTIAL RELAY
THERMOSTAY
E ) mom—

CAPACITOR

BLEEDER RESISTOR

Fig 3-17. Ppotential reiay circuit.
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MECHANICAL TROUBLES (HERMETIC UNITS)

Fault Causes Remedy
Fails to run Locked ro%or. Repalce compressor.
Fails to cool
or runs continuously Broken valves Replace compressor.
Restrictions:
- kink or pitch. Cut out and
replace.
- moisture. Ory and recharge.
Low on charge. Find leak, repair,
and recharge.
Vibration. Loose motor mounts Tighten.
Loose tubing mounts. Tighten.
Shipping bolts installed. Remove.
Uneven floor. : Adjust feet.
Noisy compressor. Defective part (internal). Replace compressor.
Lost charge functured coil or leak. Repair and recharge.

Fig 3-18. Mechanical troubles.

In the following you will be given two methods for testing a capacitor. when the
capacitor can be disconnected from the circuit and the bleeder resistor, a reasonable test is
to charge and then discharge it with its normal voltage (not over® 120 volts). Charge it by
momentarily applying voltage to its terminals. Then use a piece of insulted wire to
short-circuit the terminals. A hot spark indicates that the capacitor is able to hold a
charge. Some capacitors have a bleeder resistor of between 15,000 ohms and 30,000 ohms which
is in the forin of an integral part that cannot be disconnected. This type of capacttor may be
checked by vonnecting an ammeter and a 10-, 15-, or 20-amp fuse in series with the capacitor.
Apply 120 volts to the capacitor just long enough to read the ammeter. If the fuse blows, the
capacitor is shorted and must be replaced. Use a fuse large enough to carry the current, and
make sure that the current will not be so great as to drive the ammeter needle off the scale.
For example, a 20-ufd capacitor at 120 volts should draw less than 11 ampere¢, while a 400-ufd
capacitor at 120 volts will draw 18 amperes. In making the test, apply voltage to the
capacitor just long enough to read the ammeter. The current measured should be wichin 20
percent of that determined by the formula below where ufd is the rating in microfarads and “v*
is the normal applied voltage. The number 2,650 is a constant for 60-cycle current, while
3,180 is the constant for 50-cycle current:

Capacitor test

for 60-cycle amps = ufd X V
2’551,

for 50-cycle amps = ufd X V
» V]

A defective capacitor must be replaced by one of the same voltage and farad rating or the
equivalent as specified by the manufacturer.

Before you test a system's relay, you must know the type of relay that you are 10o0king
at. You must have a schematic diagram that shows the hookup of the relay but does not
identify it by name. You should be familiar enough with the common types to identify them by
their characteristics. A fan motor is used in some units for forced air circulation. The
diagram in figure 3-19 shows an example of a relay and a fan motor in the same circuit. The
fan motor must be disconnected before testing the relay.
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Fig 3-19. Relay and fan motor diagram.

Figure 3-20 shows a type of hot-wire relay that has two bimetal strips, two resistors
or heaters, axd two sets of contacts. Both sets of contacts should be closed when the relay
is not energized. The start contacts should open as soon as the motor reaches operating
speed. You can verify opening of the start contacts with a voltmeter, which should read 1ine
vclt:ge across the start contacts. A zero reading will indicate that the contacts are not
opening.

The current relay shown in figure 3-13 can be checked for continuity through the coil
and for an open circuit across the contacts when it is not energized. The contacts close on
starting but should remain open while the motor is running. Use DC (such as with an ohmmeter)
to test across the relay contacts, as AC can feed around through the motor windings and the
capacitor, giving a false reading of continuity.

MOTOR
CONTROL L] ) &

, BLEEDER
RESISTOR

CAPACITOR

Fig 3-20. Hot-wire relay.
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The potential relay as shown in figure 3-17, must be isolated from the compressor
motor before testing. Disconnect the "R" and "S" leads at the terminals on the relay. Check
the Relay contacts between "R* and "S" for continuity. The contacts are normally closed,
thus, the test should show a complete circuit. A test between "S* and terminal "L" should
also show a complete circuit throuah the coil of the relay. If either test shows an open
circuit, the relay is defective ana must be replaced.

EXERCISE: Answer the following questions and check your responses against those listed at
the end of this study unit.
1. What are the two types of reciprocating compressors used?

b.

2. MWhat important construction feature differentiates these two compressors in
question #1?

3. Identify two of the three construction features of the compressor body for
reciprocating compressors.

b.

4, What type of compressors use reed or ring valves?

5. Each of the following phrases pertains to either the rotary or centrifugal
compressor. As applicabie insert an "R" for rotary or "C" for centrifugal in the
spaces provided.

4. Compresses gas by a squeezing action.

b. R-11 normally is used.

c. Uses two out of four impeller wheels.

d. Bilades are heid in place by spring action.

e. Constructed with roller, shaft, and cylinder.

f. Vanes are constructed of stainless steel,

g. Vanes and shaft are enclosed in a cast-iron casing.

h. The rotor and cylinder are eccentric to each other.

6. What is the difference betweer the hermetic and the semi-hermetically sealed
compressors?

7. HWhat is one advantage a hermetic compressor has over an open compressor?
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8. Indicate whether the following phases pertain to a hermetic reciprocating
compressor or a hermetic rotary compressor by placing reciprocating or rotary in
the space provided after each phase.

a. The shape of the case around the vanes {s eccentric.

b. An eccentric crankshaft is used.

c. A scotch-yoke mechanism 1s used.

d. A minimum of vibration is an advantage.

e. There may be only 0.001 inch of clearance at top dead center

Matching: Column A (items 9-12) ccntains compressor symptoms. Column B (a through
d) contains probable causes of each symptom. Column C (A through D)
contains the appropriate maintenance action for each symptom. Match the
compressor symptom in column A to its probable cause in column B, and,
accordingly to its corrective maintenance action in column C. Place your
answer to each of the iters in the space provided. There will be two
answars per item.

Column A Column B Column C
Compressor synptons Probable causes Maintenance action
9. Noisy Compressor a. Improper tension A. Changs= belt

b. Leaking discharge valve 8. Add oi

10. High suction pressure c. Improper lubrication C. Install new valve
d. Leaking suction valve plate assembly
11. Low head pressure D. Lap valve plate
and insert new
valves

12. Stretched drive belt

13. What is always your first troubleshooting step?

14, Hor wov'd you check a hermetic system for a faulty motor circuit?

15. State how tu test capacitors that can be disconnected from the circuit and
resistor.
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work Unit 3-3. CONOENSER AND RECEIVERS
STATE THE PURPOSE OF CONOENSERS ANDO LIST FACTORS THAT AFFECT THEIR OPERATION.
OESCRIBE THE MAIN TYPE OF CONDENSERS.
SPECIFY METHOOS OF MAINTAINING PROPER OPERATION PRESSURE FOR AIR-COOLED CONOENSERS.
SPECIFY CHARACTERISTICS OF THE VARIOUS WATER-COOLEOD CONOENSERS.
STATE THE PURPOSE AND NAME THE TWO TYPES OF RECEIVERS.

There are many types of condensers in current use; therefore, it is important to know
something about their design, operation, and application in a refrigeration system.

The heat that is picked up in the evaporator is disposed of by the CONOENSER. The
condenser changes the high-pressure and high-temperature gas to a high-pressure 1iquid. The
rate of heat transfer depends on such factors as the surface area, material, and condition of
the condenser and the type, the temperature, and the amount of the cooling medium.

There are three things that take place in a condenser: OESUPERHEATING, CONOENSING,
and SUBCOOLING. Before any condensation can take place, the highly superheated gas must have
the superheat removed from it. This desuperheating process occurs in the discharge line, in
the first few coils of the condenser. After the superheat is removed, the gas is at its
saturation temperature. At this po*nt the gas gives up its latent heat and returns to a
1iquid. This is called the condensing process. After the gas has condensed to a liquid, its
temperature is still above that of the cooling medium (water, air, etc.). In the last coils
of th:cco?genser. the 1iquid gives up its sensible heat to the cooling medium. Yhis is known
as subcooling.

You can prove the existence of these three conditions by running your hand over a
condenser that has been in operation for an hour or so. The top coils will be much warmer
than the middle coils, and the middle coils will be a lot warmer than the lower coils.

The type of condenser that is used in a refrigeration -vstem depends on the cooling
load of the unit and weather factors of the locality. Condensers can be grouped into broad
categories such as: AIR-COOLED, WATER-COOLEO, and EVAPORATIVE.

AIR-COOLED condensers use ambient air as the cooling medium. They are normally
constructed of steel or copper tubing, and they may be made with or without fans. These
condensers use either the natural or forced convection process. Most domestic refrigerators
use the natural circulation of air. Their condensers consist of tubing mounted on the back of
the refrigerator. By allowing a space between the box and condenser, the air flow is similar
to that of a chimney, and no fan is necessary.

Although there are a few disadvantages in using air-cooled condensers, they require
much less maintenance than other types of condensers. For this reason, refrigeration systems
of 100 tons are being built with air-cooled condensers for use in cooler climates. Among the
disadvantages of using air-cooled condensers are greater operating costs and reduced unit
efficiency due to higher head pressure. The power needed to drive the condenser fans is
sometimes quite excessive. This results in a disadvantage and the condenser fan noise may
also become objectionable. A1l air-cooled condensers must also have adequate ventilation for
the best possible results.

The WATER-COOLEO condenser uses water as the cooling medium. The capacity is
controlled by reguiating the amount of water through the condenser. There are certain
advantages in using water-cooled condensers. They are compact, they have a higher heat
transfer, they use a lower head pressure, and there is an increased condensing unit capacity.
Along with the advantages, there are also disadvantages. There is a higher cost in water and
in maintaining the cooling tower, and there is a higher cost for installation. Water-cooled
cogd?sggrs are classified into three general groups; SHELL and COIL, DOUBLE TUBE, and SHELL
an . —

The SHELL and COIL condenser consists of a welded shell containing a finned water
coil. The refrigerant Is between the shell and the coil, and the water is inside the coil.
The water must be reasonably clean and free from minerals since the coil must be cleaned by
th:]chem;clls circulated in the xater. Refer to figure 3-21 for an example of the shell and
coil condenser.
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Fig 3-21. 3hell and coil condenser.

The DOUBLE TUBE condenser, sometimes referred to as the tube-within-a-tube, is
illustrated Tn figure 3-22. The water flows in the opposite direction in the inner tube. The
refrigerant is between the inner and the other tube. This counterflow action gives high
efficiency. Here again, the water used must be clean and free of minerals as the internal
cleaning of the condenser is accomplished by chemicals circulated in the water.
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Fig 3-22. Double tube condenser.
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The SHELL and TUBE condensers as shown in figure 3-23, are made of a steel shell with
tube sheets at each end. Copper tubing runs from one of these sheets to the other. Iron
heads oolt on each end of the condenser. Water flows into one of these heads and out the
other, and the refrigerant is between the sheet and the copper tubing. From a maintenance

standpoint, this is the best type of water-cooled condenser, since the heads may be removed
and the tubes cleaned out mechanically with a revolving brush.
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Fig 3-23. Shell and tube condenser.

The EVAPORATIVE condenser is cooled by water sprayed directly over the condensing
coils, refer to figure 3-24. The evaporated water carries away the heat of condensation. The
remaining water drops to a sump under the condenser where it is recirculated by a pump. A fan
draws over the condenser coils to increase the cooling capacity. Each pound of water
evaporating on the condenser removes 970 Btu's of heat from the refrigeration system. This

type of condenser is very efficient, and the temperature varies from very hot to very cold in
a year's time.
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Fig 3-24. Evaporative condenser.

Immediately following the condenser, in the refrigeration system, is the RECEIVER.
The receiver is a storage tank, usually cylindrical in shape, used to hold the surplus
refrigerant in the system. A receiver is normally large enough to hold the complete
refrigerant charge. This allows work to be performed on the system without the refrigerant
being removed from the system. The receiver uses manual or automatic control devices to feed
the evaporator at approximately the same rate at which it receives the liquid from the
condenser, thus maintaining a required temperature. Refer to figure 3-25 for an example of a
horizontal 1iquid receiver.
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There are basically two types of receivers, the VERTICAL and the HORIZONTAL. The
inlet to these receivers is normally at the top and the outlet on the bottom. If the outlet
is at the top, an internal tube (dip tube) extends to the bottom to maintain a 1iquid seal at

the outlet.

This keeps vapor from entering the 1iquid line. Industrial-type receivers

usually have a sight glass (sight level indicator) to check the amount of 1iquid in the tank;
however, small domestic units seldom do. The tank should be about one-third to one-fourth
full of 1iquid refrigerant when the system is in operation. This will leave room for the
surplus refrigerant when the system is pumpad down.

Fig 3-25. Horizontal 1iquid receiver.

A large system that uses a shell and tube water-cooled condenser refer to figure 3-23,
does not need a separate receiver. The bottom one-third of the condenser is utilized as a

receiver,

This application is referred to as a condenser-receiver. Care must be taken to

prevent overcharging the system. If any of the water coils are covered with 11quid
refrigerant, the head pressure will increase, reducing the compressor efficiency.

EXERCISE:

1.

2.

3.

4.

Answer the following questions and check your responses against those listed at
the end of this study unit.

What three functions does a condenser perform?

b.

C.

List the six factors on which the rate of heat transfer depends.

b.

C.

State the purpose of the condenser,

What two factors determine the type of condenser to be used?

b.
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5, Briefly describe the following types of condensers.

a. Air-cooled -

b. Shell and coil -

c. Double tube -

d. Shell and tube -

e. Evaporative -

6. What are the two basic types of receivers?

bl

7. What type unit does not require a receiver? Why?

8. Why are receivers used in a system?

Wwork Unit 3-4. EVAPORATORS

STATE THE PURPOSE OF THE EVAPORATOR AND NAME THE BASIC TYPES AND GROUPS OF
EVAPORATORS.

DIFFERENTIATE BETWEEN THE DRY AND FLOODED TYPE EVAPORATORS.

EXPLAIN WHAT IS MEANT BY THE OPERATING CONDITIONS OF THE EVAPORATORS.
DESCRIBE VARIOUS EVAPORATORS IN COMMON USE.

DESCRIBE THE SPECIAL EVAPORATORS TYPES.

If you will remember, earlier in this course it was said that heat moves from hot to
cold. This is the basic situation in which the evaporator works.

The evaporator is that part of the refrigeration system within which the refrigerant
is converted from a liquid to a vapor by the process of evaporation. The liquid refrigerant
entering the evaporator from the refrigerant flow control is suddenly under low pressure.
This makes it vaporize or boil and absorb heat. The vapors then move on into the suction
line. The evaporator is often referred to as a boiler, freezing unit, coil, and the low
side. The temperature of the evaporator must be lower than that of the refrigeration space,
which allows the heat in the refrigerated space to flow into the evaporator.

Evaporators are of two basic types, DRY and FLOODED, and are classified under four
groups, according to their use, shape, size, application, etc. The four groups are: (1) type
of surface (finned or prime); iZ) operating condition (frosting, nonfrosting, and defrosting);
(3) refrigerant control; and (4) circulation (natural and forced).
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The DRY system was used long before the flooded system. In this system, a throttling
device allows only the amount of refrigerant that is needed for a required temperature to
enter the evaporator. There is only a small amount of 11quid in the evaporator at all times,
and 1t varies with load demands. The exact amount of 11quid entering the evaporator may be
controlled manually or automatically. The large industrial systems sometimes employ the
manual control, while most other systems uiilize the automatic control, containing a
thermostatic expansion valve,

In the FLOODED systems, the evaporative element is filled (flooded) with the 1iquid
refrigerant. This evaporator, under flooded conditions, becomes a boiling mass of liquid
whose vapors are drawn off at the top by suction from the compressor through the trap or
accumulator. The purpose of the accumulator is to separate the 11quid that is entrained in
the vapor carryover. The 1iquid 1s then returned to the evaporator for cycling again, thus
allowing only saturated gas to enter the compressor,

The flooded system has an advantage of outstanding heat transmission, in that it
employs the 1iquid wetted surface; whereas, the dry system uses the vapor wetted system. This
is also the reason why smaller evaporators can be used for equal capacities. The flooded
system 1s also more flexible in the distribution of refrigerant, particularly where a number
of cofls are connected to a common header to form a multipass arrangement. Flooded systems
aiso have the advantage of employing several evaporators with only one accumulator and only
one throttling device.

As was mentioned earlier, one of the classification groups of evaporators is the
operating conditions: frosting, nonfrosting, and defrosting,

A FROSTING evaporator s used wken the temperature never goes above 32° F in normal
operation.,” The evaporators that are used in household refrigeration, frozen food storage, and
low temperature refrigeratfon are normally in this category.” This evaporator must be
defrosted manually or automatically at certain intervals.,

The NONFROSTING evaporators are used where temperatures remain above 329 F at all
times. The nonfrosting evaporator {s limited to high-temperature refrigeration, such as in
air-conditioning, process cooling, the storage of bakery products, candy, vegetables, and
dairy products.

In the DEFROSTING evaporators the temperature 1s below 329 F when the compressor is
operating and above 327 F when the compressor stops. While the unit s operating the coils
frosts up, but 1t defros:: itself when the unit stops. Because of the necessity of rapid heat
flow during defrosting, forced convection evaporators are particularly adaptable to this type
operation.

There are various evaporators in common use today. The BARE TUBE or PLATE evaporators
are normally used where the box temperature {is below 329 F and 1n Tiquid coolTng. These
evaporators may be defrosted by scraping off the accumulated ice. This reason makes them
1deal for use in cold storage areas and other applications where it is impossible to raise the
box temperature above the freezing temperature. Figure 3-26 illustrates a bare tube
evaporator that {is used as an overhead coil or in brine tanks.
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Fig 3-26. Bare tube evaporator,

. 102

3-26



A PLATE evaporator is made by stamping out two plates to form tubes, and welding the
plates together. Another method is to form a coil, cover it with plates, and weld the plates
together. These evaporators are used in lockers, cold storage plants, refrigerated-trucks,
and for fast freezing of food. For fast freezing of foods, the evaporator serves as shelves
and the food is placed directly on them. This arrangement allows for a fast heat transfer
from the food to the evaporator.

FINNED evaporators are made of bare tubes covered with metal fins. These fins add
surface area whick aids in heat transfer. These evaporators are used in many applications.
Formerly they wera used only in air-conditioning and areas where the temperature did not go
below 320 F. Today, with the aid of automatic defrost systems, these evaporators are used
in applications where the temperatures goes down to 09 F, see figure 3-27.
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Fig 3-27. Finned evaporator.

Any type of evaporator with a mechanical means of moving the air is considered a
forced air unit, called a FORCED CONVECTION evaporator. It normally consists of a finned coil
with a fan to force the air through the coil. The finned coil and fan may be enclosed in a
metal housing with openings for inlet and discharge air. Forced convection evaporators are
very efficient, as they maintain an even temperature throughout the refrigerated space.

On occasion you will come into contact with special evaporators which are
modifications of the fundamental types of evaporator coils. They are designed for special
applications.

TANK-TYPE COOLERS consist of an evaporator coil submerged in a tank of 1iquid. This
1iquid is known as a secondary refrigerant. The secondary refrigerant may be either plain
water or brine. If the requirad temperature is below 320 F, the secondary refrigerant must
be a brine. Tank-type coolers are used almost universally in the production of ice. Milk
coolers use a tank-type with plain water as a secondary refrigerant. This water acts as a
"cold bank" device to prevent too great a temperature rise in the low side when warm milk is
placed in the cooler.

The BAUDELOT or TUBULAR COOLER is used exclusively to cool liquids. It consists of a
series of pipes or coils iaid out in vertical arrangement (one over the other) through which
the refrigerant passes, employing either the flooded or dry method of evaporation. There is a
trough at the top provided with holes through which the 1iquid to be cooled flows and trickles
over the coils in a cascade. The liquid is collected in another trough at the bottom of the
coils. This type of cooler is easy to clean and maintain and is used extensively where
aerating is a factor.

In the SHELL and COIL type cooler the dry expansion method is used. It may be used to
cool any type 1Tquid, put 1t most generally used in the common water cooler. This evaporator
consists of a continuous single or double spiral coil with the refrigerant inlet and outlet
located at the top. The refrigerant is inside the coil, while the liquid to be cooled is
between the coil and the outside shell.

The SHELL and TUBE cooler is opposite the shell and coil cooler. It consists of a
cylindrical shell in which a number of tubes are placed. The tubes run lengthwise and are
connected by tube sheets at both ends that form an inlet and discharge header. This cooler is
usually used to cool water or brine, and it can be operated under dry or flooded expansion
conditions. When the flooded expansion is used, the 1iquid to be cooled (or the secondary
refrigerant) flows through the tubes and the refrigerant surrounds the tubes. Usually these
are reversed when the dry expansion is used.
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EXERCISE:  Answer the following questions and check your responses against those listed at
the end of this study unit.

1. State the purpose of the evaporator in the refrigeration system.

2. Name the two basic types of evaporators.
a.

b.

3. wWhat are the four groups in which evaporators are classified?

a.

b.

C.

d.

4 State the difference between the dry and flooded evaporator systems.

5. List the turee advantages of the flooded system.
a.

b.

C.

6. List the three operating conditions of evaporators.

a.

b.

C.

7. Describe the following evaporators.

a. Bare tube or plate -

b. Finned tube -

Cc. Forced convection -




8. Describe the following special types of evaporators.
a. Tank-type cooler -

b. Baudelot cooler -

c. Shell and coil -

d. Shell and tube -

Work Unit 3-5. ACCESSORIES

STATE THE PURPOSE, LOCATION, AND ADYANTASES OF THE HEAT EXCHANGERS.

SIVE THE PURPOSE, LOCATION, AND PRINCIPLE OF OPERATION OF AN OIL SEPARATOR.
STATE THE PURPOSE OF DRIERS AND GIVE THE TYPES AND USES OF DESICCANTS.
STATE THE PURPOSE AND LOCATIONS OF VIBRATION ABSORBERS.

STATE THE PURPOSE AND LOCATIONS OF MUFFLERS.

Al though compressors, condensers, evaporators etc., have been discussed as being main
cueponents in a refrigeration system, there are many refrigeration accessories that are as
equally important. In fact, without most of these accessories, th» efficiency of the systom
would be low, the ease of ogeration would not be a factor, and there would he more safety
hazards. This work unit will discuss such accessories, such as heat exchangers, oil
separator, and driers.

