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ABSTRACT
This publication is the concluding text in a

four-part curriculum for .air conditioning and refrigeration.
Neterials in Book 4 are designed to complement theoretical and ,

functional elements in Books 1-3. Instructional materials in.this
publication are written in'terms of student performance using
measurable objectives. The course includes six units. Each unit
contains some or all of the basic components of a unit of
instruction: pellormance objectives, suggested activities for
teashers, information sheets, assignment sheets, job eheets,
transparency masters, tests, and answers to the tests. Units are
liberally illustrated and are planned for more than one le*Son or .

class period of instruction. Information for the teacher includes an
instructional/occupatkonal analysis of air conditfoning and
refrigeration, a list of tools and equipmedt.needed, and a list of
references: Topics covered by the six units are the following: gas
furiace0, eleCtrical heating systems, residential cooling systems,
heat pump systems, balance points, ahd hydronics. (KC)
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PREFACE -

Air Conditioning and Refrigeration; Book IV, is the concluding text in MAVCes
four-part curriculum for air conditioning and refrigeration. Materials in Book IV arp de-
signed to complement theoretical and functional elements in Books /, //, and.M. i

Aswith Book 11,1, this text is smaller in size and lower in price, and it's economy,
in both cases, should lerkl to its ready compliance with current demands in the classroom
for comprehensive materials that kre adaptable to long-range programs as well as speciality
programs with industry and adult education.

. ./
As sugested in the forward, rapid technical advanclements in the air con itioning

and refrigeration...industry will bring demands.for new skills. Your suggestions for tlassroom
materials to serce this volatile transitional period will serve to help MAVCC in its con...
tinuing effort to answer the needs of classroom and industry. ..

. 1 1

dt,
Ann Bensdn
Executive Chrector
Mid.Arrarica Vocational Curriculum

Cohiortium

';
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FOREWORD',

I

The 1980s promise advancement in solar energy echnology-and alternative fuel
sources. Many of these advancements wilt confron ir conditioning and refrigeration
technicians with the challenge of ,modifying existin eating and cooling systems to meet
new demands for energy savings .economy.

.
....

Modern s furnaces are built with- energy-saving heat exchangers, but older gas
A

furnaCes`can b modi$ d with electric ignition devices that promote economy. Heat pump
systems have been arou a long time, but design changes present new demands for arti-
culate installation and proiessional service. Air Conditioning and Refrigeration, Book IV,
attempts to address problems that, will be faced by technicians in a transitional industry
on the premise that rapid advancements in the industry will demand an even better com-
mand of basic system installation and service skills.

---- The success of this publication is due, in large part to the capabilities of the per-
sonnel who wbrked whh its development. The technical writers have numerous years of

,
industry as well as teaching and writing experience. Assisting them in their efforts were
representatives of the air conditioning and refrigeration professions who brought with them
technical'expertise and the experience related to the classroom and to the trade. To assure
that the materials would parallel the industry environment and e accepted as a trans-
portable basic teaching tool, other organizations and industry rerntatives were involved
in the developmental phases of the manualAppreciation is exte ded to them for their.. valuable contributions to the manual.

,

, This publication is designed to assist te'achers in improving instruction. As this
pdblication is used, it is hoped that the student performance will improve and that students
will be better able, to assume a role in theirchosen occupation. Every effort has been made
to make this puBlication basic, readable, and by all means usable. Three vital parts of
instruction have been intentionally omitted: motivation, personalization, and localization.
These, areas are left- to the individual instructors who should capitalize on them. Only then
will this publication really become a vital part of the teachinglearning process:

Instructional materials in this publication are written in terms of student performance
using ,measurable objectives. This is an innovative approach to teaching that accents and
augments the teaching/learning procev. Criterion referenced evaluati n instrualents are
provided for uniform measurement of student progress. In addition t evaluating recall
information, teachers are encouraged to evaluate the other areas, incl ding process a d
produceas indicated at the end of each instructional unit. . .

. .

,It is the sincere belief of the MAVCC Personnel and all those members who served
on the cominittee that this publication will allow the students to become better prepared
and more effeCtive members'of the'work force. f there is anything that we can do to help
this publication become rrigre useful to you, pleas let us know.

. \

\

m

Ow

t

David Merrill, Chairman
Board of Directors
Mid- America Vocational Curti-

dilu m Consortium
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Instructional Units

: .....'

3 t

USE OF THIS PUBLICATION .

Air ConditiAng and Refrigeration, eook IV, includes 6 units. Each instructional unit
includes some or all of the basiccomponents 9f a unit of instruction: performance objec-
tives, suggested activities for teachers, information sheets, ahignment sheets, visual 4ids, job
sheets, tests, and answers to tbe test. Units are planned for more than one lesson or -clah

-.period of instruction. ,

' IL,

1
.

.

Careful study of each instructional unit by the teacher will help determine:

A. The amount of materjal that can be coveKed in each class period
B. The skills which must be demonstrated :

1. Supplies needed
2. Equipment needed .
3. Amount of practice needed . .

4. Amount of class time needed jor demonstrations
C. Supplementary materials such as pamphlets or filmstrips that must be ordered
D. Resource people who must be contacted

/N

I,

*

Objectives

Eacli unit of instruction is based on performance objectives. These objectives state the
goals of the course, thus providing a sense of direction and accomplishment for the student.

op. .

Performance objectives are stated, in two forms: unit objectit.tet, stating the subject
matitv to be covered in a unit of instruction; and sAcific objectives, stating the student per-
fqrmance necessary to reach the unit objective.

-4

Since tke objectives of the unit 'provide direction for On teaching-learning groups, it
- is important for the teacher and students to have. a Common anderstanding of ihe intent of

the objectives. A limited number of performance terms have been used in the objectives for
this airciculum to assist in promoting the effectiveness of the commimication among ell

,
individuals using the materials.

O.

Following ls a list of performance terms and their synonyms Mich nay h§v`e been used
in this material:

Name
Label
List in writing
List orally
Letter.
Record
Repeat -;

Give. -

,c

1--

..

Identify
Select
Matk
Po.ifit out
Pick out
Choose
Locate

r"

il

t,
.

Describe
Dr(r.fine ,
Discuss in writing
Discuss or'ally
Interpret
Tell how
Tell what
E xplain

,

i .
i

t
0%

, xi

1 9
4

%

t

/
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Order . Distinguish , Construct
Arrange Discriminate L Draw
-Sequence Make
List in order d Build
Classify Design ...

Divide Formulate
Isolate r Reprodude

Transcribe
Reduce
Increase
Figure

bemonstratt Additional Terms Used
Show your work' Evaluate ,

Show procedure Complete
Perfofm an experiment Analyze
Perform the steps Calculate

'Operate Estimate I .
. Remove Plan . -.

Replace Observe
Turn off/on Compace
(Dis) assemble - Detern4ne
(.Dis) connect Perform

.

, . Reading of the objectives by the student should be ,followea by a Class discussion to
answer any questions concerningsperformance requirements for each instructional unit.

-5
Teachers should feed free to add objectives whjgh will fit the material to the needs of

the 'students and community. When teajthers add objectives, they should remember to, .

supply.the needed information, assignment and/or job sheets, and criteriOn,tests. ' 1, -

Suggested Activities fca the- Instructor:IN .
. Each unit of instwctioI has a suggested activities sheet outlining steps tb Lollow in

accoriiplishing specific objectives. Dirties of instructors will viry acco ding to the particular
unit; however, for best use of Vie material th should include th ollowing: provide
students with objective sheet, information sheet, ignment sheets, and j b sheets; preview

.4 filmstrips, make tranSpafencties, and arrange for resource materials and people; discusrunit
and specific objectives and information sheet;give test. Teachers are encouraged to ute any
additional instructional activities and teaching methods to aid students in accomplishing the
objectives, *: r--0 ..

.

Prepare .

Make

,-,

I

1

..

..

- Read
Tell i f
Teach lConvere

..I

Lead
State .
Write. .

,

Information Sheets r
.1 , ,

Information sheets IS94ide cdntent essential for meet4ng the 'cognitive (knowledge) ob-
jectives in the unit. The teacher will find that the information sheets serve as an excellent
guide kir presenting the background knowledge necessary to develop the tkill specified in
the unit objective. . ,

. i .
. . . .

'Students should reid the information sheets before the information is discussed in
class. Students may take additional notes on the information sheets.

",...^

.\ 1 0
xii

-
.... \ . .

:

r

6

*



V

a

4

Transparency Masters

Transparency;masters provide information in a special way. The students may see as
. well as hear the materi.al being presented, thus reinforcing the learning process. Transparen-

cies may present new information or they may reinforce information presented in the in-
formation sheets. They are parttcularly effective when-identification is necessary.

Transparencies should be made and placed in the note):look where. they MI, be imme-
diately available for use. Transparencies direct the cla 's attenpon to the took of discus-
sion. (NOTE: TO overcome the noise of an ove pro' ctor. some teachers have a
tendency to speak too loudly, so it is always best to -d - ay from the projector when
discussing transparencies.)

Assignment Sheets

Assignment sheets give direction to study' and furnish practice for paper and Pencil
activities to devel.op the-knowledgets which are necessary prerequisites to skill development.
These may be given to the studenr/or tompletion in class or used for homework aisign-
ments. Answer sheets are provided which may LA used by the student and/or teacher for
checking student progress. e

Job Sheets

tkib.Sheets are an important segment bf each,unit. In most situations, the instructor
should be able to demonstrate the kiIls outlined,in the job sheets. Procedures outlined in
the job sheets give direction to the skill b.eing taught and allow both student and tqacher to
check student progress toward the accomplishment of the skill. Job sheets provide a rady
outlihe for students to follow if' they hav.e missed a demonstration. Job sheets also furnish
potential employers with a picture of the skills being taught and the perhormances which
migh.t reasonably bq expected from a person who has had this training.

Test and Evaluation

PailLpencil an&p:eiiormance tests have. been constructed-to measure student achieve-
ment cif each objective listed in the unit of instruction. Individual test items may be pulled
out and used as a short test to determine student achievement of a Oarticular objective, This,
kind of testing may be used ara'daily quiz and war lielpihe teacher spot difficulties being
encountered by students iri their efforts to accomplish the unit objective. Test items for ob-
jectives added by the teacher should be constructed and added to the test.

Test Answers

Test ani;vers are provided for each unit. These may be used by the iedcher and/or
student for checKing student achievement of the objectives.

a
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AIR CONDITIONING AND REGRIGERATION gbOK IV.
INSTRUCTIONAL ANALYSIS

Job Trait ling: What the Worker
Should 66 Able To Do- ,

(Psychomotor)

lb.

Related I.M6rmation: What
the Worker Should Know

.(Cogni'tive)

UNIT I: GAS FURNACES

1. Terms

2. Types of gas fires fumed& and -

their applications

111

3. Components of a gas burnef
assembly

I. Types4o.f "gas valVes and thei*
characteristics

5, Componentstf a combination
electric gas valve

6. Characteristics of a heat
exchanger

7. Advancements in heat
exchanger teChnology -

8. Characteristics of a draft
diverter

,
9. 4Type5 of blower'assemblies

1 : Components of a control
.system

-

11. FunctiOns of a transforilier

12. Types of th ostatsand their
funetionsf.

13. Lim' switch op ratiob

14. Fan switch Operation

/05. Combinatiohlan:limit sw4ch
operation' ,

16.-'Pilot light operatiôn

17. thermadoupleloperation

.a.

.

*

111
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Job Training: What the Worker
Should Be Able To Do

4 (Ps9chomotor). .

e.

.

' AIR CON9ITIONING AND REFRIGERATION BOOK IV

INSTR6CTIONAL ANALYSIS

I
(

Ir

s

off

,

s

.

t

11.

/..* "s ,
e

I.

uc.'t

.:

,

:
aw

'sr

,

s.

't .. ' 4

\,

.1

i

'Related Information: What
the Worker Should Know

(Cognitive) .
. ...,

18. Pilot safety operatton

19. Potential sources of thermO-'
couple failure'

,

, 20. Potential sources of fan switch
failure

S. . .

21. Potential sources of
iransformer failure

22. Potential sources of high limit
switch failure

..

23. Potential sources of gas valve
failure

-L-24...--Poiential:sources.atfan_relay.
trouble .

. . 1

,
.

25. -Bbiwer section failure and
component sources

26. Potential sources of heat *.exchanger failure

27. Potential sources of pilot '40.--....

safety ....-

,
-928. Factors neede8 to detemine d.t.gas pipe sizing

29. Enermi conservation devices
designed for .retrofifting

30. Set back thermostats.and their
uses .

,

,

31. Intermittent ignition systems
and their uses :

32. Vent dampers and their uses

33. Trace high-and low voltage
circuits of a.gas furnace

(1

I

,

,
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4IFICONDITIONING AND REFAIGERATION BOOK IV

'
.., I

...

INSTRUCTIONAL ANALYSIS

Job Training: What'thVorker. Related Information: What .
Should Be Able To Do the Workee Should Know

(Psychomotor) (Cognitive)
,

, '34. Construct Wiring diagrams for
e gas furnaces

,
.. 35. Size gas piping .

*
. 36. Install, &tart, aná adjust a gas,

- furnace
. .

* .

'37. Disassemble, inspect and
reassemble a Os furnace

.38rPerform maintenance on a gas
gurnace

39. Troubleshoot a gas furnace on a
"no heat" complaint

.

40. Install a retrofit package. to
replace a standing pilot with a
cycling pilot

,

xi

).

"S4

-

,.

..

I
v

UNIT II: ELECTRICAL HEATING SYSTEMS

6. Install, start; and check an
/electrical heating unit

4
7. Disassemble, inspect, and.

reassemble an electric fufnace
,

8. Troubleshoot an electric furnace

9. Perform maintenance on an
electric furnace.,

.: .

..

k

,

..

'...

4.

--/cvii 24

1. -terms

2. Types of electrical heating
systtfns .

3. Differences in types of
electrical heating systems

4. Components of electrical
heating systems

5. Causes of common failtires of
electrical heating components

,

\

0 ,

%
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AIR CONDITIONING AND REPR1GERATION BOOK IV .

_....

INSTRUpTIONAL ANALYSIS

Jttb Training: What the Worker
Should Be Able To Do

(Psychomotor).

I

k.

Rel-ated Information. What \
the Workei Should KnOw

(Cognitive)

UNIT 1110RESIDENTAL COOLIlk SYSIEMS,

,

-.

-..

fT

,

'1

1 . rouble shoot an ak conditioner
condenser section on a "no.cooling"
complaint

15. Perfortnsmaintenance on acrir
conditioner

16. Use a charging table to check the

'

t

0

1. Terms
4 ,

2. Mechanical components of an .

air conditioner

3. Electrical components of an '.
air conditioner

4. Processes in the.cooling cycle

5. How the cooling cycle is
completed

6. What happens with fan on
continuous operation

7. Cqmpressor motor failures and
ways they can be detected,

8.. Compressor failures and ways
they can be detected

9. Failures in condensing.sections.
and their possible causes

,
, 10.. Functions of low side section

components in an air .

condkioner .

-

11. Problems of low side sections
and their causes

,

12. Steps in using a charging table

1.3. Rule of thumb for working
without a charging table

,

i

os

A choe in a capillary cooling system
) 15t

,.

\
.

xviii

,

to



-

.. 4
r

AIR CONDITIONING AND REFRIGERATION BOOK IV
.

INSTRUCTIONAL ANALYSIS
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I
Job Training: What the Work'er Related Information: Wiiat

. Should,Be Able To Do the Worker Should Know
(PsychoMotor) . (Cognitive)

.

\ UNIT IV: HEAIIPUMP SYSTEMS

1. Terms

4I

.3.

I

r
,

..

1

4I

t
1I
6

2. Components of a hearpomp

3. Differences between the
operation of a 4way reversing

'valve in the heating mode and
cooling Mode

4. Operation ot a heat pump in
the defrost mode

e

1

5. CoMponents of a heat pump
inckoor section ° \

6. Characteristics, advantages,
and disadvantages of heat
pump systems

7, Differences between
components of indoor sections
of heat pumps and low side
sections of *air conditioners

8. Common corwonent failures
ofheat puma in the cooling
mode

9. Prdper installation of in
electric Strip heater

10. Special pi.ecautions for
. replacing reversing valves

4

1). Major rules for good heat
pump operation

. ,
. . 12. Trace operational circuits for a

heat purrip in the cooling
mode

kr..

.

1

\.

*
,-

..

, It

13. Trice operatignal circuits for
first stage heating in a heat
pump .

MI

A

c

4

.}

.,

,
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. 'AIR CONDITIONING AND REFRIGERATION BOOK IV

INSTRUCTIONAL ANALYSIS

Job Training; What the Worker
Should Be Able To Do

(Psiechomotor)

.
4 ,

4
3

) 6. Wire a control system for a heat
pump

17 Tioubleshoot a heat pump indoor
section in the cooling mode

18. Perform maintenance on an indoor
section of a heat pump in the
cooling mode

19. Troubleshoot a heat pump on a
Ono cooling." complaint - .

20. Troubleshoot a heat pump outdoor
section on an "irisuffiOent cooling"
complaint

21. Perform maintenance on in out
door section of a heat pump in
thecodlingl-node

A

. 22. Troubleshoot supplemental heat
.

r on a heat pump

23. Perform maintenance on heat
pump supplemental heating

24. Troubleshoot a heat pump on a
"no heat" complaint when
compressor will not run

25. Troubleshoot a heat puMp on a
. "no heat" complaint when

compressor runs but cycles on
. compressor overload

26. Troubleshoot a heat pump on an
. 'Insufficient heat" complaint when .v- compressor will run

ft

e

KY

*

' Related Information:1Nhat
. the Worker Should Know

(Cognitive)

14. Trace operational circuits for a
heat pump in the defrost
mode '*

15. Trace operational circuits 'for
(-' second stage supplementary

heat in a heat pump

-

- /

.0

17
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AIR CONDITIONING AND REFRIGERATION BOOK IV

INSTRUCTIONAL ANALVS(S.

Job Training: What the Worker
Should 8e Abl4To Do

(Psychomotor)

Related InformatiOn: What
the Worker Should Know

-(Gognitive)

UNIT V: BALANCE POINTS

18 xxi

1. Ter**.

2. COP of a direct electrical
4 heating elernent and the COP

of a heat pump

3. - COP of a heat pump at giyen
design conditions

4, Balance points and their
,relation to COP

5, Balance points and typical
stages in heating Continuity

6. Pactors.needed to plot balance
points

Heat.pump performance curve

B. Plot balanCe poinj #1 from
given design conditions

9. Plot additiona( balance points
from given design conditions

10. Procedure for sizing a heat
pump on the cooling load

11. Advantages of controlled
heating stages

12. Installation considerations
related to heat pump
performance

13. Size a heat pump on the
ttroling road

14. Plobalance points for a heat
purr ", at design
conditions

15. Locate equipment to obtain
maximum COP from a heat
pump
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AIR CONDITIONING ANb REFRIGERATIZIII BOOK IV

INSTRUVIONAL ANALYSIS

Job Training: What the.Worker Related InformatiOn: What
Should Be Able'To Do the Worker Should Know

(Psychomotor) ' (Cognitive)

. UNIT VI: HYORONICS

Pi

I

1 1._ Terms

1

a

2..

3.

4.

5.
..

.41

)

6.

7.

8.

9.

. r

7.

-

1_

/
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I.

Basic types of hydronic
systems

Classifications of hydronic
systems with their tempera .
ture-pressure characteristics

Common types of hVdronic
system designs

Hydroniclystem designs and
theie advantages and
disadyantages

Design water temperature
o , -
Terminal units and design
water temperature drop

Design water flow rMes,..
through circuits

Flow rates through terminal
units and tubing sizes

10. Placement of terminal units
4,

11. Terminal units, tlieir
characteristics and uses

12 amps in_tbe4les.tion and
. sizing of terminal units

13. Fuels, ratings, and selection of
. boilers .

....

14. Advantages and disadvantages

t of types of residential
expansion tanks
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AIR CONDITIONING AND REFRIGERATION BOOK IV

INSTRUCT.IONAL ANALYSIS

Job Training: What the Worker Related Information: What
Should Be Able To Do the Worker Shquld KnoW

(Psychomotor) (Cognitive) P

s.

Air

15. Steps in the-selection of
residential expansion tanks

1.0. Types, designs, and sizing of
residential pumps

1/. Factors in the selectign of)
-

residential pumps
4.

18. Steps in selection of
residential pumps

19. Factors affecting piPe siting

20. Procedure for selection of pipe -
sizes ,.

,

11"

21. Hydronkspecialities, their -

characteristics arid uses

22. frjeps in,desrgrking a hydronic
system

Atom-

23. iLay out a series loop single
--)

circuit hydronic system with
boiler located under floor of
dining rdom

24. Select boiler and expansion
tank

25. Make a trial selection of pump
. and select pipe size for series

loop system
..

16
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AIR CIPNOITIONING AND REFRIGERTION'BOOlf IV

TOOLS.AND ECOPM.ENT LIST

Aviation snips .

ScratCh_awl
.Screwdrivers
Nu; drivers..
Blectric drill and bits
Service tectInician's tool pouch
Flashlight
Oil can with #10.011
Voltohrn-ampeter .

MillivoItmeter
Manometer .

Combustion testtkit
Thermometer

- Refrigeration, thermomqter or thermometer feeler bulb
' Suction or com0ound gauge

Gat* manifold .

Inspection mirror with swivel attackmentOn 12" 1-randle
Shop rags
Gloves
Duct tarD
Metal screws /-Gas furn'ace as selected by iristructor
Gas furnace with standing pilot as selected by instructor
Cycling pilot retrofit package as selected by 110,structor
Cooling system as selected by instructor'
Electrical-heating system as selected by instructor
Heatpump trainer or heat pump system as kelected by instrucwr

N

0

1.

1

.
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ACR IV: 1

O GAS FURNACES :
UNIT I .

-
4

,

I

-

..

i

..-

,
,

, .e. s,

A t
UNIT OBJECTIVE.

. _ ,
After completion of this unit, the student should be able .tó identify types of gas furnaces
and problems associated with their coinjionents, and list energy saving devices used in
retrofitting. The student shOuld also be able to ingall, service, and maintain a resiffential gas ,

, furnace. This knowledge Will.* evidenced by correctly performing.the procedures outlined
. in the assignment and jobs sheets,and by scoring.85 percent on .the unit test..

Of -

4

l .^

After corletion of this unit, the stude t 0114,144 be ablitol
.. l

1; ;latch ternelated to g maces with their Correqjle initiolii
4 IP l

2. Match types of gas furnaces with,their apphcationt.
..,....

.

3. . Identifycomponents of a gas burner, assembly. , v
. .

I,'
SPECIFIC OBJECTIVES.
,

-,

v

o
1,

' 4. Match types of gas valyes with their characteristics.
----_,J

5. Identify'components of a combination eleCtric gas valve..
,

. .
6. Select true statemerlts concerning the characteristics of a h4at exokrtger.

. - ,

..,

4

1

,
Y

.-....- ,
7. Select true statemyEs concerning advancements in .ht .exchanger lechnolligy.

_8. Select-true stOtements'concerning the characteristics of,a draft diverter.
* ----- ------,\

9. Identify types of blower assemblies.
9,

10. tomplete a list of csopponents of # control system.
b

11. Describe the functions of a transformer. .
- .0 /

12. Metch 'types of thermostats with their functiOns.,

.13.' Select t-rue statements concerning limit switch operation.
' t

H. Sepeci-true-starargifts concerning tan sW-1-throperation....,

.1.

,

4

t

.,

s

"...my

..,

t
15. 'Select true staternetts conce-rning combination fan-limit switch operation.

. ,

16. Describe pilot light operation.

17. Describe thermocouple operation.. 0.

18. Describe pilot safety operation.

t.
e , .

,. 23
,

I

4

.t

,
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19. geiect true statements concerning potential sourcekof thermocouple.failure.

20. Complete a hst of potential sourcessof fan switdi failure..

21. eComplete a list of 'potential sources of transformer failure. ,

,
22. Select true statements concerning poteneial les of high limit switch- failuie.

23: Differentiate between two potential imirces of ga; valve failure.

24.. SeleCt true statehlents concerning potential sgurces of fan relay f%trre.
.

25. Match potential blower section failupe-with componerit sources.

26. Differentiate between two potential sources of heat exchanger failure.
. .

.0. 27. Select true statements concerning potential soOrces of pilot safety failure.

28.: Complete a list of factors needed to determine gas pipe sizing.

29. Complete a list of energy saving devices designed for retrofitting.

.1
30. Select tru'e statements concerning sefFack thermostats and their uses.

31. Select true statements concerning intermittent ignition systernstnd their uses.

32. Select true statements concerning vent dapers and their uses.

33. Trace tttie -high voltage and low voltage ciruitsof a gas furnace.
a

34. Construct wiring diagrams for gas *furnaces.

35. Size gas piping.

36. Demonstrate the ability to:

a. Install, start, and adjust a gas,furnace.

b. Disassemble, inspect, and reassemble a gzs furnace., .