A HEAT EXCHANGER, whether used in refrigeration, heating, or any other application, is
a device used for transferring heat. In the refrigeration industry, a heat exchanger (known
as a liquid cooler) is used to transfer heat from the hot 11quid Yine into the cool suction
line. Figure 3-28 and 3-29 show a typical heat exchanger and its location. The suction vapor
(at a low temperature) goes through the inside tube in one direction, and the hot 1iquid goes
through the outside tube in the other direction. The counterflow effect of the hot 1iquid on
cool vapor increases the heat transfer rate, and the hot 1iquid in the out;ide tubes keeps the
heat exchanger from sweating. A heat exchanger provides several advantages:
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Fig 3-28. Heat exchanger.
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® It minimizes flash gas. The reduction of flash vapor is very important. It
results from the sudden change of a portion of the liquid to a vapor as the
refrigerant passes through the refrigerant control. This action reduces
volume capacity, increases the low side pressure drop, and reduces the amount
of heat each pound of refrigerant can absorb as it evaporates., The flash
vapor cools the remainder of the 1iquid to the evaporating temperature,

® Sweating or frosting of the suction line is minimized or eliminated.
®  Flooding of liquid refrigerant to the compressor is minimized or eliminated,

® Liquid enters the expansion valve at a lower temperature. This advantage is
very important in low temperature application. The hot liquid that comes from
the receiver must have its temperature reduced in the evaporator before it can
be evaporated. This means that the heat is being carried into the evaporator
by the hot liquid. In passing through the expansion valve, part of the 1iquid
vaporizes and takes up the sensible heat from the rest of the 1iquid, reducing
its temperature to that of the evaporator, As an example, if one pound of
100° F 1iquid passed through the expansion valve into the evaporator with a
temperature of 0° F, about 1/16 of a pound would be vaporized, reducing the
100° F 1iquid to 0% F, Therefore, there would be only 15/16 of a pound of
1iquid left to produce a refrigerating effect.

® It increases compressor efficiency. At air-conditioning temperatures, a heat
exchanger will increase the volume of the suction gas enough to offset any
advantage gained by reducing the amount of flash gas in the evaporator. This
has caused many manufacturers to eliminate the use of heat exchangers in their
air-conditioning systems. However, when you consider the following
conditions, 1t becomes obvious that heat exchangers can be an advantage to all
systems.

EXPANSION VALVE
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HEAT EXCHANGER

SUCTION LINE

Fig 3-29. Location of heat exchanger.

A1l compressors must have an oil film on the sides of the cyiinder to reduce friction
between the cylinder and piston. If this film of oil is full of refrigerant each time the
piston goes down, the refrigerant in the oil will evaporate in the cylinder. This reduces the
amount of vapor the cylinder can remove from the evaporator. A heat exchanger will increase
the temperatures of the suction gas. This, in turn, increases the temperature of the cyl inder
wall and the o0il, which results in a thinner film of oil on the cylinder wall. The thin film
of 0il can hold very little refrigerant so the pistun can remove more vapor from the cylinder
each stroke.
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Fig 3-30. 011 separator.

JIL SEPARATORS, as the name implies, separate the oil from the refrigerant vapor.
Compre- ;0rs neeg Tubrication, but there is a chance that too much o1l will leave the
compressor, since it pumps oil along with the vapor. Therefore, an oil separator is used. An
oil separator consists of an enclosed steel cylinder with a float and a needle valve inside.
It also has a gas line from the compressor, a gas line to the condenser, and an oil return
line to the compressor crankcase, see figure 3-30,

As the hot compressed vapor and oil come from the compressor, they go into the
separator. As this mixture arrives, the vapor slows down and the oil falls to the bottom of
the separator. The hot vapor, free of oil deposits, then travels to the condenser, see figure
3-31. As the oil accumulates, its level activates a float assembly, which opens the needle
valve. The high side pressure forces the oil to return to the low side of the compressor.

?n:us:n )

)

EVAPORATOR

HOT GAS LINE

o~ RECEIVER

OIL SEPARATOR ' SUCTION LINE

Fig 3-31. Location of oil separator.

The oil separatur is insulated to prevent the refrigerant vapor from condensing in the
separator and from being returned to the compressor as a liquid with the oil. Most expansion
systems operating at temperatures above 0° F do not need an oil separator, but water
coolers, low-temperature systems, and complex multiple installations operate much more
efficiently with an oil separator.

Moisture must be eliminated during the manufacturing process, and its entrance must be
guarded against in all fields of operation. If moisture does get into the system, you must
remove 1t as soon as possible. The main sources of moisture are low-side leaks, contaminated
oil, a contaminated refrigerant, and leakage in a water cooled condensing unit. Moisture may
enter the system whenever it is open, such as during installation or when repairs are being
made. Moisture in the system will cause one or more of the following undesirable effects:
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® Freezing of the expansion valve/devices.

® Corrosion of metals.

® Chemical damage to the motor insulation or to other system components.
® A restricted or plugged filter.

Only clean dry refrigerant and o1l must be allowed to circulate in the system. Since,
despite all precautions, moisture does enter the systems, it must be reduced or eliminated as
soon as possible. A DRIER is installed in the system, It normally consist of a brass,
copper, or steel cylinder that holds filters and has its intervening space filled with a
drying agent (desiccant), see figure 3-32. The drier is usually 1nstar?ed in the 1iquid line
between the receiver and the expansion valve, thus getting it name - LIQUID LINE DRIER.
Filter-driers mounted in the suctfon line are called SUCTION LINE DRIERS. Thelir main purpose
is to prevent foreign particles, acids, sludge, and moisture from entering the compressor

ANTI-BYPASS RING

DESSICANT BLOCK POROUS BRONZE FILTER

SPUN GLASS FILTER

SUPPORT }wa & HUB FLANGE

DISTRIBUTION BAFFLE
Fig 3-32. Filter-drier.

Desiccants, or drying agents, are of two types: ADSORPTION and ABSORPTION.

ADSORPTION DESICCANTS collect moisture mechanically by capillary attraction, whereby
the 1iquTd adheres to solid surfaces to form a thin film without apparent chemical change in
either substance. Because there is no permanent adhesiveness between the moisture and the
desiccant, the material of the desiccant can be reactivated and continually reused,

ABSORPTION DESICCANTS attracts moisture, and the two react to form another compound,
This is @ chemical re ationship instead of a mechanical one. The moisture is absorbed by the
drying agent, and it becomes an important ingredient of the newly formed compound. This type
of desiccant can be installed in a new unit, but should not be left in the system for more
than a few hours. Because of its ability to absorb moisture very rapidly, it removes the
major portion of moisture in a new unit, and then an adsorption-type desiccant replaces it to
continue the drying process.

Desiccants are rated according to the horsepower of the compressor motor. If no data
is available, use 1 pound of desiccant for each pound of refrigerant in the system. CALCIUM
CHLORIDE is a chemical desiccant that may be used with all refrigerants. It will not reduce
the moTsture content to a very low level, but is satisfactory for ordinary refrigeration
systems. When calcium chloride absorbs excessive amounts of moisture, a highly corrosive
liquid is formed which will escape and cause disastrous results. CALCIUM OXIDE is a cheap,
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Sut offtciont dostesant. Its principel disadventage 15 thet 1t powders whea 1t absords

ON6003190 0nount of Moisture, ond this very fine povwder may pass through the filter.
WG, 1 3 remier form. It hes 1oss Gust than calcium eafde ond, with the "ml!"'m'ﬂ
| ]

- A Kyt
oy . pular apene, s slower
thea el of the :&' dnsicconts, m b0 left in syitem 1&"»1“!:.

Vioretion abserters (oliainaters) t the transaitsion of nefse and vibrat «a from
e Ccoupresser M!, the refrigeretion piping. Figure 3-33 shows & vibration absorber.
™ay con b0 180821155 10 DOLR Lhe suction and discharge 11nes. Vidration adsorbers should be
1000404 o1 €1050 45 Possiblie t0 the comprestsor or the Condensing unit. The |ine connected to

the ond of the oppotite the seurce of vidbration sheuld De firmly anchored to the unft
or % o will, The fastaning prevents the vidbration frem traveling along the pipe.

Fig 3-33. Vidration absorder.

Wenover the aeise level 15 an fapertaat considerstion suffiers are used. The purpose
of o muffier s to Gonpon the pulises of gas created by the compressor. The muffler should be
103t 10€ close to the compresser discharge. Mufflers are wsually fastalled fn & vertical
pooition for efficiont of) movement. Seme are designed for Morizontal nstallations. They
Ve & 61p tube Which resches the bettem to remeve the accumwliated ofl. The velocity of the

thet goes acress the tep of tude creates & lower pressure ia the dip tude; thus, the
;:“n siphoned up the tube ond out the discharge of the muffler, as 11lustrated in figure

oL

Fig 3-M. Mffler.

109

3-3



EXERCISE:  Answer the fo)lowing questions and check your responses against those )isted at
the end of this stugy unit,

1. What s the purpose of a heat exchanger used in refrigeration applications?

2. Describe where in a refrigeration system the heat exchanger is Jocated.

3. List the five advantages of using a heat exchanger,

b.

Ce

4. What do of) separators do in a refrigeration system?

5. Describe how an of) separator works.

6. What is the purpose of driers?

7. The drier contains filters and either an or
type of desiccant.




8. Give the use of the following types of desiccants.

a. Calcium chloride -

b. Calcium oxide -

c. Calcium sulphate -

d. Aluminum oxide -

e. Silica gel -

9. Explain the purpose of a vibration absorber.

10. Where is the most desirable location for vibration absorbers that are to be
installed 4n the suction and discharge lines?

11. What {s the purpose of a muffler?

12. 1n which refrigerant 1line are mufflers usually located?

SUMMARY REVIEM
During your study of this study unit, you learned the types of refrigeration systems
and the major components within the refrigeration systems. You also learned how a mechanical
refrigeration system is constructed. Finally, you learned the different types of compressors,
condensers, receivers, evaporators, and accessories that you will encounter in the
refrigeration field.
Answers to Study Unit #3 Exercises
Work Unit 3-1
1. a. Ice system
b. Evaporative system
Cc. Dry {ce system
d. Absorption system
e. Vapor compression system
2. Vapor compression System
3. a. Compressor
b. Condenser
C. Metering device

d. Evaporator

[y
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Work Unit 3-2
1. a. Single acting (vertical)
b. Double acting (horizontal)
2. (losed crankcases for vertical type and open for horizontal type
3. a. They are made of close grain cast iron in either one or two pieces.

b. The two piece type has the crankcase and cylinders cast separately, then
bolted together

C. The one piece type is cast in one block with a baseplate.
4. High speed compressors
5. a
b.

a
.
o o - - o o -

he R

6. The hermetic compressor is a completely welded unit, whereas the semi-hermetic is
bolted so as to facilitate maintenance.

7. There is no shaft ;eal. This eliminates leakage.
8. a. Rotary

b. Reciprocating

C. Reciprocating

d. Rotary

€. Reciprocating

9. ¢c-8
0. d-0
N. b-¢
12. a-A

13. Check electrical power
14. A motor-stat analyzer or a multimeter

15. Charge and discharge it with its normal voltage, not to exceed 120 volts.

Work Unit 3-3
1. a. Desuperheating
b. Condensing

C. Subcooling

1i
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2. a. Surface area
b. Type of cooling medium
¢. Temperature of cooling medium
d. Material
e. Condition of the surface
f. Amount of cooling medium
3. The condenser disposes of the heat that is picked up from the evaporator.
4, a. Cooling load of the unit
b. Weather factors of the locality
5. a They are normally of steel or copper tubing construction, with or without fins.

b. This type consists of a shell of welded construction with a finned water coil.
The refrigerant is between the shell and coil, and it holds the water.

c¢. This type is constructed with two tubes, one inside the other. Water flows in
one direction, and the refrigerant in the other.

d. These types are made with steel shells with tube sheets at each end. Copper
tubing connects both sheet ends.

e. MWater is sprayed directly over the condensing coils.
6. a. Vertical
b. Horizontal

7. The shell and tube water-cooled condenser does not need a receiver because the
bottom portion of the condenser is used a receiver.

8. To store surplus refrigerant

Work Unit 3-4
1. The evaporator converts 1iguid to vapor.
2. a. Dry
b. Flooded
3. a. Type of surfaces
b. Operating condition
¢. Refrigerant control
d. Circulation

4. Basic difference is the amount of refrigerant. A small amount is used in the dry
system and the evaporative element is filled in the flooded system.

5. a. Better heat transmission
b. Smaller evaporator

c. More flexible distribution of refrigerant
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6.

7.

8.

a. The frosting evaporator is used in units which have temperatures below 320
F It needs defrosting at certain intervals.

b. The nonfrosting evaporator is used where temperatures remain above 320.F.
It needs no defrosting.

¢. The defrosting evaporator is used where temperatures go below 320 F when the
compressor is operating and above 320 F when the compressor is stopped.
This units defrost themselves when the compressor stops.

a. The bare tube evaporator is formed of coils or tubes and plates and is used
for frozen foods. This type evaporator can serve as shelves for the fast
freezing of foods.

b. These are bare tubes covered with metal fins.

¢. Forced convection evaporators are any type of evaporators that uses a fan to
force air through the tubes or coils.

a. The tank-type cooler has the evaporator coil submerged in a tank of liquid
which acts as a secondary refrigerant.

b. The baudelot cooler is a series of coils in a vertical tier arrangement. the
1iquid that is to be cooled flows over the coils in a cascade from a trough at
the top to another trough at the bottom.

¢. The shell and coil cooler consists of a continuous coil in which the
refrigerant flows. Liquid that is cooled flows between the cofl and the shell.

d. The shell and tube cooler consists of a number of tubes in which the 1liquid
that is to be cooled flows. The refrigerant surrounds the tubes.

Work Unit 3-5

1.

2.
3.

4.
5.

6.
7.
8.

Its purpose is to transfer heat from the hot 1iquid line into the cool suction
1ine.

It is located between the evaporator and the condenser.

a. It minimizes flash gas.

b. Sweating or frosting of the suction is eliminated.

€. Flooding of 1iquid refrigerant to the compressor is eliminated.

d. Liquid enters the expansion valve at a lower temperature.

e. It increases compressor efficiency.

They separate the o1l from the refrigerant.

Compressed vapor and oil enter the separator from the compressor. Upon entering
the separator the vapor slows down and the oil drops out and accumulates until its
level causes a float assembly to open a needle valve. The high-side pressure then
forces the oil back to the low~side of the compressor.

Oriers are used to reduce or eliminate moisture from a refrigeration system.
Adsorption and or Absorption

a. Calcium chloride is used with all refrigerants.

b. Calcium oxide is a cheap, efficient desiccant.

c. Calcium sulphate is in granular form and may cause harm if not used with the
proper filter.
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d. Aluminum oxide absorption type desiccant is used with all refrigerants.

e. Silcia-gel is the most popular desiccant. It is slow but can be left in the
system indefinitely.

9. Prevent the transmission of noise and vibration from the compressor.
10. As close as possible to the compressor or the condensing unit.
11. To dampen the pulses of gas created by the compressor.

12. Discharge line.
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STUOY UNIT 4
REFRIGERATION CONTROLS

STUOY UNIT OBJECTIVE: WITHOUT THE AIO OF REFERENCES, YOU WILL IOENTIFY VARIOUS
REFRIGERATION CONTROLS THAT PROVIOE EASY, SAFE OPERATION OF REFRIGERATION

SYSTEMS. YOU WILL IOENTIFY SOME OF THE OPERATING ANO MAINTENANCE FEATURES OF
THESE CONTROLS, PLUS THE MOTOR ANO SAFETY CONTROLS ANO THEIR MAINTENANCE TASKS.
ALSO, YOU WILL IOENTIFY THE OIFFERENT MOTORS THAT ARE USEO IN MOOERN REFRIGERATION
SYSTEMS.

Your BRAIN is a control system. It controls your movements and it responds to various
situations. Have you ever touched something hot? If you have, Yyou undoubtedly released it
immediately, didn't you? The control system of a refrigeration or air conditioner acts like a
brain. It senses a change and responds with a corrective action.

The basic refrigeration control is a device that starts/stops, regulates and/or
protects the refrigeration cycle and its components. Though it may take almost any form and
may be operated by different forces such as temperature or pressure, the function of the
control is always the same. :

In this study unit, some of the refrigerant controls that provide easy, safe operation
of the refrigeration system will be covered. Also, some of the ogerating and maintenance
features of these controls, including the motor and safety controls and their maintenance
tasks will be presented to you.

Work Unit 4-1. CONTROLS
STATE WHAT A SIGHT GLASS IS ANO HOW YOU USE IT.
SPECIFY THE TYPES ANO PURPOSE OF PRESSURE RELIEF VALVES.
OESCRIBE THE TYPES ANO USES OF THE WATER REGULATING VALVES.

OISTINGUISH BETWEEN THE CHARACTERISTICS ANO USES OF SUCTION PRESSURE CONTROL
VALVES ANO THOSE OF TWO TEMPERATURE VALVES.

IOENTIFY THE PURPOSE AND TYPES OF CHECK VALVES USEO IN A REFRIGERATION SYSTEM.
STATE THE PURPOSE ANO OPERATING PRINCIPLE OF THE OEFROST TIMER.
OESCRIBE THE TYPES ANO PRINCIPLES OF OPERATION OF THE SOLENOIOS.

A SIGHT GLASS is installed in the liquid line of a refrigeration system to visually
determine Tf the system has enough refrigerant. The sight glass should be installed as close
as possible to the receiver, but far enough downstream to avoid any disturbance resulting from
valve action. When the system has a low charge, vapor bubbles will appear in the sight
glass. This indicates to the serviceman that the system needs more refrigerant.

Occasionally, when liquid lines are quite long, an additional sight glass in the front side of
the refrigerant control shows the stream of refrigerant reaching the control. Bubbles at this
point indicate that the liquid is flashing because of an excessive pressure drop. These
bubbles can only be eliminated by reducing the pressure drop or by further subcooling the
liquid refrigerant.

PRESSURE RELIEF VALVES are valves designed to relieve excessive, dangerous pressure
from a refrigeration system. They are normally installed on the liquid receiver, but on some
units that you may come into contact with, they can also be located on the water-cooled
condenser. The National Refrigeration Code sets down requirements for the type and number of
valves used, where they are to be located, and on what units. »

There are three main types of relief valves. One type is the FUSIBLE PLUG. This is a
pipe plug which has been drilled out and filled with a metal alloy that will melt at a
predetermined temperature, which depends on the pressure-temperature relationship of the
refrigerant used in the system.



Another type of relief valve is the RUPTURED-DISK. This device looks the same as the
fusiple plug, but 1t has a thin metal (usually siTver) disk inside. This disk bursts when tie
pressure in the system reaches an abnormal, dangerous level, The third design is the
SPRING-LOADED SAFETY VALVE. Unlike the other types, this valve can be permanently used. It
has the abiTity to ciose and reseal itself after it has relieved the dangerous pressure in the
system. This valve is adjustable, but once a pressure is set, 1t is s2aled to prevent
tampering. If the seal is broken, the valve must be replaced with a properly adiusted one.
Pressure relfef valves are designed to close when the pressure drops to a safe limit, which is
normally 10 to 20 percent below their opening pressure.

Note:  MANUAL HAND VALVES MUST NEVER BE INSTALLED BETWEEN THE SYSTEM AND ANY TYPE OF
RELIEF VALVE.

WATER REGULATING VALVES are essentially what their name implies. They turn the water
on or ofT and regulate 1ts Tiow. Three types of valves are used to regulate tais flow of
water within a refrigeration system: ELECTRIC, PRESSURE, and THERMOSTATIC.

The ELECTRIC WATER VALVE 1S located between the water supply and the condensing unit,
normally on the condensers' base. It works simultanecusly with the motor. Electric valves

usually operate on 120 volts and use from 6 to 10 watts of power.

A PRESSURE-OPERATED VALVE is probably the most popular. It uses a bellows to operate
the valve.” Wnen tne pressure in the condenser rises, the bellows expands and, through a
varfaty of mechanisms, the valve portion moves. As water fiows into the condenser, it cools
the compressed vapor, reduces the pressure and, in turn, causes the b2llows to contract. This
causes the operating mechanism to close the valve. These valves may be set to a predetermined
pressure by adjusting a heavy spring which presses against the bellows. The pressure depends
on the temperature of the water and the particular refrigerant that is used.

The THERMOSTATIC WATER VALVE is about the same as the pressure-operated valve, except
that it uses a thermostatic eiement which is connected to a bellows. This valve then works on
the temperature of the exhaust water. The thermostatic element is charged with a volatile
substance, and 1s located in the condenser 1ine. Temperature change causes the liquid to
expand or contract, and thus causing the valve to open or close.

Varfous systems use SUCTION PRESSURE VALVES to maintain a certain pressure in the
evaporator. This pressure has no bearing on tne fow side of the compressor or the cooling
demand. Generally a bellows or diaphragm in tha valve responds only to the pressure that {is
in the evaporator. When the evaporator pressure reaches approximately 30 psi, the bellows
(diaphrag?) opens the valve. When the pressure falls below 30 psi, the valve closes, There
are two basic types of suction pressure valves: a SUCTION THROTTLING VALVE and an EVAPORATOR
PRESSURE REGULATOR, see figure 4-1, The main purpose of a suction pressure control valve is
To keep the temperature of the evaporator above freezing, so that the moisture condensing on
the evaporator will not freeze as the afir flows through it.
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Fig 4-1. Suction-pressure valve.

TWO-TEMPERATURE VALVES Yike the one in figure 4-2 are generally used on multiple
installations, where S important to maintain different temperature in different
evaporators connected to the same system. A valve of this type (sometimes called a constant
pressure valve, or a pressure reducer) is mounted into the warmest evaporator suction line.
This maintains the pressure of the warmest evaporator, and prevents it from falling below a

safe setting.
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Fig 4-2. Two-temperature valve.

These valves are also used to insure a constant low-side pressure. They are usually
constructed of a bellows or diaphragm, a needle, and its seat. These are set in such a manner
that the bellows is operated by the pressure in the warmest evaporator. As the compressor
pumps down the low side to the desired pressure, the valve is activated by the bellows and
shuts off. Thus, the pressure in the warmest evaporator is prevented from going below the
desired pressure. When the pressure in the evaporator a?ain begins to build up (from
vaporizing the refrigerant) the bellows activates the valve. As the valve opens the vapor
passes on to the compressor.

There are two general types of two-temperature valves: PRESSURE-OPERATEQ (meterin
and snap-action) and TEMPERATURE-OPERATED (sensing bulb, bellows, thermostat, and solenoidg.

CHECK VALVES are used in refrigeration systems, as in all other systems, to prevent
the reversal of flow. they are used in two-temperature installations, to prevent vapor
passage during the off cycle, and in defrost systems. Check valves will remain open when
fluids and/or vapors are flowing in the right direction during normal operation, but will
close automatically when changing conditions within the refrigeration system tend to force a
reversal of the flow.

There are two types of check valves: the SWING-CHECK (see fig 4-3) and the LIFT-
CHECK (see fig 4-4). The swing-check valve has a hninged disk that seats against the tilted
bridge wall opening of the valve body (see fig 4-3). This disk swings freely on its hinge pin
from a fully closed position to one parallel with the flow. The fluid or vapor in the line
enters below the disk. Pressure overcomes the weight of the disk and raises it, permitting a
continuous flow.. If the flow is reversed or back-pressure builds up, this pressure is exerted
against the disk, forcing it to close and stop the flow.
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Fig 4-3. swing-check valve.

Fig 4-4, Lift-check valve.

The 1ift-check valve's disk seats on a horizontal bridge wall in the valve body (see
fig 4-4). The disk is raised from its seat by the pressure of the fluid flow and moves
vertically to open. The valve is closed by back-flow, or by gravity when there is no flow.

Most automatic defrost systems use a DEFROST TIMER to start the defrost cycle. The
basic component is an electric, self-starting clock, e mechanism within the clock operates
a cam which operates various switches. Some of these clocks are connected straight to an
electric power source, and will defrost the system at scheduled intervals. This is necessary
to keep the system working well, Every evaporator has its own defrosting requirements such as
at each cycle, or every few hours, or once a day. The cams can be adjusted to correspond to
the Tndividual evaporators’ requirements.

Some of the timers are connected to electrical power in parallel with the motor. They
measure the running time of the condensing unit, and the defrost cycle is activated after a
scheduled number of hours running time. Some timers that depend On the system energize a
solenoid bypass valve tc stop the fan motor, start an auxiliary electric heater element, and
operate the compressor. These may also prevent the normal cycle from starting until the
low-side pressure is at a normal level.



Another automatic timer starts the defrost cycle while the temperature bulb fis
returning the unit to a normal operation cycle, after the evaporator reaches a temperature
above 329 F, Still another timer starts defrost action and also a pressure control
(low-pressure side) that returns the system to normal operation. This timer can be used with
efther air defrost action, or electrical heat action.

SOLENOID VALVES in refrigeration systems automatically close off or open a circuit to
produce the desired refrigerating effect. It is simply an electromagnetic device with a
moveable core (center) and an armature. This armature (made of iron alloy) is attached to a
moveable needle. The basic principle of a solenoid is 1llustrated in figure 4-5. When the
solenoid cofl is energized, the magnetic armature, or plunger, moves upward toward the certer
of the coil, thus opening the valve. When the circuit opens, the coil de-energizes and the
sgringland the weight of the plunger forces the valve against the valve seat, thereby closing
the valve.

P AW, ‘!QLWW/,,,
L] —
A HEA

Ll P

Fig 4-5. Solenoid (direct-acting).

There are two basic types for solenoid valves that you may find in use: the
DIRECT-ACTING (fig 4-5) and the PILOT-OPERATED (fig 4-6). In the direct-acting type, the pull
of the coil opens the valve port directly by Tifting the pin out of the valve seat. Since
this valve depends solely on the power of the solenoid cofil for operation, its port size, for
a given pressure differential, is 1imited by the cofl size,

Large solenoid valves are usually of the pilot-operated design. With this type, the
solenoid plunger does not open the main port directly, but merely opens the pilot port (A),
refer to figure 4-6. Pressure trapped on top of the piston (B) is released through the pilot
port, thus creating a pressure imbalance across the piston (B). Because the pressure
underneath is now greater than the one above, the piston moves upward. This opens the main
port (C). To close port (C), the coil is de-energized, causing the plunger to drop and close
the pilot port (A). Now the pressure above and below piston (B) equalizes. Piston (B) will
close the main port (C). The pressure difference across the valve, acting on the area of the
valve seat, holds the piston closed tightly.
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Fig 4-6. Solenoid (pilot-operated).

EXERCISE:  Answer the following questions and check Your responses against those listed at
the end of this study unit.

1. State the purpose of the sight glass in a refrigeration system.

2. In a refrigeration system, where should the sight glass placed?

3. If trouble s indicated by the sight glass, identify the three ways by which it
may be eliminated.

b.

C.

4. State the purpose of pressure relief valves.

5. State when wil) the following relief valves operate.

a. Fusible plug -

b. Ruptured disk -

€. Spring-loaded safety valve -

6. What are water valves used for in a refrigeration system?
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ere ore the witer valves normelly tocated in the system?

l6antify the three Lypes of weter regulating valves.
'R
|
<.

Rote ether oech 18am delow refers t0 o suction pressure control valve or &
two-tamperature vaive. Place you answer 1n the space provided.

8. It 15 activated at o 30 pst evaperstive pressure.

0. Referred to 88 & pressure reducer.

€. It hosps the evaperstor temperature sbove freezing.

4. Insunts & constant 10w-side pressure.

6. A dusired pressure 15 kept In the wermest evaporstor,

f. It vees & seneing buld and & deliows.

et i3 the purpese of chack valves?

et 15 the ¢ifference betwesn the twd types of check valves?

State the purpese of o Gafrest timer.

Bescride the epereting charecteristics of & defrost tiamer.

fow dous & seleneid valve work?
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15. Identify the two types of solenoid valves that you may work with,

b.

Work Unit 4-2. EXPANSION VALVES AND CAPILLARY TUBES.

LIST THE CONSTRUCTION FEATURES AND GIVE THE OPERATING PRINCIPLES OF AUTOMATIC
EXPANSION VALVES.

EXPLAIN THE AUTOMATIC EXPANSION VALVE'S OPERATION DURING AN INCREASE IN HIGH SIDE
PRESSURE AND A FLUCTUATION IN HEAT LOAD.

DESCRIBE THE CONSTRUCTION FEATURES AND OPERATING PRINCIPLES OF THE THERMOSTATIC
EXPANSION VALVE.

STATE WHERE THE THERMAL BULB SHOULD BE LOCATED UNDER SPECIFIC CONDITIONS.
COMPARE THE VARIOUS REFRIGERANT CHARGES OF THE THERMAL BULB.

BRIEFLY DESCRIBE A CAPILLARY TUBE.

STATE WHEN AND HOW TO REPLACF A CAPILLARY TUBE.

EXPANSION VALVES, in the early days of mechanical refrigeration, were manually
operated. This type may still be used in some systems, but most of them have been replaced
with modern expansion valves.

This valve was developed to control the flow of 1iquid refrigerant to the evaporator
sutomatically by maintaining & constant evaporator pressure. The AUTOMATIC EXPANSION VALVE is
essentially & PRESSURE-REGULATING VALVE (sometimes called a constant pressure valve), It 1s

designed to maTntaTn a constant pressure i: the evaporator, regardless of changes in heat
loads or high side pressure.

The AUTOMATIC EXPANSION VALVE (AEV) (fig 4-7) consists of a closing spring (P3)
which pushes upward to close the valve, a needle and needle seat, drive pins which push on the
needle carrier to open the valve, a diaphragm, an opening spring (P), an adjusting screw,
and & vent hole to allow atmospheric pressure (P4) to press downward on the diaphragm.

—— ADJUSTING SCREW

e ATHOSPHERIC PRESSURE

NI

SEAT r'd

D APNRAGH

- NIGH TEMPERATURE
LIGUID LINE
N .,_%
gvaronaton ragssunt (P2) j

Fig 4-7. Automatic expansion valve.
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In modern automatic expansion valves, the area above the diaphragm is filled with
relatively dry air or nitrogen gas. This is done to keep out moist air, which might form ice
and prevent the spring from opening. It also acts as a cushion and affects the diaphragm in
the same way as atmospheric pressure.

High-pressure, high-temperature 1iquid refrigerant from the 1iquid line changes to a
low-temperature 1iquid at the valve seat (see fig 4-7). Atmospheric pressure (P4) pushes
downward to open the valve. Closing spring pressure (P3) pushes upward to close the valve.
These pressures, being equal and opposite, cancel out each other and need not be considered,
Therefore, the only pressures to consider are opening spring pressure (Py) and evaporator
pressure (P2) which closes the valve. Figure 4-8 and 4-9 illustrate this. The evaporating
pressure is varied by changing the pressure on the opening spring with the adjusting screw.
Turning the screw clockwise increase the evaporator pressure; counterclockwise decreases the
evaporator pressure.

\( \r
OPENING ATMOSPHENIC
SPRING PRESSURE

Py Py
‘ OIAPHRAGM
A T

P

2 Py

EVAPORATOR
PRESSURE CSPRmG

A J\

Fig 4-8. Pressure on automatic expansion valve diaphragm.

OPENING SPRING

Pt
# DIAPHRAGM

A

P2

EVAPORATOR PRESSURE

Fig 4-9. Operating pressure on automatic expansion valve.

During normal ogeration. the valve is approximately three quaters open. A slight
movement of the needle is necessary to regulate the refrigerant flow and to keep the
evaporator pressure almost constant. When the compressor stops, the valve remains open for a
moment. During this time the evaporator pressure overcomes the opening spring pressure and
thus closes the valve. As the evaporator warms up during the off cycle, its pressure rises in
accordance with the pressure-enthalpy (P-E) chart and may be several psi above normal
operating pressure, The higher the pressure the tighter the valve closes.
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When the compressor starts, the valve does not open immediately. This factor is an
important advantage, because the compressor motor is not overloaded on start-ups. The valve
will not open until the compressor reduces the evaporator pressure to the pressure setting of
the valve. As the compressor reduces the evaporator pressure (P a, it becomes less than the
opening spring pressure (P1) (see fig 4-10). This acgion opens the valve. It opens to such
a position when the opening spring pressure and the evaporator pressure are in balance.

OPENING
SPRING

i

Fig 4-10. Opening spring pressure.

When the condensing temperature increases, the high-side pressure also increases.
This increase in pressure will force more refrigerant through the valve and thus increase the
evaporator pressure. The valve becomes unbalanced, causing 1t to close slightly and reduce
the refrigerant flow and evaporator pressure, but the evaporator pressure will return to the
valve setting. The valve should maintain a fairly constant pressure in the evaporator. It
should not fluctuate more than 1/4 psi during operation.

Lets consider now a system containing refrigerant R-12; the evaporator pressure is at
21 psi and its temperature is at 20° F. When a heat load is added to the system, it causes
the refrigerant to vaporize faster. This causes a rise in evaporator pressure and point V
(see fig 4-11) moves to the right. This increase in evaporator pressure tends to close the
valve allowing less refrigerant to enter the evaporator; therefore, the evaporator is less
active,
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Fig 4-11. Automatic expansion valve during heat 1oad.

A decrease in heat load would have an opposite effect. When the evaporator pressure
decreases, it tends to open the valve more. Point V would move to the left, flooding the
evaporator, Under this condition, 1iquid refrigerant could enter the compressor. This is a
major disadvantage of the automatic expansion valve. It starves the evaporator when the heat
load is increased and floods the evaporator when the load is decreased.

The THERMOSTATIC EXPANSION VALVE (TEV) 1s a further development and improvement of the
automatic expansion valve, and was first Introduced to the refrigeration industry in the
late 1920s. Its purpose is to regulate the flow of refrigerant entering the evaporator,
maintaining a fully active evaporator regardless of the heat load and pressure changes. It

does this by maintaining a constant degree of superheat. (SUPERHEAT is heat that is added to
a gas or vapor above its saturation temperature.)

The thermostatic expansion valve consists of the following parts: a thermal bulb,
capillary, diaphragn, push rods, valve seat and needle, spring, and an adjusting screw (see
fig 4-12). The thermal bulb, which is a power element, contains a charge of refrigerant.
Pressure developed by the charge is transmitted through the capillary to the diaphragm. The
type of charge in the bulb depends on the application. Charges are classified into four main
groups: (1) gas-charged, (2) liquid-charged, (3) cross-charged, and (4) special-charged.

We began by saying that the thermostatic expansion valve maintains a fully active
evaporator, regardless of the heat load and pressure changes. In actuality this is not quite

true. A small portion of the evaporator is used for superheating the vapor, because the
change in superheat controls the valve.
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Fig 4-12, Thermostatic expansion valve.

Referring to figure 4-8 and 4-13, observe the similarity of the thermostatic and automatic
expansion valves. Note that the opening spring (Py) has been replaced by bulb pressure

(Py). Evaporator pressure (P2) is the same for both valves. In the automatic expansion
valve, the closing spring pressure and the atmospheric pressure are the same, so they are not
considered. In the thermostatic expansion valve, the closing spring (superheat spring) aids
the evaporator pressure in closing the valve,

ADJUSTABLE OPENING SPRING

BULB PRESSURE
¢ Py Py
P
2 Py Py
EVAPORATOR g\ pERMEAT

PRESSURE SPRING
EVAPORATOR PRESSURE

AUTOMATIC EXPANSION VALVE THERMOSTATIC EXPANSION VALVE

Fig 4-13. Comparison of pressures on expansion valve diaphragms.
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The operating pressures of both types of expansion valves are compared in figure
4-13. Both valves have Py and Py, but the thermostatic valve has an additional pressure
P3, which helps close the valve. In the thermostatic expansion valve, P1 1s equal to
P2, thus balancing the valve. In the thermostatic valve, it is Py = P2 + P3, meaning
tﬁat the evaporator pressure plus superheat spring pressure is equal to bulg pressure when the
valve is in balance.

G v)i%‘%i m

\; l=-SUPERHEAT-+|

Fig 4-14. Normal operating system with R-12 refrigerant.

Now 100k at figure 4-14, both the system and the valve contain R-12. Point V is the
point of complete vaporization. The temperature of the 1iquid and vapor from point V to point
A 1s the same. The location of point V is not too important, but the temperature at point v
is. The temperature at point V can be known by converting suction pressure to temperature.

In figure 4-14, the suction rressure. as can be seen by the gage, is 21 psi. The temperature
from A to V is 200 F. Now, lets find the amount of superheat. Attach the bulb of a
superheat thermometer at point C (see fig 4-15). This is 309 F. Convert the suction
pressure to temperature: 21 psi = 200 F, which is the temperature at point V. Subtract the
temperature at point C: 30° - 209 F = 109 F superheat.

C,= Vs SUPERHEAT

30°F - 20°F = 1V°F
20°F 20°F
THERMAL BULB R-12 )m :
21 P8y c 25°F V 20°F 20°F
\ i b F EHuR-
T |
:" 21 ot

Fig 4-15. To find superheat.
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The thermal bulb should be clamped to a horizontal suction line near the evaporator
outlet. Clean the suction line throughly before clamping the remote bulb in place. On
suction lines under 7/8 inch 0D, install the remote bulb on top of the line, and on 7/8 inch
up to 2-1/8 inches 0D, install the bulb at the position of 4 or 8 o'clock (see fig 4-16). On
lines 2-1/8 inches and larger, place the bulb inside the suction line,

o p—
) I [ S—

BULS ON SMALL LINE

-

‘ BULB ON LARGE LINE

Fig 4-16. External bulb on suction line.

The thermal bulb must never be installed where the suction 1ine is trapped as shown in
figure 4-17. A collection of liquid refrigerant at the bulb's location will cause irregular
operation of the expansion valve. Large fluctuation in pressure and superheat of the suction
gas usually results from trapped 1iquid at the bulb's location. Even on properly designed
suction lines, it is sometimes necessary to move the bulb a few inches either way from the
original location to obtain the best valve action. ALWAYS locate the bulb on the evaporator
side of the heat exchanger,

When the remote bulb is outside the refrigerated space, both the bulb and the suction
line must be well insulated from the surrounding ambient temperature. The insulation must
extend at least 1 foot or more on both sides of the bulb. When the thermal bulb is inside the
refrigerated space, the temperature difference between the evaporator and space is not usually
large enough to adversely affect expansion valve operation.

EVAPORATOR MULTI-OUTLET THERNO
EXPANSION VALVE

Fig 4-17. Remote bulb location showing trap.



Figure 4-17 illustrates one of the more common incorrect remote bulb applications that
may cause valve “"hunting” and “flood back." Liquid may be trapped in the suction line at the
evaporator outlet, causing the loss of operating superheat and resulting in irregular valve
operation due to the alternate drying and filling of the trap. Figure 3-18 shows the piping
corrected and the trap removed. This allows for free drainage away from the remote bulb
location. “Hunting” of the expansion valve can be defined as the alternate over feeding and
starving of the evaporator. It is recognized by extreme cycle changes in both the superheat
and the suction pressure. Figure 4-19 {1lustrates the proper remote bulb locaticn to keep
trapped oil or 1iquid from affecting the expansion valves' operation when the suction line
must rise at the evaporators' outlet.

EVAPORATOR MULTI-OUTLET THERMO
EXPANSION VALVE

Fig 4-18. Remote bulb location showing free draining.

¥
 —
EVAPORATOR :ﬂl

Fig 4-19. Recommended remote bulb location
and schematic piping for rising
suction line.

Thermostatic expansion valves require a different type of refrigerant charge in the
thermal bulb for each temperature range, see figure 4-20. The dividing line between the
different charges is not clear cut. A ?as-charge valve may be used with a temperature as low
as 26° F without too much loss in effic ency. Also, a cross-charged valve may be used where
the temperature reaches 359 to 379 F,
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Fig 4-20. Temperature ranges of valves.

The GAS-CHARGEO VALVE BULB contains the same type of refrigerant as used in the
system. The amount of refrigerant is limited so that at a predetermined temperature all
refrigerant has vaporized. This limits the amount of pressure that can be exerted by the bulb
and is called M.0.P. (Maximum Operating Pressure). Any time the evaporator pressure becomes
greater than the M.0.P., the valve closes and remains closed until the evaporator pressure is
reduced below the M.0.P. The main advantages of the gas-charged valve are: (1) it prevents
flooding of the evaporator during the OFF cycle; (2) it allows rapid pulldown; and (3) it
prevents overloading of the compressor motor. Its main disadvantages are that it cannot be
used on low temperature applications, and that the body of the valve must not become colder
than the bulb. If it does, the charge will condense in the body of the valve, and the control
by the bulb will be lost.

The CROSS-CHARGEQ VALVES use a different fluid in the power element than the
refrigerant used In the system.” The cross-charged valve is especially useful in low
temperature applications. The cross-charged valve creates a high initial superheat which
tends to prevent flood back and motor overload during the initial pulldown. At high
evaporator temperatures, the valve maintains a very high superheat; as the evaporator
temperature lowers, the superheat gradually returns to normal. When the compressor stops, the
valve closes quickly to prevent flooding of the evaporator.

Ultra low temperature refrigeration (-400 F and less) uses a SPECIAL-CHARGEO VALVE.
Each application requires its own specially engineered valve. Before changing the type or
size of these valves, consult the valve's manufacturer.

LIQUIO-CHARGEQ VALVES contain the same refrigerant as the system does. This type of
valve operates on the principle of expansion or contraction of a 1iquid as it changes
temperature. The advantage of this type is that the valve will control refrigerant flow even
if the valve body is colder than the thermal bulb. One main disadvantage is that, during the
fnitial pulldown when the compressor starts, the evaporator temperature is immediately
reduced. Since the thermal bulb is not cooled as fast as the evaporator, the pressure
difference across the diaphragm tends to open the valve completely with a possibility of
floodback. It also imposes a maximum load on the motor during pulldown, and it delays suction
pressure pulldown. Ouring the OFF cycle, the bulb may warm up enough to open the valve. This
will flood the evaporator and cause floodback on start-up.

Liquid-charged valves must contain some type of pressure limiting device, so they cost
more than gas-charged or cross-charged valves. Nevertheless, if the valve body must be
located in an area that is colder than the thermal bulb, you must use a liquid-charged valve.



The pressure 1imiting device may consist of a gas-charged pressure cartridge or collapsible
1ink installed between the diaphragm and the push rods that open the needle valve (see fi
4-21). As long as the evaporator pressure is below the pressure charge of the cartridge, the
cartridge acts as a solid piece, transmitting the power element pressure to the push rods.,
When the pressure in the evaporator exceeds the cartridge pressure, the cartridge collapses,

allowing the spring to close the valve. The valve will remain closed until the evaporator
pressure has been reduced below that in the cartridge,

PRESSURE- CHARGED PN\, — DIAPHRAGM OR
MECHANICAL CARTRIDGE \METIR? COLLAPSIBLE MEMBER

Ly,
naoooéﬁéél:ﬁ"' <40

INLET

Fig 4-21, Pressure Timiting device.

The CAPILLARY TUBE, located between the condenier and evaporator (see fi 4-22), 1is
used on practically alT small applications such as domestic refrigerators, nome %reezerS, room
air conditioners, drink fountains, and some central air conditioning systems. It is the
simplest of all refrigerant controls; it consists of a length of small diameter seamless
cop?er tubing. The diameter and length depend upon the refrigerant, capacity and

application, When a 1iquid is force through a pipe or small tube, there is always a
resistance to flow. Decrease the diameter or increasc the Tength, and the flow is reduced.

BOX TEMPERATURE 40°F <—
\E

EVAPORATOR @

CAPILLARY TUBE —»
1 «—SUCTION LINE

FILTER T
CONDENSER STRAINER

AMBIENT TEMPERATURE 80°F—

Fig 4-22. cCapillary tube in refrigeration system.
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The capillary tube is designed to create enough resistance so that the pressure drop
will allow the liquid refrigerant to begin to vaporize. This will occur near the inlet of the
evaporator, where its temperature is cuoled to the evaporator temperature and pressure. ‘The
capillary tube equalizes during the OFF cycle, minimizing the starting load on the
compressor. Under the low load condition, fwer starting devices and less current will be
required for the compressor motor. With the capillary tube the refrigerant charge is
CRITICAL. Only a limited amount of refrigerant can be placed in the system. If too much
refrigerant is in the system, the evaporator pressure will be above normal and the suction
line will frost to the compressor. If there 1S not enough refrigerant, the evaporator will be
starved. The tube is easily clogged or bent. A filter strainer should be installed at the
inlet of the capillary tube to prevent dirt and foreign matter from clogging the tube.

A broken or plug?ed capillary tube requirés to be replaced with exactly the same
capillary tube as the original in its length and inside diameter. Approximately the same
length of the replacement should be soldered to the suction 1ine to make a heat exchanger.
The variations in diameters of some capillary tubes are shown in figure 4-23.

CAPILLARY TUBES AND WIRE SIZES COMPARED

oD 1D AWG SIZE

.083 .03] No. 21 .028
.094 .036 No. 20 .032
.109 .042 No. 18 .0403
114 .049 No. 17 .045
.120 .055 No. 16 .0508
.130 .065 No. 16 .064

Fig 4-23. Capillary tube diameter.

Many refrigerators have a capillary size of .114 inch outside diameter, (OD) and .049
inch inside diameter (ID) when used with R-12. Of course you can check the outside diameter
with a micrometer, and the inside diameter with a wire. Notice that both the gage and
diameter of wires are compared with capillary tube diameters in figure 4-23. Do not try to
force a wire into a capillary tube to check the inside diameter. Also, make certain that the
wire has not been burred on the end while being cut. You can check the diameter of a wire
with a wire gage of a micrometer. In any case, the correct size wire should slip easily into
the capillary tube.

when exact replacements are not available, you may install an adjustable capillary
tube in the system. In this case, the capillary tube should be cut to equal the length of the
one which it replaces. A heat exchanger of the same length is made by soldering the capillary
to the suction liue. Note that the ends of the capillary should be cut with a tube cutter to
get a uniform end. Also, swage the appropriate ends of the tubing s¢ that the capillary can
be soldered into the system

Note: KEEP THE ENDS TAPED OR PLUGGED WITH RUBBER CAPS TO KEEP MOISTURE OUT WHILE THE
SYSTEM IS OPEN. IF FITTINGS ARE AVAILABLE, THE TUBING MAY BE QUICKLY JOINED.
HOWEVER, BECAUSE SUCH FITTINGS ARE EXPENSIVE, MOST SHOPS WILL USE A TORCH AND
SOLDER THE CONNECTIONS.