Perform maintenance on a gas furnace.,.
- d Trnubleshoot a gas furnace on a "no heat" complaint.

t.

e. Install a retrofk package to replace a standing pilot with a cycling pilot.

24

r ^

'
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. GAS FURNACES
UNIt.

. . ,iv SUGGESTED ACTIVMES"

I. Provide student with objective sheet. -

11. Provide student w,ith information, assignment, and job sheets.

I I I.. Make transparencies.

ft
IV. Discuss unit and

o

specific objectives.
. .

AC R 3

,
V. Discuss information and assignment sheets.

.

" VI: Discuss and demonstrate the procedures outlined in the job sheets.

VI I. Show the class examples of ladder diagrams fo. r gas furnace wiring circuits and
explain the symbols used to denote specific components that are needed for the
assigriment sheets.

VII I. Invite a factory representative or a local contractor to talk to the class concerning
new techniques in furflace and component construction and their relation to
energy conservation.

,

IX. Invite the local building inspector to discuss construction codes and other regula-
tidns concerning furnace installation and service; be sure to ask about codes
concerning vent damper retrofits. -

aa

X. Invite a local or area contractor who works with solar heating ap.plications to talk
to the class concerning area activities in complete or passive solar heating systeens.

Xl. Give test.

1 NSTRUCTIONAL MATER I A LS
#

I. Included in this unit:

Objective sheet

6. Information sheet
_

C. Transparency masters

1. TM 1Upf low. Gas Furnace

2. TM 2Counterf low Gas,FurAnace

3. 1.110Horizontal Gas Furnace

4. TM 4- Lowboy or Basemen(Gas Furnace

25

4.
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5. TM 5-Cornponents o.f a Ges Burner Assembly

6. 'TM 6--Corr_ipqrtinisof.a Combination Electric.Gas Valve

7.. TM 7---Gas Furnace Heat,Exchanger .

8. TM 8-Amana Heat,Trmnsfer Moqule (HTMO .

9. TM 9-Types of Eliiiwers

4.

Assigni-nent sheets
11.

1. Assignment Sheet #1-!Trace.the High Vol'iage and Low Voltage eireuits
of a Gas Fjonace

ent Sheet #2-Construct iring_Diagrams for Gas Furnaces

3. Assignment Sheet #3--Size Gas Piping -

E. : Job sheets

1., Job Sheet .11-Install, Stiris, and Adjust a Gas Furnace-
,

2. Job Sheet #2Disassemble, Inspect, and Reassemble a .Gas Furnace

3.. Job Sheet #3Perform Maintenance on a Gas Furnace

4. Job Sheet #4--Troubieshoot a G,as Furnace 9n a "Nlo Heat" ComplaA

5. Job Sheet #5Install a Retrofit Package to 'Replace a Standing Pilot
with a CVcling Pilot

F. Test

G. Answers to testt
11. Eteferences

11,

A. Althouse, Andrew-D., and 'Carl H. Turnquist and Afred F. Beacciano.
Modern Refrigeration and Air Condition*. South Hollana, IL: The Good-
Heart-Willcoi Company, Inc.,-1975.

-Lang, Paul Y. Principles of Air Conditioning. Albariy,tNY 12205: Delmar
Publishers, 1972.

14,.:

4

.
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I. Terms and definitiont

GAS RA NACES
fl4lTir4t

INFORMATION SHEET

ACR IV - 5

A. Gas pressure regulator--A device for adjusting gas line pressure to the pres-
store specifie'd by the appliance manufacturer

-
B. Pilot safety control-An electric switch which prevents a gas valve from

opening unless a pilot light is prbsent

C. Solenoid valveAn electrical device that controls the flow of 'gas; can be
millivolt, 241/, or 116V depending on application

, (NOTE: A solenoid valve is normally closed and opens when the circuit
is*completed.) .

i D. Orifice inserts-Plugs threaded into gas burner manifolds; their sMall, pre-

(
cisely drilled holes meter precise amounts of gas to individual burners

0

1 E. Primary shutterAn adjustable opening on a gas burner which nAteys the
amount of air to mix with the gas in order to produce a proper flame

F. Pilot runner (crossover igniter)-A small opening in a gaildmer which divert;
4 small amount of gas to the vicinity of the pilot flame to assist in a quick,
even lighting of all burner in a gas furnace

3

G. Thermocouple-Serves as a safety device on gas furnaces to"cut off the
gas supply in the event ofloss qf flame in the pilot light

.

H, Fan relay-An electrical device in a furnace blower assemkjly that energizes
, the blower from a remote location

I, Bonnet-An ir Collection chamber

J. Gas vilve-AQ,lectrical11 operated valve tkiat controls the flow of gas

K. Retro:fit Toremodel or repair; in air conditioning and refrigeration it
generally means replacing older system components"with new tomponents
that conserve energy

.11. Types of gas furnaces and their applications

A. lipflow-Installed where headroom is not a problem (Transparency 1) '

(NOTE: When ivstalled in closets, upflow furnaces require special clearances
from comb4tible materials.) .

.

2 7

..,
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INFORIVIATION SHEET

B. Counted lowInstalled where basement or davirl space cannot be used,
and supply ducts are located under the floor (Transparency 2)

,

(NOTE: When a counterflow furnace is installed on a combustible floor,
it requires q special supp )y adapter.) -

*
C. Horizontal Installed in crawl space or _attic where headroom is limited

iTransparency 3)
.

a

. . . . . .
(NOTE: Heat exchangers in horizontal furnaces are subjected to greater
stress than heat exchangers in other furnace types.)I

sk.. D. OutdoorInstalled outsideand ducted into the house 0,
',.,

.,'

(

ee

(NOTE: Because these units are usually a combination fu?naceair condi-
tioner, they are called "package Units,' and they are usiially vented by a
draft inducer initead of gravity.) , ,..

E. Lowboy--Installed in basements where headroom is limited (Transparency
4) i

..1.; .

(NOTE:lowboy furnaces have horizontal heat exchangers.) )
F. Gravity-Installed in basements, and frtquently used to convert urnaces

froth coal to gas operation
.

(NOTE: Supply ducts in a gravity type furnace should be installed as nearly
vertical as possible and all ducts should be as large aspogsible because grgity
systems have no blowers.) .

III. CoMponents of a gas burner assembly (Transparency 5)
,

67---GiiVilire-(instantaneous, slow opening, or combination electric)
_

, B. Pilot bumer ga'asupply

C. Burner manifold with orifice inserts

D. Primary air shutteeand locking screw
. .----

; E: Ribbon, slot, -or jet burner porti

F. Pilot runner or crossover igniters

G. Pilot burner and thermocouple 'assembly
. ..

H. Tap for manometer use in adjusting gas p ssure .

W. I
Types of electriegas valves and their characteris ics ..

A. Instantaneous-Opens instantl9 when energized
- ,

B. Slow oponing--Ppens after a lapse of one to thirty seconds when ener-.
sized

_

,.

. r .

28
,
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INFORMATION SHEET

ACR IV - 7. ,

%far Combination-Cornbines other gas burner assembly components such as
Oressure regulator, pilot gas valve, and pilot safety

V. Components of a combination electric gas valve (Transparency.6)

A. Pilot shut off valve

B. Main gas line shut off

.0

C. Pilot gas adjustment

0. Gas pressure regulator adjustment

E. Pilot gas connection
. -,,, .

F. Thermocouple conhection (with bifilvin electromagnetic pilot safety control)

G. Electrical terminals to control circuit

V I. Characteristic's of a heat exchanger (Transparency 7)

A. Constructed io provide efficiint heat transfer
whjle keeping flue gases separate from room air

B. Composed of units called ',clamshells"

C. Each clamshell designed to transfer a specific
of operation

0. E-ach clamshell has one burner

VII. Advancements in heat exbhanger technology (Transparency 8) .

A. Advanced heat exchangers operate with power combustion, n intermittent
ignition system that eliminates the need for a standing pilot

B. . Advanced heat exchangers eliminate "up the flue" heat losse:.%.....-\
.. ..

,--

from flames to room i(

.," s.
amnunt of heat per ,hour

,

,

\ '

4It

t

t

?

,
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IN FORMATION 'SHEET

C.1 Advanced heat exchangers -eliminate "off cycle" heat losses common with
conventional gas furnaces and do not add heat to the air conditioning
load

Example; The .Amana EPCG series systems has heat transfer molle
(the HTM is a registered trademark of Amana) which utilizes
a system liquid for rapid heat'transfer. The Amana HTM has
a stainless steel bUrner which through more than 19,000 tiny
flames emits super-heated gas which then pases through
hundreds of steel fins. The heat is then transferred through
tubes embedded in the fins as a water-ethylene glycol solu- .

tion is pumped through the tubes., This system liquid leaves
the embedded tubes at about 180F and is carried through

i the copper tubing loops of the indoor Coil. When thcoil
reaches a temperattire of 124°F, the indoor blower auto-
matically starts moving'air through the coil to provide heat to
the conditioned space. Amana reports filel utilization effic-
iencies of up to 86%, or up to 33% Letter than standard gas .

furnaces with pilot lights.: 4

(NOTE: The .example given is' dot intended, to endorse
product; it wlected because it demonstrates significant
ativancemed in h4at exchanger technology.) ,

, VOl. Characteristics of a draft diverter

A. Constructed to, collect flue oases ffom er opening of heat exchanger
and funnel them into the vent withoLtfiulling excess air over the flames

B. Constructed to be open to the atmosphere

C. Induces unheated air into vent pipe to reduce temperature of flue gases
7

D. Prevents wind that enters the vent pipe from blowing out the pilot
r

1)4. Types of blower assemblies (Transparency 9)

A. Direct drive

1. Approximately 1050 rpm on high speed

2. Supported, by motor shaft

3. Variable speed requires a multi-speed 'motor

B. Bolt drive

1. Motor is usually 1725 rpm

2. Blower wheel is supported by shaft and bearings

30
4

,

,
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INFORMATION SHEET

3. Variable speed is obtained by varying the setting of a split pulley

(NOTE: Blower assemblies, are constructed to pull. air thitugh the
return air ducts and filter, and push air through the heat exchan-
ger and supply ducts; 'they require careful adjuitment to prOduce,
enough volume and, velocity to maintain comfort at design condi-

,tions.)

X. Components of a control system

A. Transformer

El. Thermostat

C. Electric gas valve

D. Limit switch

E. Fan switch

F. Combination fan-limit switch

G. Pilot light

H. Thermocouple

I. Pilot safety

XI. Functions of a transformer

A. Reduces supply voltage to 24 volts

8. Furnishes power for control circuit

Types of thermostats and their functions

*at only thermostats

1. Consist of one switch which closes on a drop in temperature

2. Have only a heat anticipator

3. May have a.set back 'ener.gy: conservation feature

B. Heat and cool thermosta:is

S.

1, Temperature opeqlsed heating swr;ch clos'es on drop in room tempera-
ture

2. Temperature 'operated cooling switch closes on.increase in room temp-
erature

.1*

.10
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. .
3. Manually operated fan switch closes circuit to fan. relay

4. Have both heating and cooling anticipators
.

5. May have a set back enjirgy conservation.feature

XI I I. Limit switch operation
,.

t..-
A. Opens on temperature rise

B. Senses bonnet temperature*

C. Set at 180 to 200 degrees

D. Interrupts cirpUlt to gas valve or transformer

1 E. May be separate or combined with fan switch

F. designed to shut off gas supply tck burners if furnace overheats

G. In some models will bypass fan switch to bring on blower while furnace
is overheatqd

XIV. Fan switch operation

A. Closes on temperature rise

B. Senses bonnet temperature

C. Adjustable "on" switch approximately 100 to 180 degrees

D. Adjpstable "off" switch approximately 20 to 80 degrees cooler than "on"
switch

E.

(NOTE: Some manufacturers use an electric fan switch with time delay
to permit furnace to heat before closing blower circuit; this switch does not
sense furnace bonnet temperature.)

All types of fan switches for gas furnacerire designed to close supply circuii
to blower mot& when furnace is hot

F. May be combined with limit sWitch

XV. Combination fan-limit switch operation

At Combines complete set Qf fan switches

B. Contains pre-set high limit syvitch

1. May control gas valve on 24 volts
.

A
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INFORMATION SHEET

2. May control transformer supply circuit on house current of 115 volts

(CAUTIO,N: Combi9ation fan-limit switches, are frequently converted
Aom, 115 volt to 24 volt operation and vice versathrough the high limit
?Witch; this must be recognized during service work to prevent destruc-
tion of the gas valve.)

XV I. Pilot light op4ation fl
A. Small flame lights main buathen gas valve opens

B. Furnishes heat to thermocouple tip

XVII. Thermocouple operation,

A. Converts peat from pilot into an electric current which
controls the'pilot safety

B. iicinnects electrically\to pilOt safety 1.

X,111. Pilot safety operation

A. Opens controlcircuit to gas valve in event pilot light fails ,

B. May be incorporated into combinttion gas valve or instilled as a separate
_ydevice

"
XIX. Potential sources of thermocouple failure

A. May fail to generate enough voltage to hold open the gas valve or pilot safety

*
B. Tip may be burned out because' pilot flame is too hot

C. May not be getting enough heat from pilot flame

1. Not properlY p6sititned in pilot flame .

2. Soot build up insulates thermocouple z

XX. Potential sources of fan switch failure

A. Contacts stiCk together making fan run all the time

B. Fan switch temperature setting becomes unreliable causing fan to come
on too so6n or too late

(NOTE In attic installations, the fan will come on in the summer if attiO
temperature rises above fan switch set point.)
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INF4RMATION SHEET

XXI. Potential sour s of transformer failure

A. May b n out either in the primary or secondary windings

B. Usual fails for no apparent reasori

XXII. - Potential urces of high.limit switch failure
)
A. NormWly closed switch that is faulty will not open in presence of unsafe

temperature .;

B. Usually very reliable, but migh-t be prevented from'operating
. -because of external causes

1. Switch cover jammed against movingplate

2. Wiies tiiuching becaus of burned insulation
...

XXIII. Potential sources of gas valve failure.
I

I A. Usually fails because it will r154 open,

B. Rarely fails because it will not close

XXIV. Potential sources of fan relay failure

A. Contacts stick together causing blower to run all the tirbe

- B. Fails to close when 24 volts is applied

C. Cbtitacts f il to close fan circuit '
XXV. Potential Ilwe section fiilure and component sources

A. Blower motors..

a

I

..
..

1. Bearing seizure because of improper biling

-.2. Burned out Or shorted motor windings

8. Blower bearings'

0 1. Destroyed because of improper oiling,

2. Destroyed because of exeessiue belt tension
V

C. Blower belts

-
)1. Cracked, frayed, or broken

2. Too loOse.

3. _Too tight .

_ 34
f

_

-.

,
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D. Aluminum split pulleys-Can seize to motor shaft and cannot be pulled
off without destruction

E. Blower wheels out of balance

1. 'Balance wejght hos come off

2. Can only-be rebalanced at the factory

F. Blower wheel--Running backwards becatise of improper replacement

G. Blower speed

1. Creates excessive iibise

2. Causes temperiture stratification resulting in cold spots and hot spots
in the room

4

3. Drawing too rnuch 'current and blowing fuses 4.

4. Providing inadequate cooling after air conditioning has been added

(N6TE: This condition usually has to be correcteil byreplacing-motor
with a higher horsepower motor .to facilitate the demand for added air
volume.)

XXVI. Potential sources of heat exchanger feilure

A. Soot build up between clamshells
6

1. Usually identified by flames spilling out front of furnace

.2. Flames frequently .cause extensive damage to wires and electrical/
components

3. Requires tearing down furnace and cleaning between clamshells with
ire apd vacuum cleaner

'(NOTE: A vacoum cleaner hose fitted Nvith a soft copper tube is a
handy tool to pick up soot and rust.)

B. Cracked heat exchanger
r?

1. Starts as hairline cracks in shaiver bends at bOttom of clam-
shells .,

2. Cracks open wider in presence of heat from burner flame's and .

create a potential ha*rd for occupants

3. Should be suspected when customer complains of pilot light blowing
out

v 3

IV :13
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41k
.

! 4. Identified by visual Anspectidn with flashlight and small mirror .
. . .:

. (NOTE: lt is frequently necessary to pull the lairner assembly and
bloWer Isembly tO, pioperlY examine a heat exchanger,)*

.,
.

XXVI I. Potent !sources of pilot safety failure , -
4 ,-.

A. Usu lly evidenced by failure to open gas valve fter replacement of thermo:.
coup e . . .

.
. .

B. Kills p wer to gas yak/Pe unless dperating properly wiih .adequaivhermo-.
couple v ltage

C. - On furnaces without 100% shut-off gas valves

XXVI I I. Factors needed to determirie gas pipe sizing

. -
A. Specific gravity Ad Btu ,per cubic`fo. ot heating value of gas supply isr

B. Btuh rating qf gas otktlet
4*

(NOTE: This information'is either on the rating plate or in manuACturer's
specifications.)

C. Distance from the gas meter to the appliance outlet

D. Maximum capacity .of pipe related to cubic .feet of gas per hour (Figure

t

lo

I
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INFORMATION SHEET

Maximum Capacity of Pipe in Cubic Feet of Gas per Hour
(Based.upon a pressure Drop af 0.3 Inch Water Column

and 0.6 Specific Gravity Gas)

FIGURE 1

11,

ACR IV 15

Length Nominal Iron Pipe Siie, Inches .

in .

Feet 1/2 3/4 1 1 1/4 1 1/2 2 2 1/2 . 3
-40

4 .,

,
10 132 278 520 1,050 1,600 3,050 4,800 8,500 17,500

l' 20 92 190 350 780 1,100% 2,100 3,300 5,900 , 12,000
30 , '73 152 285 590 890 1,650 2,700. 4,700 9,700
40 63 130 .245 500 . 760 1,450 2,300 4,100 8,300
50 56 115 215 440 670 1,270 2,000 3,600 7,400
60 50 105 195 400 610, 1,1,5p 1 1,850 3,250 6,800
70 46 - 96 180 370 560 1 040 .1,700 3,00 6,200
.80 43 90 170 350 530 990 1,600 2,800 5,800
90 AO 84 160 320 490 930 1,500 2,400 5,400

100 38 79 150 305 400 870 1,400 2,500 pow
, 125 34 -72 130 275 410 780 1,250 2,200 4,500

150 31 64 120 250 380 710 1,130 2,000 4,100
- 175 28 59 110 225 350 650 1,050 1,850 3,800` t,...

200 26 55 100 2106 320 610 980 1,700 ..3,500
o

Example: To determine the required pipe size of each section an* outlet in
ihe piping system in Figure 2, assume tl-eas to be used has a
specific gravity of 0.65 and a heating value-Of-1,000 Btu per cubic
foot.

of.

To select the right pipe size for each section and appliance outlet,
begin toll dividing the Btuh rating for each output by the Btu
rating of the gas supply to get the cfh (cubic feet per hour) each
appliance will consume when operating. This means the water
heater at outlet A would have a cfh of 30 (30,000 divided by
1,000); outlet B would bp 3 cfh, outlet C, 75 cfh; and outlet 0,
136 cfh.

*

To properly size the total system, start with the outlet with the
largest efh, the furnace at outlet D. Since it will require 50 feet of
Pipe large enough to supply 136 cfh, refer to the table in Figure 1.
Underthe "Length in Feet" columa find 50, then cross the table

' until the proper pipe size is found. /1/2" will not handle.the cfh,
3/4" will not handle it, so outlet D requires 1" pipe. By contin-
uing with the outlet that requires the next highest cfh, each outlet
and each section can be ,easily sized. Section 3 reciuires 1" pipe,
section 2 requices 3/4" pipe, and section 1 requires 1/2" pipe.

.
3:7
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FIGURE*2

tion 3

101 t

Gas Meter

20'

4

p.

INFORMATION SHEET

Furnace
Outlet 0 136,000-BTU Per nr,

t

OurA 30.Gal. Automatic
201 Water Heater ak P

30.000 BTU Per Hr.

Section 2 Section 14 101. 41

10 10'

I.
Outlet b

FIGURE 2

Outlet B

151

5 r
Gas Refrigerator
3,000 BTU

Range
75,000 Btu Per H.

XXIX. Energy conservation devices designed for retrofitting

A. Set back thermostats.

z B. intermittent ignition systems

0. Vent dampers

XXX. Set back thermostats

al

A. Designed to let structure drop.to a lower room temperature at night

11 Reduces heat loss because of lower tenxierature differenti41

C. Reduces fuel consumption because of reduced heat loss

D. Can be manually operated by occupant upon retiring or getting up

4

sP

V

.4



ACR IV -

I WORMATION SHEET

E. Can be fully autaaled 'With clock operation providing manual override
on weekends

Nipasi . .

INOTE: Mode.rn clock thermostats give set back temperature night and
day if desired, and they also permit a structure to drift to a higher tempera-
ture to help reduce heat gain on sumrt/

XXXI. Inwrcnittent ignition systeme and their uses

A. Effminates cost of fudi to pilot flame

f 3

B. Can ope rate from a direct spark ignition, proven-pilot ignition, or cYcling-
pilot igniiion

.

(NOTE: Refer to Job Sheet #5 for illustrations of a cycling-pilot ignition-)

C. Good proven-pilot or cycling-pilot systems ace built with a "reAndant"
safety system which requires that the pilot light b proven with an electric or
an electrp,mechanic* sensor before gas will flow th the main burners

D. Are being incorporated into many new furnace designs

(CAUTION: Applications for inlermittent ignition systems are different
for natural and LP gas manufacturer's installation specifications should be
followed carefully on retrofit applications, and it is sometimes-434cessary to
contact the furnace manufacturer to make sure the furnace can be retro-, fitted with the intermittent system.)

XXXI I, Ventdampers and their uses

461111.

.

A. Are designed to stay open while burner is operating in order to vent combus-
tion gases,(Figure 3)

.39

AIL

I.
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INFORMATION SHEET

dr

I1Y

a

B. Are designed to close when burner shuts off to stop heat from escaping
up the7fluebr chimney (Figure 4)

- FIGURE 4

:

or,

-

a

C. . Are relatively 'easy to instant but should only be installed by .a licaensed

contractor . ..

D.
...

4.

(CAUTION:Went dampers can be both health and fire hazards if they
faij to open when the furnace is operatineand some furnace warranties
ar# voided if vent dampervare idded; always check yvarranties to be eife, and
al (vays check local codes for -regulations governing gent damper retrofit
apiplications.) .

4..

6, 4

Some manufacturers ire building furnaces with control wiring insValled
for adding a vent damper a

4.

4. a
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;,.

Upflow Gas Furnace
.001-

Typical
Basement Installation
ilith Cooling, Coil,
Electronic Air Cleaner and

Basement Installation With
Cooling Coii, Return Air
Cabinet **and, Power
Humidifier

ACR V.19e

\
Applications

Closet Insiallation
.,

With Cooling/ Coil ,-----
,.../-k - and Electronic Air . -

HuMidifier. Cleaner . .

41,

i .
(Courteiy of Lennox Industri inc., Dallas, TeXas) '.

TM 1'
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a

Counterflow Gas Furnace

Att.

mat

-

ACR IV - 21

II i
;I:

.i
Fe.)

1:ypical Applicatiowr

Utility Room Installation With C apset Installation With
Cooling Coil, Electronic Air --..70.3oling Coil and Humidifier

Cleaner and Humidifier
4.

(Courtesy of Lennox Industries Ine.;Liallas,.Axas}

42
J.

WO

.1

TM 2
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a

Horizontal Gas Fupace

ACR IV - 23.

1,1v4

-

4

Typical Applications

-Basement Installation
With Cooling Coil,

*(

Attic lhstallation With
Cooling WI, Elecironic
Air cleaner and Automatic
Humidifier

L,S4Crawl Space. Installation
With Cooling Coil, t.

Electronic.Air Cleaner and
Automatic Humidifier

71.

(Courtesy of Lennox Industries lac., Dallas, Texas)

43

.4

TM 3
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t

Lowboy or Basement Gas Furnace

a

I 4

-4

,

*al Applications

Basement Installation

AR IV - 25

Basement Installation

With Cooling Cod and Humidifier 'With Coóling Coil,
Arr-.

Cabinet And Elecironic
Air Cleaner .

(Courtesy of Lennox industries Inc., Ciallas, Texas)

4:4

4

TM14
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1

-
WM.

-. ,.-; .4.4.,-.t.,%:**(.11.11,7V'17.110

1 '
e

, a

Component of a- Gas Burner Atsembly
Gas Valve (Instantaneous,Slow Opening

or Combination Electric)

,
_ '4/

Pilot Burner Gas Su Pphi

Pilot Burner and "\
Thermocouple Assembly

. Ribbon, Slot or Jet Burner Poris
.oss$

Pilot Runner or Crossover Igniters

a

)

--1 . 4 5C
al

.-
,

,

2-

r

e

i

4

r

Tap for Manometer,
,etised in Adjusting

..Gds Pressure

. Bumer Manifold '
with Orifice "Inserts

Locking'. Screw .