After you have installed the capillary tube, evacuate it, dry it, charge it with
refrigerant, and test it for leaks. For the replacement capillary tube with an ex ernal
adjustment, set the capillary adjustment so that the evaporator frost evenly. Then make a
final check for proper adjustment by seeing that the lines to and from the evaporator are not
frosted.
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EXERCISE:

1.

2.

3.

4,

5.

6.

7.

Answer the following questions and check your responses against those listed at
the end of this study unit.

List the construction features of an automatic expansion valve.
a.

b.

C.

d.

€.
f.

How is the evaporator pressure varied?

Why is there a s*'' it movement of the needle in the automatic expansion valve
during normal op... :ion?

How does the automatic valve function during the off cycle?

How does the expansion valve operate when the compressor starts?

How does the automatic expansion valve function during an increase in the high
side pressure?

How does the expansion valve operate during the folloving?

a. Increase in heat load:

b. Decrzase in b .at load:
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8. List the construction features of the thermostatic expansion valve.

9. What is the principle of operation of the thermostatic expansion valve?

10. Identify the uses of the four different refrigerant charges used in the thermal
bulbs.

a. Gas-charged:

b. Liquid-charged:

¢. Cross-charged:

d. Special-charged:

11. What does a capillary tube do?

12. When should a capillary tube be repiaced?

work Unit 4-3. MOTOR AND SAFETY CONTROLS
CITE THE PURPOSE OF MOTOR CONTROLS.
STATE HOW THE THERMOSTATIC MOTOR CONTROL OPERATES.
CITE THE TYPES OF MOTIVATING UNITS AND THEIR OPERATING CHARACTERISTICS.

GIVE THE OPERATING CHARACTERISTICS OF A LOW PRESSURE MOTOR CONTROL, AND STATE HOW
TO ADJUST IT.

DESCRIBE SOME OF THE COMMON TROUBLES OF A THERMOSTATIC MOTOR CONTROL.
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The principle of operation of the TMC {s a basic law of physics which states that
matter wi)) expand when heated and contract when cooled. If you apply heat to a sealed
container that is completely filled with water, the pressure built up due to the heating could
burst the container. If the temperature is reduced, the pressure exerted on the sides of* the
container also reduces. This physical law holds true if the container holds a 1iquid, a gas,
or a combination of the two.

The TMC consists of two major parts: a housing, containing_the operational lever
mechanism, and a power element which is attached to the housin%. The power element can be
further broken down into three parts: a “feeler® bulb, a capillary tube, and a bellows. The
three parts of the power element are connected together and are hollow. Inside this hollow
element, there s a refrigerant charge of 1iquid, gas, or both. This charge is completely

independent of the charge in the unit itself. The charge is very critical. Any leak, no
matter how small, will render the power element 1nopera§1ve.

¥
110V POWER SUPPLY LIGHT SWITCH 1ov
DISCONNECT SWITCH (DOOR SWITCH) LIGHT BULB
eerq” (CABINET LIGHT)

p r __"‘ﬁ J

™C

L A 4

A,

110V SINGLE PMASE
COMPRESSOR MOTOR

Fig 4-26. Location of motor control.

The bulb of the power element s located in such a position as to be sensitive to ny
change in the temperature of the control space. For domestic units, this location is on che
evaporator so as to control the evaporator temperature. It might also be fastened inside the
refrigerated space,

Any rise in temperature will heat the bulb, causing the charge to expand. This
expansion will be transmitted through the capillary tube to the bellows, causing the bellows
to expand. A short push rod is attached to the bellows and inserted into the housing to rest
against one end of the lever system. The pressure of the power element wi1l expand the
bellows, pushing the rod against the lever. This Jever wil) cause other levers to move, and
the net result will be a set of electrical contact points closing. The ¢losing of the points
will cause the motor to start and the unit to be in operation.

As the temperature at the feeler bulb drops so will the temperature of the bulb drop.
This causes a drop in power element pressure which reduces the push on the lever system. The
lever system has a spring that opposes the power element pressure. As the element pressure
drops, the spring pulls the points apart and stops the motor. Turning the adjusting knob
clockwise compresses the spring, causing the cut-in temperature to rise. (More pressure in
opposition to the power element demands more heat on the element to close the points.)
Turning the knob counterclockwise will decrease spring tension and Jower the cut-in point.
The TMC has a second spring that works in conjunction with the power element instead of
sgainst it. This spring is used to set the “cut-out" temperature (on some controls) or the
differential (on other type of controls).
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There are four different types of motivating units or devices that are used to open

and close the contact points in electrical controls: a BELLOWS, a DIAPHRAGM, a BOURDON TUBE,
and a BIMETALLIC ELEMENT.

The BELLOWS (fig 4-27) may be connected directly to the condensing unit by tubing, or
they may be actuated by the pressure in a temperature bulb. The pressure will cause the
bellows to expand or contract. This movement opens or closes the electrical switch,

TO PRESSURE LINE
~ OR TEMPERATURE suL®

y BELLOWS

TO .MOTOR

POINTS —¢

TO POWER SUPPLY
Fig 4-27. A bellows,

A DIAPHRAGM type power element (fig 4-28) is used in some controls. The complete
power elemént consists of a thermal bulb, capillary tube, and diaphragm filled with a 1iquid
or gas. Changes in temperature at the bulb will cause an increase in the volume of the 1iquid
and a subsequent change in the diaphragn, This movement of the diaphragm opens or closes the
electrical switch,

TO PRESSURE LINE
OR TEMPERATURE guLB

> — 10 MOTOR
POINTS /‘\;—

TO POWER SOURCE

Fig 4-28. A diaphragm type power element.

A BOURDON TUBE (fig 4-29) is used in some pressure controls, The bourdon tube is the
same as the one used In pressure and vacuum gages. An increase in pressure will tend te
straighten the tube, while a decrease in pressure will cause it to curl up. The movement of
the tube operates a switch,
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POINTS

TO POWER
SOURCE

TO MOTOR

Fig 4-29. A bourdon tube.

A BIMETALLIC ELEMENT (fig 4-30) is used in air-conditioning thermostats. The element
consists of two dissimilar metals fastened securely together. A change in temperature will
cause the strip to bend. This motion opens or closes the electrical switch. Bimetal strips
are classified as a temperature regulating or indicating device which works on the principle
that two dissimilar metals with unequal expansion rates, welded together, will bend as

temperature changes. Used as a thermostatic motor control, the entire control must be located
inside the refrigerated space (room thermostat).

LO-EXP METAL
MI-EXP METAL ,15-75

CANTILEVER

L_l U.SHAPE

—

SPIRAL

ARROW INDICATES DIRECTION OF MOTION UPON
APPLICATION OF HEAT.

THE ABOVE PIGURE IS AN EXAGGERATED EXAMPLE
DF MOVEMENT OF THE UNANCHORED END OF THE
SIMETALLIC ROOM THERMOSTAT ON AN INCREASE
IN AIR TEMPERATURE SHOWN BY ARROWS

Fig 4-30. A bimetallic element.

On studying the operation of a LOW-PRESSURE MOTOR CONTROL (LPMC), the first question
that comes to mind is: How can a pressure activated device contro emperature? Actually the
answer is simple. Remember that the pressure above a 1iquid determines its boiling point.
This characteristic is reliable and definite (refer to a temperature-pressure relationship
chart). Refrigerant 12 under a pressure of 37 psi will boil at 40° F. Going one step
further, 1f you have a system that uses R-12 and controls the evaporator pressure at 37 psi,
you can expect a temperature of 409 F. Therefore, you have controlled the temperature by
controlling the pressure., Tne motivating units for a pressure motor control are the same as

the thermostatic motor control, with the exception of the bimetallic elements, which are
strictly temperature sensitive,
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There are many variations in the characteristics of individual types of motor
controls. Generally, each control has adjustments of one kind or another, This permits the

onerator to select the operating condition best suited for a particular application. One of
the most useful tools in adjusting controls is the pressure control setting chart.

If there is no control setting chart for a particular application, the next approach
is to use the pressure-temperature relationship chart. In this case, estimate the desired
temperature, convert these temperatures to pressures, and set the control for these
pressures. As an example, the desired temperatures are 109 to 250 F, using R-22 as a
refrigerant, The P-T chart shows that R-22 will produce these temperatures at a pressure of
33 to 49 psi. Set the control for these pressures and the unit should operate at the desired
temperatures,

Note: TO USE THIS METHOD OF SETTINS CONTROLS, THE OPERATOR MUST HAVE ENOUGH
EXPERIENCE TO MAKE GOOD APPROXIMATIONS OF THE DESIRED OPERATING TEMPERATURES.

40 40
30 30
g
CUT OUT POUNDS 20 , 20 CUT IN POUNDS
| 10
(] 0

Fig 4-31. Cut-in and cut-out.

The next problem is to determine the adjustments that are to be made on a control in
the field. There are two common adjustments of low-pressure controls: (1) adjustments of
cut-in and cut-out (fig 4-31) and (2) the adjustment of cut-in and differential (fig 4-32).
The difference t{n adjustment of these two types of controls is very minor, but it is crucial
to the unit's operation. If you were to set the cut-out pressure when you should be setting
the differential pressure, you would also change the temperature range of the unit,
pressure control on a walk-in refrigerator using R-12 refrigerant should cut-in at 25 psi and
cut out at 10 psi. The differential is 15 psi. The adjusted control should appear as
il1lustrated in either figure 4-31 or 4.32, depending on whether that particular control
operates on cut-out pressure or on differential pressure. It is extremely important to
realize that by setting the cut-in at 25 psi and the differential at 15 psi, the cut-out will
automatically be 10 psi.

Note:  ADJUSTING THE CUT-IN AND CUT-OUT (CUT-IN AND DIFFERENTIAL) TOO CLOSE TOGETHER
WILL CAUSE THE UNIT TO CYCLE ON AND OFF T0O QUICKLY. THIS IS KNOWN AS

SHORT-CYCLING .
40 40
30 %
DIFFERENTIAL POUNDS 20 - 20 CUT IN POUNDS
-
10 10
] ]

Fig 4-32. Cut-in-and differential.
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Thermostatic motor controls are very delicate instruments. However, {f they are not
misused, they will 5ive years of trouble free service. Thermostatic motor controls are
subject to several troubles, each of which usually requires replacement of the complete
control. Some of the more common troubles are discussed.

Occasionally, the power element will lose part or all of ts charge. This charge {s
very small, and any loss at all will cause the unit to fail. A kinked or clogged capiliary
tube wi11 give the same Indication as a loss of charge. Usually a power element failure
requires the replacement of the complete control, but you can get replacement power elements
for some controls. Needless to say, great care must be taken to ensure that you have the
correct replacement item.

Even though there is snap action when the points open and close, they will burn. When
this happens, the points will efther stick closed or become pitted and never close. In some
cases, the points can be filed and the control will operate satisfactorey for a period of
timei ]This {s only a temporary repair however, and the control should be replaced as soon as
possible.

The parts of a TMC are 1ight and do not move very far, but they do move many, times
?ach d:y. One should not become to concerned about wear unless the unit has been in use for a
ong time.

Low and high voltages, high current flow, frayed {nsulation, bad electrical contacts,
and various other electrical malfunctions will cause the TMC to fail. Electrical troubles can
often be located and repaired without having to replace the control.

TINKERITIS, this malfunction is caused by unauthorized personnel attempting to adjust
the controls. When this condition is found, readjust the control and instruct the user in the
correct function and purpose of the control. Also, indicate that adjustment by unauthorized
personnel usually results in inefficient operation.

EXERCISE:  Answer the following questions and check your responses against those listed at
the end of this study unit.

1. Cite the purpose of motor controls.

2. State the principle of operation of a TMC.

3. One of the major parts of a TMC s the power element. Of what does it consist and
how does it work?

4. Hh:t a;e the four types of motivating units that are used to operate contact
points

b.

Ce

d.
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5. What is the principle of operation for an LPMC?

6. How is the cut-in and cut-out pressure adjusted on the LPMC?

7. Explain how you would adjust an LPMC's cut-in and differential pressure.

8. Describe the following troubles of a thermostatic motor control:

a. Loss of charge:

b. Burned contacts:

C. Wear:

d. Electrical:

e. Tinkeritis:

Work Unit 4-4, ELECTRICAL MOTORS
NAME THE TWO BASIC TYPES OF ALTERNATING CURRENT (AC) MOTORS.
NAME THE THREE TYPES OF OPEN MO+ > USED TO DRIVE COMPRESSORS .
NAME THE TWO TYPFS OF MOTORS ™  COMMONLY FOUND IN HERMETIC COMPRESSORS.

The compression type of refrigeration system must have a power or energy source to
turn the compressor. The electric motor is the most popular for small and medium size units.
It is simple, quiet, and can be easily set up for automatic control.

Refrigerating systems operate either with an open or sealed-in (hermetic) motors. The
open motor drives the compressor directly off the shaft or by means of a belt. The sealed-in
or hermetic type motor is built inside the compressor dome. It usually drives the compressor
directly.

Both alternating current (AC) and direct current (DC) may be used to operate electric
motors. Alternating current motors are the most commonly used. Direct current motors are
used in areas supplied with direct current only.

Motors are basically classified into two main divisions: SINGLE~PHASE and POLYPHASE.

4-28
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In this work unit we will discuss some of the electrical motors that you may encounter
in your job. MWe will discuss single-phase and polyphase induction motors, AC/DC universal

motors, and synchronous motors.
First, lets' take a close look at the principles of operations for AC motors,

The speed of rotation of an AC motor depends upon the number of poles and the
frequency of the electrical source of power:

RPM = 120 X frequency
number of poles

Since an electrical system operates at 60 cycles (hertz), an electric motor at this
frequency operates at about 2-1/2 times the speed of the old 25 cycle motor with the same
number of poles. Because of this high speed of rotation, 60 cycle AC motors are suitable for
operating larger refrigeration systems.

Alternatihg current motors are rated in horsepower output, operating voltage, full
load current, speed, number of phases, frequency, and whether they operate continuously or
intermittently.

All single-phase induction motors have a starting winding (see fig 4-33) since they
cannot be started with only the single-phase winding on the stator. After the motor has
started, this winding may be left in the circuit or be disconnected by a centrifugal switch.

ALTERNATOR

Fig 4-33. Single-phase motor with capacitor starting winding.

Both single-phase and three-phase motors operate on the principle of a rotating
magnetic field. As a simple example of the principle of the rotatfng field, imagine a
horseshoe magnet held over a compass needle. The needle will take a position parallel to the
magnetic flux passing between the two poles of the magnet. If the magnet is rotated, the
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compass needle will follow.

A rotating magnetic field can be produced by a two-phase or three-phase current
flowing through two or more groups of coils wound on inwardly projecting poles of an iron
yoke. The coils on each group of poles are wound alternately in opposite directions to
produce opposite polarity, and each group is connected to a separate phase of voltage.

You can understand this action with the aid of figure 4-34, which shows a four pole
stator field energized by two windings connected to two separate phase voltages. Winding No.
1 of the motor is 900 out of phase with winding No.2, which causes the current in winding
No.1 to lead the current in winding No. 2 by 909, or by 1/240 second, assuming the frequency
of the AC power supply is 60 cycles per second. Winding No.1 can be referred to as phase 1,
and the winding No.2 as phase 2.
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Fig 4-34. Production of a rotating magnetic field.

The direction of the magnetic field is indicated by a magnetic needle (considered as a
north pole for clarity). The needle will always move to a position where it will line up with
the magnetic flux passing from pole to pole. Notice the phase relationship of the two
voltages which are applied to the two phase windings of the field. Phase 1 supplies current
to the coils on pole A and A*, and phase 2 supplies current to the coils on poles B and B'.
The two currents are 900 out of phase, with phase 1 leading.

At position B, the current in phase 1 is at a maximum and the poles of A and A' are
fully magnetized. The poles of coils B and B' are not magnetized, since the current in phase
2 is zero. Therefore, the magnetic needle points in the direction shown. At position C, the
current in coils A and A', phase 1, has decreased to the same value to which the current in
coils B and B' phase 2, has increased. Since the four poles are now equally magnetized, the
strength of the field is concentrated midway between the poles, and the magnetic needle takes
the position shown.

At position-D, the current of phase 1 is zero through coils A and A', and there is no
magnetism in these coils. There is maximum current through coils B and B'; the magnetic
needle takes the crosswise position. This action is repeated during successive cycles of the
flow of the alternating currents, and the magnetic needle continues to revolve in the same
d::ectign :1th1?lthe fleld frame as long as the two phase currents are supplied to the two
sides of the coils. .
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In an induction motor with two poles for each phase winding, the north pole would
glide from one pole to the other in 1/120 second and make a complete revolution of 1/60
sacond, which would be at the rate of 3600 rpm. If the compass needle is replaced by an iron
rotor wound with copper bar conductors (usually called a squirrel cage rotor because the
conductors resemble a squirrel cage, as shown in figure 4-35, a secondary voltage is induced
in the conductors by mutual induction much in the manner that the secondary voltage is
developed in a transformer.

Fig 4-35, Shaded pole motor stator windings.

Current flowing in the conductors produces a magnetic field which reacts on the
rotating magnetic field and causes a rotation of the iron core similar to the rotation of the

magnetic needle. The direction of rotation may be reversed by reversing the connections of
one phase.

The stator windings of a SHADED-POLE MOTOR differ from other single-phase motors by
definitely projecting field poles (see fig 4-36). A low resistance, short circuited winding
or copper band is placed across one tip of each pole, from which the name "shaded-pole” is
derived. As the current increases in the stator windin?. the flux increases. A portion of
this flux cuts and induces a current in the shaded winding. This current sets up a flux which
opposes the flux inducing the current; therefore, most of the flux passes through the
unshaded portion of the pole, as shown in figure 4-36. When the current in the winding and
main field flux reaches a maximum, the rate of change is zero, so no electromotive force is
induced in the shaded winding. A little later the shaded winding current, which lags the
induced electromotive force, reaches zero, and there is no orpos ng flux. Therefore, the main
field flux passes through the shaded portion of the field pole. This results in a weak
rotating magnetic field with sufficient torque to start small motors. Because of the low
starting torque, shaded-pole motors are furnished in ratings up to approximately 1/25
horsepower and are used with small fans, timing relays, small motion picture projectors, and
various control devices. Shaded-pole motors are designed for a specific direction of rotation
that cannot be changed after the motor is assembled.

FLUX PATH

jo—=FIELD POLE

SHADED WINDINGS

LN

Fig 4-36. Flux path in a shaded-pole motor.
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SPLIT-PHASE MOTORS contain two windings, the main winding and the starting winding,
The main winding is wound on the stator and the starting winding is wound on top of the main
winaing in such a manner that the centers of the poles of the two windings are displaced by
900, The windings are connected in paralle) (see fig 4-37) to the same supply voltage,
therefore, the same voltage is applied to both windings. The starting winding 1s usually
wound with fewer turns of small size wire and has iron on only two sides, It, therefore, has
less inductance than the main winding, which has a low resistance and is surrounded by iron on
all sides except one. When the same voltage is applied to both windings, the current in the
main winding lags the voltage more than the current in the starting winding. This produces a
rotating field which starts the motor. As the motor approaches full speed, a centrifugal
mechanism mounted on the rotor opens a centrifugal switch (see fig 4-37) and disconnects the
starting winding from the line. If the centrifugal mechanism should fail to open the switch,
the motor will run hot because of the high resistance of the starting winding and will burn
out the starting winding if allowed to run any length of time. This is the most frequent
cause for failure of split-phase motors. The split-phase motors are usually furnished in
ratings from 1/60 to 1/3 horsepower and are desirable for use in machine tools, office
equipment, pumps, fans, blowers, o1l burners, kitchen aprliances. and laundry equipment,
Split-phase motors may or may not have a built-in thermal overload relay for the protection of
the motor during an overload. The relay is usually of the automatic type, opening when the
current in the windings 1s above normal and automatically resetting when the current is
restored to normal. To reverse the split-phase motor, reverse the leads of either the
starting winding or the running winding,

« STARTING

SWITCH WINDING

STARTING
WINOING

L2

Fig 4-37. Schematic of a single-phase, split-phase motor.

The CAPACITOR-START MOTOR is so called because a capacitor instead of resistance is
used to split the phases, The capacitor, usually mounted on top of the motor, is usually
connected in series with the starting winding to provide the necessary shift in time phase of
the current flowing through it., This capacitor is usually intermittently rated and must be
disconnected . for normal operation, This disconnection is usually done by a centrifugal
mechanism mounted on the rotor. When the motor 1s stopped, the switch closes and is in the
correct position when the motor is started again. The capacitor type motor has a higher
starting torque at less current than the split-phase motor and also provides a greater
capacity. Capacitor-start motors are usually furnished in ratings from 1/6 to 1 horsepower
and are used on compressors, pumps, fans, and machine tools.

The PERMANENT-SPLIT CAPACITOR MOTOR is similar to the capacitor-start motor, except
that the permanent capacitor (see 1g 4- 1s connected in series with the starting

CAMES SPuiCED
ToGETHER MAIN WINDING
(N —
PERMANENT
CAPACITOR
<
L2 |
STARTING
TERMINAL BOX e

Fig 4-38., Schematic of a single-phase permanent-split capacitor motor,
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winding permanently and is not removed from the circuit during operation by a centrifugal
switch. This eliminates the need for a centrifugal switch and switch mechanism. The
capacitor is continuously rated and is selected to give best operation at full speed while
sacrificing starting torque. Permanently split capacitor motors develop 40 to 60 percent
starting torque and are used on easily started loads such as fans and blowers.

The CAPACITOR-RUN MOTOR has two capacitors connected in parallel portions (see fig
4-39). One,”a RUNNING CAPACITOR, is a continuously rated capacitor and remains in the circuit
while the motor s running.” The other, a STARTING CAPACITOR, is intermittently rated and is
used in the circuit during starting only. “The starting capacitor is removed by a centrifugal
mechanism and switch as the motor approaches full speed. Therefore, the capacitor-run motor
is a combination of the capacitor-start and the permanent-split capacitor motors. This motor
has a high starting torque as well as good ruaning characteristics and is generally furnished

in ratings of 1/2 horsepower and larger. Capacitor motors may be reversed by changing the
leads to the starting winding at the motor terminals.

CABLES SPLICED TOGETHER
OR CONNECTING LINKS USED

MAIN WINDING TERMINAL 8OX

UNNING ——
CAPACITOR Coal
L1 ll.——1—0-
| |
: i
'l g2k
I [
| s
o asd ]
2 STARTING
l /L CAPACITOR L
TERMINAL 80X

TYMICAL TERMINAL 8OX
WITH TWO CONNECTING
UINKS STACKED

STARTING
WINDING
CENTMFUGAL SWITCH

Fig 4-39. Schematic of a single-phase dual voltage capacitor run motor.