Primary Air Shutter

,i-
0

..

46
4

*.

0
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.0

*

o

4.

s. f - . , -.- - ..,.,,),:10.:4-1-,:::7-0.71.,5";14

'S

,

Components of a Combination Electrk Gas Valve

Pi loi Shut Off Valve

Main Gas Line Shut Off

Thermocouple

Connection

-4 47 .g
Ch 4

I

*

,

#

#

I

Gas Pressure
.

Regulator Adjustment

Ele'ctrical Terminsals

Pilot Gas
Connection

d

#

4

4
/

(Courtesy Prentice-Haii,,Inc.)

V.

e

..

Pilot Gas

Adjustment

/

-

./
I

4

43

I

#
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4

;

-rp tp., ''Arfr MI"

4,

Amana Heat Transfer,Module

Solution Carrying Tubes

Temperature Sensor

51

eavy Gauge-Steel Fins .

,
Enrichment Orifice

Enrichment das Line .

Flame Probe Gas Air Train

(Cpurtisy Amani3

t
4.

4

. z
52 8

4%,
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(Courtesy of Lennox Industries Inc., Dallas, Texas)
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P14V

GAS F tiR NACES
UNIT

I
ACR IV - 37 .

a

6

ASSIGNMENT SHEET #1--TRACE THE HIGH VOLTKGE AND . .
. LOW VOLTAGE CIRCUITS OF A GAS FURNACE i t.

4

L ,
. .

A Use a dark colored pencil on the following schematic to trace the,high vollejeicircuit ,./
while the thermostat calls for beat.

2

6
7

9

FAN RELAY

- or

IGROUND

FAN SWITCH

t 15-1-60 POWER SUPPLY
FROM FUSED DIOCONNECT SWITCH

..170-4 '740sts.

TRANSFORMER.

FAN RELAY

SLOWE
MOTOR

JUMPER
of'.ves-rgm,

19
20

a%

.3*

FAN
ON

AUTO

HA

TCH)

GAS
VALVE

a try

THERMOSTAT 025-15130

NOTE: COOLING CIRCUIT DOTTED IN.
I e .

1
coNoEmsitorG

I SECTION I

CONTROLS

LIMIT
SWITCH

AUXILIARY
LIMIT

SWITCH

.4

4

FAN RELAY .
. .... ,... %

C/' ` .1.2.1 5s " "......r'

.61

0



1

407..szipseos.2.t,

3E1

e t

A ASSIGNMENT SHEET /;-1-',N

. . ,
.
li B. Use a dark colored pencil on the following schenAtic to trace the low voltage circuit

. whileshe thermostat calls fdr. heat... A.

4.

V

2

FAN RELAY

*10

Ho's- 0 GROUND ea.

11$- 1-60 POWER SUPPLY
FROM 'FUSED DISCONNECT SWITCH

PAN 5WWTCH

0.....9
FAN RELAY c .11 J

e. TRANkFORMER

ISLOtNE
MOTOR

,

°R -11M1511\--C:-

7

40M PER

S YSTEM CA'
COOL

11

12 OFF
13

14 HEAT
I 5 TCH1
16,

HA7
FAN
ON

A UTO

19
20

TO
CONOENSir

SECTIO
' CONTROLS
L

GAS
VALVE

0
t

co
THERMOSTAT 025-15130

NOTE: COOL ING CIRCUIT DOTTED IN,

:s.

,

1:;"
HN "

V

V

7 z

1

LIMIT
SWITCH

41

A UXILIARY
LIMIT

SWITCH

FAIRELAY. ..17
G s

,

;

's

z

I

-744'` ;RI

1
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GAS FURNACES
UNIT I

.1

V

` I 4, ,

ACR IV -39 *,
4

ASSIGNMENT SHEET #2--CONSTRUCT WIRING DIAGfIAMS FOR GAS FURNACES

Directions: Draw lines representing wird connecting electrical components of a gas furnace
in th le folowing conditions: *,. (
A. 1451-1e.ating Only" furnace with 24V high limit

6

. ,

115 V

eOrt5n-4

24 V_
0

0

4

,

"Heating Only" furtiac.e.with 115V high limit

115V 0

115V .

24V

,

a

!!0=
Ler"-.

r
* .



31'

ASSIGNMENT SHEET #2

"Heating Qnly" furnace with millivolt gasevalite

to

1

3

r"'

.-

OP,

41,



1

.

(NOTE: Use the table in Figure 1, Objective XXVIII.)

f'71
AI.

GAS F likNACES
- UNIT I
--t -

NT SHEET #3--SIZ5 GAS PIPING

Directions: A uming a situation where a gas supply has a specific gravity of 0.65 and. a
- heating value f 1,000 Btu per cubic foot, siie the gas piping required fat' appliance outlets

in.the following diagram. .

A. Pipe size fitm meter to furnace should be

Sl

8,

Gas Water Heater
50,000 Btuh

Gas Furnace

150,000 Btuh

B. Pipe size from furnace to Water heater should be
ts,

C. Indicate pcocedisre used for each calculation

-

- t

7

59 -

4

av
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4.

4
GAS FURNACES

UNIT I,

ANSWER'S TO ASSIGNMENT SHEETS

Assignment Sheet #1

a. oas-k 0 7.0, I

. 1 t eco Pe.AER 44.00PLY
0 OP... rooyED to4CONA.rC/ ,1 I CH

,
.0TOR

AN th -A t I I

.cF
Cal.

1

HA

'M(171001741 Il

Not t 700.. CIRCUI 01014e0

b.

'icT 1
Co.,0C.6ING

, c7iON

LIMIT,

.4177...14tSiV;.;PTCL.
t.sWitNa.

CAN RELAY

-

7 0 ,4:1 Pow EP %/POLY
rt/446 CISCONNECT SWITCH

QN

CAN s*OrC1
C

CA of k ao,

rpAheroamto

;n"LowcMoto*,

A C--,..----

ceNOENSING 1_
secroot. 1

. i CONTOOLS I 'I...
.0

AVM
1.1m1V

411411.C14

CAN RELAY

.43 I
110 -- 01 ei)- - s

r«LamosTAT 424 ItTe
NOTI COO.INO CIACUIT AOCIVO

,r

,

ACR IV - 43

4

;".
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10.

/

/

el

s

,

N

N.

Assignnient Sheet #3 -

a. 1" I
b. 1/2"

c. For furnace: 150,000 Btuh = 150 citijor-50' = 1" pipe
40

1,000 8tu

ACR IV - 45

t

For water heater: 50,000 Btuh = 50 cfh kir 8' =1/2" pipe .
. 1,000 Btu

46

,
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4
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GAS FURNAES
UNIT I

JOB SHEET #1 --INSTA Lt, START, AND ADJUST A GAS FURNACE

I. Tools and equipment:

A. Hammer

B. Aviation snips

C. El ectric drhl

D. Ser`vice technician's tool pouch

E. Voit-ohm-vnmeter

F. Manometer

G. Combustion test kit

ACR IV:47

H. Gas furnace as selected by instructor /
i I. Procedure:

it.
A. Remove drating from 'around furnace

B. Set furnace in location
S. -.

C. Adapt and fasten plenum to top of furnace cabinet

D. Adapt and fasten return air ducts to furnace cabinet

../

E. Install gas flex connection to gas main behind main gas cock

F. Att4ch gas fleX connection togas supply port on furnacq

G. Connect low voltage thermostat wires to proper terminals on furnace #

,Th

V nLi. Set thermostat and connect

S

.1. Connect power supply cord to proper terrninals on furnace electrical
.
system'

I Adapt and connect vent piping
. ,

K. Provide proper combustion air supply

L. Turn on gatcock, check and bleed lines

M. Light pilot.
1

N. Place thermostat in DOFF" position

,)
C3 .

t



4:

48

AP

..108 SHEET #1,

O. Connect pow0 supplY

Ps Set thermostat calling and observe lighting of mail\ burner

Q. Check and adjust furnace c6mbustion if necessary

A. Install manometer on maniford and cheek and.adjust gas pressure

S. _Drill hole in flue

s "

T. Irrsert tube Of combustion testeron flue and check for, CO2 content and
combustion efficiency

(NOTE: When using a combustion test kit, fojlow Airections carefulli.)

U. Close hole in flue with sheet metal screW
).

V. Use amp meter to check blower motor load for tolerance

W. Disconnect blower and check high limit-control

X. lock pilot flame and check pilot safety

;

lean up tools and area and pui tools4away

9-

6'4

/NI



or

a.

x

4

I

1

4

k

it

. GAS FURNACES
UNIT I

JOB SHEET #2DISASSEMBLE, INSPECT, AND.REASSEMBLE
. - AN UPF LOW GAS FURNACE r

I. Tools and equipment: -

A. Service technician's tool pouch

B. Flash ligtq
-,

d. Oil can with *10 oil

D. Maniimetet

E. Combustion test kit

F. Upflow gas furance as selected by instructor

I I. Procedure:

A. Disconnect power source_
B. Close gas codk and disconnect gas piping

i,
C. Remove vent piping

D. Remove blower plenum door or panel

-.

t
1

,

AR

ACR'IV - 49

E. Remove two hading screws on the blswer and motor and slide the bloviler
assembly out 2 \\ F. Remove gas manifold

G. Remove burners from compartments .

H. Remove all screwi from heat exchanger and ilide the exchanger out from
the covering.chamber .

1. InspeCt heat exchanger with flashlight tgcletermine whether or not there are
%... any decks

.

. -..)
(NOTE: If cracks appear in a heat exchanger, it should be replaced; for this
job sheet it is assumed the heat exchanger has no cracks.).

J. Clean heat exchanger before reassembkig

K. Clean motor and blower assembly. .

L. .Oil moloriand blower ii required

M. Reassemble components by repeating steps H through A in reverse

1

It
N. Set thermostat to Call for heat and run furnace through a complete cycler

.

- .

.

--



A..

' 50

CA

-/

.

JOB SHEET #2

0. Check and adjust gas and air mixture until it produces a blue flame

P. Install manometer on manifold and check and adjust gis pressure

Q. Drill hole in flue

AkR. Insert tube o mbUstion tester in flue and check for 602 content' awl
jombustion efficiency

(NOTE: When using a combustion test kit, follow diroctions carefully.)

S. Close hole ii flue with sheet metal screw

T. Shut down furnace .

U. ralean up tools and area and put tools away

- ai

4

1

ay.

e6r

47,3

,
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is

-

HH. Remove thermometer

JOB SHEET #3 /

1

II.- Return thermostat to proper'setting

. ' JJ. Clein up tooltand area and put too)s away

MI

$

4

e

A

a..

a

/

on' i

0

i

aw0
6

,

a
I

ACR IV - y
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GAS FIJRNACES
. UNIT I. .

JOB SHEET #3713.ER FORM MAINTENANCE ONA GAS FURNACE

ftw
I. . Tools.and equipment: ,

A. Service'technician's tool pouch

B. Small mirror with'swivel attachment on 12" handlê

C. Flashlight.

D. Dial thermometer

E. Gas furnace as selected by instructA

II. Procedurei

.

A. Disconnect furnace poiror source

B. Clean and lubricate blower and motor bearings .4
%

.
(NOTE: Some m'otors and bearings are sealed and do nott require field lubri-
cation.) . .

C. Check belt for slipping or Wear if it is a bek-type bkrer

D. Inspect filters and clean if necessary

E. Remove burnek .
0 . . .

(CAUTION: If it is 'necessary to remove the burner assembly in order_lci
remove the burners, it is important to clOse the gas copk on thegaspr

. -side on the union.). .

F. Instiect bottom of entire heat exchanger fo craCks
,

,
. ,

4, r -
(NO11: Sometimes the blower has to be removld in miler to see' every
bit of the heat wichanger.) .

4.
_

S.

A

AC IV - 51

N

G. Tap rult and soot out Of burners
4 o . "

H. Remove any accumulatiOn of rust and soot from the- bottom of firtbo*

.(NOTE: A service technician should havean ipdustrial type vactitim cleaner
available to remove heavy accumulations of rust and soot.) ...

., . .

1:' Remdve, inspect, and clean theoilot assembly and pilot orifice .
A. . . .

. .
J. Replace burners and other/components removed to insp heat exchanger

4,
..

K. Relight pilot and obSprve pilot flame ' ,. t :

L. Return,gas cock /o t!ON" position

4
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0
52

JOB-SHEET #3

M. Reconnect power source to furnace

N. Allow pilot safetylto reset

O. Turn off gas to piloCaltd check to see if pilot safety locks out main gas valve-
c. ,.

P. Relight iitlot .

f Q. Set room theroostat to heat and raise temperature to call for heat

R. Observe action of gas valve,

S Observe height, color, and evenn'ess of flame
0 4- . .t Adiust buirner air shutters, to produce blue.flame with little or no yeilow

flame

Remove a Sheet metal screw in the vicinity of the limit switch'and insert dial
thermometer ,

V. Continue observing flames until blOwer inergizes, then note temperature
of therrnSsiat .

W Examine flames for any change in motion while- blower is operating

(NOTE: Hairline cracks in heat exchangers frequently open up under oper'at-
ing temperatures and escapingair will move Or blow the flames.)

X. Open furnace discontiect switch

Y. Remove- lblower motor.wire frorri fah switc6 and insulate the hare ware
.

Z. Close the WO* disconnect switch and fir* the burners -

AA. Observe. .with -bloV&i--stoppfd, the temperature' of the thermorfieter as
the furnace beginkto 'oify:hea.t

813. Note the action of fhe high lirciirswitch

(NOTE: The gas valve should close before the furnace bonnet temperature
reaches 200°F.)

CC. Open furnace disconnect switch and recohnect the blower

DO. Close furnace.dikonnect .

/4 EE. '0 serve temperature at which the fan starts -z
...,.. ., .

I. FE:. Set.ther t-tika setting lo than room temkrature

. '...tts*.which th n stops
:,;.4-7 ?s7-.

'41--: -",-.c. .S8-,
:. ,.....,
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GAS FIRED FURNACES
UN)T I

JOB SHEET =21--TROUBLESHOOT A GAS FURNACE
ON A "NO HEAT" COVIPLAINT

1. Tools and equipment
e.. .
A. Servic4 technician's tool poueh

B. Volt-ohm-ammeter

C. Millivolt meter

0 as furnace as selected by instructor

Procedure

A. Check power source with voltmeter

B. Set room thermostat above Morn temperature
0

C. Check output of 24v transformer for voltage

V

ACR - 55

D. Check 115 volt circuit from panel through disconnecuto transformer if
the transformer is dead

(NOTE: Some low voltage transformers are fused whh a low perage
(3.2A) thrdugh the secondary circuit.)

F. Check proper adjustment and alignMent of pilot flame

G. Identify type of gas.valve ,

(NOTE: If gas valve does not open, then the thermocouple is probably
bad.)

H. Check thermocouple with millivolt meter

I. Disconnect 24 volt wires from gas valve and test for voltage

J. Establish 24 volts available at valve, then if valve does not open it is bad
4

(NOTE: A shorted gas valve will usUelly burn up a transformer, and rernern-
ber that some slow opening and closing gas valves take up to 20 seconds to
oPen after applphg 24 volts.)

K. Establish 24 volts nOt present at the gas-valve, then check continuity through
24 volt circuit

(NOTE: A few limit switches have to be manually reset after tripping.),

70

V



56
t

/

re

-
4 I
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JOB SHEET #4

L Check for open high lionit switch 1

. . .
. (NOTE: An open high limit switch usually results iron; insiacient air

volume through the furnace, and this n'Iay result from a cloMed filter,
a bad fan belt, or a bad bi er motor ) .

,

h and lioC voltage continuity and ready all controls for opera

N ire the furnace and c eck the thermocouple

0 C ec te fan switch and operating temperatures

P Check ilie lunit switch tempeptun

(NOA :The %pale the'dial's;f a 5n or'limit switcP.}f
0 .Cla4n4up tacilsaisq.i.4rsf_pc,.1 put tools awaV t

i 4
. ii! .
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GAS FURNACES
UNIT I

itj3 SHEET 1t5-:lNSTALL'A.RETROF IT PACKAGE TO REPLA
. A STANDING PILOT WITH A CYCLING RILOT,

o-

I. Tools and equipment

k Service technician's tool pouch

B. Volt-otim-ammeter..

C. White-Rodgers 21D18 retrofit package or uivalent

0, Gas furnace with standing pilot as select d by instructor

(NOTE: The procedures and illustrations in this job sheet are reprinted..
with the permissioti&of the.White-Rodgees Division, Emerson Electric Co;
The procedures and /omjibnents used ere &Signed to reflect the essential
elements tn converting a standing pilot light into an energy,saving intermit-
tent ignitton system and no endorsement of product or procedure is in,
tended.)

.

4

-

.; II. Procedure
1.

A. Check Reiro-Fit package to make sure flame sensor, gas valve, elecyode
assembly, and relight conuil tre included (Figure4 .

'FIGURE 1

oat

111

3098 FLAME SENSOR

e - -

36C84 DANALYE

760 ELECTRODE
ASSY

5059 P11,13T RELIGHT CONTROL

.



-58

- JOB SHEET #5

m

B. Complete the following cliScks before shutting off gas and power
. .

"
Adr.

1. Cycle system to insure iperating ind limit controls are function.
ing prOperly

2; Check for other possible furnae/boiler malfunctions; ie., craceki(..--
heat exchanger, blocked flue, cracked boiler sectibns, and evidenc.
leaks

3. Check incoming supply iooltage"and 24 volt transformer output. Be
sure transformer capacity is adequate. This control.system reqUires .15.
VA for proper operation

4. Observe pilot flame pattern to . determine pest location for, ignition
electrode placement

5. Visually' check size and len4di requireinents of present control system
to insure Retro-fit 6omponents *ill fit in the space provided

/C. Turn off gas and electrical power to the system

It. rRemove existing. gas valye and thermocouple and any other components
used Oh existing system bLlit novrequired for conversion application; i.e., on a
single function corttrol system, remove the gas solenoid, pilot stat., and
pressure regulator

E. insert bulb of Mercury Flame Senior into,pilot burner In placd of ther'rno-
. couple (Figure 2)

FIGURE 2

(.14'" '1'4 TY" CiNV) I
ftEMENT

I 0I;1I

TrAno,ui. CO I

!1!

ELECTROOE MOUNTED ELECTRODE MOUNT,
WITH-SLIP-ON BRACKET UTILIZING PERFORATE!)

STRAP.,

J.

4

*

,

AP.
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JOB SHEET #5

F. Secure Flame Sensor using the pilot burner adapters'supplied with Retro-Fit
package (Figure a) . s

(NOTE: Check Figures 10 through 16 for demonstrations of typical applica--
tiOlts.)

FIGURE 3

WT BURNER
ADAPTORS

NO* Part No 71 11391s-
for use vOth stud
bulb type plots

ELeCTRODE
MOUNTING BRACKET

26 0079 26-0080 cB 1911

G. bouble check ilot burner: for correct plaeement

H.

' K.

(CAUTIO . PNDE.Ft NO CIRCIJIATANCES- should le existing pilot
burner be relocated, or an exisiing factory-installed shield be altere `` if
pilot burner replacement is necessary, use only a pilot burner ap ed
for the appliance; if Olt pilot or main burner have to be removed to properly
loiae ignition electrode, be sure they are replaced in the EXACT locatiop of
fac ry installation.)

Locate-760 series electrode on pilot

Slip mounting bracket over flame
spark gap.and be sure suet

t'
Cut Off excess electrode if it jtoo long

(CAUTION Be sur rod is NOT close to appliance chassis to. prevent elec-
trode from arcipg to ground; if elettrode cannot be mounted with the slip-on
mounting braacet .due to silot 6urner placehient, remove ceramic from
slip-on bracket and use a' Orass per4orated strap and nu.'1.clamp to mount

k electrode assembly,as shown in Figure 2.)
1'

burner as shown in Figure 2
, vs.

sensor bulb to form a 3/32" to 5132"
pilot gas stream

I.
gi*
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JOB SNiET #5

L. Double check assembly; flame must NOT IMPINGE on ceramic insulator or
the ceramic will btiamaged

A.
1. When positioning electrode, spark should jump through pilot gas

stream to Flame. Sensor bulb. Electrode rod must remain .in pilot
flame after gas has been ignited. (Electrode rod is part of 141p9 Relight. . ,
control flame detection circuitry.) .

,
.

, 2,. When "adj sting/bendiog ectrcde rod, use two pair of pliers to prevent
bending r twilting' at the point electiode enters ceramic insulator

, .
M. Mount 36C84'§as valve on supply pipe; valve may be rribunted'iti any posi-

tion, except upside down; directioy 'of gas flow, is indicated by arrow
,stamped on pipe boss IF.igure 4)

. . .

1 Where, possible, new, properly chamfered -and clean pipe should be
used. If old pipe is'used, be sure it is clean and free of l'ust and scale

2. Be sure threaded end of pipe is. free of burrs and chips. Sparingly
Japply approved pipe ope to e first three or fou'r pipe thread,.
Applyiug pipe dope to irSt three or four threads will prevent
chips from passing onto inte al valve parts since pipe dope will collect
and retain met6I chips thal are formed as the pipe is threaded into valve
body

FIGURE 4.

0201,

041.Ot4 TAL

1 OKA \ 4
f \PIPE1111 GAS

iOIZO4TM !t: 1SUPPLY

molria1=
. GAS VALVE

-
4

AL VE

USER

TUBING GAS I 3 IN

p.IPPLY
MINIMUM

TypIcAL GAS SUPPLY PIPING
tBE SURE A DRIP LEG IS ALWAYS (NCLUDED.)

GAS VAL

fiPED GAS
SUPPLY

0

;')

7
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ACR 11)-- 61

N. Attach' pilot tubing to gas valve. Install filtinginto pil gas tapping, turning
until finger-tight; insert clean deburred tubing all th ay through the fitting;
holding the tubing securely,slowly tighten fittin ntil a shght "giite" is felt,
then tighten 1 1/2 additional turns

0. Mount the 5059 Pilot Relight control i an area on the appliance where
ill not be affected by roll out Ham flame heat, or radiant heat;

fnum ambient.temperaure is 1'50°F
* -

*. 1. Be sure metal to metal cont4 is made between mounting hole stand.
offs on Relight Control and mounting surface

2. Connect high volume lead to terminal on top of Relight control, after
feeding lead through an6led insulation boot; press bobt over connection.
Avoid excessive strain, on ignition cable ',to prevent cable from being
pulled out of ceramic (the ignition cable is held in the ceramic by a
.push.on connector); see Figure 5

-FIGURE 5.

24 V.
SOURCE

CONNECT HIGH ,vOLTAGE L.EAD
PRESS BOOT OVER CONNECTION

\
RELIGHT CO ROL

'
FOR 505

PIGGY BACk
TERMINALS

5,05? LEADS TO GAS YALVE

.u..

0



62 .

40.

II.
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JOB SHEET #5

P. Attach leads from terminals "C" and "L".on the gas valve using 1/4" female
spade connectors and route these leads to the 5059 Relight Control; attach
1/4" piggy-back spade terminals to the leads and attach them to the male
spadbconnections.to the Relight control;see Figures 5 and 6 -

FIGURE 6

_

MOT
$01.ENOID COI,.

f4A14,

1114l! MOUWINC
lr" .1614,

tO RtC RCN
36014

5098
4..400.4.ii:

PII.11 red
III

700

fLECTt01)5
ASAMet Y

914.0: aittNi

TYPICAL LOW VOLTAQE WIRING'

A C

,
,Ilm.0.04-

. i

O. Modify procedure if replacing a 24-volt gas valve; attach wires previously
connected to OLD gas valve to the piggy-back terminals on the 5059 Relight
control: if replacing other control configurations, refer to Figures 6 .!hrough..A.
9 for typical wiring w:

FIGURE 7 ... u

, PILOT
sou Nolo Cow. . 120 v,ii. C.

TAI LIMIT

. 4 24 V. RAN$FORMER
s *4

t .., : mr:;.,

.,

1""'

v

v.) ,cf .7',
3604

TYPICAL WIRING eOR LOW VOLTAGE
'THERMOSTAT AND LINE VOLTAGE ,LIMIT

r

N

i

s 4!

..
(

,

,

0
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TypkAL WIRM/G FOR LINE VOL TAGE '

THERMOSTAT AND LIMIT
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JOB SHEET #5

--/------
..11. Check to be sure the limit contri:rl IS NOT accidentally wired OUT of

the CIRCUIT

S. Inspect all old wiring for damage, loose connections, etc; secure all wiring to
..,

chassis or piping with electrical/friction tape or plastic wire-wraps
4.

,

.
i

:

te

T. Carefully extend capillary coil from pilot burner to prevent kinks or other
damage; capillary should be stretched only far enough to reach gas valve;
excess capillary should remen coiled to prevent'damage-

U. Use soap sofution to leak;peck piping to gas valve

V. Adjust heat anticipaior on room thermostat for .6 amps' current dravir

(CAUTION: Do not juinperlor accidentally shdlit terminals( on 5059 Relight
control: room thermostat heat'anticipator could BURN OUT!)

W. Turn d power to appIiance\tliust room thermostat to call for heat

X. Chick 5059 Relight control, it shouldbegin sparking'

Y. Make sure sparking occurs between ignition, electrode and 14rcury Flame
sensor or pilot hood, in the middle of the gas stream; the spark gap must be
3/32" to 5.?32"; if electrode placement is not correct, disco,nne& ppwer, and
re-position electrode

:

Z. gas cock on valve to ON position .
O.

AA. Turn on power to appliance to energize system; two toifive minutes will be
required to bleed air through the valve and pilot line; once gas is present at
the.pildt, leak-check the pilot fine with sodP solution

,
BB. Check to see that sparks from the Relight control stop as soon as pilot flame

, is established; if sparking does not stop,make sure ignition electrode is in
pilot flame ,and metal standoffs on 5059 Relight contro( are grounded

. .
CC Allow ;bout 45 seconds for pilot flame to heat Mercury Flame sensor; ..

, Flame sensXwill then switch rriain valve ON and main burner will ignite

DO. Use soap solution to leakcheck the. piping to the main burner
"1

E.E. Cycle the system a nuMber of times to insure smooth ignition and proper
operation .

-

FF. Place new. " LIGHTING INSTRUCTIONS" over existing instruc 'ons; clean
- area to accept adhesive backed label; remove protective bacqngt d attach

- label : . ,
-

-1. ,.

GG. Clean up area and returo,tools
t

dl, 9
4

. 7 1

i

r

0.

st

1

)

,

\

',.

,

.
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JOB SHEET *5

Typical Pilot Burner Applications

ACR IV - 65

Insert adaptor (26 0079. Fog.
141 into pilot bracket Place
"C" ring in groove "A" (Fig.
16) Slide mercury element
into place Por&on electrode
mounting bThcket over
element.

Robertshaw
A 1800

FIGURE 11

insert adaptor (26-0079. Fig
141 Into pilot bracket Place

ring in groove "B" (Fig
16) Slide mercury element
into place Positran electrode
mounting bracket over,
element

.0

insert Adaptor (26-0080) Into
pilot bracket Place 'C' ring in
grooye 'A (Fig 14). Slide'
mgrcury element into place.
Position electrode mounting
bracket over element.

'Penn Baso

;I?
FIGURE 12

Honeywell
308

Insert adaptor (68 1913, Pig
intoailot bracket Place

"C" rinfrin groove "C" (Fig
16) Invert mounting braCIset
on electrode assembly (remove
Wrong retainer..invert, reinstall
spring clip), drop mounting
bracket Over mercury. element
Insert mercury element into
place

110710

1Sr-ArInsert adaptor 126-0080. Fig
ing 14) Into pilot bracket Place

"C" ring in groove "N. 1Fig
116) Slide mercury Vlenient
/to place Position electrode
mounting bracket oyer
element

.
ITT
26T1320

FIGURE 13

ITT
26T0306

Use standard thermocoupre
clarnP and sleeve to mount
mercu ry element Slide
thermocouple clamp to groove
'A', F ig 1 6 Perforated
strapping is used to position
electrode assembly. Bend
electrode so spark will lump to
mercury. element and
electrode tip will be re pilot
flame Gap must be 3/32 to
Sa2" Excess electrode may
be cute off Both mercury
element and electrode must be
in pilot flame

L

Is.
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JOB SHEET #5
i 4

/

'444411

r

msg.

4

I

o

4

4.
ACIApTORS

260079 260080 . 69.1913
..1

FIGURE,14
.--

ELECTRODE
MOUNTING BRACKET

6 16q2

FIGUR 16 '

,E=2,
71.1139 '

A

-
MERCURY
EI.EMENT

4

414.4- c

, FIGURE 16
1

MAIN VAI.V:
*ray

4

mERCLOIV
FLAME SENSOR
SwITC.Ii

PILOT/
REMINDM

SOLENOID VALVE

T44rrmosTAT

Essun
,N PILOT OA5

N 0

a
24 V A C

I I I

.44 120 v A C
nAN5

FIGURE 18

PRESSURE

SOITCO
TERmkNALS FLAME SENSOR

PLUGS INTO
GAS VALVE

FIGURE 17

.4

Flame Sensor tction
Pins 4 and): .:

Continu.ty when Cold

Pins 4 and 2' i
Continuity when Hot

4

.
4

4

. .q
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. GAS FURNACES
UNIT f

NAME

ACII 67.

TEST

1, Match the terms on the right with thdir correct definitions:

A device for adjusting g!Ss line pressure
to the pressure specified by the appliance
many facturer

40.

a.

b.

vat

An eleCtric switch which prevents a gas
vie from Opening unless a pilot light a
present

c. An electrical device that controls the flow of
gas; cgn be millivolt, 24V, or 115V depending
on application.,

d, Plugs thrtaded into 'gas burner Manifolds;
their small, preCisely drilled holes meter
precise amounts of gas' to individual burners

An adjust le openini on a, gas., burner which',
meters th0 amount of air to mo(with the/m-
in order' 'produ a proper flair*

t. A small openingrn a gas blimerwh 411.Verts
.strall amount of.gas to"thevicinity of the

pilot flarnefto assist in a quick, ev1n lighting1
* of an burn4n in 4 gas finnace ,
r,

g. Serves 'as a safety -device' on 'gat. furnaces
to cut off tI gas supply in the event Of loss
of flame in the Olottlight

h. 'An electrical .diyice in a furnace blower
essembly that energizes the blower rfrom
a remote lovion

i. An air collection chamber
.

.' 'Avelectrically operated valve that controls
-%the-Mimi of gas

k. To ,Fernodel or repair;- in pir conditionirig
. and refrigeration it gerierally' earls replbcing

oldey system components witlfne
ents that conserve energy

, T

1/4<3.?,

4

opinpo-

1. !Pr

. . ,

1. Bonnet

2, Gas valVe

a Fah relay

4. Gasapresiure
Fegulator

5. ThermocouPle

Piloto'safety
control::

. 4

7. *Retrofit

8: Primary shutter

9. Solenoid valve

-10. Qrif ice" inserts

sr,

Pilot iunner

4
ta

4

eaf

or

o

:4t

art
is

A

l

47. 1'

1



2. Match types of gas furnadesbn the right with their applications.

a. Installed where headroom is '%ot a problem
i

b. Installed where bas ent. or crawl spacetr caitntat be used, and s pply ducts are located
,under the fIrr.

, .

Insalled irdrawl space or attic where head-
room is limited

:. .

___
.,

d.. Installed outside and ductsd into- the house

_e. Installed in . basemelits where__ .6
. limited

-- f. . Installed in basements, and frequently used td
convert furnaces from coal to gas operation



Match types of gas valves ori the right with their characteristics

Opens instantly when energizea

Opens after a lapse of one to thir.ty
when energized

__c. Combines other gas bioner assembly compo
nents such as pressure regulator, ppt gas

kalve, and pilot safety

, .
Identify components'of a combination electric gas valve.
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6-.. Select true statements concerning th'e Characteristics of a heat exchanger by placing an
in thg appropriate blanks.

a. Constructed to, provide efficient heat transfer from flames to room air
while keeping flue gases separate from room air

:V

b. Composed of units called "clamshells"
.

c. Each clamshell tesigned to transler a specific amount of heat per hour
of operation

d. Each clamshell has triple burners

7. Select true statements concerning advancements in heat exchanger technology by
placing an "Ir in the appropriate blanks.

a. Advanced heat exchangers operate with power cornbustioc, usually a direct
. spark ignition thar:eliminates the need for a itanding pilot

fr. ..b. Advanced heat exchangers eliminate up the flue" heat losses

c. Advanced, heat exchangers eliminate "off cycle" heat losses common with
. sib ea .0 0 . I si

0

4tz

*

load

-8. Select true statements concerning the characteristics of a draft diverter by 'Placing an
"X" in the appropriate blanks.

a. Constructed to collect flue 'gases from uppet opening of heat.exchanger
and funnel them into the vent without pulling excess air over the flames

b. Constructed to,be closed to the atmospherri

c. (nduces unheated air into vent pipe to reduce tertiperature of flue gases- ,

d. Prevents wind, that enter* the vent pipe from blowingout the:pilok

9. Identify the two types oi; blower assemblies shown in the following .ilkistrations.

L

f

a
b.

'1/4

1

mof
4re
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ar.
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..
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10. Complete a list of components of a cordrol system. .

a. Transformer a *

b. .,
I 41,

, c.

11

,

,

g. i Pilot light -
6

..,

h. i Tgermocouple

I. Pi.lot safety
- .

f

,

if) 1

Describe the functZs olt a transformer.
.

A
Ir

. '

,

N v.

I

i

----.--..
f
4

b.

e
t

sk

.

12. M4ch the types of thermostats-on the. right with their functions.
0A. f I

______a. 1) koniist of One switch w1Xch closes on a 1. Heat day 1

1
drop in temperature thermostats ,'
. .-.

r

,

:

,

--/ 2) Have only a heat èticJpator -2.. Heat and Cod/
.

thermostats
, p). May pave a vat bac nergy conservation'

feature .

1_,
4 b. 1) Temperature operated heating switch

closes on drop in room temperature. .

;

'ACA IV 71 ,

4 '

f

:.

..
..

0 V.,

-

2) TeMperature ()Opted cooling switch
closes on increase,in roofri temperature I!

Ors'3) Manually operated fan swtich which.
closes Circuit to fan relay ,

v ,

1 4) Have both heating and cooling anti-
dpators T -\ .

. 54 May have a set back energy conliervation
. feature

v.

..

4 L

0

f
.

k

6r.
.1) ,..., ()

I

.4
a

a

.

6

,

Is

,---'

*

..

a

.,

9

I il
,

4

4.
.
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./ W.13. Select true statements concerning limit switch operation by. placing .an "X" in the
appropriap blanks.

. ...
: I

____.a. Opens on temperature rise .

4

b. "Senses bonnet temperature .

c. Set,4i48010 200 degrees
.

cf.' Interruptuircuit to gas va e or transformer k.____

-e. May be separate or corr%ined with fan switch
. -

..
f. .Designed to,sltut off gas supply to burners if furnace overheats______

g. 1ri some models will bypasskfan switch to bringsn blowy while furnace is
overheated

14. Select true statgments cbncerning fan switch operation by placing an "X" in the .
appropriate blanks.

ClOses cin temperature rise .
.

b. t enses bdiumet temperature

c. Agjusta6le "on" ;witch "ipproximately 100 to 180 degrees

. d. Adjustable ."off"ffioatch approximately"20 to 80 degrees cooler than "on"
switch"

.
.t. . .

. .

-
e. All types of fan vitches for gps fucnaces are designed to close supply Circuit

. . to bloWer mouir hen furnace is hot

"f. May be combined with limit switch .
^

6 15. e4ect nue statements concerning fan-limit swtich operaiion by placing an "X" in tIle
riate blanks. "0

. 1

. (N,01E.. For a statement to be true, all parts of the statement must be true.)
,.. ' k r

a. Combines comP te set of fan switches
. .

b. Colins preset high limit switch-. . .

1) M.gcr-ctetrrol gas v§Ive on 1.15 volts

.
2) May co trol trAnsformer supply circuit on: hovse cuffed-Zorn" volts. ,

16. Desciibe pilot light operation.

a:

4

4



17. Describe thermocouple operazion.

' a. .
b.

18. ,Describe pilot safety operation.

a.

.-
b. - 1,..

. . . ./1
19 Select true statements.concerning potentiattources of thermocouple.failure by placing

an "X" in the appropriate blanks. t. . ,: ",*"
,p'4., -'' .. . ,, .

(NOTE: For a statement to be true,-all parts of thy statement must bt true.) -._- -
. . . . .. ..... -

a. May fail to generate enough voltage topold open the gas valve or 'pilot safety. ,
,..

e
P

t.

ACR - 73
p.

0011
.

b. Tip may'be burned out becau4 pilot, flame is too hot

c. May mit-be getting er)ough heat from pilot flame

1) 'Not properly 'positioned m pilot flame
,

2) *Soot build upinsulates tlprrnocourge

20 ',Complete a list of potential sources cri fan switch failure..

a.

(

... , .
$

.

b.4:an switch temperature setting .becomes 'unreliable causing fan
oo soon orpo late

.

2) Cornpleteea list of poten.tial sources.of tiansformer faslure,

. . . ; - _,(' .,, .
a. . r . .

. le ..

b. $lisu ly fails for no apparent reason

22. Seletit true statements- concerning potential sourees of ht
, cilicing an "X" in the appropriate blanks.

-i

P .0

to corqe 4cR)

,

,rt switch failure lp

(NOIE For a statement to be true,all pA'of the statement mbst be .)
4.

_..._,- a. Normally closed switch that M fault: wilr hot open in presence of unkafe
temperature .

-.
..

..
.

't
. ..

-.--_b. Usually very reriable, but might be prevented from,ope.rating because of
, .

e)cternal cauies ,
.%).4 . . .

Swit over iamirdagainst moveg plate

2) Wieettouching because Of burned insulation

pals

-
.

r. .
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23. DifferTtiate between two poten.til sources of gas valve failure,by placing a "1.1" beside
the statement that usuallycauses gas valve failure and an "R" beside the statemem that
rarely causes gas yalve failure..

a. Will not open

b Will not close

t t
24,, Select true statements concerning potential sources ofjan relay failure by placin

in the appropriate blanks.

a. Contacts suck together causing blower to short out

b. Fails to close when 24 volts is applied

-.47- 25.

Contacts fail to close fan circuit
-

Match component sources on'the right with potential blower section failure.

1) Beanng seizure because of improper
Oiling

2) Burned out or shorted motor windings

b 1) Destroyed because of improper- oiling

2) D.esmoyed because of excessive belt
tension

";.

c. 1) Craeked, frayed, or broken

2) Too loose

3) Too. t ight *

d. Can seize-to motor slif/ and cannot' be Pulled
, off without.destruction a 0

4 e, 1} Balance weight has come off

Can Only be rebalanced at the ,factory

a

unning backwards _ because of at improp'er.
'replacement

.

9. 1) Creates excessive boise

21

' 1

Causes temperature stratification re-
sulting In cold:spots and hot spots 'in

..-:the room .-
, :

31 Drawirig too much current and biowing
t fuses

..
4 roviding

1inadequate cooling after -air
conditioning has been added

*

-
1. Blower, belts

2. 'Blower wheels out
of balance

3. Aluminum splh
pulleys

.411411

. Blower speed .

5. Blower wheel

6. Blower rusiors LII*4

7. Blowkbearings

;

e

ma&

a0
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. . \ .t
26 Differentiate beta/teen potential, sources of heat exchanger,fdilure by placing an 'IS"

beside statementsVelated to soot buildup between clamshelkand a "C" beside state-
rnents related to a cracked heat exchanger.'

. ° \& .
.

.--
a.' Stiould .be suspected when custoar complains of pilot light blowing out

'

\

_____b. 'identified by visual inspection with flashtight and small mirror'
°

-
c., ,Usuaklyidentified by flarnet spjlling.out front of furnace

,

d. Flames frguentIy cause extensive damage to wires ,arid electrical 'corn- .-
\portents

4

e___ StarAs ai hairline backs in starper bends at bottom of clamshells.

____f. Cradks open wide in presence of heat from burner flames §nd create a
. potential hazard f r occupants , A *

I.
g. Require? tearing down furnace and cleaning between clamshells with wire

.
, ipand vacuum cleaner

,

4

4F

,

11

27 Select true statements concerning potential of pilot safety failure by 'placing an
. o _"X in the appropriate blanks. a- .

.:

04

a. Usually evitienced by. failure to open gas valve afterreplacement of thermo1/4--
couple

t
,

ow er.to gas valve unless operatingoperly with ad9uate thértno,-
voltage .

r nace witAout 100% shut-off gas 'valves
,.

-.
28. Complete a list of factors needed to deter.mine gaf pipe sizing. .'

a. Specific gravity andttu per,cubir foqt hedfinc, value of gas upply.
. a -

..a

-

,\ 0
..

ll C* i.
-

6

V

4

.1

Maximi.;m capacity of pipe related to.cubic feet or gas per hour
.. ,.. -

46,, .....
29. Complete a list of energy saving devIces designed for rettatong.

4

. .,...
a. -,Se2iick thermostats 1

/
b.

c.

t

si

O.

,
.

. I a

.

. .,

4

6

I

I.

O.

i

...
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30. Select true stdtemehts concerning set back thermostats and their uses by placing
an "X" itiethe tpropriate blanks %

. .

a. Designed to letstructure move to a lugher room tempe,rature at pight

Reduees. heat loss because of lower temperature differential
,

duces fuel consumption because of'reduced heat loss

r
4 _____d. Can be operated only bi- a timer

e. Can b fully atrtomati.cl with clock operation
on veekends - s

* . .

..
,

4 °

providing manual override ..

. -
31 Select tsue 'statements concerning intermittent ignition systems and theii uses by

placing an "X" in the appropriatp blanks. .. .

a. Ehminates %list of fuel,ato pilot flame-,..:_.

,1). Can operate only from a direct sp ignition

c. ood proven.pilot or cycling-pilot systems are built with a "redundant"
sa y systenrwhich requilses that the pilot light be proven with an electric or
an lectro-mechanicai sensor before gas will flow to the main buivers

_ id. AT being,1ncorporated into rbany'new furnace designs ,___.
. .

4'32 Select Arue tatements concerning vent dampers and their uses by placing an
in the appr,pr4a-te blanks.. .

. a. Are designed to stay open while,burner is operating in order to vent corn-
bustitin gases

..*,. ..
b Are designed to close when burner shuts pff to stop heat from escaping

*
up the flue or chimney.. .

___
. , e

c. Are relatively easy to install, and can be install:d by anybody..__
'd. Some manufacturers are building furnaces with control wiring .installed

'N for adding a 'vent damper
. .

33 Trace the high voltpge and low vollage circ9its of a gas furnace:,
1 .

34. Construct irviring diagrams for gas; furnaces

/
36. Size gas piping

* .

<

.. V

i r

I ' .

I
,

,

e
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.... :GAS FURNACE6
UNIT I

.1. a. 4 e. 8
1
11,

C. . 9 9- 5
d. . 10 P- 3.

2.a.3 CI. 6
b. 4- e. 1

C. 5 f. 2
...

3. a. Gas valve
b. Pilot burner gas supp1y

ai c. Burner manifold with or ice inserts
d. Prwnary air shutter and locking screw e

i
e. Ribborii slot, eir jet burnerports . .

, .--------....1%, . Pilot runner or crossover igniters ,

.. g. Pilot burner and thermocouple assembly.
- h Tap for manometer use in adjusting gas.pressure

C

ANSWERS TO TEST

) %

.

4.. a. 2
b. 1 t
C. 3

.

I.
-

;
5. a.. PHot'shu,t off valvt

b. %Main gas line shut off
c. Pilot gas adjustment .

.. ..., d. Ga,s pressure regulator adjustment
. e. Pilot gas connection A

f. Thermocouple connection ,

9. Electrical terminals to conirol circuit
,

1
,

6.- a, b. c
.

17' b. c i
8. a, c, d

9. i. Direct drive
,. b. Bert driveI.
10: b.

c.
d.
e.

f. 4

(

i

,.

/

.

.1

.

Thermostat
Electric gos valve
Limit switch
Fen switch
Combination fan-limit switch

,

31. ,Reduce upply voltage to 24 volts
Furnish s power for control circuit

i
*

I

t_

,

.

. .

.1

,

..,

ACR IV - 79
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. ,

J
,

M.

.. k

,
a

.
. .

$-

(13 *

I .
% .

c

I.

,



,)-

e

-

I

,

c
I

.... :GAS FURNACE6
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.1. a. 4 e. 8
1
11,

C. . 9 9- 5
d. . 10 P- 3.

2.a.3 CI. 6
b. 4- e. 1

C. 5 f. 2
...

3. a. Gas valve
b. Pilot burner gas supp1y

ai c. Burner manifold with or ice inserts
d. Prwnary air shutter and locking screw e

i
e. Ribborii slot, eir jet burnerports . .

, .--------....1%, . Pilot runner or crossover igniters ,

.. g. Pilot burner and thermocouple assembly.
- h Tap for manometer use in adjusting gas.pressure

C

ANSWERS TO TEST

) %

.

4.. a. 2
b. 1 t
C. 3

.

I.
-

;
5. a.. PHot'shu,t off valvt

b. %Main gas line shut off
c. Pilot gas adjustment .

.. ..., d. Ga,s pressure regulator adjustment
. e. Pilot gas connection A

f. Thermocouple connection ,

9. Electrical terminals to conirol circuit
,

1
,

6.- a, b. c
.

17' b. c i
8. a, c, d

9. i. Direct drive
,. b. Bert driveI.
10: b.

c.
d.
e.

f. 4

(

i

,.

/

.

.1

.

Thermostat
Electric gos valve
Limit switch
Fen switch
Combination fan-limit switch

,

31. ,Reduce upply voltage to 24 volts
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33. Evaluated to the satisfaction of the instructor

34. Evaluated to the sausfacuon of the instructor

35. Evaluated to the satisfaction of the instructor*
36. Performance ikills evaluated to the satisfaction of the instructor
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ELECTRICAL HEATING SY6TEMe
UNIT H

UNIT OBJECTIVE
4

After completion of this unit, the student should be gble to identify somponents of an
electrical heating .system and list areas of pdtential problerts in electrical seguencing'and
relay equipment. The student should .also be able to install an electric fuynace and ii4forrri

periodic maintenance oo an electrical heating system. This knowlkige will be eyi(enced-by
correctly performing 'the procedures outlined in the job sheets and by scoring 85 percent on
the unititest. -

o

SPECIFIC OBJECTIVES

After completioR of tht(ifnit, the student should be able to:

yatch terra' related to electrical heating systems with .their aefinitions.
s ' ,

2 Identify types of eleetrical heating systems.

3. Differentiate bettnen types of electrical heating syerns.

4. Complete a list of components of electric heating equipment.

5%. Select true 'statements concerning causes"Of corrImog failures of electric heating'
-.equipment components. 0°7-

4Ik

6. Demonstrate the ability to:
. 4

1.'
.a. - Install, gart, and check art electrical heatiqg unit.. . * .
b. Disassemble. inspect, and reassemble aie electric furnace.

.. . .
. .

c. Troubleshoot an elictric furWaye.,

d. Perf rm maintenance' on-an electric furnace.

.4..s=1

'

4 ,

e.

s

,.$

s
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ELECTRICAL HEATIN6 SYSTEMS
UNIT 11

SUGGESTED ACTIVITIES

Provide student with objective sheet.
,

II. Provide student with information and job-sheets.

III. Make t'ransparencies.

IV. Discuss unit and specific objectives.
A

V. Discuss information sheet. f
,

V I . Demonstrate and discuss the procedures outlined in the job sheets.

VII: Show the class sampkes of electnc furnace sequencers; they don't have tq
be in serviceable condition.

VIII Give* test.

6

INSRUCTIONAL MATERIALS

I. Included in this unit:

1

A. Objective sheet

B. Information sheet

C. Transparency masters

, 1. .TM 1--DtAct Heater

2. TM 2--Upflow Electric Furnace

3. TM 3--Horizontal Electric Furnace

D. Job sheets

1. Job Sheet WI-Install, Start, .and

..-

1
; ,' ,

\

ACR IV - 85

,

I-

Check an Electrical Heating Unit

2. Job Sheet #2--Disassemble, Inspect, and Reassemble an Electric Fur-
nace . i .

3. Job Sheet #3--Troubleshoot an Electric Furnace

4. Job Sheet #4--Perform Maintenance on,Bn Electric Furnace
.0 . -.

E. Test

F. Answers to test .

0
ti j

ti

4
gr

1

/
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11. heferenceRussell, Allen. Getting Started in Heating and Air Conditioning.
Birrivngham, MI: Business News Publishing Co., 1974.
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ELECTRICAL HEATING SYSTEMS
UNIT II

411,

ACR, IV - 87

t
INFORMATION SHEET

1".. Terms and definitions
"411%

. k
A. Nichrome-An- alloy used extensively as a heat source for electric heat

as in electric ovens and toasters t
%

8. Contactor--A relay capable of opening* and closing power circuits of highiramperage
- ,..

C. Line voltageVoltage used in residential electric heating

D. SequencerA time delay deyice
- .

E Fag relay--A relay which operates a furnace blower, frequently incorporated
as the firsestage of a sequencer in an electnc furnace

F. Power lugs-Heavy duty fittings kr colinecting power wires to a h'igh amper-
age appliance such as an electric fufnace

G. Fusible link--A backm safety device designed to melt and open the circuit
on an electric furnace at a ternperatüre higher than the limit

.