The THREE-PHASE AC INDUCTION MOTOR is also called a squirrel cage motor. The rotating
magnetic fieTd of the three-phase motor operates in the same manner as a two-pnase motor. The
difference between a two-phase and a three-phase motor is in the windings. The two-ghase
windings are placed 90° apart where, the three-phase windings instead are placed 120
apart. This means that the currents that produce the magnetic field reach a maximum 1/180
second apart in a 60 cycle circuit. Notice figure 4-40 which shows the connection of a wye
connected stator in a three-phase indvction motor. The rotor of the motor is represented by
the compass needle, which points in the direction of the magnetic field and revolves as the
magnetic field revolves. The individual current waves are shown along the phase wires as they
actually are during operation. Notice the current in phase A reaches a maximum at position 1
and at that instant the currents in phases B and C are both negative.

At position 2, 1/180 second later, the current is at a maximum in phase B and is
negative in phases A and C. At position 3, which is 1/180 second lau2r than position 2, the
current is at maximum positive in phase C and is negative in phases A and B. In the diagrams,
the magnetic field caused by the maximum positive current is shown in heavy dark lines. The

- other poles are indicated with dotted lines. The rotor, 1ike the single-phase motor, follows

the rotating magnetic field of the stator winding.

The speed of the induction motor is always less than the speed of the rotating field
of the stator. If the rotor were to turn at the same speed as the rotating field, the rotor
conductors would not be cut by any magnetic field and no voltage would be induced in them. No
current would flow, thus, there would be no magnetic field in the rotor and, hence, no torque.

A three-phase induction motor exerts a torque when at rest and, therefore, starts
itself when the proper voltage is applied to the stator field coils. To reverse the direction
of rotation of a three-phase motor, reverse the leads of any two phases.
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Fig 4-40. Schematic of a three-phase slipring induction motor.

The three-phase s1ipring (wound rotor) induction motor is wound with a three-phase
drum winding. The winding are connected WYE (Y) or DELTA (a wye connection is shown in figure
- 4-40), and the three leads are brought out and connected to three electrical contact rings
(s1iprings) which are secured to the shaft. Brushes riding on the rings are connected to an
external resistance through which the rotor circuit is completed. Motors containing wound
rotors have a high starting torque with low starting current plus adjustable speed.

SYNCHRONOUS MOTORS are divided into two classes according to their size and
application. The Yarger horsepower motors use three-phase power and have separately excited
salient pole rotors. The smaller motors are usually furnished as fractional horsepower motors
and obtain their rotor excitation current through induction. Although an induction motor is
considered as a constant speed motor, it is subject to approximately 10 percent variation in
speed under various load conditions, since the operating torque depends upon the percentage of
s1ip between the rotating magnetic poles and the magnetic flux of the rotor. The speed of a
synchronous motor is controlled by the frequency of the alternating current power source and
is, therefore, maintained with a high degree of accuracy. The smaller size synchronous motors
are consﬁructed as reluctance motors or hysteresis motors, which are described in following
paragraphs.

The stator of a RELUCTANCE MOTOR 1s similar in construction to that of the
single-phase induction motor and may pe of the shaded-pole, split-phase, or capacitor type.
The squirrel-cage rotors have grooves cut to allow the addition of salient poles. The number
of salient poles mounted on the rotor ‘Corresponds to the number of rotating stator poles. The
motor starts as an induction motor, but, upon reaching a speed near synchronism, it pulls into
step because of the salient poles and operates at exactly synchronous speed. The reluctance
motor, unlike the larger size synchronous motor (which has on the rotor a field winding
supplied with direct current excitation and which operates at unity or at a leading power
factor with high efficiency), operates at a lagging power factor and has a rather low
efficiency. Therefore, the reluctance motor is used only where exact synchronous speed is
required, such as in electric clocks, time switches, relays, and meters.

The construction of the HYSTERESIS MOTOR is similar to that of the reluctance motor
except for the rotor. The rotor does not have a squirrel cage winding. Instead the rotor
core s usually made of a ring of metal having permeability, such as chrome or cobalt steel.
The highly magnetic core material retains its magnetism over a period of time and this enables
the rotor to reach its synchronous speed. Hysteresis motors develop a constant torque from
zero synchronous 'speed and are used.in the timing devices of clocks, they will operate
unattended for long periods of time.

UNIVERSAL MOTORS are designed for operation from either DIRECT CURRENT or SINGLE-PHASE
ALTERNA and are all of the series-wound type. That {s, the T1eTd windings are

connected in series with tha armature windings. Universal motors are divided into two types:
the straight series-wound universal motor and the compensated series-wound universal motor.
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The STRAIGHT SERIES-WOUND UNIVERSAL MOTOR has the field windings connected in series
for opposite poiarity, in the same manner as the field winding of any direct current motor,
and then in series with the armature (see fig 4-41). This type motor uses salient type pole
pieces (see fig 4-42) for mounting the field windings and is usually furnished in larger sizes
for special applications. The motor full speed is rated from 1800 rpm on the larger sizes to
5000 rpm on the smaller sizes and no load speeds ranging from 12,000 to 18,000 rpm. Since
these motors run at dangerously high speed at no load, they are usually built into the
equipment being driven. This type is used in portable machines and portable equipment in
general,

FIELO WINDING

L=t BRUSH
TERMINAL
CARBON
BRUSH
L-2

BRUSH
TERMINAL

Fig 4-41, sStraight series-wound universal motor.

LAMINATED
STEEL
CORE

Fig 4-42. Salient pole laminated steel core of a universal motor.

The COMPENSATED SERIES-WOUND UNIVERSAL MOTOR contains a main winding and a
compensating winding connected in series with the armature (see fig 4-43). The core of this
type of motor is similar to the construction of the core of the split-phase alternating
current motor (see fig 4-44). The main winding is usually placed in the slots first and the
compensating winding is placed over it, 90 electrical degrees away. The compensating winding
reduces the reactive voltage present in the armature when alternating current is used. It has
a better commutation and power factor than does the straight series-wound universal metor, and
usually comes in higher horsepower ratings. Compensating series-wound universal motors are
used with portable tools, office machines, vacuum cleaning equipment, and portable equipment
in general, :



Ling v!amc
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Fig 4-4). Compensated series-wound universal motor.

Flg 4-44. Salient pole liminated steel core of & unfversal motior.
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EXERCISE:  Answer the following questions and check your responses against those listed at
the end of this study unit.

1. What are the two basic types of AC motors?
a.

b.

2. What are the three types of motors that you can expect to find driving open type
compressors?

b.

Ce

3. What are the two types of moturs used in the hermetic type compressors?
a.

b.

4. What are the two types of motors that are used as condenser and evaporator fan
motors?

b.

SUMMARY REVIEW

In this study unit, you have learned the most common cycle contols and devices that
start, stop, regulate and/or protect the refrigeration cycle and i1ts components. You also,
learned how the controls respond to temperature, pressure and humidity to control the
operation of the system. In addition, you learned the different types of motors that are
employed in refrigeration systems and the protective and control devices used to control the
motors.
Answers to Study Unit #4 Exercises

Work Unit 4-1,
1. It is used to visually determine if a refrigeration system has a sufficient charge.

2. As close as possible to the receiver, but far enough downstream to avoid any
disturbance from valve action.

3. a. Give the system more refrigerant.
b. Reduce the pressure drop.
c. Further subcool the 1iyid refrigerant.
4. They relieve dangerous, excessive pressure from the system.
5. a. The fusible plug will melt at a predetermined temperature.
b. The ruptured disk is designed to burst when pressure reaches a dangerous level.

€. The spring loaded relief valve will open at a preset pressure and close
automatically at 10 to 20 percent below its opening pressure.

El{llC +31 159




6.
7.
8.

10.
1.

2.
13.

4,

15.

They turn the water on or off and regulate its flow.
Between the water supply and the condenser
a. Electric water valve

b. Pressure operated valve

c. Thermostatic water valve

a. Suction pressure control valve

b. Two temperature valve

c. Suction pressure control valve

d. Two temperature valve

e. Two temperature valve

f. Two temperature valve

They prevent the reversal of flow.

The swing checks use a hinged disk which seats against a tilted bridge and the
11ft check disk seats on a horizontal bridge wall.

A defrost timer 4s a device that starts the defrost cycle automatically.

The mechanism within the clock activates a cam that operates various switches.
Clocks can be set to defrost the system at scheduléd intervals such as at each
cycle, or every few hours, or once a day, or after a few hours of running time of
the compressor.

Solenoid valves are used to close or open a circuit. When a solenoid is
energized, a magnetic armature or plunger, moves upward toward the center of the
coil, thus opening the valve.

a. Direct acting

b. Pilot operating

Work Unit 4-2.

1.

2.
3.
4.

5.

a. Closing spring

b. A needle and needle seat

¢. Drive pins

d. A diaphragm

e, Opening spring

f. Adjusting screw

g. A vent hole

By changing the pressure of the opening spring
This movement regulates the refrigerant flow,

The valve remains open until the evaporator pressure overcomes the opening spring
pressure and the valve closes.

The valve does not open immediately, it will not open until the compressor reduces

the evaporator pressure. As this happens, it becomes less than the opening spring
pressure and the valve opens.
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6.

7.

8.

10.

1.

12.

It forces more refrigerant through the valve, causing an increase in evaporator
pressure, which unbalances the valve, causing it to close silghtly and reduce the
refrigerant flow.

3. An increase in heat load causes the refrigerant to vaporize faster.

b. A decrease in heat load causes the evaporator pressure to decrease, thus to
open the valve.

a. A thermal bulb

b. Capillary

c. Diaphragm

d. Push rods

e. Valve seat and needle
f. Spring

g. Adjusting screw

It regulates the flow of refrigerant entering the evaporator, maintaining a fully
active evaporator regardless of the heat load and pressure changes.

a. Uses the same refrigerant as the system and can be used in applications where
temperatures are as low as 269.

b. Uses a different fluid than that used in the system and can be used where
temperatures reach 359 to 370 F.

c. Uses a special type charge and {s used where temperatures reach -40° F,

d. Uses the same fluid as is used in the system. Operates on the principle of
expansion and contraction with a temperature change.

The capillary tube creates resistance in flow so that the pressure drop will allow
the 1iquid refrigerant to vaporize.

With a length of small diameter, seamless copper tubing when broken or plugged.

Work Unit 4-3.

6.

They maintain a relatively constant temperature within the refrigerated space.
A1l matter will expand when heated and contract when cooled.

It consists of a feeler bulb, capillary tube, and bellows. The power element is
charged with a refrigerant and is placed in a position to be sensitive to a
temperature change. This change will cause the elements' charge to expand or
contract, causing the bellows to expand or contract accordingly. This activation
of the bellows moves a system of levers that ultimately opens or closes a set of
electrical contacts.

a. Bellows

b. Ofiaphragm

c. Bourdon tube

d. Bimetallic element

The variance in pressure causes a difference in boiling temperature of a 1iquid.
Use the control setting chart or the pressure-temperature relationship chart to

find the desired temperatures for cut-in or cut-out. Then move the point setter
on the control.

~
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7. Use the control setting chart or the pressure-temeprature relationship chart to
find the desired temperature for cut-in and differential. Then set the
differential set indicator to the desired temperature.

8. a.

bl

C.

dl

The power element will lose some or all of its charge which will render it
inoperable.

Points wil) burn and become pitted which will cause then to stick close or
remain open.

Very old unit may wear out for they move many times during the day.

High or low voltages, high current flow, frayed insulation, bad contacts are
all causes of electrical troubles.

This 1s the inexperience or unauthorized personnel attempting to repair or
adjust the controls.

Work Unit 4-4.

1. a.
b.
2. a.
b.
c.
3. a.
b.
4. a.

bl

Single-phase

Polyphase

Repulsion-start induction
Capacitor-start induction
Induction polyphase
Capacitor-start induction
Induction polyphase
Shaded-pole

Capacitor
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STUDY UNIT 5
AIR-CONDITIONING

STUDY UNIT OBJECTIVE: WITH THE AID OF REFERENCES, YOU WILL IDENTIFY YHE
PSYCHROMETRIC CHART AND HOW TO OBTAIN INFORMATION FROM THE CHART. WITHOUW tHE Ayp
OF REFERENCES, YOU WILL IDENTIFY INSTALLATION AND MAINTENANCE OF VARIQUS AR
CONDITIONING EQUIPMENT AND AIR-FLOW INSTRUMENTS.

Today air-conditioning is used by the military to control the environment in ywhich
troops and equipment operate. This environmental control extends not only to the temeyturt
of the space, but to controlling the humidity (moisture content), removal of foreign apg
undesirable particles from the air, and distribution of the conditioned air throughoug the
desired space. Moisture, heat, and foreign matter enter the air in many ways. The heamn bo\,
gives off heat and moisture. The average adult engaged in light work will give OFf
approximately 500 Btu's of heat per hour and will consume and give Off about three lbs of
water daily. Equipment will give up heat to the surrounding atmosphere either theougpn
friction caused by mechanical motion or by heat created electricity flowing through wAres,
contacts, motors, etc. Moisture and foreign particles can enter a conditioned space gjroudh
windows, doors, minute cracks, ventilation systems, and by people carrying them on their
person and clothes. In order to maintain an environment at a specific level of Contrq),
air-conditioning equipment is used to raise or lower temperatures, remove moisture ihgl f0re1gn
particles, and to distribute air evenly throughout the space to be controlled.

Work Unit 5-1. AIR-CONDITIONING AND THE PSYCHROMETRIC CHART
CITE THE WAYS THE PROPERTIES OF AIR AFFECT AIR-CONDITIONING,
DEFINE VARIOUS TERMS RELATED TO AIR-CONDITIONING.

GIVE THE PURPOSE OF THE PSYCHROMETRIC CHART AND STATE SELECTED CHARACYERY=riCS QF
THE PSYCHROMETRIC CHART SCALES.

USING A TYPICAL PSYCHROMETRIC CHART AND GIVEN WET AND DRY BULB TEMPERATIRE,
DETERMINE SELECTED PROPERTIES OF AIR.

If you look at air-conditioning carefully, you will see that air itself iy usaq to
condition the occupied space. Consequently, to properly condition the space, the
refrigeration technician must be able to analyze the air in the room and then SUPply “the "‘th
amount of conditioned air.

AIR-CONDITIONING is a process of taking air and controlling its temperatuye l\um‘dm
cleanliness, and gistribution balance so that it will meet the requirements of ithe ;Daw 0 ﬁé

conditioned.

A complete atr-conditioning system will provide a complete control of thege Q‘nndn‘(\ﬂs
all year around. This includes:

® Maintaining a desired winter temperature in a conditioned space. This
requires an automatic control of the heating device.

@® Maintaining a desired humidity in winter, which is usually a peripd o-f jOv
humidity. This requires some type of automatic control to add mystyw to \pe
atr (humidifier).

® Providing a desired de-humidification during summer months. This is qaifyg
through automatic control of the air across the evaporator coils.

Basically, air is a mixture of two basic gases, nitrogen and Oxygen. Nityojen
accounts for approximately three-fourths of the air’s weight Ey volume, e OXygen qcaouﬂ\.;.
for the remaining one-fourth. There are, of course, traces of a few Other gases jn ithe
atmosphere, all the time. However, they do not usually appear in volumes significant groush
for any of them or all of them together to be important factors. One vemaining ejemeyt is
found in air and that is water vapor. The amount of water vapor in the air has a gre-a

1nf1uence“on equipment cooling and on human comfort. Such atmospheric moisture us cy Ted

The water vapor in the air is neither absorbed nor dissolved by the air. The piXti\,
is a simple physical one, just as sand and water are when mixed. The temperature of e Wi\,r
vapor is always the same as that of the surrounding air.
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When the air contains all of the water it can hold, it is termed “saturated air." The
amount of moisture present at the saturation point varies with the temperature of the air.
Thus, the higher the temperature of the air, the more moisture the air can hold.

Let's take a look at some of the various terms related to air-conditioning.

@ SPECIFIC HEAT - The so called sensible heat required to cause a temperature
change in substances varies with the kind and amount of the substance. This property is
called the specific heat of a substance, i.e. the amount of heat required to raise 1 pound of
the substance 19 F. This value is good for computations, provided no change of state is
involved. If, however, a change of state should occur, the specific heat of the substance
also changes. To determine the amount of heat necessary to cause a temperature change in a
substance, multiply the weight of the substance by its specific heat. Then multiply that
answer by the temperature change (Btu = specific heat X weight X temperature change{.

©® LATENT HEAT - "Latent heat" is the heat that is added or taken from a
substance, causing a change of state. These changes of state occur without any changes in
temperature or pressure. Latent heat is commonly referred to as "hidden heat," "latent heat
of fusion,” "latent heat of vaporization," and "latent heat of condensation.”

® TOTAL HEAT - Any mixture of dry air and water vapor (atmospheric air) does
contain both sensible and iatent heat. The sum of these two heats is termed “total heat," and
it is usually measured from 00-F.

As you remember, these types of heat were covered in previous study units. You will
ncinir]be given some-terms which were mentioned earlier but were not covered as throughly as they
W be now.

In air-conditioning, the air temperature is 1isted more accurately as the “DRY-BULB
TEMPERATURE." "This temperature is taken with the sensitive element of the thermomefer in a
ary condition. Unless otherwise specified, all air temperatures are dry-bulb tempe-ature.

@ WET-BULB TEMPERATURE - This is the temperature at which air ceases to be
cooled by the process of evaporation. A wet-bulb thermometer, which is a part of a sling
psychrometer, is an ordinary thermometer with a cloth sleeve placed around its bulb and made
wet with water (distilled water is preferred). The cloth sleeve should be ~'~an and free from
011 and thoroughly wet with clean, fresh water. The water in the cloth sle . is evaporated
by the current of air at high velocity. The evaporation withdraws heat from the thermometer
bulb, thus lowering the temperature. This temperature is measured in degrees Fahresheit. The
difference between the dry-bulb and wet-bulb temperature is called the "WET-BULB DEPRESSION."
If the air {s saturated, evaporation cannot take place, and the wet-bulb temperature 1S the
same as the dry-bulb. Complete saturation, however, is not usual, and a wet-bulb depression
is normally to be expected. :

The wet-bulb thermometer indicates the total heat of the air being me.sured. If air
at several different times or in different places is measured, and the wet-bulb temperature
remain the same for all, the total heat would be the same in all, though .heir sensible heats
and respective latent heats might vary considerably.

©® DEW-POINT TEMPERATURE - The dew point depends upon the amount of water vapor
in_the air., If alr at a certain temperature is not saturated, i.e. if it does not contain the
full quantity of water vapor that it can hold at that tempecature; and the temperature of that
air then falls, a point is finally reached at which the air is saturated for the new lower
temperature and condensation of the moisture then begins. This point is the DEW-POINT
TEMPERATURE of the air for the quantity of water vapor present at that time.

The definite relationships between the three temperatures just mentioned should be
clearly understood. These relationships are:

©® uhen the air contains some moisture but is not saturated, the dew-point
temperature is lower than the dry-bulb temperature; whereas the wet-bulb
temperature 1ies between them.

® As the amount of moisture in the air increase, the difference between the
temperatures grows less.

® when the air is saturated, all tvhree temperatures are the same.
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@ RELATIVE HUMIDITY - This is the ratio of the amount of moisture in the air
compared to what 1t could hold at the same temperature. It is a percentage expression of the
grains of moisture contained in the air. .

® GRAINS OF MOISTURE AND SPECIFIC HUMIDITY - When you encounter both “GRAINS OF
MOISTURE* and “SPECIFIC HUM V¥, keep In mind that these terms mean the same thing. By
grains of moisture or specific humidity, we mean the unit of measurement expressing the actual
amount of moisture contained in one pound of dry air. Relative humidity can be determined
from this measurement, but you use percent of relative humidity to determine grains of
moisture. A grain of moisture is about the same as a drop of water. A pound of water (about
1 pint) contains 7,000 grains.

@  poUNDS OF MOISTURE - By “pounds of moisture® per pound of dry air, we mean the
weight of the grains of moisture contained 1n T pouno of ary air.

Air is the primary medium that is used to control the conditions in the controlled
space. Air can be used to control the humidity and temperature for three general purpose
uses: personnel or comfort cooling, equipment cooling, and process cooling. New applications
for air-conditioning are, of course, being found continually.

The purpose of air conditioning is to control temperature, humidity, and the
circulation of the air.

The field of psychrometric study is a breakdown of the various properties contained in
the air and a graphic analysis of the air's conditions. If the technicians understand all
that they can about the air being used, then their understanding of the equipment's operation
becomes more realistic.

@® PSYCHROMETRIC CHART - The psirchrometric chart is the tool used to analyze the
relationship of The properties of the air. (See the fold-out at the end of this study urit.)
The technician should master at least the meaning of the chart in order to properly understand
the air that is being conditioned.

The relationships of the properties of the air are graphically illustrated on the
psychrometric chart as a series of lines and curves that have been scientifically formulated
to show the whole picture of the air being studied.

The comparison of the 1ines and curves at intersecting points of the scales on the
chart gives us a very comprehensive analysis of the air being studied. More than one
condition may appear on the chart to give us more accurate analysis and true operation of the
system in consideration.

Once the dry-bulb temperature and wet-bulb temperature have been obtained, you can
then begin the plof¥1ng procesures By using the psychrometric chart scales. In order to know
what you are doing, the scales that are read on the psychrometric chart are the first point of
identification on the chart. The psychrometric chart contains lines and curves which have
corresponding scales and which are read at intersecting points.

In figure 5-1, the lines and scales are identified; whereas, the later figures that
accompany the terms will point out the names of the lines corresponding to each set of
scales. Basically, there are five sets of scales that are used on the psychrometric chart.
Some of the readings will be scale differential readings.
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POUNDS OF MOISTURE
GRAINS OF MOISTURE

100. o0

Fig §-1. Psychrometric chart scales.

The DRY-BULB will appear on the vertical lines of the chart which corresponcs to the
dry-bulb scaTe Tocated along the bottom of the graph. Dry-bulb temperature is plotted hy
locating the indicated condition on the scale and drawing a vertical 1ine corresponding to the
temperature valve, as shown by the heavy line in figure 5-2.
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Fig 5-2. Dry-bulb 11ine.
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Figure 5-2 is a representative sketch of the dry-bulb temperature portion of a
psychrometric chart. A complete psychrometric chart has a vertical line for each degree of
temperature. Usually, every fifth 1ine {is numbered with its corresponding temperature. The
common range for a psychrometric chart is from about 209 to 105° F. This type of
;rrangement makes it simple to plot any dry-bulb temperature on the chart to the nearest

egree,

You will notice that the slope of the psychrometric chart changes to smaller
increments as the temperature drops in intensity. The wet-buli, temperature is plotted from
the temperature values given on the saturation or wet-bulb scale. To plot a WET-BULB
TEMPERATURE, start with the corresponding temperature reading on the wet-bulb scale. The
wet-buTb temperature is plotted on the diagonal 1ine that extends to the right and downward
from the wet-bulb scale. A wet-bulb plot is shown by the heavy 1ine in figure 5-3. It is not
necessary to extend the wet-bulb 1ine past its intersection with a previously plotted dry-bulb
1ine,

Fig 5-3. Wet-bulb 1ine.

RELATIVE HUMIOITY is read on the psychrometric chart at the point of intersection of
the dry-bulb T1nes, as seen in figure 5-4.



70

Fig 5-4. Percent relative humidity.

The DEW-POINT on the horizontal 1ine of the psychrometric chart that extends from the
point of percent reTative humidity to the saturation curve, and the value is read at the point
of 1intersection with the curve, as shown in figure 5-5,

Fig 5-5. Dew-point 1ine.

The terms “heat content,” “enthalpy," and “total heat", mean the same thing. These
are a1l measures of the Btu's contained 3In 1 pound of dry air. HEAT CONTENT is plotted by
extending the wet-bulb 1ine through the saturation curve to the heaf content or enthalpy
scale, located on the left of the saturation scale. Read the Btu value at the point the
extended wet-bulb 1ine intersects tha heat content scale, as shown in figure 5-6,
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Fig 5-6. Heat content line.

To plot GRAINS OF MOISTURE contained per pound, draw a horizontal 1ine from the point
percent relative humidity to the grains of moisture scaie and read the intersecting value on
the chart as shown in figure 5-7.

Fig 5-7. Grains of moisture.

. You would determine POUNDS OF MOISTURE by drawing a horizontal line from the grains of
mofsture plot to the pounds of moisture scale and reading the corresponding value at the point
of intersection with the scale, as shown in figure 5-8, '
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Fig 5-8. Pounds of moisture line.

EXERCISE:  Answer the following questions and check your responses against those listed at
the end of this study unit.

1. How does an air-conditioning system provide de-humidification?

2. What is the relationship between water vapor and air temperature?

3. How will an increase in air temperature affect its capacity to hold moisture?

4. Define the following terms used in air-conditioning:

a. Specific heat -

b. Wet-bulb -

c. Wet-bulb depression -

d. Grains of moisture -

5. What is the condition of the air when the temperature of the dry-bulb, wet-bulb,
and dew-point are all the same?




6. Using the fold-out of the psychrometric chart found at the end of this study unit,
determine the following properties of air if the dry-bulb temperature reading is
879 F and the wet-bulb temperature reading is 730 F.

a. What is the relative humidity?

b. What is the dew-point temperature?

c. What is the heat content?

d. How many grains of moisture are contained in the air sample?

e. How many pounds of moisture are contained in the air sample?

7. What does a complete psychrometric chart have for each degree of temperature?

8. What is the purpose of the psychrometric chart?

9. How do you read the 1ines and curves of the psychrometric scale?

work Unit 5-2. AIR FLOW INSTRUMENTS
GIVE THE PURPOSE AND SELECTED USES OF THE ANEMOMETER.

STATE THE PURPOSE OF THE MANOMETER AND THE PITOT TUBE AND ONE CHARACTERISTIC OF
THE MANOMETER.

SUPPLY THE PURPOSE AND SIGNIFICANT CHARACTERISTIC OF THE VELOMETER.

Air-conditioning systems are designed to condition the air within the system and then
to distribute this treated air to the proper place, in the proper amounts, and with the least
possible annoyance to the consumer of the conditioned air.

This work unit will acquaint you with various types of air measuring instruments.

The ANEMOMETER is an instrument used to measure &ir velocity in linear feet. This
meter is composed of the fan housing, three dial faces, and the propeller, which moves at the
rate of the airspeed, turning a gear mechanism which operates the dials. There is an engaging
level and a reset lever on top of the dial face. A1l of this is seen in figure 5-9.
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In fiqure 5-9, the left dia) reading would be 8,000, the right dial reading would be
300, and the center d‘al reading would be 80. Therefore, combining the numbers into proper
sequence, the resulting anemometer reading would be 8360.

The following formula s used to convert the anemometer reading to fpm velocity:
fpm = anemometer reading im‘ X 60
elapseq time
To figure the fpm of our sample problem, the answer would be:
fpom = AR X 60 = 8380 X 60 = 8380 = 4,190
- —w

The MANOMETER family of air measuring instrument contains various types and styles;
however, we will 1imit the study of manometers to one type, the INCLINEQ MANOMETER. This is
used to measure the pressure of air in inches of water and can be seen 1n Tigure 5-11.

Fig 5-11. Pitot tube and manometer.

Within the duct system we find two predominant pressures; static and velocity. STATIC
PRESSURE §s the outward pressure of air in al) directions, VELOCITY PRESSURE {s the force
exerted by the movement of air in the direction of flow. 0ften 1t 1s impossible to get the
manometer into the air-stream to measure the pressure, so the PITOT TUBE was developed to

allow sccess to the internal sections of the duct in hard to et to areas. In reality, the
pitot tube is a tube within a tube, as indicated in figure 5-11.

The pitot tube is inserted into the air stream, and the velocity pressure goes into
the center of the assembly to the manometer, forcing the of) column in the meter downward.

The static pressure enters the smal) ports surrounding the tube to the manometer,
forcing the column of 041 In the meter tube upward. The velocity reading s taken on the
adjustable scale where the of) level stabilizes.

The pressure indicated on the manometer is known as pressure of velocity. It is
represented as PV in the conversion formula used to convert pressure into feet per minute. To
convert pressure of velocity into fpm, the following formulas will be applied:

fom = PV X 4,005
fom - The number of feet of air which wil) pass through a duct area in ) minute.
Vv - Symbolizes square root
VPV - Pressure of velocity as read on the inclined manometer.
X - Multiplied by.
4,005 - This a constant and is based on the velocity of standard air.
Now, let's see how the formula works. Assume that the velocity pressure reading or

.25 has been obtained with the manometer. Then: fpm = the square root of .25 X 4,005 = .5 X
4,005 = 2,002.5.
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The VELOMETER {s a rugged mechanical system, one soundly engineered for very concise
readings. Inside the meter, air impinges on an aluminum vane, movin? the pointer. This vane
travels in a calibrated air chamber or tunnel cConstructed to be airtight in order to provide a
desirable scale distribution. The moving system {s balanced by counterweights to provide
accuracy in all positions. This moving system 1s equipped with bronze hairsprings and moves
metal pivots, which ride in sapphire Jewel bearin?s. Some velometers are equipped with
filters to protect them from extreme dusty conditions. When a fiiter {s supplied with the
instrument, the filter is an integral part of the instrument and must be used. If the filter
s omitted, the Instrument will give a false reading.

To measure velocities at supply openings, attach the proper Jet by means of the
appropriate tube and tube fittings. To determine the average velocity, mentally divide the
openin? into equal areas. Take a reading at each of the areas and average the readings,
There 1s no exact rule for the number of readings that must be taken, but the more that are

tak:n. the more accurate the average. It {s recommended that a minimum of six readings be
used.

To measure the air velocity at the suction opening, connect the proper jet by means of
the tube and tube fittings to the right-hand port of the meter. While taking the readings,
hold the jet so that it {s perpendicular to the suction openings and the tip is in the same
plane as the opening. This s very important because the velocity changes very quickly 4n
front of a suction opening. To measure velocities inside ducts, use the duct jet called for
in the manual of {nstructions. The duct Jet should be inserted nto the left-hand port. Read
the scale marked with the same number of Jets being used.

After establishing the fpm, the cfm can be established using the following formula:
cfm = fpm X duct area (sq. ft.)

Once the cfm has been established, you can calculate the pounds of air changed per
minute in the space being considered. Thus:

lbs of air = cfm or cfm X specific density

specitic volume
Note: REMEMBER: IF NO MEANS ARE PROVIDED FOR FINDING SPECIFIC VOLUME, USE THE VALUE
FgR STANDARD AIR, WHICH IS 13.5 CUBIC FEET. SPECIFIC DENSITY FOR TANDARD AIR
IS 0.75.

EXERCISE:  Answer the following questions and check your responses against those listed at
the end of this study unit.

1. What is the purpose of the anemometer?

2. How long a time should the anemometer be held in one location?

3. What is done before you trip the engaging lever on the anemometer?

4. what sequence would you follow when reading the dials on the anemometer?

5. What {s the purpose of the manometer?

6. What pressure is {ndicated on the mancmeter?

5-12
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7. What is the purpose of the pitot tube?

8. What is the purpose of the velometer?

9, Explain the importance of using the filter in the velometer?

10. How many readings should you take at the supply opening ?

Work Unit 5-3. INSTALLATION OF AIR-CONOITIONING EQUIPMENT
PROVIOE SELECTEO INSTALLATION PROCEOURES FOR WINOOW AIR-CONOITIONERS.
CITE SELECTEO INSTALLATION PROCEOURES FOR EVAPORATIVE COOLERS.

<UPPLY SELECTEO INSTALLATION REQUIREMENTS FOR FLOOR-MOUNTEO ANO CENTRAL
AIR-CONOITIONER UNITS.

Installation and operation procedures for each air-conditioning unit will vary due to
the variation in design and size. Only those skilled and fully checked out in the procedures
and operation of air-conditioning equipment should attempt to engage in this work. Many
thousands of dollars have been tied up in the procurement of equipment. Don't let it go to
waste by allowing inexperienced personnel to use it.

Window units should always be installed with the outside portion of the unit tilted

down s1ightly, as shown in figure 5-12. This slight tilt, about 1/4 inch, helps drain the
condensated air outside, rather than letting it overflow inside the space being conditioned
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Fig 6-12. Window unit showing 1/4 inch tilt.

Normally all of the hardware needed to install the unit will be in the shipping
container, as shown in figure 5-13. Also, brackets for holding the unit housing in place are

enclosed.

‘ 9108 EXTENSION
PANEL
Fig 5-13. MWindow unit with necessary hardware for installation.

Many mounting designs are available for particular applications or window-mounted air
conditioners. A few of the various mounting’s are:

® Inside flush mounting. The interior face of the conditioner is approximately
Tiusn with the Inside edge of the window sill.

@ Balance mounting. The unit is installed approximately half inside, and half
outside the winﬂovq.

® Outside flush mounting. The outer face of the unit is flush or slightly

Beyond the outside wali.
169
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@ All-in-mounting. The unit s completely inside the room, so that the window
can be closed.

® Upper sash mounting. The unit s mounted in the top of the window.

Buiit-4n mounts. The mounts are used for {nstalling units in the walls of
hotels, moteis, and residences, etc.

The housing should be securely mounted before the unit is installed. The side panels
are usually sealed to the window with sponge rubber and sealing compound. Sheet metal screws
are used to secure the top and bottom channels. For the foregoing, look at figure 5-14,

Fig 5-14. Window unit housing installed.

The inside unit §s quite heavy and should not be 1ifted without the as<istance 0’
another person or the use of a special dolly. Carrying the unit by means ov ..:2 refriger nt
1ines or coils should be avoided completely. If a special dolly cannot be u -4 for
%::nsgorting the unit or is not available, then place your hands on the bottor of the uni: to

t it.

When putting the unit into the housing, be careful not to force the v.it. If yco
force the unit, the tubing and wiring can be pinched between the unit and casina.

The current draw on start-up is sufficient to justify the need of the. . ui1.s being
placed on a separate circuit. REMEMBER, because of this current, a plug with - ound wire
should always be used.

Long before the refrigeration coil became the basis of air-conditioned comfort,
EVAPORATIVE COOLERS and COOLING SYSTEMS were used to some extent in cemiarid and arid states
such as Kansas, Colorzdo, and Wew Mexico, for example, where the daily humidity was-usually
very low. Even today, bases locateu in dry climates employ this type of cooling with
considerable success at a low cost. .

“he small units, although usually mounted in the window ci a buiiding (side draft
type), can also be mounted on the roof (down draft type). The larger units must be placed on
substantial structures that will support their weight.

. The size and stv 2 o' the unit determines the location and the type of supporting
structure required.

Units mounted $n building winoows are of the_small blower type. These are 1ight in
weighv and will not damage the building structure. This type is shuwn in figure 5-15.

e —
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Fig 5-15. Evaporative cooler.

The large, heavy units must be mounted on self-supporting platforms adjace: : to, but
independent of the building, as seen in figure 5-16. In some cases, it may be more economica)l
to mount the unit on a cement platform sich as with the airwasher-type units.

The dimensions and operating weight of the cooler should be determined before
construction is started on the supporting structure or mounting platforr. A walkway with
guardrails around the cooler should be provided for the safety of the maintenance personne)
and to give them proper access to the equipment when making repairs, as see- in figure 5-16.
Each platform should also have a ladder built as part of the structure.

Never mount cooler units on the building rcof unless approved. Each unit must be
mounted on the platform, so that it is rigid and level. In some cases, the use of shims and
bolting down the unit is hecessary. As an aid, every cooler manufacturer furnishes mounting
and installation instr-ctions with each type of unit it makes. Therefore, those personnel
assigned to moui.c cooler units should read the instructions carefully before they proceed to

mount the units.

Fig 5-16. Large evaporative cooler
mounted on self-supporting
platform.
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The varfous connections required for evaporative coolers musy be installed as
specified for each cooler, Check the instructions to see that the proper size pipe, vaives,
switches, wire, and fuse boxes are installed. Only in this way can you be sure that the
equipment will give the expected service,

The small, window-type evaporative cooler normally uses 1/4 inch copper tubivg to
carry the water supply. A fitting s installed on any ordinary 3/4 outside water valve
(garden hose) to supply the water.

Larger units must have a water supply line of at least 3/4 inch pipe or tubing. A
globe shut-off valve should be installed in the supply line on the inlet side of the unit,
Coolers using a water solenoid valve instead of a recirculating pump should have a 'water
stratner installed on the inlet side of the solenoid valve. A water faucet with a nose bib
should be installed in the supply line near the cooler to be used in washing down the interior
gf the evaporative coolers immediately after dust storms or when maintenance service is being

one.

The water drain or waste system for evaporative coolers ought to be at least 1-1/4
inches in diameter to reduce drain stoppage. The drain system should be connected to the
sewer or a street drainage system. In freezing areas, the water supply system should be
:asulatgd against freezing, or the unit may be installed to permit the complete draining of

¢ system.

Small units (window type) are usually connected by inserting the electric cord plug
fnto a convenient outlet. Thus, they can be placed into or out of operation by means of a
toggle switch on the front of the unit.

The larger units should be equipped with their own fuses. Sometimes this may require
a separate main switch and fuse box, depending upon the power requirements of the unit(s),
Push-button stations or toggle switches are used to start and stop equipment operation. Other
units may require separate switches for the water recirculating pump motor and the blower
motor. Usually the larger units require magnetic starters also, sometimes they have pilot
11ghts or other devices to indicate when and what part of the cooling unit 1s in operation.
A1l switches, controls, pilot 1ights, and indicators should be mounted on a control panel
which is located in a convenient place. Each Iar?e evaporative cooler should have a
disconnect switch mounteu inside the unit to permit maintenance personnel to control the
unit's operation while they are performing maintenance service. This is a timesaving move as
wel' as a safety measure,

In FLOOR-MOUNTED AIR CONDITIONERS, the whole system {s mounted in one cabinet.
Usually, the only thing that needs to be done to this unit 4s to hook up the power and level
the unit as shown in figure 5-17,
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Fig 5-17. Sectional view of a floor
mounted air-conditioner.

Floor models may have efther air-cooled or water-cooled condensers. Of these, the
air-cooled condenser may or may not be a part of the unit, while the wa er-cooled condenser is
usually mounted outside. If the air-cooled condenser {s a part of the unit, then the
condenser must be ducted to the outside for condenser cooling. The water-cooled condenser
sits on a level cement slab, and with the help of a circulating pump it conditions and
circulates cool water to the unit.

The electrical connections should conform to local codes. Once the electrica)
connections have been completed, the compressor should be checked for proper currvent.

The CENTRAL SYSTEMS may be used for residential or industrial use. The system may be
obtained in The ToJTowing ways; as a whole unit or as individual components for erection at
the area(s) where each will be used.

Whole units are obtained more frequently than components for assemblyare , since they
come from the factory as complete units which do not require assembly. In both the evaporator
:?d congegger. the internal piping and wiring has been completed. For the foregoing, see

gure 5-18,

In almost al) cases, the blower and duct work used for the existing heati:g system
will be used to carry air across the evaporator. The evaporator is usually erected on top of
the furnace body in the discharge air duct, as shown in figure 5-19,
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Fig 5-18. Central air-conditioner.

In almost all cases, the blower and duct work used for the existing heating system
will be used to carry air across the evaporator. The evaporator is usually erected on top of
the furnance body in the discharge air duct, as shown in figure 5-19.
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Fig 5-19. Evapui-ator mounted above the furnace,

There aro three different types of evaporators; the A-type, the slant type, and the
flat type.

Through years of use, evaporator coils stand a good chance of getting dirty. Install
access panels so that the coils can be reached for cleaning.

The evaporator drain should be piped either to the outside or to an open floor drain.
A U-trap can be installed in these lines to prevent insects from crawling into the building or
to keep air from blowing through the drain.

Condensing units should be installed outdoors on a level, reinforced concrete slab.
The unit should be lower than the evaporator, and the suction line should slope toward the
compressor to assist ofl return.

A sight glass and a filter-drier should be installed in the 1iquid 1ine, in the line
between the receiver and the expansion valve.

The suction 1ine, from the outlet of the evaporator to the compressor, should be
insulated to keep it from sweating.

Electrical connections should be according to the particular manufacturer's wiring
diagram and in accordance with the National Electrical Code.

The installation of centrifugal systems vary “ery Tittle from the ‘installation of
other types of units. In a centrifugal machine, the compressor, condenser, cooler,
economizer, and motor are all on the same base. The machine must be installed on a
reinforced, level concrete pad. Without a level base, the machine could be damaged, and
refrigeérant leaks could develop from the vibration set up by the high-speed operation of the

eat-wiring-—shou’ orm Lo the standards préviously mentioned for
other units.
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EXERCISE:

1.

5.

6.

9.

10.

Answer the following questions and check your responses against those listed at
the end of the study unit.

Why is it important to slightly ti1t downward the air-. :ditioner outside of the
window ?

A work request indicates the unit to be upper sash mounted. Where will you
install the unit in relation to the window?

What factors determine the location and type of supporting structure required when
installing evaporative coolers?

What is the minimum specification for the water supply line for large evaporative
cooler units?

Why should you install a disconnect switch inside the evaporative cooler unit?

What 1s the best way to mount airwasher-type evaporative coolers and why?

What should be the size of the water drain or waste system in evaporative coolers
and why should it be this size?

What must be done - the air-cooled condensey is part of the floor-mounied unit?

Why 1s a U-trap installed in the evaporative drain line?

If at a1l possible, why should you install the condensing unit lower than the
evaporator in a central air-conditioner?




Work Unit 5-4, SERVICE ANO MAINTENANCE OF AIR-CONOITIONING EQUIPMENT

CITE SELECTEO PROCEOURES ANO PRECAUTIONS RELATEO TO THE BEARING INSPECTION ANO
LUBRICATION FOR AIR HANOLING UNITS.

STATE SELECTEO PROCEOURES USEO FOR CHECKING BEARINGS, BELTS, AND PULLEY ALINEMENT,
ANO GIVE A REASON RELATED TO THESE COMPONENTS ANO THEIR ALINEMENT.

OESCRIBE SELECTEO HEAT PUMP SERVICE ANO MAINTENANCE PROCEOURES.
STATE THE MAINTENANCE ACTION FOR SELECTEO EVAPORATIVE COOLER COMPONENTS

IOENTIFY SPECIFIC SERVICE ANO MAINTENANCE REQUIREMENTS ON SECONOARY REFRIGERANT
SYSTEMS ANO VALIOATE STATEMENTS ABOUT THESE SYSTEMS.

In this work unit we will discuss the service and maintenance features of typical
air-conditioning equipment.

Air handling unit bearings, unless sealed, should be inspected for proper
lubrication. A lack of such lubricant causes excessive wear and seizing of the bearings.

Bearings are either giled or greased. Accordingly, general lubrication is needed.
Therefore, study the following genera 'Iu5r1cat1'ng instructions which you need to observe:

® Wipe grease fittings, grease cups, oflers, and the surrounding surfaces clean
before applying lubricants.

® Clean lubrication equipment both before and after it is ysed.

© operate lubricating guns carefully and in such a manner as to insure a rroper
distribution of the lubricants.

® Reduce lubrication intervals to compensate for abnormal operation and extreme
conditions, such as high or low temperatures, prolonged periods of cperation,
continued operation in sand or dust, or exposure to moisture, any of which may
quickly destroy the protective qualities of the lubricant. Lubrication
intervals may be extended during inactive periods.

® Keep all parts not requiring lubrication clean from lubricants. Also, after
eveﬂ luliaricating operation, remove any excess lubricant from the point of
application.

® Clean out the bearing housing before filling it with lubricant whenever the
need is apparent from the evidence of dirt or sludge.

@ Always use the proper lubricant as required by the attached lubrication plate
or, if available, the pertinent lubrication publication and/or the technical
manual pertaining to the material of which the motor is a part.

@ Change the grade of lubricant in accordance with the temperature ranges
prescribed in the pertinent lubrication publication and/or technical manual.

@ Operate the air handler immediately after lubrication to evenly distribute the
lubricant.

ind As you perform your lubrication » You should keep the following general precautions in
mind:

@ Keep all lubricants (grease and 011} in closed containers.

® Store all lubricants in a clean, dry place, one which is located well away
from an external heat source.

L A}low no dirt, water, or foreign material to mix with any lubricant at any
time.

® 00 NOT ofl bearings while the air handler is ) .- ~ing. Excess oil may spill
anto the floor, creating a fire hazard as well as an electrical hazard.
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® avoid getting lubricants on rubber parts of insulation, since they will cause
these materfals to deteriorate.

Bearings, belts, and pulleys are all smaller components of the air handling unit, yet
its continued operation depends largely upon their proper alinement with each other. These
three components in this unit will be discussed in the order named.

@ BEARING ALINEMENT - Some belt-driven blowers have bearings that are
self-alining, while others are neid in place by bolts which stabilize the bearings to the
blower housing. Study figure 5-20 as you proceed through the following. The bearings usually
have slots in their base for additional adjustment. Once a bearing has been adjusted, it must
bg checked pe;iodically for slippage or binding, either of which can cause damage to the
blower or shaft.

Fig 5-20. Blower bearings.

@ BELT TENSION - Visual inspection of belts will tell a technician whether or
w. vhey have been tensioned properly. Thus, running belts too loose will cause them to
Lrance ug and down or flop excessively. This, in turn, requires more tension be put on the
belts. To remedy such situations, proper tension must be put on the belts, and this requires
approximately a 1/2 inch depression per foot between the centers of the pulley, as_shown in
figure 5-21." khen the unit is off, a belt check wil) reveal whether or not the pulleys are
out of alinement; this can be determined by the excessive wear on the edge of the belts.