H. High limit switch-A safety device which opens the circuit when there
is excessive temperature rise (usuaHy a snap-disc type)

II. Types of electrical resistance heating syltems (Transparencies 1, 2, and 3}
..

A. Duct heaters

B. Electric furnaces

III Characteristics of electrical heating systere

A. Duct heaters (Transparency 1),
, . .

1. Composed of nichrome wire coil strung through insulators

2. Placed in a heating duct with remote blower

1. Equipped with line voltage wintrols

a. Contactor switch
410 r

b. . Line voltage high limit safety (fusible link)

.4. Equipped with low voltage controls

a. Contactor coil

b. Loy; voltage high limit safety (click action switch)

,

,

......!.

ej
- 1

.

4

V
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C.

vINKIFIMATION SHEET

!

*No

5. Installed four' feet downstream ffOrn cooling coil unless approved
for use as integral part of equipment .

B. Electric Furnace (Transparencies 2 vld 3)

1. Composed of one or more nichrome wire heating elements

2. Consists of self-contained complete system witti:

-
a. Blower assembly

b. Electric heating elements

c. Line voltage and low voltage controls vary with manufacturer

IV. Components of electric heating equipment

A. Blower assembly

B. Heater element assembly

1. Nichrome wire Coils installed tIvough insulators in path of air streirn
. .4-

2. Fusible link in line voltage circuit/A heater coil exposed to radiant-heat
of heater element :

3. High teMperature liMit_controls vary with.Tanufacturer

C. Electric heat circuits and-controls

1. Low voltage fan circuit

I a. Transformer

fi. Thermostat

(c. an relay coil or sequencer heater'

2. Line voltage fan circuit

4

a. Blower motor

I
"

b. Fan relay contacts or sequencet contacts

c. Fuse, 15 amp

J.
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INFORMAtION SHEET' t.

ACR IV - 89

3. Low voltage heater circuits ---...

a. Transformer i

b. Thermostat

C. Coritactor or sequencer coil ..,

d. High limirswitch

4. Line voltage heater circuit

a. Heater Clement

b. rusible link
. )

c. Contactor contacts or seq4encer contac.ts

t-
d, 'l Fuse

V Ca,:ses of failur'es of'electric heiting equipment componpn- s

i

L

A Heating element circuit open
A-

1. Melted fusible link
.6 .

2. Ni'phrome wire burned in two because of:

a. Dirty filter .

b. Undersized ductwork ,

c. -Dirty cooling coil

d. Broken insulator

B. Burned out sequencer

C. Stuck limit switch

0 Burned out transformer .

1

:

k

:)*

a

.

4t,

,

E Loose connections .
44.

{CAUTION: When aluminum viiire is found in an clft-t. (Al .,:d11,19 unite .

it should be removed and replaced with coPPer wire.1.

4t

'4

,
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Duct Heater

0

Typical Applications ,

Horizontal Duct
Installation

!
Installed With Single \,
Package Heat ),

Pump or Single.
Package Air COnditioner

Zone Installation
With Cenyally
Located Filter Unit

r-

i

ACR IV -91

Vertical Duct
Inttallation

.,

. (Courtesy of Lennox Industries Inc., Dallgs, Texas)

...

., 4

1 u 2 ,

*

r

0

1

TM 1

%.

\
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Upf low Electrit Furnace ,

r-?

Typital.Applications
i. .

--- T'''' j

Baseirrnt Installation
With Cooling Coil,

/ Electronic Air Cleiner
and Power Humidifier

.

-4 --&5------___

Basement Installatio
- With .Cooling Coil,

. Keturn Air,Cabine,t =

and POwer Humidifier -

4,

1

I.

*

.

ACR IV - 93 .

:

6

c------,_
, 1 e

--,,

,

-

*loset Installation
With Cooling Coil
and Electrollic.",
.Air Cleaner"

4

(CouriesV 61 Lettnox I ndustriesorric., Dallas, Texas) ,
c ..

,

:

6.

4,

I

TM 2.
: -

..

)

,N
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Horizontal Installation

i 1.

,
. : with Coo linb Coil .

----_,j ip-'------ ..and Electronic Air Cleaner

Horizontal Installation in qoset
- .

. 0
(Courtesy of Lennox Industries Inc., Dallas, Texas)
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E LECTRICAL HEATING SYStEMS
UNIT II

.7 /
JOB SHEET #1--lNSTALL, START, AND CHECK AN

ELECTRICAL HEATING UNIT

\
Tools and equiPment

..

.

v

A. Service technician's tool-pouch

'
B. Ammeter-voltmeter

C. Hammer

D. Aviation smps

E. Electric drill and drill bits

11 Procedure
.

A. Remove electrical heating unii fron\grating

B. Place unit in designated location

C. Adapt and attach unit to Gloct system

D. Conriect low voltage wiring t75 low voltage connections.

E. Install thei4nostat
*ow

F. Connect power supply to load side of safety switch

an,

G. Connect pbwer supply wiring to supply power terminals on unit
,

I

H. Open thermostat ,
4

Close safety switch to energize ysterri 16

J. Start unit by sttting thermostat tp4calling"

rUse ammeter to check load on fan motor for fOlerance

L. Usetommeter to gheck current load of heating elements

Check blower section for proper air delivery

t
N. Clean area and

IP
out tools away

4.* 0

1Lit)

ACR IV - 97

io
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-ELECTRICAL HEATING SYSTEMg.
UNIT/IJ

,

JOB SHEET #2--DISASSEMBLE, INSPECT, AND RE'ASEMB LE
... AN EtECTR IC F URNACE 4

. .

-Tools arid equipment

A. Service technician's tocci pouch .

B. Ammeter-voltmeter

11. Procedure

A. Dpsconnect'power source

B. Remove front panel

C. Rprnove blower and motor holding screws

,

. i
D. Rernoveheater unit screws andslide the unit out

E. Inipect for element damage

-5

,..

-.,

4

ACR IV 99

-

it

i

F. Replre damaged parts
.-- . .

G. Clean and oil blower and motor assembly if needed
. .

H.. Reassemble unit by repeating steps D through B in reverse

. I. Energize wili and check for proper operatitm. 4 I,

J. ')Clean area and put tools away

-1116 \'.
. .

1

u ..

\

..

I
). /

,

t

..

i

,

.

4*

7.
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E LECT R I CAL H EATING SYSTEMS 1. Al ..

UNIT II 4 ,

"t

: JOB SHEET #3--TROUBLESHOOT AN ELECTRIC FURNACE
. ..

Tod Is

A. Screwdnvers

.B-. Oh meter, voltmeter .
t

U. Proce ure .

A. Disconnect furnace power source

B. Remove furnace panels

C. Remove coNz3of control pox .-

D. Check for voltage at power-lugs
.---

E. Check for con'imusty arid grounded heating elements

IL

1

- 1. Set voltohmmeter to measure resistance

A.

.

.2. Remove power wires fr'om elements L.
3. -Measure resistance of heating elements and record

4. ,f1 ong-is -, #2 ohms #0 ohms

5. Reconnect power.wireS to elements
(------,

, ../
6. Question: What would elements read if open? What would elements

. read if shorted?

7. Are any elements grounded?
,

G. Check contactor and sequenced for continuity

1. Set Volt-ohmmeter to measure resistance

.,

AA .

2. Disconnect lpw voltage wires from, contactor and/oft sequencer #1.
..

3. Measure resistance of contactor cod and record
. . r

4. Measure resistance of sequencer heater and record

5. Measure resistance of any other sequencer heaters and record
#2 ohmi :#3 ohms

6. Reconnect low voltage wii-es to contact& and Sequencer-

1P1",.1.I. I

,

Ow

k
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'JOB SHEET #?

7, Question: What would be trie resistance of
,

An'o.pen coil circuit? ohms

Y

b. A burned out coil.? ohms

8. Question: What would be the resistance of

a. An open heater circuit in a sequencdr? ohms

, b. A shorted heatei circuit? ohms,

H. Check'continuity and grounding of blower power circuit
tO

.3
I. Check continuity of fan ielaycoi4ircuit ,

N . ,
b 1 t Set voltohmmeter to measure resistance 4.

*. - 2. Disconnect control wires from fan relay
.

MeasUre resistance of fan relay coil aind record ohms .

4.. Reconnect control wires to fan relay

J. Checkrresistance of primary end secondary windings of low voltage trans-
forme!:

1. Set volt-ohmmeter to measure resistance

2.
2. Disconnect secondary leads from'transformer

3. Measure resistance of secondary windings of transformer Sand record
ohms

0

4. Disconnect primary leads from transformer

5. Measure resistance olt primary windings of transformer and record -
ohms

..,

6. Measure resistance from each leg of primary winding to gfound and-
' record L1 to ground . ohms .

, 77s-L to ground- 5h
. 2 . '
7. 'Reconnect litondary and primary leads of transformer

ft.

.

, S. Quistion: lsisecondary winding of the transformer shorted?
, Clp- ,7 r

I ary winding of the traniformer shorted.? .\Open?-
ded? ,

01 Quest ion: Haye all the circuits in this electric furnace been checked?

Is this,furnace safe.to ènergize?
. .

1 u s
0.01.01004t"
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JOB SHEET #3 .

K. Reprace control boX cover and turnace panels

L. Reconnect power source

M. .Clean area and put toOls away .

.

t

4 '0

t

-- '

:
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E LECTR ICA L HEATING SYSTEMS
UNIT II .44.

.14 SHEET #4--PER FOR M MAINTENANCE ON AN ELECTR IC FURNACE

1r Tools

A. Service teckinician's tool pouch'

B. Thermometer and scratch awl

C. Shop rag

D. Ammeter:voltméter

Procedure'

A. Open furnace power switch

B. Service blower section

ACR IV 105 °

C. Energize iurnace and record fan motor amperage draw and record

D. De-engrgize furnace. and 'snap atnmeter over wire to power lug to main
furnace power..

-

E. S4t thermolta! to 41Peat" and adjult setting to higher ;I-ran rolik temO-
erature_

_

F. Re-energize furnace and record amp draw of heaters as sequencers close
heater circtlits and record

.Blower motor and heater #1

1

1

amps

#2

#3

#4

G. Compare full load amps with Jurriace narneplale rating

H. Sheck'to see it an of the heaters pulling the proper amperage

c'
I. . Drive scratch-awl tto return air plenum, men thermometer and record

retutn air temperatu

J. Select a plaa in the supply trunk which is out ofthe "line of sight" of the
electric heater elements .-and drive scratch gwl into siipply trunk. Record
supply air temperature

1io

0
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JOB SKEET #4

K. Record temperatlure rise through furnace

L. ' R emove thermometer and plug holes

M.. De-energize furnace at disconnect ,

N. Replace control box ioyer and pai'lel

4.-0. Re-energize furnace

/

t
P. Resettbermostat to proper setixng

-,,
Q. Clean area and put tools away

,

eat
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r

1
o

,

Am.
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E LECTR ICAL HEATING SYSTEMS
UNIT II

NAME

TEST

1. Match the terms on the right with their correct definitions.

a. AiPalloy used extensSly as a.heat sourcefor
electric heat as in electric ovens and toasters

a

b. A relay r.apable of opening and closing
power circuits of high amperage_

c. Voltige used in residentiM electric heáting
4111.

d. A time delay device
0

e. A relay which operates a furnace- blower,
frequently incorporated asthe fipt stage of a
sequencer in an electric furnace

f. Heavy_ duty fittings for- connecting power
wires to a high amperage appliance such'
as an electric furnabe

g. A backup safety device designed to 'melt
and open the circuit o an electric furnaOe at
a temperature higher' than title limit

" h,jk satety device whiCh opens the circuit
-when there 'is wessive temerature rite

2. Identify the types of electrical heating systems shown below.

(

a.

,

1. Line voltage

2. High limit switch

3. 1)4;1)r-lugs

4. Fusible link

5. Nichrome

6. Contactor

4. 7. Fan relay

8. Sequencer,

1 )! er);' _)

,j j.Ir '.)i- ')' + e_r

:4 61,;

11

41.
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b.

3. Differentiate betwen duot heaters and electric furnaces by placing a "D" next to items
that pertain to duct heaters and an "E" next to items that pertain to electric furnaces.,

kf

,

,. ,

a. %Placed in a beating duct with remote blower
I . .,. .' .

b. Consists of self-containid complete system with blower assembly, ele4ic
'heating elements, and line voltage and low voltage controls that vary with
manufacturer

- .,
c. Installed four feet downstream from cooling coil unless approved for use as

intregral part of eqpipment .-

4. Complete a list of components of electric heating equipmem.
,

1

.1.

.
..

a. Blower assembly i

b. Heater element assembly <

*

#

113
.t .
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,

c. Electric heat circuits and controls

1) Low voltage fan circuit

o

4

:'..

2) Line voltage fan circuit

S 'a

,

b),

ci

3) Low voltage heater circuits
v

a)

5)

c)

,. d)

4) Line voltage heater circuit
_

..

4

a) . 4

..... ,

c) -

d)

. 5.- Select true statements concerning causes qi common failures of electric heating equip'. i
ment components EN placing an "-X" in the appropriate.blanks.

(NOTE: For a statement to be true, all parts of the statement must be true.)
1

°./ 0 '
.

e

t.:

10

,

ACR IV - 109

1 V ' Lo

1r

.,

f

:a. Heating element circuit open

1) Melted fusible link

,

t

--2-)Nichrome:wire-burried irr two-because:of: -I.- ---- -r-

. a) Dirty filters

b) Undersized dOctrork

c) Dirty cooling coil ..
e

d) Broken insulMor --

3

)

.

g

,

/

' '''..............
,'

-,
43.
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b. Burned out sequencer

Stuck limit switcl

d. Burned out transformer

e. Loose connections

6. Demon%rate the ability to:

a. Install, start, and check an electrical heating unit.

'b. Disassemble, inspect, and reassemble an electric furnace.

c. Troubleshoot an electric furria e.

d. Perform maintenance on an el tric furnace.

(NOTE: If these activities have not been accomplished prior to the test, ask your
instructor when they thould be completed.)

4

.
41111

pt
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ELECTRICAL HEATING SYSTEMS
UNIT II

..

ANSWERS TO TEST

1. a.. 5 e. 7
b. 6 '. . f. 3
C. 1 g. 4
d. 8 h. 2

2. a. Duct heater
b. , Elpctric furnace

,

t 0

!

i

..
i

t .

AP

, .ACR IV - 111

V

3: a. 0 ..
4...

' b. E

c. D 4.

4.: b. 1) Nlichrome wire coils mstalled through insulators in path of air sti-eam
2) Fusible link in lin'e voltage circuit of heater coil exposed to radiant heat of

heater element
3) High temperature limit controls vary with manufacturer

ii

,

t
1) a) Transformer

b) Thermostat
e) Fan relay coil or sequencer heater

b# lb
2) a) Blower motor

b) Fan relay contacts or sequencer Intacts
c) Fuie, 15 ampi .

3) a) Transformer a. -
b) Thermostat ,
c) Contactor or sequencer coil,
d) High limit switch _/

. .

4) . a) Heater element 0
b) Fusible link

.

c) Contactor contacts,* sequencer eontacts
d) Fuse v

.
6. Prforance skifls ivaltated to the satisfaction of theAsiructor '

4
*

)
4

t
CN.

.4,01..

e.

,

:
. .1

,
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!
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RESIDENTIAL COOLING SYSTEMS '
UNIT III

. UNIT OBJECTIVE

ACR IV -

After completion of this unit, the studen should be able to identify the mechanical and
electricalcomponents of a residential ç1ing system and disdiss the processes in a cooling ,
cycle. The student should also be aI to relate component failures to t eir causes', trouble-
shoot'a 'coOling system, and use a chargit?gitable correctly. This knowledbe will be evidenced
by-correctly performing the procedurds outlined in the job sheets and by scoring85 percent
on the unit test.

t

SPECIFIC OBJECTIVES

After completion of this unit, the s,tudent should be able to:

1. MatCh terms related to residential coolirig systems with their correct definitions.

2. Complete'a list of mechanical components of an air conditioner.

3. Complete a list of elect.r,ical components of an air conditioner. '1"

4. Sele-ct true statements concerning the processes in the cooling cycle.
_,..

....,

412/t 5. State hoyea5ttiholirti- cyclq is completed.'
, zat

.. 6. Select true itatements concerning what happens witK fan on *continuous oper-
ation. .

7. Match coThpressOr motor ?ailures with ways they can be detected.

8. Match compressor failures with ways they can be tected.
s.

lot

9. Match failures in condensing sections with t ssiOle causes.

a

,
10. Select true statements concerning functions of low side section

in an air conditioner.
components

11. Match component profilems of low side' sections with their possible catses.

12. Arrange in oi-der the steps in using a charging table.
..." '. .

13./ Select true statementsconcerning the rule of thumb procedure for working
withouta charging tattle. _____ _______.-..-4,..-

' I .. A e4

14. Demonstrate the ability 43:

a. Troubleshoot an air conditioner condenser section4m a "no cooling" corn-
,plaint.

b. ,Perform maintenance on an air conditioner.

c. Use a charging table to check* the charge in a capi113ry cooling system.

4



4.

s,

.04.

ACR IV - 115

R ESIDENTIAL COOLING SYSTEMS.'
UN.IT III

SUGGESTED ACTIVITliS

I. Provide student with objectiye sheet.

II. Provide stUdent with informatioh and job:sheets.

Make transparenCy_ 4
.

IV. Discus unit and ipeci-fic objectives.

. V. Discuss lot-illation sheet.

Vt. Discuss qt:1demonstrate the pcocedures_Outliiie in the job sheets.

VII. Invite a locakor area servide technician to talk tM the class about troubleshooting
cooling systems.

t. . -
VIII: Invite an air .&nditioning contractor to talk to the class about component fail-

ures the imp'ortance of- the'proper identification of problems, and cost factorr
related to' replacement components;,

IX. Invite a factory. representativrt talk to the class about innovations in cooling
system design and the coricept ol energy efficiency ratings.

V , 4

X. Give test. .

. 6

INSIOUCTIONAL MATERIALS

-

I. Included in this unit:

A. Objective sheet

B. - Information shek

4

.

, , -1 .

C. Transparency Master 1--Typical Charging TAR
. .. .-

D. Job ifieets _

1, Job Sheet #1--Troubleshpch4 en Air Conditioner. Condenser:Sectjon
on a "No,Cooline-Coirptairjr.

2. Job Sheet #2--Perform Maintenance on ail Air Conditioner
,

3. Job Sheet #3--Use a Charging.Table to Check the Charge in a Capillary
Cooling System .

E. Test

F. Answers to test
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RESIDENTIAL COOLING SYSTEMS
'UNIT III

INFORMATION SHEET,

,

I. 'terms and definitions,
-

A. Shrader valve-A gauge port made like an automobile tire-valve

' I.
ACR IV - 117

B. Crankcase heater--A low- wattage wit) around device that boils refrig-
erant oi&of the coinpressor oil

Lockout rela normally,_closed,relay. used to open a protective circuit
while the relay is energized

Hard stall kit--A starting capacitor and starting relay idded to a compressor
circuit

C.

D.

E. Suctioh line accumulator-A tank used to hold liquid refrigerant which
would normally flood back to a compressor during cold weather

F. Halo effect-Electrical discharge aroutJ terminals while under a vacuum,
causing carbon tracks to deposit on he itdide of a tornpressor and short
circuit the-compressor motor winding _I. .

'. G. Lv side-The km pressure part oeir conditioning equipment, namely.
the evaporator coil and suction line

H. Charging iables-Graplis or tables which list proper suction and heid Ores-
sures at various outdoor temperatures

(NOTE: Always use table and method recommended by manufacturer.)

II. Mechanical components of an air conditioner

A,

B.

D.

Evaporatdr

Metering deviCe

Liquid line

Suction line

E. Codpressor t

F. Condenser

G. Liquid line dryer (optional)

H.. Service valves

1 1.2u

'4.

k 4
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INFORMATION SHEET .

AI., tlectrical dómpo.neots of conditioner

Thermo4(

B. . Subbase

C. Condenser fan

D Transformer I

. E. Contactor
A

F. . High oressuie switch (optional)

G Low pressure switch .(opjtonal)

H Crankcase heater, (optional)

I. Hard start kit(obtional)

J. Ruci capacitor

K. 'Overload protector

L Locicout relay (optional)-

IV. Processes in the cooling cycle

A Syitem thern-rostat clls for l'Cooline

I B Fan switch.set on automatic

C. TC 1 contaas made in thermostat

f

k

Fan relay coil is energized anot the normally open set of, contacts is closed
and completes circuit to indoor fan motor on high speed

E. The contactor coil is' energized closing the normally open contacts and
completes the circuit to the compressor and condensing wait '

V ,f-.1-;low the cooling cycle is completed
. - .

A Thermostat opens

B. Operating circuits de-energize

VI. What happens with fan on continuous operation

A. Fan selector switch reads :On"

- B. Fan relay coil on indoor fan relay ii'energized

C. Circuit is completed througK normally open set of contacts which are
now closed and indoor fin is now in high speed

411

4
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VIII.
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). INFORMATION SHEET

AC11. I - 119 6

% .4

Compressor motor failures and ways they can be detected
. a

. 4
A. Open windings-Can be detected by connecting an ohmmeter to the com-

pressor motor ter.minals and reading infinite resistance of the motor windings
_ . i

, .. .
'MOTE: A hot compressor must be .allovved to cool down to permit the. .internal overload swiich to close.)

B. Shorted windings--Can be %detected 'by connecting .an, ohmmeter to the
cbmpressor motor terminals and reading zero .resistance of the rttor wind-.ings

(NOTE: The. large size of motor windings requires that anyone, checking
- for a short be able tp distinguish between ffle extremely low resistance of a

good wintling and the zero resistance in a shorted windinge

C. Grounded windings-Can be detected by5onnectipg an ohmmeter to ground
and to each of the motor terminals anti reading a resistance of zero

(NOTE: Grounded windings which are also shorted to ea,c'h other may be
caused either by lightning or by halo effect due to cpmpressor operation
with insufficient refrjgerant charge.)

,

Compressor failures and ways they can tie detected

A. - Tight compressor--Can be detected by snapping an ammeter over a power4
wire to the cornprevor and reading locked rotor arnperage while compres-
sor fails to start

(NOTE: A new ccrpressor that is tight ca'n usually be Oarted with a hard
start kit.) .

B. Broken motor, shaft--Can be detected by attaching. compound genes to
the gauge' ports and reading the same pressure on both gauges while the-
motor is running a

C. Leaking ;alves--Can 6e .detecied" by attaching compound gauges to the
gauge port and reading less thin normal difference between head pres-
sure and suctiOp pressure )

(NW E : Leaking valves can sometimes be determined by feeling the tempera-
ture of the suction line immediately after- pping the compressor; a"hot or
cold iuction line usually means leaking

Locked cqmpressor--Can be, determ e if the Sompressor still won't start
after all efforts to start it have failed

. -a.

;

'eel{

1/4
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IX. Failures ih condensing sections and their possible causes

A. Refrigirant leaks- 1

1. Loose refrigerant line-fittings

2. Improperly made sweat joints or flares

3. Nail 1/1qles in.refrigerant lines

B. Condenser fan motor failure

1. Seized bearings du to lack of lubrication., ,1

2. Burned motor windings

3. Capacitor failure

JNOTE: Capackor failure is seldom a cause of condensor fbn motor
failure.)

C. Start capacitor or start relay

1. -Capicitor terminal burned off

2. Capacitor boiled over 50%

oft

_ (NOTE: Replace th4 start relay when Feplacing a' start capacitor.)

411.

(1 R un capacitor

1. open circuit

2. Changed capacitance, .

3. Shorted from leveling or.distordon

E. Contactor

1. Burned points rhaking poor contact

2. Sticking carriage

F. Crankcase heater

. a

. .1. Broken

.

Burned

Tery-
,. :

INFORMATIONSHEET

,
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I N FORMATION SHEET

Functions of low side section comp-onents in an air conditioner

A. Blower section

1. Movs_ air from qccupied space and forces it through the filter and
coolin4-coil

2. Returns conditioned 'Sir to occupied space

B. Cooling coil

1. Removes heat ahd moisture from fhe air passing mrough it
- ,

2. When installed in an upflow or counterflow furnace the cooling coil
must be shaped to allow condensed moisture to drip downward paeallel
to the air flow through the

(NOTE: Thisjs called 'an "A" coil.)