/2 IN. DEFLECTION

|
I
1+—PER FOOT—»t

Fig 5-21. Blower belt tension.
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» Pulley alinemet 13 vary tmportent, since the pulley

[ +» DOIt, cord, rope, or chain. B8ad a)inement would Cause
Conponents Lo wear and eventually bring sbout unit dreskdown. Isproper belt a)inement

will else couse encessive dearing weer ond poss ible early fatlure,

Pn (A0 Dlower ond motor pulley should be glm on their respective shafts at the
S80 Lime. (ne of the two oulleys may be secures at this time. Then, (1) a straightedge may
B8 placed 1n ihe two puiiay + 19 thet you can sight along its adpe for proper
alinement; (2) o s<-ing may be placed 10 the seme ainner as the m-clrwn; (3) o belt may
08 pet 08 the pe'iey, o0d you con m along 1t. Once you are satisfied that the two pulleys
o0 18 1100 with one smether, the pullay may be secured. After this adjustment, tighten
the belts, start the setor, and cbserve the unit's operation unt!) you are sure that your
ssjostaont 15 correct.

™e hest rq 15 simtlor £0 other refrigeration wnits. Therefore, the service and
~aintonance techniques vary 11ttle from these used on other refrigerating systems.

Norme) service fres that the n‘ply nluz be checked to fnsure correct voltage.
A 1/3 00 ) ton wnit waue) y fret 2 "W 200 voit connection; whereas, units over )
ton normally require 3 phase volts. electrical section of the unit should be
consulited for vartations of ‘nu voltages 50 thet proper maintensnce can be conducted.

]

®
Lronsaits power
these

Notor and refrigeration controls should be checked for action. Rough contacts
hould e cloaned to prevent arcing. Stizting controls should be checked end clesned or
lbricated to correct prodiem.

Lint and other foreign particles are & Mlulg prodiem for evaporators.
1y, service personne) showld check often for Chis situation and clean the evaporator
olw'n.m nlu:ohr"w &ir presswre. RENDNMR, severe atr pressure can damage the
slmion o «oils,

™he reversing valve can be coecked > operating the heat pump on both the heating
uflo e then the coeling cycle. If the valve 13 not operating correctly, then replace the
"0,

Ouring Yow tenperature eporatt poriods, 1iquid vefrigerant con butlid up In the
conpressor «.Lem. Service porsomme! showld ém the crankcase haater for operation In
order €0 pretect the compressor. A siaple ehameter check wil) tel) the technicion 11 he has &
complete circuit through the hester.

Fresse-wp of the evttide cot) (condenser) s o} 8 concern to the maintensnce
porsomssl. To provont fresze-wp of the ewtside cof) & sefrost thermostat 1s instalied on the
it to switch the cofls lqmummmcrm«mmsmcon and thus
prevemt fresse-wp. On misty CT. when the amiest temparsiure outside 13 320 to 1000 ¥,
the enit ¥i1) spend aluset eque! tiee 1n the heating and defrost cycles.

F1iter pade should be maintained 1n as cleen & condition as possidie for meximum
offectivensss. This seintenance 13 accomp)ished by weshing the pads to remove algee, water
solids, and other dapesits of foreign matter that will accumslate. Use 8 gorden hose with an
sdjestadle nezzle to wesh f1iter . wmmmmm

i
|

asublly last @ lote cooling souson, because continuous washing of the
[ n:.:'::"mm’« weter se ’ m..'ul growth of algee on glass ﬂur”:urucn.

$oun gloss Fibers accumulote weter selids, Which fore an facrustation sround the
foers and their offectivensss in saiataining an offinity for water. When excessive
6172 ond 30lide accamuliote en the fiders, the pads shewld be replaced. The sagging of glass
f¥ers in the spray peds, perticularly ot the top sectiens, aiso mecessitates the replacement
of the pads. Since the f10ars ore enclessd 16 & wire mesh. they conact be f1uffed o wotatn
wifere sections) thichaess.
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The pad frame and the retaining screens should be wirebrushed to remove dirt and scale
and then painted with rust resistant paint. Screen eliminators made of layers of wire screen
should be clesned and painted whenever excessive dirt, scale, or rust accumulate on them.

Proper water distribution and thoroughly saturated pads are essential to maximum
efficiency from an evaporative dir cooling unit. Orip distributors admit water to the top of
the pad surfac® at a rate sufficient to wet the entire pad. Streams of water should flow down
the outside pad surface. Leve! the water trough, 30 that approximately the same number of
drops of water fall from the weir along the entire length of the trough. The troughs are
usually slotted, so that they can be leveled, as shown in figure 5-22, Troughs and weirs
should be cleaned by wirebrushing and re-painted with rust-resistant paint. The piping system
should be disassembled and wire brushed internally whenever excessive scale formation starts
to retard the water flow.

JOINY BRAL

ADJUSTMENTY SCALW

ADJUSTHENT gLOY

Fig 5-22. Weirs adjustments.

Spray nczzles are designed to provide sufficient water to wash the pads and form an
effective spray curtain at the entrance of air stream, as pictured in figure 5-23. Spray from
edch nozzle or jet must have a well defined pattern. Spray nozzles snou?d be cleaned by
reaming out the openings. Slot jets may be cleaned by means of a thin blade made to fit the
slot. Be very careful when you are cleaning the openings and slots in order to prevent
cutting their meta) edges and ruining them.
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ELIMINATOR PAD

PUMP MOTOR AND DRIVE
BLOWER HOUSING PAD WASH-DOWN SPRAY JETS

BLOWER DRIVE FILTER PAD AIR-STREAM SPRAY JETS

aQ

av,
N/

WATER SUPPLY
BLOWER DRIVE BELT| MOTOR WATER FLOAT CONTROL HEADER
WATER PUMP
BELT DRIVE PULLEY WATER SUMP AND MAKE-UP PAN | SPRAY DRAIN PANEL

WATER SURGE CYLINDER
Fig 5-23. Spray nozzle evaporative cooler.

You should check rotary disk water distributors for freedom of shaft rotation, and
then you should lubricate them as portrayed in figure 5-24. The surface of the disk should be
wirebrushed to remove the scale that has accumulated. Check the position of the water supply
pipe in relation to the disk carefully. Adjust its position and lock it at the exact location
recommended by the manufacturer to insure a maximum washing and spray effect. Spray nozzles,
Jets, and rotary disks which cannot be cleaned satisfactorily by wire brushing should be

re?ov:d and cleaned by immersion in a 10% inhibited commercial hydrochloric (muriate acid)
solution.

BLOWER UNIT MOTOR

FILTCR PADS
ROTATING DISCS

Fig 5-24. Rotating dis. gvaporative cooler.
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Water pressure at the spray nozzles and jets varfies with the different units. The
water pressure may usually be checked at the pump discharge outlet by attaching a pressune
gage to the fitting provided for this purpose. The pump discharge pressure for effective
water spray and atomization should be maintained at the value recommended by the manufacturer.

The water makeup float valve should be checked for freedom of movement, and any
binding of the float lever should be corrected. The water valve should be checked for
positive water cutoff, since its position determines the proper water operating level an
adjustment is required, raise or lower the float-ball position with respect to the lever
pivot, as seen in figure 5-25. Set the water level to permit a constant overflow for
bleed-off into the overflow stand pipe. Turn the wing nut on the adjustment screw slightly in
place to insure that the float-ball lever is locked into position. Replace float balls made
of fe:r?us metal which are rusted with float balls made of non-ferrous metal or of plastic
materials.

WATER VALVE

WATEN DRAIN
STANDMPE

Fig 5-25. Vater makeup valve and standpipe.

Because of the light construction of the water circulatino pumps used with evaporative

drip units, they must be carefully mcintained. The low 011 capacity of t'.e bearings 6n the —-———

motor requires frequent addition of the correct grade of oil. If the oi1 does not flow
readily into the o011 filler tudes, remove and clean them. If the stoppage appears to be in
the bearings, remove the entire pump assembly and wash the bearings out and then fi11 them
with the proper amount of 0i1. Clern the impeller and interior of the casing of excessive
scale by wirebrushing. Adjust the purp shaft and impeller to avoid its binding against the
water intake opening or pump :asing. MWireurush and re paint rusted surfaces with rust
resistant paint. When repairs are required, pumps of thic type are usually taken to the shop
to facilitate the service work. Sufficient replacement pump assemblies should be madc
available for the exchange of pumps requiring repairs.

Wire brush the exterior surfaces of the cabinet anu water makeup tank, which develop
rust spots, and g!ve them a coat of rust-resistant paint. After wire brushing and cleaning
the rusted areas, paint the panel interior curfaces with asphalt-base paint. You should paint
the interior surfaces of both of the panels forming the water spray chamber and the interior
of the water makeup tank with asphalt base paint. MWirebrush the air intake louvers and
screens and clean them so that they. are free of dust, insects, and scale. Straighten and
repair bent or distorted vanes. Repaint metal louvers and screens as required.

Earlier, we discussed several air conditioning systems. These systems have been
numerous, but Jittle has been said about a secondary refrigerant system; therefore, the
secondary refrigerant systems will be discussed in the remaining parag-aphs of this work unit.

In a DIRECT EXPANSION SYSTEM, shown in figure 5-26, the controlled variable comes into
direct contact with a single refrigerant source. In contrast, the INDIRECT SYSTEM, shown in
figure 5-27, allows the heat from the conditioned space to be absorbed by a secondary
+efrigerant, water or brine, thereby cooling the variable.
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/ COOLEO SPACE
e

g (RA)
. RETURN AIR
5 —_t,
bl T EXHAUST AIR
3 OIRECT EXPANSION
~ COOLING COIL
OUTSIOE AIR <-7'" (o)
R12 cmamepe
CONDENSER
AR - = AIR

| !n-n
[ eeceven |

Fig 5-26. Direct expansion system.

When water is used as the secondary refrigerant, the controliled variable cannot be
below freezing. Thus, the water makeup tank (expansion tank) should be checked often so that
enough water is kept in the system to assure a positive head at all times.

Brine solutions are used when the controlled variable must be maintained below
freezing (320 F). Brine is a mixture of water with a chemical substance that allows it to
be cooled to a sub-zero temperature without solidifying.
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—— COOLED SPACE

¥ e EXHAUST AIR (EA)
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g RETURN AIR
- COOLING COIL
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COOLING TOWER

CONDENSER WATER

Fig 5-27. Indirect expansion system.

There are several types of brine; ALCOHOL, SALT, and GLYCOL. Of these, glycol brines
are the most widely used, since they have noncorrosive properties.

Check the brine mixture for its density with a hydrometer. If you find that the
freezing point is too high, then add more chemical. A chart from the manufacturer can give
you the correct mixture of water and chemical in order to get a predetermined temperature.

It is very difficult to set up a definite maintenance schedule, since so many
operational factors must be considered. Consequently, it will be necessary for you to b»
fully aware of the instructions within the Standing Operating Procedures for your organization
and you must follow these instruction and recommendations.

The tubes on the condenser and cooler must receive regular attention for efficient
performance and long life. In fact, take special care during the first year of operation
because of the dirt and other foreign materials which may have collected in the system during
installation. The water-treating system must operate effectively to prevent general corrosior
of the tubes and piping system. Foreign material and corrosive attack can do extensive damag~
to the system's piping and water tubes, {if they are not treated effectively and correctly,

A special type of nylon brush should be used to clean the tubes. This brush is
designed to prevent scraping or scratching of :he tubes' inner wall. Force the brush through
each tube by hand pressure. During this cleaning process, most of the scale, mud, and other
foreign deposits will be loosened. You can remove all such loose deposits by flushing the
surfaces with water.



If the tubes have become completely covered with scale, you must use a chemical
treating process to remove a1l foreign deposits. The manufacturer's maintenance manual will
give you information about the type and strength of chemical solutions to use on their
designed units.

] It i~ recommended that the condenser tubes be brushed at least once a year. Hourly
checks must bé made between the difference of the leaving condenser water temperature and the
condensing temperature. If at full-load operation this difference exceeds the design value,
fouling of tne tube surfaces is taking place. Should you discover that the leaving condenser
water temperature is hard to maintain, it is recommended that you clean the condenser tubes.

The following procedures should be followed in cleaning tubes:
® Shut off the main water iine inlet and outlet valves.

@ Drain water from the condenser through the water box drain valve. Open the
vent cock in the gage 1ine or remove the gage to help draining

@ Remove all but two nuts from the water box covers, leaving the remaining two
on, loosely attached for safety.

@® Using specially threaded jacking bolts, force the covers away from the
langes. As soon as the covers are locse from the gaskets, secure a rope to
the rigging bolt in the covers and an overhead support. Then remove the last
two nuts and place the cover on the floor.

@ Scrape both the cover and the matching flange to free any gasket material.

® Remove the water box division plate by sliding it out from its grooves. Be
cautious in removing this plate; it is made of cast iron, which can break
easily. Penetrating oi1 may be used to help remove the plate.

@ Use a nylon brush or something similar on the end of a long rod. Clean each
tuoe]with a scrubbing motion and flush each tube after the brushing has been
completed.

@ Replace the division plate after first shellacking the required round rubber
gasket in the two grooves.

@ Replace the water box covers after first putting graphite on both sides of
each gasket, because this prevents sticking of the gaskets to the flanges.

Caution: BE CAREFUL WHEN HANDLING THE WATER BOX COVER ON THE WATER BOX END TO SEE
THAT THE DIVISION PLATE MATCHES THE RIB OF THE FLANGES.

® Tighten all nuts evenly.
@® C(Close the drain and gage cock.
@ Open the main water valve ané fi11 the tubes with water. Operate the pump, if

possible, to check for leak tight joints.

Re-tubing is about the only major repair that is done on the condenser. This takes a
high degree of skill and may require the services of a manufacturer's qualified repairman.

You must make frequent checks of the chilled water temperature leaving the
evaporator. If the temperature reading at full load begins to vary from the designed
temperature, fouling of the tube surfaces is beginning, and cleaning is required when the
leaving chilled water temperature cannot be maintained.

It is recommended that the tubes be cleaned at least once a year, though this may vary
with local operating conditions. Cleaning schedules should be outlined in the standing
operating procedures.

Servicing procedures for all shell and tube-type evaporator and condensers are the
same, since all shell and tube containers are built and operated on similar principles.
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Here again, ru-tubing is about the only major repair that is needed on the
evaporator. However, this work should be done by a qualified refrigeration technician ov a
sanufacturer's repairwan.

EXERCISE:  Answer the foliowing questions and check your responses against those listed at
the end of the study unit.

1. MWhy is it necessary to operate the air handler immediately after lubrication?

2. Why i3 1t necessary to vary lubrication intervals?

3. How do bearing lubricants affect rubber parts?

4, Why must blower bearings be checked periodically?

5. How do you determine whether or not a belt has proper tension?

6. Relate briefly the correct procedures to aline the motor and blower pulley.

7. Why must the pulley be atined properly?

8. What precaution should you observe while cleaning 1int or foreign particles from
the evaporator with compressed air?

.

9. During low temperature operating periods, why is it necessary for you to check the
crankcase heater for proper operation?

PRy
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10, How do you clean spray nozzles, jets, or rotary disks which cannot be cleaned
satisfactorily by wire brush?

1. To wha; specifications do you adjinst the float valve for proper water level in the
cooler

12. What type of paint do you apply to the surface of the water makeup tank?

13. Differentiate between a direct and an indirect expansion system.

14. What is a good indication that the surface of the cooler tubes are fouled?

15. What is happening if the temperature reading at full load of the evaporator or
cooler begins to vary from the designed temperature?

SUMMARY REVIEW
In this study unit you have learned how to identify the components that make up the
psychrometric chart and to extract the desired information. You also learned the different
installation and maintenance procedures for selected air conditicning equipment and air-flow
instruments that you may come into contact with in the refrigeration field.
Answers to Study Unit #5 Exercises
Work Unit 5-1.
1. By autcmatic control of the air across the evaporator coils.
2. The temperature of the vapor is always the same as that of the surrounding air.
3. The higher the temperature of the air, the more moisture the air can hcld.
4, a. The amount of heat required to raise 1 pound of a substance 10 F,
b. The temperature at which air ceases to be cooled by the process of evaporation.
c. The difference between the dry-bulb and wet-bulb temperatures.

d. The unit of measurement expressing the actual amount of moisture contained in
1 pound ov dry air.

5. Saturated

jomd
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6. a. 52 percent
b, 679 F
¢, 36.7 8tu's
d. 100
e. ,0143
7. A vertical line
8. It is a tool used to analyze the relationships of the properties of air.

9. At intersecting points of these 1ines and curves.

Work Unit 5-2.
1. It measures air velocity in linear feet.
2. 10 seconds
3. Allow the propeller to reach maximum speed.
4, Left; right; center
5. To measure the pressure of air in inches of water
6. Pressure of velocity
7. To allow access to the internal sections of the duct in hard to get to areas.
8. To measure the air velocity
9. The instrument will give a false reading if the filter is omitted.

10. A minimum of six readings

Work Unit 5-3.
1. This helps drain the condensation outside
2. At the top of the window
3. The size and style of the particular unit involved
4. 3/4 inch
5. To permit control of the unit while you are performing maintenance
6. On a cement platform, because it is more economical.
7. At least 1-1/2 inches in diameter to reduce drain stoppage
8. Air must be ducted to the outside

9. To prevent insects from crawling into the building or to keep air from blowing
through the drain

10. To assist the oii return

188
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Work Unit 5-4.

1.
2.
3.
4,
5.

6.

7.

8.

9.

10.

1.

12.

13.

14.

15.

To evenly distribute the lubricants

To compensate

They may cause this material to deteriorate
To check the slippage or binding

Oetermine whether or not there is approximately 1/2 inch depression per foot
between the centers of the pulley; if so, the proper tension is present.

Place the pulleys on their respective ~hafts. Secure one of the two pulleys to
its shaft and then place a straightedge, a string, or a belt between the pulleys.
Slide the unsecured pulley on the shaft until you are satisfied that the two
pulleys are in line with one another. Secure the other pulley ta the shaft

Because 1f the alinement is wrong, components that receive the power from the
pulleys will wear unduly. Also, improper belt alinement will cause excessive wear
and possible fuilure.

That severe air pressure does not damage the aluminum fins on the coils

Because such proper operation will protect the compressor from pumping liquid
refrigerant.

Immerse these components in a 10 percent inhibited commercial hydrochloric
solution.

Adjust the float valve to permit a constant water overflow for bleed-off into the
standpipe.

Asphalt base paint

In the direct expansion system, the controlled variable comes into direct contact
with a single refrigerant source. In the indirect system, the heat from the
conditioned space is absorbed by a secondary refrigerant, such as brine or water.

The temperature reading at full load of the chilled water leaving the cooler
begins to vary from the designed temperature.

Fouling-of the tube surfaces is beginning, and cleaning is required when the
leaving chilled water temperature cannot be maintained.,
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REFRIGERATION THEORY
REVIEW LESSON

INSTRUCTIONS: This review lesson is designed to aid you in preparing for your final exam.
Yoo should try to complete this lesson without the aid of reference materials, but if you do
not know an answer, look it up and remember what it is. The enclosed answer sheet must be
filled out according to the instructions on its reverse side and mailed to MCI using the
envelope provided. The questions you miss will be listed with references on a feedback sheet
(MCI-R69) which will be mailed to your commanding officer with your final exam. You should
study the reference material for the questions you missed before taking the final exam.

A. Multiple Choice: Select the ONE answer that BEST completes the statement or answers the
question. After the corresponding number on the answer sheet, blacken the appropriate
circle,

Value: 1 point each

1. Identify the direction of heat flow in accordance with the thermal laws of
refrigeration.

a. From a body of high temperature to a body of lower temperature
b. From a body of high pressure to a body of lower pressure

c. From a body of high volume to a body of lower volume

d. From a body of low temperature to a body of high temperature

2. During a change of state, the is constant during the change, provided
the pressure rejiains constant.
a. pressure c. volume
b. temperature d. heat
3. While changing from a liquid state to a vapor state fluids heat.
a. give up c. absorb
b. transfer d. transmit

4. Heat energy and other forms of energy are

a. destroyable. c. low temperatures.
b. equal. d. interchangeable.

5. The evaporator and condenser require what essential characteristic in a refrigeration
unit?

a. Metallic parts that have a high heat conductivity
b. Metallic parts that have fins

¢ Metallic parts that have insulation around them
¢. Metalllic parts that are able to expand

6. "5 !Pich physical state are the molecules restricted to such a degree that the
ub tince will maintain its shape?

a. Solid c. Gas
b. Liquid d. Vapor

7. In whicn physical state are the molecules much more free to move and as a result will
not retain its shape?

a. Gas c. Liquid
b. Vapor d. Solid

8. Identify the physical state of a substance which, upon entering a container, will fill
it uniformly with a small quantity.

a. Water c. Liquid
b. Gas d. Solid
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9. The two measurements of heat are quantity and

a. volume. C. energy.
b. pressure. d. 1intensity.

10. Convert a room temperature of 320 C to its equivalent on the Fahrenheit scale.

a. 00F c. 89.60F
bt -25.60 F d. ]940 F
11. Convert a room temperature of 759 F to its equivalent on the Celsius scale
ao ‘59040 C Ce 670 C
b. 23.99 C d. 750 ¢

12. Which heat measurement is defined as the amount of heat required to raise the
temperatre of 1 pound of water 1 degree Fahrenheit at sea level?

a. Celsius C. British thermal unit
b. Fahrenheit d. Conduction

13. Calculate the amount of heat necessary to increase 4 quarts of water (8.4 1bs)
from 10° C to 400 C,

a. 144.0 Btu's c. 365.3 Btu's
b. 252.0 Btu's d. 453.6 Btu's

14. What type of liest when added to a substance will cause the temperature ta remain
constant; however, a charge of state will have taken place?

a. Latent heat C. Celsius
b. Sensible heat d. Fahrenheit

15. Identify the heat that is added to a substance and the temperature rises but you know
that a change of state has NOT taken place.

4. Latent heat C. Celsius
b. Sensible heat d. Fahrenheit

16. If you were to hold a 24 inch bar of steel in one hand and you placed one dng of the
bar in a flame, eventually you would feel the heat in your hand. What is this type of
heat transfer called?

a. Latent heat of fusion c. Convection
b. Conduction d. Radiation

17. What type of heat transfer do you feel when you are laying on the beach in the sun?

a. Latent heat of fusion c. Convection
b. Conduction d. Radiation

18. The heat transfer that you feel being omitted from your home furance is called

4. latent heat of fusion. c. convection,
b. conduction. d. radiation.

19. Identify the heat transfer that is used most often in the refrigeration field.

a. Latent heat of fusion c. Convection
b. Conduction d. Radiation

20. The amount of force exerted on & substance per unit area is the definition for

a. volume, C. ?as.
b. pres-ure. d. 1quid.
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21,

22.

23.

24,

25.

26.

27.

28.

29.

30.

a.

The air that surrounds the earth has weight and exerts pressure. This is called

a, volume. c. absolute pressure.
b. mercury. d. atmospheric pressure.

1f you had a pressure gage reading of 25 psig, what would be the absolute pressure?

a. 11.3 psia c. 39.7 psia
b. 25.0 psia d. 49.7 psia

The pressure gage most commonly used in the field by refrigeration technicians is the

a. manometer tube. c. Bourdon tube.
b. barometer tubde. d. Toricelli tube.