3. When installed in the horizonta'l furnace the cooling coil is shaped to
allow condensed moilture to drip doWnward perpendicular to the air
flow through the coil

(NOTE: this is called a hori4onta1 or slab coil.) /
C. Condensate pan--Oatpries condensed water which drips% off the cooling

coil

D. Condensate drain fitting--A factory 'installed short tube soldered into the
condensate pan, usually 3/4" I.D. copper for thi purpose of connecting the
drain pan to a field installed drain line

ft
E. Metering devices,

1. Capillary tubes

ja. Meters refrigerant to the ,cooling coil by restricting its flow due to
lenfth and small diameter

b. Permits manufacture. of lower cost tooling equipment due to
its lower cost and simplicity

i .
2. heropostatic expansion valve . ......

c-, , .

a. Meters refrigeran to the cooling coil by restricting its flow by a
, continuous thrott ing action which is controlled by the super heat

settih§ of the valve .

b. Permits reliable operation of the cooling coil over a Wider tempera-
ture range than is practical With othercommon types of metering
devices

41t:
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INFORMATION SHEET

R...00nefrigerint lines-COnnect cooling coil tb condensing units to circulate
refrigerant in an enclosed system

(NOTE: Refrigerant lines may be either flexible or hard copper, connected
by sweating or with compression type fittings or quick connect devices, and
may be either precharged with refrigerant or dehydrated and filled with dry

.

nitrogen.).

G. Roo thermostai-Regulates the operation of cooling equipment to main-
tai, a desired temperature in,a conditioned space

. a
(NOTE: , Room thermostats are remotely installed and field wired. They

*are usually manufactured to control both heating and cooling with the
same thermostat, but require a heat/cool subbase.)

H. TransformerConverts line voltage to.24 volts

/' (NOTE: Due to the presence of larger electrical control loads in an air
conditioner, the transformer must be of larger capacity ttart- in "heating
csily" transformers. This reqUires a minimum of 40 VAliansformer capa-
city, which must be added to a "heating only" furnace; a fan r)ay must be
added also.)

Xl. Component problems of low side sections and their possible causes

A. ,Frozén coil

1. Insufficient air flow

a. Dirty filter

b. Dirty coil

c, Undersized ductwork

2. Low refrigerant charge

B. Refrigerant leaks et refrigerant line fittings

1. Galled threads

2. Compression ferrule on backwards
. t.

3. Incomplete make up of connection

(NOTE: A f" drops of compressor oil on a refrigerant line fitting
will assure a complete run up of the fitting %L.)

C. Leak in evaporator coil Qr return bends

1, Vibration ;

2.

I.

125
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INFORMATION SHEET

D. Expansion valve

1. Oa of adjustment or tolerance

2. Ruptured

(NOTE; Residential air conditioners and 'heat pumps have generally
stopped using expansion valves in favor ,of simpler, less expensive
capillary tubes,' There are still many old.air conditiongrs in. service with
expinsion valves.)

E. Coil flooded with oil
p.

1. Untrapped refrinrant lines

2; Result of too many compressor changes

Steps in using a charging table (TransparencY 1)

A. Attach a refrigeration thermometer to the system's suction line where
. it enters the coridensing unit

B. Attach a sucti-on gauge ,to the suction line 'port, at the conslensina unp,

C. Record suction line pressure, ambient temperature, anli suction line tempera-
ture

D. Suction line temperatura_tiading should be withiri 3° F of table reading

ERample: At 90°F outdoor temperature and 68 PSIG suction pressure,
the system will be catectly charged if the fecorded suction
line temperature is between 54° and 60°F; a reading above
60°F would indicate 'an undercharge and a reading below
54°F would indicate an overcharge

XIII.. Rule of thumb procedure for working without acharging table

A. Charge to a liquid line pressure equivalent to 30°F above ambient tem-
perature

V

B. Suction fine pressure should be equivalent to.a temperature above freezing
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Typical Charging Table

OUTDOOR

AMOIENT
(F)

*

SUCTION .PRESSURE ,AT OUTDOOR SECTION ( P5ot..)

50 52 mccommai 68 70 72 mum sc!ai 84 CI 88 90 anal 98

SUCTION LINE TEMPERATURE (1'36 F. )

65 EIHDIMECIMIZIMMECEIM1111 M II SI Mill
70 - man 48 CI ED 64 69 MIMITIMMEMEMEM MEM.
75 MIEBECIIIIIIIM 59 EFIED121 26 In 83 MEE. MN MIMI
10 EWE J9 IMMIEMMIEDIEMMUIMIN . Ma.

1.
M

15 - 32 rrim 40 51 MIMMIMMIE 01 Si MEM.
90

MICE=MMININ
1.1. . 35 40 47 Man 65 68 En 75 m a 1 45 NE I.

40 ra 49 54 M 62 M 70 mEnell 87 En um
106 MII MIIIIIIIMEDEEI 50 ED 65 69 EDIDEMMEOMME
105 . El 111 INIMMENITIM 60 ITIMMEDED 0° IMMEIM

i2 II
121

110 ....1 II 11 m 50 m oo nun 70 MUM
115 MEM MENNE in 51 m 60 63 al 69 m 75 78 el

.1,
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R'ESIDENTIAL COOLING SYSTEMS
UNIT III '

,

1

JOB SHEET #1--TROUBLESHOOT AN AIR CONDITIONER CONDENSER
` SECTIT ON A "NO COOLING" COMPLAINT

I. . Tools and equipment

A. Screwdrivers

B. Nit drivers

C. Voltmeter.ammeter-ohmmeter

'0. . Gauge manifold ,

E. Gloves \

t

'1 I. Procedure . .

...."
A. Set thermostat switch to "on"; if blower fails to start

B) Chec3C 'fuse to furnace; if fuse is OK

C. Check output of transformer for 24 volts; if transformer is OK

D. Checkoline voltage at )318wer motor; if voltage is not present, fan relay is bad;
if voltage is present, blower motor is bad

'
(NOTE: To troubleshoot an a itioner, the in'door blower coil section'
must be operating normally wi a clean c an filter.)

E. Make sure indoor section is operatipg nopaity
e

F. Check condenser fan operation; if it is iicrt operating .

G.1 Remove panel and control box cover and note position of contactor car-
riage; if contactor points 'are closed ...

(NOTE: Some contactor wiages are covered with a plastic plate which
must be removed. Others'ire mounted in such a way that inspection will
not indicate whether points are closed or open.) .

.
.31 C

H. Press the carriagi momentarily into. a closed position with an insulated
screwdriver

i .
I. Note fan and compressor responsejf fan and compressor start

k . \
J. ,Check for a broken wire in the low voltage 2.wire cable leading to the

. contactor c
' .

. . (NOTE: Dogs will sometimes chew this cable in two; lawn trimmers also
cause damage.)

. 123
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JOB SHEET #1

K. Check to see if contactor is closed and fan and compressor will nqt run; if so

L. ChIline voliage to contactor terminals; if there is no voltage

(NOTE: If contactor operation cannot bp determined by inspection, then
disconnectins or cutting a low v.oltage control wire to the contactor will
result i* loud click as the connection is made and broken by hand.)

M. Check fuse to condenser cif line tkItage is present

N. Check for a tripped safety device, usually a high pressure cut out

% .
0. Reset safety device and note compressor and fan operation;, if no safety

device is present

P. Feel the 'compressor temperature

(NOTE: Resetting a tripped high pressure cut out usually completes the
Npw voltage circuit tlp the contactor. and some sophisticated sys ms require
considerably more steps in troubleshooting; do not confuse a hot ompressor
with the effect of a normally operating crankcase heater; a compressor may
be considered hot when it is too hot to hold a hand on for a,few seconds.)

Q. Checl for hot cornpresscir that will not run; this indicates compressor
is.knocked out on internal overloact .

. .
. . \(NOTE: This does not necessarily affect the condenser fan.)

R. Check to see if contactor is closed; if fan does not run

S. Check for a bad condenser 'fan motor; if it is OK -and high pressure cut
out has been tripped or compressor is out on internal overload

(NOTE: A condenser fan..motor does nottlways go bad all at once; some-
times it will run fpf an hour or more before it will heat uP and quit; by the
time a service technic* arrives, it has cooled off and may run beautifully
when energized.)

Check for cause of high pressure head

(NOTE: Leaves;grass clippingi, drier lint, etc., can stop up a condenser coil
and cause high head pressure, or it could be caused by a newspaper or other
debris obstructing air the cause, the condenser coil must be
cieaned3

El. Determine that there is no apparent reason for high head pressure and
that* the high pressure cut out' is tripped and the fan and compressor both
run when reset, then

123
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JOB SHEET #1

V. Follow procedure for checking the cut out point of the high pressure cut
out; if compressor fails to run when line voltage is aplied to compressor
terminals

(NOTE: Install gauge manifold, start equit5ment,ftel note pressure; block air,
. ' flow through condenser coil with newspaper until cut out trips and note cut

out pressitre; this should be approximately 400 psi.)
, .

W. Follow procedures for checking out hard start kit, capacitor, and compressor
windtngs

X. ,Replace control box cover and panel and all screws

Y. Clean up area' and put tools away

*V'
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RESIDENTIAL COOLING SYSTEMS
UNIT III

JOB SHEET #2--PERFORM MAINTENANCE ON AN AIR CONDITIONER-

I. Tools and equipmenl
. .

-

A. Screwdrivers

B. Nut drivers

C. Ammeter-voltineter-ohmmeter

D. Gauge manifold

E. Gloves

U. Proc-edure

ACR IV - 131

A. Follow procedure for periodic maintenance call on indoor section

B. Remove panel and control box tover-from condensing unit

C. Measure amperage of condenser fan and compare with fan motor specifi-
cations on naraplate

D. Measure amperage of compressor and compare with compressor motor
specifications on nameplate

E. Kill power to unit, gain access to motor, and oil according to manufacturer's
instructions; if condenser fan is mounted horizontally check to see if it can
be oiled

(NOTE: Many condenser fan motors are mounted vertically and cannot be
lubricated; even many horizontal ones cannot be lubricated.)

Touch crankcase heater to.determine condition

G. Inspect condenser coil and clean With coil cleaner if dirty

H. Inspect termidals on capacitors, contactor, ancfrpressor for corrosion and
burning

1

I. Check cut out pressure of high pressure cut out if Present

J. . Check operation of lock out relay if present

K. Connect gauge manifold and determine operating pressurRs; if suction
pressure correAponds to below freezing evaporator temperatureNadd refriger--.
aot

(NOTE: Most systems use R-22 refrigerant; nevertrieless, there are' several
manufacturers which use other refrigerants; be positive which refrigerant is
used before adding any; refrigerant data is usual1 9 on the nameplate.)

$

4
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JbEi SHEET OA

IL. Check head pressure . .

(NOTE: With suction. Pressure at proper level, the
.
head pressure should

be Up.Proxin-ta.tely 30° above ambient temperature. New high efficiency
unit have head pressuies 200 above ambient; however, variable speed and
multispeed condenser fans will cpnfuie theF readirgs unless the fan control

, is bypassed and et on high speed during the Maintenance call.)

M. Shot down condensing unit and note speed it Which suction pressure and
head pressure.equalize while feeli9g temperature of suction line

t.
(NOTE: Too slow equalization of suction pressure indicates insufficient
size or kinks in.liquid line.) lor

N. Replace control box cover, panel, and all screws.

- O. Clean up.tools and irda,and put tools away

1 32
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, RESIDENTIAL COOLING SYSTEMS
.a. . UNIT III

JOB SHEET #fri--LISE A CHARGING TABLE TO CHECK THE CHARGE
IN A CAPILLARY COOLING SYSTEM

I. Tools and equipment

A. *Service technician's tool pouch

B. Shop rags

C. Refrigeration thermometer or thermometer feeler bulb

D. Suction or compound gauge

E. Pencil and paper

F. Coy!iling system as selected by iWtructor

II. Procedure

4

ACR IV-. 133

A. Attach a refrigeration thermometer or thermometer feeler' bulb securely
. to the system's suction line where it enters the condensing unit

B. Insulate around the eonnection with shop rags to insure an accurate reading

C. Attach a suetion or compound pile to the suction line port at tfie con-
dinsing unit . a

D. Allow suction line pressure to stabilize for 10 t15 minutes

E. Read and rend

1. Suctiop line pressure

2. Ambient temperature

3. Suction line temperature

F. Compare figures in the charging table with suction line pressure and ambieni
temperatpre (Figure 1)

(NOTE: The unit suction line temperature should be within 3°F of-the
?hart reeling for the unit to indicate a proper ,charge.)

Compare system readings wth chart readings; if unit suction line temperature
is higher that 3°F over the value given, the system is undercharged

H. Compare, system readings with chart readings; if unit suction line tem-
perature is lower than 3°F below the value given, the system is overcharged

4

4

'/
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JOB.SHEET #3

'46

Jr

I Estal;lish a condition of undercharge or overcharge and continue

J Check for low indoor unit airflow

K Check for restrictions in refngerant line

L Check your findings with your instructor

M Clean up area and return tools

FIGURE 1

f
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RESIDENTIAL COOLING SYSTEMS
UNIT III

4. a
So 110.-01-

N.AME

TEST

ACR IV - 135 ,

i. . Match the terms on the right with their corr_f_tynitions.

a. A gauge port made like an automobile tire
valve,

, b. A. low wattage wrap around device that
botis refrigerant out of the compressor
oil

C.. h normally ,closed relay used to open a
protective circuit while the relax is ene_rgized,

d. A starting capacitor and starting relay a d
to a compressor circuit .

.1 '
A tank used to hold liquid refrigerant which
would normally flood back to a compressor
during Cold weather .

f. Electrical discharge around terminals while
under a vacuum, causing carbon tracks to
deposit on the inside of a compressor and
short circuit the, compressor motor windings

The low pressure part of air conditioping -

equipment, namely the evaporator soil
and suction line 1

e.

h. Graphs or tables-which list proper suction and
head pressures at vaHous outdoor tempera-
turek

I - /
2. Complete list of mechanical coMponents of an air, conditioner.

.

.. 1. Suction line
accumulator

2. Charging tables

3. Shrader valve

4. Halo effect

5. Crankcase
heateri

6. Lowside

7. Lockout relay

8. Hard start kit

o

a.

b.

c.

d.
4

e. Compressor
. 1

f. Condenser

I

.

../

,
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9. Liquid line dryer

h. Service valves

. .

*

3. CbmPlète, a list of electrical com*hts- of an air conditioner.

1,

a.
r

-...

.k

b.

C.

ci.

e.
a

f High pressure switch:

. g. Low pressure switch

h-; Crankcase heater
, .

.

1. Hard start kit

j. Run caNcilor

14 Overload protector

l.t Lockout relay

s
i

0

a
-

k,

.o.

k
2.

.-

t

4. o

r

/
4. Select true statements concerning processes in the cooling cycle by placing .an X in'

the appropriate blanks.

I 1 a

a. System thermostat calls for "Cooling"
. .

_b. Fan switch set on manual... .,-.,

- c. TC 1 contacts made in thermostat

1

.t.

_____.d. Fan relay coil is energized and the normally open setrof contacts is closed
and completes circuit to indoor fan motor on high speed

, ..: .

e. The conjactor coil is energized closing the normally open contacts and
completes the circuit to the compresso'r and condensing unit.

. . .
-5. State how the cooling cycle is completed.,
, .

a.

d b: .

4,
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,

6. Select true statements concernina *hat happens with. fan ,On continuous operation
by placing an "X" in the apprOpriate blanks.

a. Fan selector,switcfr reads "On"

. b. Fan relay coil on indoor fan relay energized

c. Circuit is oompleod through normally open set of. contacts which are
now closed-and indoqp fan is now in high speed ,

7. ,Match compressor motor failures vO1th ways they can be detected.

Can be detected by connecting an ohmmeter :I. Shorted windings -
to the, compressor motor terminals and
reading infinite resistance of the motor 2. Grounded Aindings
'windings

r 3. Open windings

b. Can be detected by connecting an ohmmeter
to the gompressor motor terminals and
reading zero resistanee of the motoewindings

c. Can bkleteoted by connecting an ohlnmeter
77-- to ground and to each of thrrraer terminals

and reading a resistance of zero
"

8 Match compressor failures *ith ways they can be detected.

__a. Can be detected by snapping amarnmett over
a power wire to the comptessor And reading
lociced rotor amperage while compressor fails
to start

JMir0, Can bp detected by attach ing_compound_
gauges, to the gauge ports and 'reading the
-same pressure on both gauges while the motor
is running

c. Carr be detbetlad by Attaching compound
gauges to the gauge port and reading lesS Main
normal difference between head pressure and
suctipn pressure

d. Can be determinvi if the'. compressor still
won't start after all efforts to start it have
failed

1. 'Broken mikor
shaft

2. Leaking valves

3. Locked compressor,,

4. Tight col-tpressor
Os
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9. Match failves in condensing sections with their possible causes..

a. 1) Loose refrigerant line fittings 1. Condenser fan
motor failure

2) Improperly made sweat joints or
flares 2. Refrigerant leaks

3) Nail holes in refrigerant lines 3. Run capacitor

b. 1) Seized bearings due to lack of lub-
rication

4. Start capacitor
or start relay

"2) Burned motor windings 5. Crankcase heater

3) Capacitor failure . 6. Contactor,

c. 1) Capacitor termi nal. bumed off

2) Capacitor boiled olver

d. 1) Opeh circuit

2) Changed capacitance,

3) Shorted from leveling or distdrtion

e. 1) Burned pojnts making pbor contact
I

*it* 2) Sticking carriage

1. .1) Broken -«

4

* , 2). Burned

- 10., Select true statements concerning functions of law side section components in an
1 air conditioner by placing an "X" in the appropriate blanks.

.r
(NOTE: Fo? a statement to be true, all parts of the statement must be kfue.)

41

a.
.

Blower section ,

.

V.

.

1} Moves air from occupied space.and forces it through the filter
and cooling coil

r 2) Returns conditioned air to occupied space

Cooling coil

,....1),Aemoves heat and moisture fro-rn the asassing through it

2) When installed in an upflow or counterflow furnace the cooling
coil must be shaped to allow condensed moisture to drip down-
ward-par'allel to the air flow through the coil.

3) When installed itkile horizontal turnace the cooling coil is shaped
to allow condensed moisture to drip downward perpendicular
to tje air flow through the coil

44
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Condensate pan-Catches condensed water which drips off the cooling
eoil

d. Condensate drain fittingA fa etry installed short tube soldered into
the condensate pan, usually /4" 1.0. copper'for the purpose of con..
necting the drain pan to a Id installed drain line

v..,

f.

g.

h. TransformerConyerts line voltage to 12 volts
,

11. Match component pioblems of low side seitions with

Metering devices

1) Capillary tubes

a) Meters refrigerant to the cooling coil by restricting itstflop
with a miniature valve

b) Is expensive to manufacture

.ThermostaltVexpansion valve 16.

-
a) Meters re frigerant to the cooling coil by restricting its flow

by a continuous throttling action, which is controlled by Ihe"
super heat setting oi the valve

' Permits reliable operation of the cooling coil over a wider
temperature range than is practical with other common types
of metering devices

'Refrigerant lines--Connect cooling coil to condensing units to circulate
refrigerant in an enclosed system

Room thermostatR'egulates the operation of cooligg equipment o
maintain a desired temperature in a conditioned spase,

4."

a. 1) 4nsufficient air flow

a) Dirty filter

b) Dirty coil

c) Undersized dpctwork

23 Low Nrigerant charge

b. 1) Galled threads

eir probable causes.

<A 2) Compression ferrule on backwards
.1

. 3) Incomplete make up of connection
. .

v

1. Frozen coil

2.1cfoak in evaporatorNil or return bends

3. Coil. flooded with
oil

4. Expansion zalve

5. Ref rigeranttleaks at
refrigerant line fit-

. Wigs

1 3
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C. 1) Vibration

2) Corrosion

d. 1) Out of adjustment or tolerance

2) Ruptured

e. 1) Uhtrapped refrigerant lino
, 1

I
- 2) Result of too many compressor changes

112: %Arrange- in -order the steps in using a charging table by placing the correct sequence
number in the appropriate blank.

a. Record suction line pressure, ambient tem-, \-t .-

. perature, and suction line temperatu re

- .._1:), Suctoon ine temperature refling should
be within 3°F of tablvreading

. /-.
- ,c Attach a reageration thermomeier to the.

t system's suctiorf line where it enters the
condensing unit

d. Attath a' suction gauge to theli-1-11 ion line
, port.at the condensing unit .

13. a Select true statements concerning the rule. of thumb procedure for working without
. i charging table by pIacing an "X' irr the appropriate 6lan ks.

s
, r

q.

a. Charge to a liquid line pressure e4ivalent to 30°F above ambient tem-
.

perature

. b. Suction line pressure shbuld be equivalent to i temperature above freezing

,
14. Demonstrate the ability to:

a. Troubleshoot an aiconditioner condenser section on a -1'no coolin cOiln-

. Se

plaint.

6. Perform maintenance Ion an air conditioner...

Use a charging table to claeck the charge in a capillary 'cooling system. ,

(NOTE: If these activities have not been accomplished prior to ihe teit, ask your
instructoi when they should be completed.)*

1

0

0

0
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\ 1. a. 35 e. 1

b. f. 4
c. 7 g.- 6
d. 8 h.. 2

2. a. Evaporator
b. Metering device
c. Liquid line
d. Suction line

3. ,a. Thermostat
b. Subbase
c. Condenser fan
d. Transformer
e. Contactor

i

R ESIDENTIAL COO LING SYSTEMS
UNIT III ..

,

ANSWE RS TO TEST

,

ACR IV - 141

111

f

4. acde, . .

5. a. Thermostat opens
b. - Operating circuits de-energife

6. a, b, c ,

I I7. a. 3 ..
6. 1

c.' 2
.

8. a. , 4 \
b. 1

c. 2 ,.
d. 3

9. a. 2 . d. 3
b. 1 e. 6,
c. 4 f. 5 ,

*

%

10. a, b, c, d, f, g

11. a. 1 d. 4
b. 5 e., 3
c. 2

12. a. 3 4

b. 4
c. 1

d. 2

13. a, b

14. Performance skills evaluated to die sadsfaction of the instructor

,

.
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HEAT PUMP SYSTE.MS
UNIT ly

,

UNIT.OBJECTIVE

After completion of this unit, the student should be able to identify heat pumps in the
heating, cooling, and defrost modes and describe' the operation of a reKersing valve. The
student should also be able to trace operational cirCuits for heat pumps and troubleshoot ,

heat pumps with heating or cool* problems. This knowledge will be evidenced by cor-
rectly performing the procedures outlined in the assignment and job sheets and by scoring
85 percent on the unit test.

SP EC I F IC OBJECTIVES.

After completion ol this .unit, the sttident should be able to:

1. Match terms related to heat pump systems with their correct definitions.

2. Identify the components of a heat pump.-

3. Identify the components of a 4-way reversing valve.

4. Differentiate between the operation of a 4-way reversing valve in the Keating
mode and cooling mode.

. 5. Select true statements concerning the operation of a heat pump in the defrost
mOde.

6. Identify the components of a heat pump indoor section./
7. Complete a chart showing the characteristics, advantages, and disadvantages

of heat pump systems.

8.. epmplete a chart showing the differences between components of indoor sec-
.

ticins of heat pumps and Ictw side sections of air conditioners.

9. Corriplete- a list showing common component failures of heat pumps in the
cooling mode. _

100. Complete a sketch showing the proper installation of an electric strip Ver.
k

11. Complete a list of special precautions for replacing reversing valves.

12. State two major rules-forgood heat pump operation.

13. Trace ope,rational circuits for a heat pump in the cooling mode.

14. Trace operational circuits for first stagchke:ting in 'a heat pump.

15. Trace operational circuits for a heat pump in the defrost mode.

1-12

+Mr

A

4..



414

/

I

.,

144

4

I.

,

I 41

r
...4

.

,

16 II ue operational circuits for second stage supplementary heat in a heat pump.
s - .

17. Demonstrate the ability to:

a Wire a control sysikn.191eat pump.
..

b Troubleshoot a heat pump indoOi ection in the cooling mode.

I

c Perform Maintenance on an indoor . section dt a .heat pump in the cooling
mode.

, .

d., Troilbleshoot a heat pump on a "no cooling" complaint.

e Troubleshoot a heat pump outdoor section on an "insufficient cooling"
complaint.

f. Perform maintenance on an outdoor section of a heat pump in the coo1-
ing mode.

1
g Troubleshoot supplemental heat on a heat pump.

h Perform maintenance on heat pump supplemental heating.
a

i. Trou bleshoot a heat pump on a "nofleat" complaint when cOmpressor will
not run. - f

, 1. Troubleshoot a heat Pump on a "po heat" complaint when compressor runs
but cycles on compressor overload.

,.

k. Troubleshoot a heat pump on an "insufficient heat" complaint when com-
pressor will run.

4 4
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HEAT PUMP SYSTEMS
UNIT IV

p

SUGGESTED ACTIVITIES

I. *Provide student with objective sheet.

11. Provide student with information, assignment, and job sheets.
.

HI. Make transparencies. ,

V. Discuss unit and speCific objectives. .
'..ri

r

V. Discuss information and assignment she4ts.

. *

ACR IV - 145

- VI. Discuss and demonstrate the procedures outlined in the job sheets.

VII. Invite a homeowner with a heat 'Amp system to talk. to the class- concerning
initialcosts, operationpl costs, and benefits o problems 6xperienced with the
system.