Identify which pressure gage measures pressures above and below atmospheric pressures.

a. Compound pressure gage c. Suction pressure gage

b. Toricelli pressure gage d. Absolute pressure gage

The following formula VIP] = YoP> is the expression of which law effecting
Pressure-Temperature-Volume re?a%ionships?

a. Boyles' law c. General gas law

b. Charles' law d. None of the above

The following formula Y1 = T1 and P1 = T1 is the expression of which law
V2 T2 P2 T2
effecting Pressure-Temperature-Volume relationships?

a. Boyles' law c. S5eneral gas law
b. Charles' law d. None of the above

What is the basic purpose of the refrigeration cycle?

a. To make 1ife more comfortable

b. To keep food from getting cold

c. To reduce bacteria growth

d. To remove unwanted heat from a space and discharge it into another space

What two pressures would you find in the refrigeration cycle?

a. Evaporator pressure and low pressure

b. Condenser pressure and high pressure

c. Evaporator pressure and condenser pressure
d. None of the above

If you could separate the refrigeration cycle into 2 parts, one high pressure and the
other low pressure, which components would be the dividing line?

a. Evaporator and condenser c. Metering device and drier
b. Receiver and compressor d. Metering device and compressor

The unit which measures the amount of heat removal and thereby indicates the capacity
of the refrigeration system is known as the

a. refrigeration ton. c. absorption ton,
b. British thermal unit. d. mechanical unit.

In a mechanical refrigeration system, what is the purpose of the refrigerant?

a, It lubricates the components of the system.

b. It absorbs heat from a place where it is not wanted and rejects it elsewhere.

c. It absorbs heat at a low temperature, and when compressed to a higher
temperature, releases the absorbed heat to a cooling medium, thus affecting a
heat transfer.

d. Both b and ¢
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32.

33.

34.

35.

36.

37.

38.

39.

40.

a.

Refrigerants, in common use today, are fluids and are affected
by , , and in a
manner similar to water.

a, temperature, pressure, and volume c¢. temperature, heat, and volume
b. heat, temperature, and pressure d. pressure, volume, and heat

If a leak occurs, what three chemical properties of a refrigerant must be considered?

a. Flammability, explosiveness, and stability
b. Explosiveness. toxicity, and density

c. Toxicity, flammability, and explosiveness
d. Density, volume, and latent heat content

In question 33, you identified three chemical properties of a refrigerant, what is
the fourth?

a, Density c. Flammability
b. Stability d. Explosiveness

Critical temperature and pressure are two important physical properties of a

refrigerant. Select three other physical properties that must be consideced when
selecting a refrigerant,

a. Boiling point, freezing point, and stability
b, Boiling point, miscibility, and stability

c. Miscibility, freezing point, and boiling point
d. Miscibility, freezing point, and explosiveness

Define primary refrigerant.

a. Fluids used in air-conditioning and refrigeration systems as heat carriers

b. Fluids that are a combination of two or more refrigerants

€. Fluids that lubricate the components of the system

d. Fluids used in the refrigeration system which are flammable, corrosive, and toxic

0f the following substances, which are classified as secondary refrigerants?

a. Fluorocarbon, halogen, and azeotropic
b. Brine, air, and azeotropic

c. MWater, air, and brine

d. Air, water, and R-12

What are the two most prominently used refrigerants in the Marine Corps today?

a. R-11 and R-502 c. R-12 and R-115
b. R-22 and R-114 d. R-22 and R-12

In order for refrigerant R-12 to become a health hazard, what must occur?

a. Nothing because R-12 is nonpoisonous and nonexplosive

b. An accumulated leakage in a ventilated space or when 1t comes in contact with a
low-temperature flame

c. An accumulated leakage in a nonventilated space or when it comes in contact with
a high-temperature flame

d. An accumulated leakage in a nonventilated space or when it comes in contact with
a low-temperature flame

R-12 is odorless in concentrations of less than 20% by volume in air; 1in higher
concentrations, its odor resembles

a. mustard. C. carbon tetrachloride,
b. carbon dioxide. d. azeotropic.

At atmospheric pressure, identify the temperature at which R-12 will boil.
a. =21,79 F c. =400 F

b. "28.70 c d. 380 F
e. 700 to 750 F
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42, Identify the refrigerant that is considered an ideal refrigerant because of its high
stability and low operating pressures and temperatures.

a. R‘]] Ce R-ZZ
b. R-12 d. R-502
43, Hhigh refrigerant is used in units that can maintain temperatures as low as -200 to
=400 F?
a. R‘]] Co R‘]]
bo R-ZZ do R‘SOZ

44, If R-22 is at atmospheric pressure, what is the temperature at which it will boil?

a. ‘2]070 F C. ‘38l5° F
b. -3].70 F d. -4]0 F

45. Identify the refrigerant that is often used as a flushing agent.

a. R‘]] C. R-ZZ
bo R-]Z do R‘SOZ

46. R-11 will remain a 1iquid at atmospheric pressure up to temperatures as high as

a. 650 F, c. 750 F,
b. 700 F. d. 800 F.

47. Ildentify, at atmospheric pressure, the boiling point of R-502.

a. =400 F c. -60.40 F
bo ‘50-]0 F do ‘65-80 F

48. Identify the only type of compressor in which R~-502 can be used.

a. Centrifugal c. Reciprocating
b. Rotary d. Combination rotary and reciprocating

49, In a refrigeration system designed for R-12 to boil at 240F and condense at
1020F, what would be the condensing pressure?

a. 120.86 psia c. 135.54 psia
b. 120.86 psig d. 135,54 psig
50. Identify the evaporator pressure for the conditions in question 49.
a. 38.574 psia c. 23,878 psia
b. 38.574 psig d. 23.878 osig

51. Identify the refrigeration effect for the conditions in question 49,

a. 48.32 Btu/1b c. 108.81 Btu/1b
b. 66.39 Btu/1b d. 151.03 Btu/1b
52. ldentify the density of R-22 vapor at 320 F,
a. 1.326 1b/ft3 c. 13.26 1b/ft3
b. 1.326 1b/ft d. 13.26 Btu/1b
53. Select the correct total heat conteat of R-22 vapor at -289 F.
a. 107.93 Btu/ft3 c. 101.86 Btu/ft3
b. 107.93 Btu/1b d. 101,86 Btu/1b

54, Identify the absolute pressure of R-22 at a temperature of 460 F,

a. 42.656 psia c. 57.352 psia
b. 44.651 psia d. 59.347 psia
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55.

56.

57.

58.

59.

60.

61.

62.

63

64.

Assume that you have a refrigeration system designed to use R-12, rated at 36,000
Btu/hr. The evaporator temperature is 289 F and the condensing temperature is
1000 F, Oetermine the quantity of refrigerant, in pounds per minute, required to
circulate in the system to obtain the desired cooling level.

a. 734,69 1b/min c. 12.245 1b/min

b. 73.46 1b/min d. 1.225 1b/min

Ideatify what may occur if compressed gases are not identified and handied properly.
a. Nothing ¢. Personal injury

b. The gas may escape d. Personal injury and property damage
Oecals on compressed gas cylinders show the amount of pressure to be retained in the

cylinder for refilling. Identify two other statements found on the decal.

a. Name of the gas and the maximun pressure

b. Proper handling precautions and weight

c. Name of the gas and proper handling precautions
d. The pressure and weight of the gas

Identify the means which indicate the proper amount of refrigerant has been
transferred to a service cylinder.

a. Weight c. Temperaiure

b. Pressure d. Heat

In refilling refrigerant cylinders, what is the maximun quantity of refrigerant that
should be transferred to the cylinder?

a. 80% c. 90%

b. 85% d. 95%

In an open storage are, what protection is accorded refrigerant cylinders in the

winter?

a. None ¢c. Protection from direct rays of the sun
b. Protection from ice and snow d. Protection from other units

In an open storage area, what protection is accorded refrigerant cylinders in the
summer?

a. Protection from other units c. Protection from the direct rays of the sun
b. Protection from ice and snow d. None

Identify an important aspect in the maintenance of the mechanical components of a
refrigeration svstem.

a. An increase the refrigerant vapor flow
b. Reduce friction damage

¢. Increase the components of a unit

d. Maintain the velocity of the vapor

what is the viscosity of a lubricating oil?

a. The temperature at which it will flow

b. The temperature at which the wax will be visible

c. The process that is used to remove hydrocarbons from the oil
d. Simply stated, its thickness

Identify the two principal methods used to lubricate the compressor in a
refrigeration system.

a. 10W and 30W systems c. Splash and pressure systems
b. Splash and hand pump systems d. Pressure and vapor systems

R 1
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65.

66.

67.

69.

70.

n.

72,

13.

4.

75.

What is the purpose of an ofl separator in the refrigeration system?

a. To return the oil to the compressor as soon as possible
b. To separate the chemicals in the oil

c. To remove wax from the refrigeration oil

d. To maintain the velocity of the refrigeratant vapor

A mixed base s one of the three main categories of refrigerant oils. What are the
other two?

2. Floc base and dfelectric base ¢. Paraffin base and naphthene base
b. Paraffin base and wax base d. Naphthene base and wax base

What must you wear prior to entering a space that contains a system that uses a
highly toxic refrigerant.

a. Gloves Cc. Gas mask
b. Coat d. Face shield

In the event that you must replace the evaporator in a system, what should you do
first before opening the system? ,

a. Release the pressure in the system to 1 or 2 psi.
b. Nothing, just remove the evaporator.

c. Change the o1l in the compressor.

d. Add more refrigerant so that the system is full,

If one of your men working for you was to get refrigerant R-12 on his arm, how would
you treat it?

a. Give him CPR.

b Tell him to just lay down for a couple of hours.
¢. Wash his arm in ice cold water.

d. Treat the affected area of the arm for frostbite.

Ice, evaporative, and dry ice are three refrigeration systems, identify the remaining
two.

a. Absorp’.on and compression systems

b. Ammonia and carbon dioxide systems

c. Compression and sealed systems

d. Mechanical and sealed systems

The most commonly used refrigeration system employed today is the

a. sealed system, ¢. absorption system.
b. vapor compression system. d. ice system.

There are four major components in the mechanical refrigeration system. Two of these
are the evaporator and compressor. What are the remaining two components?

a. Condenser and receiver ¢. Receiver and metering device
b. Metering device and condenser d. Heat exchanger and condenser

Cylinders that are arranged in one straight 1ine in a reciprocating compressor are
known as

a. "“V* arrangement. c. radial arrangement.
b. “W* arrangement. d. 1inline arrangement.

In the stationary blade rotary compressor, the blade is held against the roller by

a. centrifugal force. c. a spring.
b. an eccentric center, d. 1liquid pressure,

An advantage of a hermetic compressor over an open type compressor is that there is

a. a better oil seal. Cc. a better arrangement of blades.
b. no shaft spring. d. no shaft seal,



76. What is the most common symptom of a defective compressor?

a. Loose drive belt ¢. Charred casing
b. Noise d. Abnormal pressure

77. When troubleshooting for an electrical malfunction in an herretic system, you should
first check the

a. thermostat. c. defrost control,
b. electrical power. d. overload protector.

78. The number of amperes a 250 MFD capacitor at 120 volts, 60 cycle will draw is

a. 5 amperes. c. 11 amperes.
b. 7 amperes, d. 17 amperes.

79. The rate of heat transfer that takes place in the condenser depends on all of the
folloring EXCEPT the

a, surface area. ¢. amount of cooling medfium.
b. type of cooling medium. d. superheating temperature,

80. What does an air-cooled condenser use as its cooling medium?

a. Saturated air c. Convection air
b. Ambient air d. Humid air

81. To control the condensing oressure of a flooded condenser..a limiter valve is
installed at the

a. finlet of the condenser. c. 1inlet of the compressor.
b. outlet of the evaporator. d. outlet of the condenser.

82. A water-cooled condenser has all of the following advantages except

a. they are compact. €. they use a lower head pressure.
b. they are easy to maintain. d. they increase condensing unit capacity.

83. MWhich type of condenser is used as a receiver?

a. Shell and coil C. Shell and tube
b. Double tube d. Evaporative

84. The refrigerant enters the evaporator from the

a. flow control., C. receiver.
b. compressor. d. condenser.

85. Identify the purpose of the accumulator in a flooded type evaporator.

a. It traps the vapor in 1iquid carryover.
b. It separates 1iquid from vapor carryover.
c. It engulfs the vapor for future use.

d. It entraps the 14quid for future use.

86. Defrosting evaporators are used where temperatures
a. never go below 329 F.
b. never go above 329 F,
C. are below 32° F (compressor running; and above 32° F (compressor not running).
d. are above 32° F (compressor running) and below 320 F compressor not running).
87. Why is a plate evaporator ideal for use in the fast freezing of foods?

a. It serves as a shelf. c. It lowers the cost of freezing.
b. It is compact. d. It is easily repairable.




89.

90.

9.

92.

93.

9.

95.

9.

97.

98.

9.

The secondary refrigerant that is used in the tank-type coolers below 32° F
temperature is .

a. distilled water. ¢. a mixture of various refrigerants.
b. brine. d. any type of liquid.

The minimization of flash gas is a result obtained by the use of a(n)

a. filter-drier. c. oil separator.
b. heat exchanger. d. evaporator.

Identify the location of the oil separator in the refrigeration system.
a. Between the receiver and condanser
b. Between the evaporator and compressor

c. Between the evaporator and receiver
d. Between the compressor and condenser

Each of the following sources results in moisture in a refrigeration system EXCEPT

a. leakage from the heat exchanger. c¢. low side leaks.
b. contaminated oil. d. 1leakage during repairs.

Where are vibration absorbers usually located in a refrigeration systems?
a. In the suction and discharge lines

b. In the evaporator and condenser

¢. In the sight glass and oil separator

d. In the compressor and discharge line

Where are mufflers usually located in refrigeration systems?

a. Suction line to the compressor

b. Liquid line to the meterins device

¢. Disc.arge line to the conuenser

d. Liquid line to the heat exchanger

When a system has a low refrigerant charge the sight glass will indicate this by

a. visible bubbles. <. being empty.
b. an oil film. d. water spots.

Which one of the following pressure relief devices has an alloy center?

1. A spring-loaded safety valve ¢. A ruptured disk
b. A pressure relief valve d. A fusible plug

Which one of the following water regulating valves is probably the most popular?

a. Electric ¢. Thermostatic
b. Pressure-operated d. Electronic

Which of the following pressures activates a bellows and opens a suction pressure
control valve?

a. 10 psi c. 30 psi
b. 20 psi d. 40 psi

In a two-temperature installation, a check valve is installed to

a. shut off cne temperature. c. prevent vapor passage during off cycle.
b. regulate the temperature. d. prevent liquid flow during on cycle.

What is the basic componeat of a defrost timer?

a. A heating element c. A solenoid bypass valve
b. A fan element d. A self-staring clock
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100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

1o.

1.

The size of the valve port in the direct-acting solinoid valve is limited by the
a. coil size. Cc. armature.
b. valve seat. d. pressure differential,

In automatic expansion valves, identify the element that is above the diaphragm to
act as a cushion. .

a. Moist air c. Atmospheric pressure
b. Nitrogen gas d. Refrigerant vapor

The automatic expansion valve is designed to maintain a fairly constant pressure in
the evaporator. How much fluctuation in pressure is permissable?

a. 1/8 psi c. 1/2 psi
b. 1/4 psi d. 1 psi

The thermostatic expansion valve maintains a fully active evaporator by maintaining
a constant degree of

a. dry air. C. pressure,
b. refrigerant. d. superheat.

Of the sizes below, which best represents the size of suction 1ines which have the
thermal bulb positioned at 8 o'clock?

a. 1/2 inch €. 2 inches
b. 3/4 inch d. 3 inches

Which of the following statements is NOT an advantage of the gas-charged valve?

a. It prevents floodin? of the evaporator in an off cycle.

b. It allows rapid pulldown.

c. It prevents overloading of the compressor motor.

d. It allows use on low-temperature application.

The capillary tube is located between what two components in a refrigeration system?

a. Compressor and condenser ¢. Evaporator and receiver
b. Condenser and evaporator d. Receiver and compressor

When dogs a capillary tube require a replacement which is exactly the same as the
original?

a. MWhen clogged or bent ¢. After 1,000 hours of operation
b. When broken or plugged d. Every 6 months

The purpose of the motor control in a system is to

a. prevent overloading of the compressor motor.

b. maintain a relatively constant temperature within the refrigerated space,
c. allow rapid pulldown,

d. prevent flooding of the evaporator in the off cycle.

Where is the thermostatic motor control power element attached in a unit.

a. On the condenser ¢. On the compressor
b. On the evaporator d. On the receiver

What activates the tube in a bourdon tube type control?

a. Temperature C. Pressure
b. Volume d. Humidity

What is the most useful item in the adjustment of controls?

a. Pressure gage c¢. F/E chart
b. P/T chart d. Pressure control setting chart
f)_—\
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na.

nas.

114,

115,

1ne6.

nuz.

118.

119.

120.

Referring
121,

Which of the following malfunction conditions will give the same indication as a
loss of charge of the power element?

a. Kinked tube c. Worn points
b. Frosted tube d. Pressure control setting out of adjustment

Motors are basically classified into what two groups?

a., AC and single-phase c. Magnetic and nonmagnetic
b. Single and polyphase d. Rotating and stationary

As a refri?eration technician, what are the three types of motors you would expect
to find driving open type compressor?

a. Shaded pole, capacitor, and permanent split-capacitor

b. Repulsion-start induction, capacftor-start induction, and induction polyphase
c¢. Capacitor-run, capacitor-start induction, and universal

d. Capacitor-start induction, induction two-phase, and shaded pole

Identify the two types of motors used most often in herme tic compressors.

a. Split phase and shaded pole

b. Capacitor run and permanent split-capacitor

c. Capacitor-start induction and induction two-phase
d. Capacitor and shaded pole

As the temperature of air increases, the amount of moisture the air can hold

a. increases.

b. decreases due to pressure-temperature relationship.
c. decreases due to the dewpoint temperature in the air.
d. remains the same.

What is wet-bulb temperature?

a. The temperature at which air condenses

b. The temperature at which air is saturated

c. The difference in temperature between the dry-bulb and dew-point temperatures
d. The temperature at which air ceases to i.e cooled by the process of evaporation

The amount of heat required to raise one pound of a substance 10 F is called

a. total heat, c. specific heat.
b. latent heat. d. enthalpy.

The psychometric chart is used to

a. analyze the cleanliness of air.

b. analyze the relationship of the properties of air.

c. calculate the volume of air that passes through a cooling coil.

d. calculate the amount of air to be suppliec to the conditioned space.

To begin a plotting procedure on the psychrometric chart, you must know the
a. dewpoint and wet-bulb temperatures.

b. grains of moisture and specific heat.

c. wet-bulb and dry-bulb temperatures.

d. dry-bulb and dewpoint temperatures.

to the psychrometric chart provided in the course, determine the following:

If the wet-bulb temperature is 579 F and the dry-bulb temperature is 659 F, what
is the relative humidity?

a. 57 percent c. 65 percent
b. 61 percent d. 70 percent

~
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122. Using the wet and dry-bulb temperatures in the preceding question, what is the heat

content?
a. 17.0 Btu c. 24.5 Btu
b. 19.5 Btu d. 30.v Btu

123. Identify the purpose of the anemometer.

a. To measure the amount of air that passes through a cooling coil
b. To analyze the cleaning of air

¢. To control the temperature and humidity of air

d. To measure air velocity in linear feet

124. In using the anemometer, in which sequence do you read the dials?

a. Left, right, and then center c. Center, left, and then right
b. Right, left and then center d. Center, right, and then left

75. A pitot tube is used in conjuction with a manometer if

a. the proper size jet is not available.

b. the manometer is that of an inclined type.

€. you need to take the velocity pressure reading in hard'to get to places.

d. the velocity pressure in a duct is greater than the design limits of the
manometer.

126. To measure the pressure of air in inches of water, you would use a(n)

a. pitot tube. c. velometer,
b. manometer. d. anemometer.

127. Identify the pressure within the duct system that the manometer measures?

a. Static pressure

b. Velocity pressure

c. Number of feet of air which will pass through a duct area in one minute
d. Pounds of air

128. For what purpose is the velometer used?

a. To measure the air pressure in the duct system
b. To measure the air velocity in the duct system
c. To measure the air density in the duct system
d. To measure the air temperature in the duct system

129. When a filter is supplied with the velometer, the filter

a. 1{s most always used.

b. should be used only in dusty areas.
C. must be omitted in dust-free areas.
d. should be used only in kitchen areas.

130. Identify what will occur if the filter that is supplied with the velometer is
omitted.

a. Nothing should happen

b. The instrument will give a false reading

c. The minimum number of readings must be reduced by three
d. The minimum number of readings must be doubled

131. Why should window air conditioners be installed with the outside portion of the unit
titled down slightly?

a. To aid oil return to the compressor

b. To force the cool air from the unit to flow in an upward direction
c. To help drain the condensate to the outside

d. To reduce the friction applied to the fan motor bushings
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132. A window air conditioner is to be installed so it is outside flush mounted. This
means Jhat the

a. outer face of the unit is flush with the outside wall.
b. inner face of the unit is flush with the outside wall.
c. outer face of the unit is flush with the inner wall.
d. 1inner face of the unit is flush with the inner wall.

133. Evaporative cooling is successful under what type of atmospheric condition?

a. Low dew-point temperature c. High relative humidity
b. High wet-bulbp temperature d. Low relative humidity

134. What determines the location and type of supporting structure required for an
evaporative cooler?

a. Ambfient temperature and direction of air flow
b. Water pressure and type of filters

C. Model and size

d. Size and style

135. If an air-cooled condenser is part of a floor mounted air conditioning unit, the
condenser must be

a. centered over a condensate sump.
b. connected to a valve.

c. ducted to the outside for cooling.
d. connected to a circulating pump.

136. Which of the following is NOT a type of evaporator used in central air-conditioning

units?
a. A-type c. Flat type
b. Slant type d. Round type

137. wWhen you lubricate air-conditioning unit bearings, you should

a. wipe grease fittings and surrounding surfaces clean before applying lubricants.
b. keep lubricants in open containers.

c. oil the bearings while the air handler is running.

d. not worry about getting lubricants or rubber parts.

138. A lack of proper bearing lubrication will cause

a. bearings to become dirty.

b. excessive wear and seizing of bearings.
c. proper distribution of the lubricant.
d. a prolonged period of operation.

139. Once a bearing has been adjusted, it must be checked periodically for

a. the proper size jets. c. a slow rate of speed.
b. volumetric titration. d. slippage and binding.

140. When the unit is off, a belt check will reveal whether or not the pulleys are out of
alignment. How is this determined?

a. By excessive wear on the edge of the belts
b. By excessive wear on the edge of the shaft
c. By percent of lithium bromide on the belts
d. By the troughs being slotted

141. Why must the pulley be alined properly?
a. To prevent damage to the shaft
b. To prevent excessive bearing wear and possible failure

c. To prevent the slots from wearing out
d. To avoid getting lubricants on the rubber insulation
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