3. ..,
. 4*

. 1

VIII. Demonstrate to The class how a heat pump system can be used to preheat domes-
tic hot water.

IX. Invite a local or area contractor who stalls soIarAevices to talk to the class con- -
cerning supplementary solar applications for heatI5Umps.

X. Invite a manufacturer's representative to talk to the class oxicerning improve-
wients in heat pump design and performance in the past few years.

. .

X 1. Discuss and demonstrate to. the class the various methods used to accomplish
the defrost cycle in a teat pump, and prepare a wiring diagram to show typical
defrost cycle circuit.

XII. 4 Give test.

INSTRUCTIONAL MATERIALS
e

I. Included in this unit:
a

A. Objective sheet .

B. In forrnation sheet

C. Transparency masters I

1 . TM 1--components of a Heat Pump

2. TM 2Components of.a 4-Way Reversing Valve
..,

3. TM 3--Operation of 'a-It:Way Reversing Valve~

.t
I

,

Iw

1

;a

*

*

'4
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4 4. TM 4--Heat Pump in Defrost Mode

5. TM 5-Components of a Heat Pump Indoor Section

6. TM 6-Supplemental Electric Heater and Typical Installation

.0. Assignment sheeti

1. Assignment Sheet .#1--Trace Operational Circuits for a Heat Put;p
in the Cooling Mode .

2. Assignment Sheet #2--Trace Operational Circuits for First Stage Heat-
ing in a Heat Pump,

3. Assignment' Sheet #3-Trace Operational Circuits for a 'Heat Pump'
in the Defrost Mode

4. Assignment Sheet #4,Trace Operational Circuits for Second Stage
Supplementary Heat in a I-feat Pump

Answers to assignment. sheets

Job sheets

1. Job Sheet #1Wire a Control System for t Heat Pump

Jbb Sheet #2-Troubleshoot a Heat F;ump Indoor Section in the 6Ool,
mg Mode

3. Job Sheet #3--Perform Maintenance on an llidoor Section of a, Heat
europ in the'Cooling Mode

4. Job Sheet #4-Troubleshoot a Heat Pump on a "No Cooling", Com-
plaint, I. ,

5. .Job Sheet #5-Troubleshoof a Heat Pump Outdoor Section on an
"In, sufficient Cooling" Complaint.

6. Job Sheet #6-Perform Maintenance on an Outdoor Section of a Heat
Pump in the Cooling Mode .

. 7. Jop Sheet #7-Tr9ubleshoot Supplemental Heat on a Heat Pump

8. , Job Sheet #8.-Perform Maintenance on Heat Pump Supplemental Heat-
ing

9. Job Sheet #9-Troubleshoot a Heat Pump on a "No Heat" Complaint
When Compressor Will pot Run

10. Job Sheet 410-Troubleshoot a Heat Pump on a "No Heat" Compat
When Compressor Runs but Cycles on Comprevor Qverload

'11. Job Sheet #11-Troubleshoot a Heat Pump on an "Insufficient Heat"
Complaint When Compressor Will Run

G. Test

H. Answers to test
44.

1 "
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A. Heat PumpDesign, rvice, Ai Application. Dallas, TX 75240: E.duca-
don Department, Lerifox Industries, Inc., 1979.

Harris, Norman ., and Conde, David FModern Air Conditioning Prac-
tice, Seond Edition. New York: McGrawHill Book Company, 1974.

0-

C. Althousg, Andrew D. and 'Carl H. Turmiyist and Allred P. Brccino,
Modern Refrigeration and Air Conditioning. South' Holland, IL: The.
Goodheart-Willcox Company, Inc., 1975.
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HEAT PUMP SYSTEMS
. UNIT IV

, INFORMATION SHEET

I. Terms and definitions
0:6

A. Heat pump-Basically a refrigerated air conditioning system with two re-
frigerant coils and a valve to reverse the flow of refrigerant

B. Reversing valve--A heat pump control valve used to switch from heating
mode to sQoling mode by reversing the compressor connections to the
inside and 5utside coils

C. Suction line-Refrigerant line that directs low pressure vapor from the
evaporator coil to the compressor

D. Heat exranger-A device used to transfer heat

E. ' Heat sink-A'relatively cool substance that can readily absorb heat

F. Ground coil--A heat exchanger which is buried in the ground arn Zinc-
dons as either a condenser or.evaporator

4,

G. Geothermak well-A heat exchanger which utilizes well, pond, or lake water
as either a conrser oi evaporator

II. CoMponecits of heat pump (Transparency 1)

A. Indoor and tdoor refrigerant coils

B. Compressor

C. Indoor and outdoor metering devices

D. Indoor and outdoor check valves

E. 4-way reversing valve

,F. Piston

G. Piston bleed ports

H. Crankcase heater

Accumulator

J. Indoor arid outdoor blowers

K. Solenoid

A

A

fr
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INFORMATION SHEET'

, III. Components of a 4-way reversing valve (Transparency 2)

1

,

A.

B.

C.

D.

Connection to discharge line of compressor

Connection to suction line of compressor

Connection to outside coil

Connection to inside coil
.

E. Piston
4 .

F. Solenoid and activating device

G. Piston bleed ports

IV. Operation of a 4-way'reversing valve (Transparency 3)
,

i

A. Heating mode
_

Solenoid ismnergized
_

2. Piston moves into heating position

)

,

,

3. Suctibn line of the compressor js connected to the outside Oil making
it an evaporator

.
4. Discharie line of compressor is connected to the insidd cojl making it a

condenser .

. .

B. Cooling modeI
.c

1. Solenoi4 is de-energizea

2. Piston returns to cooling position
,

4 3. Suction line of the cOmpressor is connected to thesinside coil making it
an evaPQrator

4. Discharge line of the compressor _is connected to the outside coil
*making it a condenser

V. Operation of a heat pump in the defrost mode (Transparency 4)

IL

A. The defrost cycle
"controls, or preset

-

(NOTE: Methods
and some system
sure.)

e

is iti.ated by Rreseftime controls, preset temperature
co trols to measure pressure drop across the outside coil

initiatirig the d ost cycle vary with manufacturer,
"may use combinatioir, of time, temperature, and pres

IP
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The reversing valve reverses the heat pump 'from the heating to the cooling
cycle on a preset schedule

Hot gas- from thairmpressor disctiarge line is directed to tfle outside coil

D. Frosi accumulation on the outsidcoil is removed

E. The.outside blower is shut Off -tO reduce cold airflow and assist.the melting
process

Supplementary heat systems are energized

G. After frost has been removed from the outside coil, the cycle is reversed

H. The defrost cycle is terminated by preset time controls, preset temperature
controls, or preset controls to measure pressure rise across the outside coil

.4

(NOTE: Methods of terminating the defrost cycle vary with manufacturer,
and some systems may use combinations of time, temperature, and pre-
sure.)

VI. Components of $hqat pump indoor section (Transparency 5)
,

A. Cabinef

B. Filter and cold air inlet

C. Heating elemepts of nichromewtre oqubular cased wire

D. Blower assembly

E. . 'Blower and limit control switches

F. Heat exchange chamber and warm air outlet

G. Indoor coil

H. Supplementary hat.controls and sequencing relays

.

4 fi
A ol44-
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Vs/FORMAfION SHEE'T

VII. Characteristics, advantages, and disadvantages of heat pump systems

4

I!

Type.of System
. .

Air to Air Air to Water

Characteristics Uses atmdsphere tp cool
condenser or to absorb-
heat from evaporator

,
Requires a blower to pro
vide air movement across
outdoor coil

i qtis the ground or a Oily
1; of _water to provide cool-

ing or heat absorption
46

Can use a geothermal well .

Rewires no blower for out-
door coil '

Advantages

. 1

Efficiept in milder
climates

.. #
, .,

. -

- .

. .
4-

High efficiency because
ground or water acts aya. Heat

, exchanger
.

.
Can use recirculated,water. for
cooling and solar collectors for
additional heat

. . .
Can be usedto prtilteat hot
water .

Disadvantages
..

,.

. 4

. Capacity and performance
lowers as temperaturee
drops ,

, .

Less efficient in cold
climates

,
Requires suPplemental
heating .

,
Requires suppleenental heaiing

.
. \ .

'
.

.. .
. v. 9 -

VIII. Diffe,ences between components of indoor sectioni of heat kimps and lbw'side
sections of pir conditioners

V

7
Component Heat Pump Ais Conditioner

Blower Sectibh Driven by. a 230-V motor Driven4y a 115-V motor

M tering Device
' A

Always has a check-valve .
and a bypass arrangement

as no ehgpk valve or bypass ,.,
,

Thermostat--

.-

Controls*one stage of cool-
ing and twcTages of heat-
ing, and rilay contain a manu-
ally operated emergency heat
switch'

Controls one -stage of cooling
and one ktage of heating

. lt
.

Transformer

...

Located in outdoor section
instead of in air handler
and is 230 volts

Located in the furnace and is
115 volts. 40 .

,

.
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IX.. Common component failures of heat Pumps in the cooling niode .!

(NOTE: All cdmmon failures of air conditioners alsotapply, to heaf pumps.)

A. Transformer

1. BlOwn fuse

2. Burned out windings

B. Reversing valve-

1, Leaking valves

2. Stuck piston

(NOTE: A stuck piston canbe detected by feeling the temperature
of the tubing stubs and pilot valve tubes.)

3. Burned out solenol

X. .3en9al rules for installation of supplement heating strips
(Transparency 6)

A. Heating strip, should never be installed rom the bottom or top of the duct

B. Heating strips should always be installed n the discharge side of any. air
handling equipment

C. ,tontrols for strip heaters must be readily accessablNe

X I. Special precalltions for replacing ieversing valves

A. Nevbr,expose a reversing valve to excessive heat

(NOTE: Wrapping a valve with a wet Cloth can help moderate heat when,
brazing lines in the system.)

B. Keep the inside tubes of the valve and tile system free oral! foreign material

(NOTE: Flux, dirt, or even Moisture can impair operation of a revers-
ing valve and contribute to premature failure.)

C. Never strike.a reversing valve with a hammer or any tciol that could dent or
bend any qrt of the valVe

b. Install a reversing valve in a locatioo on the refrigerant line that will help
keep vibration from the cbmpressor at a minimum

151
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XII. Two gajor rules for good..hekit pump operation

A

7

A, Fifters,-grilles, and coils must be kept clean to assure aCI4quate air circulation

13, The refrigerant charge for the system should always be at the proper
pressures

1.6

v

,

549
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Components of a Heat Pump

*

1

Accumulator

Crankcase Freater

< i

I.

'N....

t

. Indoor Metering pevice
4Way Reversing Valve

Outdoor Metering Devicp.... Outdoor- BlOwer

)

\

. Indodr Blower

-I

! 153

Indoor Check Valve

Indoor Refrigerant Coil

..

..

4

1---1(-71

'Outdoor Check Valve
- ;

Outdoor Refrigerant Coil .

...

4

4

1
V

s

..

_a

:

*-
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1

onents of a 4-Way Reversing Valve

Connection to Discharge Line of Compressor

Pis Yin Bleed Ports

4137

zr,

41140

,

o

Solenoid and Activating ,

Device

ffiln},"

tml)li YA)."0/// /Z

.1/4t

.-74-

Piston .#IMI"Mff.~#14'0WMAFA!

Cdnnection to Inside Coil'.
4 ,

JAY ArArrKr/FLIZIF/Ar./44FAKOKffff7J4/AvAr

-1'

Connection to
Suction Line . .

of Compressor

Connection to. Outside Coil i
156
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Operation of a 4-Way Reversing Valve
I.

At

'

High Pressure
IMF-a -11F-C11-

Suction

Cooling Mode

High Pressure

24V Solenoid 1.r1.

Suction

Heating Mode

(Courtoy of Lennox Industries Inc.,baas; Texas)

157 TM 3



Heat Pump in Defrost Mode

Thermostat Calls For Heating-

;_enlemett,_,

6

Ice, IsVelteil- Off-Coil.

- (Courtesy of Lennox Industries Inc., Dallas:Texas)

4

J.7



Componepts ora Heat Pump Indoor Section

Filter and
Cold Air Inlet

Indoor Coil
4

Cabinet

Blower and Limit Control.-SWitc,hes

BloWer Assembly

Heating Elements
of Nichrome Wire
'or Tubular
6sed Wire

Heat Exchange Chamber .

Supplementary Heat
and War9ti Air Outlet

Contrcils and
Sequencing Relay.

(Courtesy of Lennox Industries Inc., Dallas, Texas)
131 Tc4,

El)
(.4.1

-



SuppthmeiiaI Electiic Heater

end Typical Installation

. ,

(Courtesy of Lennox Industries Inc., Dallas, Texas)



ASSIGNMENT SHEET #1--TRACE OPERATIONAL CIRCUITS
FOR A HEAT PUMP IN THE COOLING MODE

e
cAN

SELECTOrt .pro

)s-rAr.

sc ***** c c 5) z;11)2.74 iyo zi.LL

'NC: 0
LECT RIC Hem A CCESAO R Y

WIRING COMPLIES WI TH
NATIONAL ELECTRIC cODE

iihl_liEGEND
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RELAY IR
RELAY 2R
RELAY R I
RELAY 3R 2
RELAY 3R 3
RELAY 4R t
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RELAY IOR
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...RELAY 12R

2PNO Comp' & 0 0 Fan Motor
SPNO Como( MotOrStarter
SPNO I 0 Fan Motor
SPNO Detrost Initiation
SPNO Defrost Holding
SPNO Defrost-Indoor Ault Heat
SPNO 1sf Stage t*eit- R V $ei
SPNO 1st Stage HAI-Como!
SPND 2od Stage Heat
SPNO 3/4 Stage Heat l Time Delay)
SPHO 4th Stage Heat (Tome Delay1

RE 5..sistor
T

RC
SC
04

r1.1

TC
7H
TB
007
R V_

Transformer
Running Caoacaor
Starting °Omer
Heater 14KW)
Fuse
Thermostat-Cooling
Thermostat- Heating
Terminal Block ......

Thermostat-Outdoor
RV Reversing Valve Solenoid

HP
715
DTS
a0

High Pressure Cutout
Thermal Limit Switch
Defrott Termoanon
ittnunal BlockROOM Therm,
Terminal Eloek-Unit
Terminal Block-Duet Heater
Identitied Terminal on

Running CIpaeolot
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HEAT PUMP SYSTEMS

UNIT IV

iCR, IV - 169

a.. , ASSIGNMENTSAKT #2-TRACE OPERATIONAL. CIRCUITS. 4
" 4 FOR FrRST STAGE HEATING IN A HeNT PUMP

0

It
tt
14

Is

IS

IS

20

24

22

23

24
23j

a.
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er.
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NATIONAL ELECTRIC 6:113E

LEGEND

RES

RC
SC
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TC
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TB'
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flesistor
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Fuse.
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HEAT PUMP SYSTEMS
UNIT IV. *:

ACR IV - 171

ASSIdNME-NT SHEET #3-TRACE OPERATIONAL CIRCUITS
t FOR A HEAT PUMP IN THE DEFROST MODE

(NOTE Be sure to consider what happens with the outdoor fan and reversing valve.)

/ 'a 0 01.L2

:1

.

0 S711)

4'

a 0"10

$s

IS

IS

17

Is

LT1

C 014171t

.140 SRC
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LEGEND

6

ELECTRIC HEAT 4CCESSORY
WI RING COMPLIES' WITH

NATIONAL ELECTRIC CODE
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RELAY IR
RELAY 2R
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RELAY 3
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RELAY. 4R
RELAY" 1
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2PNO Compr 0-D Fan Motor
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(Time Cleia

OeIavPj_Tiwris

,Ns s

'49 ,

'N.

7

Res Resistor
Tianstormer '

RC Runnune Caoacotor
SC Starting Comor
H Heger 141(W1

-7Ns
F LI Fuse
TC Thermostat-Cowing
T,I4 "Thermostat- Heatng

Terminal Block
T Thermostat-Outdoor

R ReversIng Valve Solon Solenoid

(Or

Hsgh Pressure ;snout
Them* Omit 5+,4140
Delrost Termlnation
Termunai Block-Room Therm-
Serrnosa18$00,
Tetentnas Wock -Duct Heater
Identified Terrrnnat on
Running Capac.tor

1
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HEAT PUMP SYSTEMS.
UN IT IV

ACR IV - 173

ASSIGNMENT SHEET #4--TRACE OPERATIONAL CI RCUTS FOR
SECOND STAGE SIAPLEMENTARY HEAT IN A HEAT PUMP

3

4
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ELECTRIC HEAT ACCESSORY
I WIRING COMPLIAS WITH

NATIONAL ELECTRIC CODE
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HEAT PU4sOPSYSTEMS4.
.UNIT IV

i4
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.. .Ai HEAT PUMP SYSTEMS 7W UNIT. IV
..
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*

JOB SHEET #1--WIRE A CONTROL SYSTEM FOR A HEAT PUMP

O ..i.
, .

a

I. Tools and equipment
.

A
Olp

. Service technician's ,lool pouch r
B. 0ltmeter-0hmmeter4

.
J z

C. eat pump trainer or system selected by instructor:-.
a),

1NOTE: System shauld have wiring diagram recommended by manufacturer;
' . diagram in Figure 1 is kncluded tor gegeral reference.)

4

rt. procedure . a
.

a .
A. Check power source .-

n

4 .
B. Apply power to system

t I.
%.

..

r

.0

r

...

ao

a

6. - Turn power off ;

. ,
D. Wire necessary circuits to energize indoor fan motor

. . .
E. Turn power on

J

nt-
F. OiSerate indoor fan motor .

a
4

.

G. Have instructor verify.oferatian:
,

H. Turn power off
.. 4

I . Wire Recessary circultslo operate cooling

J. Turn poweron .!

K. Operath Syster'n for cooling

L. Have instructor verily operation,

M. Turn power off..

I.. .
v.

.

.e

ir

N. Wire necessary circuits for first stage heat (reverse.cycle heating)
. . ,

0. Turn povier,on

P. Operate system for firsi stage heating

Q. Have instructor verify operatioA '

..

171r * , -

i

i

. .-
,
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JOB SHEET #1
-.

)

. I
,

R. Turn power off

S. Wire necessary circuits for second stage supplemental heat

. T. Turn power on .

U. Operate system for second stage *suPpleMental heat

0 .
V. Have instructor verify operation

. ,
W Turn power off

X. Wire necessary circuits tor (Jett ost
,

Y. Turn power on

Z Operate system for defrost

AA. Hive instruCtor verify operation

BB. Turn 'Sower off

cc. Clean area and return tools
,

411P

!..
.e.

,

,

i

0

,

R'--- .

A*

o

e

'
....

.

4

A
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,
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ACR IV - 183:

H EAT PU MP SYSTEMS
'UNIT IV

JOB SHEET #2--TROL/BLESHOOT A HEAT PUMP INDOOR
SECTION IN THE COOLING MODE a.

s and equipment

A. Screwdriver's

B. Nut drivers

C. Volt-ohmmeter

D(... Scratch awl°

E. Thermometer

F. Pencil and note.pad

G. - Duct taPe

II.. Procedure

4

A. Disconnect po;kee from air h4andler and check with voltmeter

8.* Follow procedure for troubleshooting. blower section .
4.

C. Disconnect fan relay .

D. Measure resistance of fan relay coil and record whether OK
Open Shorted

.

E. Disconnect secondary lead* of transformer

F. Measure resistance 61.secondiry windings of transformeflind record whether
OK Open Shone&

G. Disconnect primary windings of transfOrmer
.

H. Measure resistance of primary windings of transformer and.recOrd whether
OK Open Shorted

Measure resistance of each leg of trinsformer to ground and record whether
'OK Grounded ç

1. Question: Have all electkal components of the tit handler fan circuit
been tested?

.41

, 2. Has coil surface been checked and cleaned if needed?

. 3, Is this equipment safe to energize?.,,.,
. 0 J. Reconnect fan relay and transformer

4
, e .

"f ..
. 174 ... ,.,. . 4
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t
JOB SHEET #2

41.

. K. Energize air handler -power cireuit .
I \

,

%

L. Energize fan circuit at- thermoaa't subbase and note blower operation
. OK

e
M. Set therinostat to "cool" and adjust to colder setting than room temp.

. erature

N. Drive scratch awl itto return plenum and measure return air temperature
,:.and record ../

0. Drive scratch awl into supPly plenunt nd measure supply temperature
and record

P. Calculate temperatke amp across codling cod and record
a temperature drop of 12° 16° is regarded as OK after 15 minutqs
operation

...,
..

(CAUTION: Be certain that scratch awl is not driven into cooling coil
:or , electric heat strip sqction; inexperiencéd service people frequently do
this.)

Q. Cover plenum holes with duct tape

R. Check fmdings with instructor

,

N

£
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tt

e 7
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V`

111111

o

..
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HEAT PUMP SYSTEMS
UNIT IV

1

1.

)

.

.

L... JOB SI-41 #3--PE R FORM MAINTENANCE ON AN INDOOR
iE N OF A HEAT PUMP IN THE t OOLING MODE

,

I. Tools and equiroient - ,

A. Screwdrivers

B. Nutdrivers . .

C. Gloves and shop rag

D. Scratch awl

0 E. Thermometer .

. F. Perkil and note pad

II. Procedare .

r()
A. Follow procedure for maint call on blower sections

1

1

../

ACR IV 188 dr

c

.,
B. Set indoor thermostat to 4coor and adjust setting to cooler than room

temperature

. ) C. Allow condensing unit to stabilize refrigerant pressures, then disconnect
condensate drain and blow out slime with pressure through olck;harging-hose
wrapped in a shop rag

z

%

,

D. Reconnect condensate drain - %.
......

(NOTE; Installers usually,cement all in a new condensate drain line.
The serviceman usually cuts the line with a hacksaw and after servicing
reconnects the line with a coupling and friction tap

.

E. Feel suction line leaving evaporator

, F.

L.

(NOTE: Suctionline should be cold but not freezing.)

Wait for 15 minutes of continuous compressor operation then take tern-
*perature drop across under coil and record

G*. Note any conditions which Might affect air conditioner performance inside
the structure , ii

1
.

10 1, Abnormal indoor temperature

2.. urniture jlacement and thiperies over supplies and returns*I
3. mProper design of supply regters

.0

. 4. Thermostat over lamp or other heat source
-

4
. 44

-\ 1:1"1)

t

4P

k,
,

I

0

14.
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JOB SI-IET

a

H. Reset thermostat to room temperature and note temperature difference
between switching temperature and room temperature . 6

(NOTE; Thermostats with mercury switclles are sensitivt to vibration;
they must be checkkad, *led, and secured.)

I. Check findings with instructor'

,

a

4

1"I

a
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HEAT OUMP SYSTEMS
UNIT IV

4
JOB SHEET- #4TROUBLESHOOT A HEAT PUMP ON

A "NO COOLING" COMPLAINT
1.,

, 1. Tools and equipment

A. Screwdrivers

B. Nut drivers

C. Ammeter.volimeterohmmeter

D. Gauge manifold

E. Gloves

II._ Procedure S.
...am..

A. et thermostivfan switch to "on"

B. Note blower response; if it fails tO Start, continue

--%.
G. heck fuse lio furnace; if it is OKcontinue

O. hecIcpatput of transformer for 24 volts; if it is OK,conti nue i *,
. . .

E. CheckfOr line voliage at ilfow8 Motor
.

. 2
k..._ ,

. (NOTE: If voltage is no% Present, then the fan relay is bad; if iiolt.a
present, the blower motor is bad.) ' .

: . . ' 4
. -

F. Check ihdOor blower section to make sure coil an.; ,filter are clean so tke
seoiion_ will operate normally. ,

4 e . i. I-
. .

_
.. . ,

,
G. Energize blower section for normal operation ,

.

H. Check condenser fan; if it is not operating, continue -.
e.

-11 I
I. Remove control box cover

41,0,

ii

'AO:11V - 1-87

so.

4

1

...., A...
J., Note position gf contactor carriage

S. ,1
A PI

i (NOT\E: Some contaCtor Carriages arecovere with a plastic .plite v;shivh ...-
must b'e removed: oihers are moUnted in suc 'a way that inspection will

. ,
..

_not feveal whether points are operi or closed.) . ,

K. Close cOntactor points if they are no osed; do this by morne,ntanly ores-

,, I 0 I,\ "--.7'si to . .*

. sing tfie carriage into a tlOsed ettio ith an insulated screwdriVer , .

< .. .
. . , .,. .

, .1.

1
I

.

J. 173 4.
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4
JOB SHEET #4

L Note fan and compressor response; if fan and compressor start, continue
,

M. .1..00k for
.

-a broken wore in the' low voltage .2-wire cahle leading to the con-
tactorjv

,

(NOTE: Dogs will sometimes chew this cable in two; laWn trimmers can
ajso cut it.)

4e.
N. Determine`if and .coM pressor will not run when contactor is closed; /:

if they don't run, continue

0. Check for line voltage and contactor jerminals; if there is no,line voltage,
continue

(NOTE: If contactor operation can't be determirted by inspection, dis-
connect or cut a low voltage control wire to the contactor; whPttke con-
nection is made and broken by hand, it will cause loud click.),

P. Check fuse to condenser circuit; if line voltage is present, continue

Q. Look for,a tripped safety device (usually a high'pressure cut out)

-
A. Pleset safety device

0,
'S. Note compressor and fan olleration; if rio safety device is present, continue

T. Feel the compressor; if it is hot and not running, this indicates a eomdtessor
internal overload

arOTE: Do not- confuse a hot compressor with theheat of a normally
perating crankcase heater; When a compressor is to.o hot to hold a band on

it for a few seconds, it is hot)
- . .

U. Check condenser fan, it it does,not fun while contactbr is closed, Continue

./ V. Check condenser fan'rnotor; int is OK, ihntmue 1

.(NOTE: Sometimes condenser tile motors will run a long'tithe tiekire they.
heat up and quit. A bed cimdenser fan mofor that has, hab )time to cool
off may fool a service technician by running beautifully- When it is first
energized.) /

- W. Look for 'cause-i high head preisure once it has been established that
conipresscir -is out dn internal overload and high pressure cutout has peen
-tripped

..,
. .

1'
. .

(NOTE! Leaves, grass clippings, clothes dryer lintAtc.,'can stop a condenser -
coil and cause high head pressurel.a newspaper or other Astructioo to aic
flow can also cause it.) , -

,

I.
. ,

Jo

11%
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. *JOB SHEET #4

ACR iV - 189

X. . Establish that there is no appSrent reason, for high bead pressure, high
pressure cut out has been tripped, nd fan an_d compressor both run when -
reset, and continue

. . .

Y. Follow procedure forchecking the cut oUt F5prof the high pressuee cut ouf,
and contpnue ,

I (NOTE: Install gauge mantifold, start equipment and note pressures; block
air flow through condenser coil with newspaper until cut out tFips and note
cut Out pressure, this should be approximately 400 psi; some cut quts are
adjustable, but many are not.) .

Z. Follow procedure for check out of hard start kit, capacitor, and motor
winchngs if conipressor fails to run when line voltage is applied

. .
A. Replace cOntrol box cover and panel and all screws

.. . .

B. Clean up tools.and area and put tools away

*

)4

1

t

4

4

D il

-

s

t
\
,
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HEAT PUMP SYSTEMS"
UNIT IV

le"

JOB-SHEET #5--TROUBLESHOOT A HEAT PUMP OUTDOOR SECTION
ON AN "INSUFFICIENT COOLING" COMPLAINT

ACR iy - j91

I. ,Tools and equipment

A. Screwdrivers

B. Nut drivers

C. Ammeter-voltmeterohmmeter

D. Gauge manifold

E. Glous

4 II*. Procedure

A. Follow procedures for checking an air conditioner condenser section
4

B. Operate indoor tection normally, and with outdoor fan and compressor
running, install gauge manifold

. .

(CAUTION: Damage to the compound gauge can result if it is installed
on the vapor li.ne of a heat pump. Suction pressure is measured at a gau0
port on the suction line near the compressor inside the ouidoor cabinet.) .

,C. Use manufacturer's charging table to,check operating pressures; If it is
avaitable

"
(NOTE: There is an unfortUnate lack.of information .from many manufac-.
sturer's rerding their heat pumps. Many hiat Ournps have been instal .
led which have no charging tables altailable. Heat pumps whiCh have no
sucpon line accumulator usually specify blowing the entire refrigerant charge
and measuring in a newscharge based on laboratory conditions which seldom
exist in Ihefield.. In the absence of charging tables, use a rule of thumb.
Charge to a ,liquid line pressure equivalent to 30° above ambient temperature
and a suction pressure equivalent to a temperature above freezing.)

D. Follow procedures for checking leskind valves in reversing valve and check
v_Ilve in liquid ITO if pressures will not conform to charging tables Or rulei of
thumb -

. ,,.. ..
(NOTE. One of the greatest problems with heat pumps has been- liquid

, flood back to the compressor wkh resulting compressor motor bur
or destroyed valves. Bad compressor yelps cannot be accurate! deter-
mined unlais the revessing waive is disconnected frOm thecom restor.
The touch test on the reversing valve does, not indicate the conditi of the
compressor valves.) .
-, . .

-at- 4.

. ' 4 . e

1
41P ,..,.. P
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1
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JOB'SHEET #5

1

".
E. Replace compressor if compressor,yalyes are leaking

(NOTE: The home owner will frouently decl4re that the heat pump heated
satisfactorily all winter and express dispteasure at Ale- cost of replacing the

,compressor, Many home owners are unaware that th e. strip heat sppplied
most, if not all, of the heat during the winter after the compressor failed.).

I.

F. Clean up tools and area and put tqols away
,

4.

ts.

411

t.

.11
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-
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'
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. ...

JOB SHEET #6--PER FORM MAINTENANCE ON AN OUTOOOR SECTION
, - OF"A HEJ)..T.PUMP IN-THE COOLING MODE,

.
.,

I.-' Tools and equipment

A. 1, wdriversScre A
, ..

"B. Nut drivers

k

i
, t

. C.. A4mmetervoltmeterohmmeter. ,

I D. oauge rrnifold

E. Gloves.,.

I I PrOcedure
v

'A. FoHow proceduie for periodic 'maintenance call on indoor'section. .

B. Remove p;nel and contro*I'box cover from condensing unit'e

I.,

o

..a

I.

\
I

. i 4

,.

g C. Measure amperage of condriser fan
.
and compare with fan motor spedi-

,
a. ficafions on nameplate

. I

'110
o. D. , M easu jrnperage of contiressor and_ compare with compressor motor

specifications on ngrneplate *,
.

. E. Kill wer to unit, gain access to motor, and oil a ordirig to manufacturer's
. ,

.., . .

instr dtions; if coridens'er fan is mounted horizontally check to see if it can,
. . s be o ed .

4

t

,
..

I e
.... -

...

..5 .

11

.>
1

\
,

..

(NOTE: Many condenser fin motors are modnted vertically and cannot be
lubricated; even many horizontal ones cannot be lubricated.) !

,
. 1111 .

F. Touch cr,ankcite heater to determine condition .1''',\
G. Inspect condenser cod and clean with did cleaner if dirtV'. . . .,.

H. Insp t terminals on capacitors, contactor, an'd compressor for corrosion and
bur 'ng . .

-./, ra,
4

q.

I.

I. Check cut.out presèure of high presstre cut out If present
. .

..I.---C-4ck operation of lock-out relay if present. 'f. i . - . -._. .
K. C6nnec1/2gauge manifold and deteirniFie operating' prespres. If suction

. Aressure corresponds to below freezing evaporator temperature, add refrig;
' erant

#

1

{ A

VI 4

(NOTE :'Heat pumps use R-22 refrigerant. Nevertheless, there are several
manufacturers ohichiuse other refrigerants. Be positive .which refrigerant is
used- before adding any. Refriderant data is usually on tile nameplate.)

11

of

't

I

o ..
'

41 t
.
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JOB -SHEET #6

a .

L Check head pressure t ..
..

.t , : "
(NOTE: With suction pr6se at proper level, the head preisure sboukl
be approximately 300 above pmbient tempeattle. New pi efficiency
units have head pressures 21;1° above ambie.N; however, variable

,

;

r

% 410

ed and
muitispeed" condenser fails will coreute these readinOnless the fa t.

is bypassed and set on highspeed doripg the maintenance call.)
. 14. M. Shut down condensirrg uriit indsnote speed at which suction pressure fnd

head pressure equalize whit feeling temperature of suction lioe ;

el S. .' . 0 i . . f .

4NOTE: A warm suction line immediately after shut down indicates leakirig;
valves. Too slow equahzation of piolon pressure indicates insulfic/ent sizkor.

c

kinkun liquid line.)

N. Make touch test bf reversing valve and note results

..

ey . .-. ,

_

0. Replace.control box'cover, prel, and all screws

4

00

I

I

..

P.

.

I
v

Clean ue) tools and area and put tbols way
,

A'4 .

. , t,

,e"

I
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11, 04.
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I
HeAT PUMP VSTENIS

UNIT IV" 1

JOB SHEET-#7--TROUBLESHOOT SUPLeMEN AL HEAT ON A FIEAT PUMP

- ..

.1. Tools and equipment 4t/ . 1/ .
-,

.

i A. Service technician's tool pouch

t

,11
so,

14p.

B. Ohmmeter, voltmeter t .

II. Procedure

R.

A. Oisonnect power source

B. Remove oer o f control box

C. . Check for voltage at power lug's

D. Check for cominuity and grounded heating elemenls

1.. Set volt-ohmmeter to measure resistance

2. Remove power wir 'es from elernqnt3.-6 :.. . i
3. Measure resistanée of he'iting elements and recor.d"

is

4. #1 ohms #2 ohms ohms_____
' :*.

er

:'

4

;

5. Recomrct'power Wires to efements
. ,

44 . . , e
6. Question: WI* rou1c1 elements read if open? What would elements

.. read I f shorted?' .,
.,

a,
. A

.*

7. Are any 'etements grounded 7

v.
E. Check contactor and sequencers for continuity

4

.

4
1. Set volt-ohmmeter to measure reiistance 1.

2. Disconnect low yqltalge wires, from contacto,and/or. sequencer #1

3. Measure resistance of contactor cod and recOrd .

t, .

,t 4. Measure retistance of sequencer heater and recqrd

5. Measure i.eiistance of any othei sequerieer heaters and record

:4R:2econn'ect plch:svolt -age :4-re3s.to:cont'a7t:6. an.d.,sequenck

tr.1
R

4eN

.
I.

DI
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1/4

0

4

I.
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. JOB SHEET #7

7: Question: What would be theliesistanceofN.
.

.;
a. An open coil circuit? ohms

.. b. A burned out coil? ._ohms .

i 8. -auesiion: What would be the kesistance of

a. n open heater circuit in a sequencer? ohms

. - \ b. 4 A sh i-ted heater circuit? ohms

.,

e

li

\ .

I

,

.,

. - 4
4,

e

F. Chkk continuity nd grounding of blower power circuit

-
,

G. Check continwtyj6f fan relay coil circuit .

1. Set volt-ohmmeter to measure resistance
, k ,

.0
2. Disconnect control wires from fan relay

,

* *

t

,

1 Measure resistance Of fan relay coil-and rikord ohms
. k

4. Reconnect control wires tiiianciay
a

H. Check resistance of.primary and secondary windings of low ioltage trans.*
form

. . ,
enolkohm' meter tb measure resistance .

4

Diseonnect seccindary leads from transformeri _ .

3. Measure resistance Of secondary windings of transformer and record
ohrie.

4. ,Disconnut primary leads from transformer
..

5.. MeaSure resistance of primery windin s of
ohms .-i .,

6. Measure resistance from each, leg of primary winding to ground and .
resord 1.1 to ground ohms; L2 toground

.
ohms v

.

7. Reconnect secondary and primary leads of transformer
. . . . -4/0. ...... ,

..". u
8. Question: Is secondary wInding of the transformer shorted'. i

.... Open.? ,. 1 - % ' .. .

transformer and record

a.

1

*

..

. 1 .

I
41 , . 4

9. Questian: Have all the circuit in the heating elements been
checked? '' - ..

. 4!. ,

10. Are the Icing elements safe'to energlie?
-

e

-

Ca

a

,0111.

,



I. peplace control box cpver

- J. Reconnect power source
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HEAT PUMP SYSTEMS,
* UNIT IV.

.
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JOB SHEET #13-URFORM MAINTENAI;10E QN HEAT PUMP
' SUPPLEMENTAL HEATING,

Yools and equipment.
air

A. Service technician's tooi pouch
,

Pk.
'r B. Thermometer and scratch awl

.

et C. Shop rag

D. Ammetervoltmeter

II. Frocedure

A. Openornain Rowel' switch
, 1

C. Service blower section

, Evergize heater strips and xecord fan metrir ar.6perage draw

$

1.

k
Remove ccoirol box cover

4

-
E.. , Oe energize strips and snap amMeter. fiver wiee power lug to main power

soufce

. itF. Set thermosta o eat" and energize sitd-stage ther tmostat

, *
G Energize ottpor.therhlostatt :... -

. 0e .
H. Re-energize strioi and record am p. draw of" heaters as seqirenters close,

heater circuits 4 .
4. .

e . t 4, , )
Mower motor alld heater #1A

1
t

.1- f . t'

t

a '

. Alps i -

. e

....
4 :

..z2 - . - .
...

4.4.3

=4 1

.4.

I. Compare full load arnOs with strip heater nameplate rating

J. - Determinejf all of the elements are pulling.the proper amperage. .
-. .

K. Oisive scratch awl into re,turn air plenum, iiniert thermor:neter, and record
return air .temperature* -_,

0

I6.
a

0'
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N-rm.

..
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. .c.

. JOB SHE'ET '46

eV

A 1

V

t...

r

Select.a place in the sup`ply tru4 which is out,of the "line Orsidhi" of the
electric heater elements and dnve scratch awl intO supply trunk. Record
supply air_ttmperature .. v .

T

Repprd *mperatuie riseIirough furnace
, i

,- ...

N. Remove tfiermorneter plug holes

0., De-energize outdoor thermOsta, .

P. De-energize suppiementarheat at disconnect
- k

Q. Replace control box cover0 . _
.

- R. Reenergize supplemental heat - iv

--"-........ S. Reset thetakstat to prbper. setting .

T. Ctean area and Put tools awdy -

v

.f

44

...

..

\

0

/
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v

,
t

4

I
0

f
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HEAT PUMP SYSTEMS
UNIT IV

JOu SHtET #9-:T ROUBIIESHOOT. A HEAT PUMP ON A "NO HEAT"
COMPLA INT W EN COMPRESSOR WILL NOT RUN

I. Tools anti equipment

1
Service technician's tool pouch

B. Volt-ohm:ammeter

U. Procedure

A. Disconnect power'supply

-SeevoiNhmrneter to meastire resift-Rice'

C. Check contactor; if it is open,.continue

N

1. Check for malfunction at low voltage transformer

2. Check for malfunction in remote control center

3. Check to see if contactor. coit is open or shorted

4, Check time delay devices for malfunction

5. Ceck for an open pressure switch iii the liquid #rie

6.. 'Check ontrol circuitio see if it is open 11/4

' 7., Check charge in system, and record high pressure readfng
and low pressure reading

D. Reconnecrpower supply and energize system

E. Check con.tactor; if it is closed, conilnue

1. Checks for open power supply to compressor

\ ' 2. Measure and record smp reading to see if compressor is stuck _.._,. ... 4%,
.

F. Disconnect power supply A r I ,. . v
7

! G. Check for loost leads auhe compressor

Hf Chick coMpressor windings to make sure they are not open, shorted, or
grounded ,

1. Checto see if compressor overload is open

J. Obtain instructor's OK before reconnecting power. supply
.

K. Clean area and pur tools away

i -.
1 .

<,
s . ..

. . \.

1
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HEAT PUMP SYSTEMS
UNIT IV 4
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JOB SH6ET #11--TROUBLESHOOT A HEAT PVMP ON A "NO.HAT" COMPLAINT
' WHEN COMPRESSOR RUNS BUT CYCLEg ON COMPRESSOR OVERLOAD' '

I'll
I. Tools and equipment

I
1

a .

c A. Service techrkian's tool pouch ,
.,_

B. Volt-ohm-ammeter'

II. 'Procedure
,

A. Check for d jay fdters

B. Check indoor coil to make sure it is free of dirt and debris

,C. Check indoor fan; if it is cycling on overload, continue
*

1. Check for damage or malfuncton of reversing valve

(NOTE: Make sure reversing valve is not stuck in mid-position.)

2. Check for, restriction in discharge line

3. Check system for overcharge and record high pressure .

4
4,, Clicck systrn for undercharde and-record low pressure

. ChecPf.or high or low line voltage,and record high voltage
and Jaw voltage e

. .
6. Chick for malfunction in run capacitor

..-- 7. Check high load condition

i w

,

I

,
8. Check high superheat gonol

.

$

, Have instructor check your findings

F. Clean up area and put tools airy
.. .

,.

e

\

$

/
,

4.

e
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JOB SHEET i11..TROUBLESHOOT A HEAT PUMP ON AN "INSUFFICIENT I4EA.T"
COMPLAINT WHEN COMPRE5SOR WILL RUN \

I. Tools and equ'ipment

A. Service technician's tool pouch

B. Volt-ohm-ammeter

U. Procedure

A. Check fo suction and low head; if both are pre t, continue

B. Chdek outdoor fan; if it is stopped; cdntinue
.. ii .

L-1. Check for loose leads at fan motor

- 2. Check to see if internal fan motor overload is open
-

3. Check tow if fan motor is shorted:grounded, or open

- 4. Check to sae if defrost relay contacts are open .

C. Check outdoor fan, it it is runnilhg, conitintrel
. .

1. Check for Stuck reversing vahie ,31*

' 2. 'Check for restrictions in liquid line .
.

3. ..Check for malfunction in outdoor metering device v
.

_
. .

4."'oheck tor undercharged syetem and record higA Piessure
- and low Pressure') 'or/

.

Sys

.414

5. Check fordirty outdoor coilr

6. Check strainerind make sure it isn't clogged

DJ Check outdoor coiI; if it is heavily frosted, continue

e

. li '", Check for malfunction in defrost control ..
__.. . . .

2. Check tosee if defrost therrno ',s in poor physical contact with hrie'
. . .. -..-6

. . .. .
3. Check for malfunction

. mein defrost re ay or defrost tir . .
. .

,
,. .

4. Check donwlete defrost. circuit for iny l3ad electricaL ponnections
., . . .

1. *I
. . .4, 4.

44 .t . I, .
, . ... % * r

A. 1/4., -.

. t. .
. r v N, . ,"1-fi') A

,,..., . .,
!,

. .....,4 )

0
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.
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JOB SHEET #11

Check strip heaters; if they are not operating, continue

v 1.
,

Set thermostat to energize second stage heating

2. Check for malfunction in outdoor thermostat

3. Determine if outdoor thermostat is set too 14

4. Check for pinched cap.illary tube or bulb riot sensing true outdoor
lemperature 'AV

A

F. Chetk for malfunction in strip heater relay or contactor

G. Cl:leck power circuit to heater elements and record high voltage
and low voltage ; of circuit to heater elements is open, con-
tinue

,

. Check. for blown fuse Link

2. Check for a broken heater element

H. Cheek for an open in the over-temperature thermostat )

1
I /-Check for defective second stage room thermostat

J Have instrugto( check your findings

K. Clean up area and rettirn tools

4



#

o

11.

...

,

,

,

i

,

i

,

HEAT PUMP SYSTEMS#

UNIT IV

. NAME

i

TEST .

'I. Match terms related to heat pump systems with their correct definitions.

I

.
a.

'
Basically a refrigerated air conditionin4 1.
system with two refrigerant coils and a valve
to reverse the flow of refrigerant

13. A heat pump control valve used to switch
from heating mode -to cooling mode by
reversing the compressor connections to 4,
the inside and outside coils

5.

,

ACR IV - 207
:i

ligt exchanger

2. Geothermal well,

3., 'Heat pi..imp

c. Refrigerant line that directs low pressure
1 vapor from the evapcirator coil to the corn- ,

'pressor si,

d. A device used io transfer heat

e. A relatively coo substance that can readily
absorb heai

. a

f.:
g.

A heat excharfger which -is buried in the
ground and functions as either a conden-
ser or evaporator

A heat exchanger which utilizes well, pond, or
lake water as either a condenser or evaporator

6..

Heat siok

Spction line
,

Reversing valve

7. Ground coil.

4

o / ..

4.

,

IP

,

1

1

1

ti

t
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2. Identify the components of a heat pump.

V

k.

a.

f& 0
-"41WeAllv 41411011'L

d.

4

r

1

I i
*)

2

a

:
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.

I

-

N.

f

i. ,

4. Differentiate between the operation of a 4-way xeverstrig valve in the heattng mode and
cooling mode by placing an "X" beside the illustration of a 4-way reversing valve in the
cooling mode.

.3

..

a.

0

i

(

. -

High Pressure

/
r.

IL

24V Solenoid

Suction]

,i

AC

l

...-....

,

,

1f i --/
.... i

v.

,

4

-:

'44

M,

III

4

,.

)*

c,

t

,

,

,

.1
..

'4
I I

. .

,

44

,
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. 5. Select 'true statements concerning thelweration of a heat pump in the defrost mode by
plating an-"X" in the appropriate blapks. ' .

a. The deffost cycle is initiated by preiet time dintrols, preset temperature .
. controls, or preset contrpls to measurd pressure drop across the outside coil

...

b. The reversing valve reverses,the heat pump from the heating to.the cooling
cycle on a preset.schedule

6 I

Co Hot gas +Dm the compressor discharge line is directed to the outside coil

d. Frost accumulation on the outside coil is removed. 4.,..

.
e. The outsitle blowei is energized to speed frost removal

.. .

' le

. t .

a

,

-)

.4

f. Siipplementary heat systems are energized

g. After frost has keen removed from the outside.coil, the 'cycle is reversed
l\N

\ 14 The defrost cycle is terminated by preset time controls, preset, temperature
17--- controls, or preset controls to measure pressure rise acrpss the outside coil

k

IV

. Identify the comPonents of a heat pump indoor section.

., .

a.

b.

c.

d.

to

IV

\
t

)
t

4.

e.

f.

9.

h. -. ..

4
/

./
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7. Ciimplete the following chart to show thee characte?istics, advantlges, and dis-
advantages of heat pump systems.

Ty lie of System Air tcrA'......r -
. -. .

.. Air to Water w .

Characteristics
.

,

Uses asmosphere"to cool
conderiser or to absorb

, .
heat from evaporator

Uses the ground or a body
af water ttb provide gook-
ing or haat absorption

.

e.--.)

.

Requireesa blower to pro-
vide Ambvement across
outdoor,coil ..

4
..

. . .

Can ue se 1.geotherrrial` well
,.

Requires po blowef- for out-
door coil

.

Advantages
. \

.

.

.
..

-

High êfficianc'y because
grobnd or %%eater aCts as*

. a heat 6changer
.

Can usetecirculated-water for
cooling and solar collector's, for

. ..4,..Iditional heat
...

Can be used to preheat hot
. watd

.

Reouirei supplemental heat-
ing ..

.

., .
. .

.

..

I

,

,

. /

.

--,0

-

.

-

.

'

4

Disadvantages
.

,

.

.

.

.

, . .

.

-

8. Cpmplete the following chart to show the cliffererkes betriten combonents of indoor
sections of heat pumps sapd !ow side sections of air condilioners:

Component
. . .

Heat Pump Air Conctitiongr s

.4., .

%Blower Section Driven by a 230-V motor

-

.i

. .

,

Meteiirig Device
:

Always has a check valve
° and a bypass aFrangement

. .
4 '

1441,.
Thermostat

. .

.

Controls one stage of cool.
ing and two stages of heat-
ing, and may contain a manu-
ally operated emergency heat
switch

..

,
,

.

.

. .

.

.

.

.
Transformer - Locited in outaoor section.'t

iqstaad 'bf in air handly
and is 230 volts

.

.j
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9. 'Complete a list showing cstimmop component failures of 'heat pumps in the cooling
mode. . . 4..4 .:.,. / .,

a. Transformed .

1)

b, Reversing valve

MM.

10. Complete the following sketch of a duct section to show the proper installation of an _

-electric strip heater.

4

44.

11. Complete a list of special precautions ftrepjacing reversing valves.

a.

b.'

c.

d. I Install a reversing valve in a locatiOn on the refrigerant line that will help keep
vibrition from the compressor at a minimum.

a
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.

12. St"ate-tivo major rules fOr gooti heat pump operation. A.

S.

b.

13. Trace operational arcuits for a heat pump in the cooling mode.

14. Trace operational circuits for firsestage heating gi a tieat pump.

15. Trace operational circuits for a heat pump in the defrost mode.
iorr

16. Trace operational cirtuits 1or second stage supplementary heat in a, heat pump

17. Demonstrate the ability to.

a. Wire'a control system for a heat pump.

b. Troubleshoot a heat pump indoor section in the cooling mode.

c. Perform thaintenance on an indoor section of a fieat $n the cooling mode:

d. Troubleshoot a heat pump on a "no cooling" complaint.

e. Troubleshoot a heat pump outdoor section on an "insufficient cooling" corn-
.. plaint.

a

f. Perform maintenance on an outdoor section of a heat pump in the cooling rnode.

Troubleshoot supplemental heat op a heat pump.

Perform maintenance on heat pump supplemental heating.

i. Troubroot a heat pump on eurno heat" complaint when compressor will not
run.

g.

Troubleshoot a heat pump on a "no heat" complaint when compiessor runs but
cycles OR compressor overload.

k. Troubleshoot a fieat Rump on an :insufficient heat" complai t when corn-.
pressor will rum

(NOTE: If these activities have not been accomplished poor to the t t, agk your
instructor when they shoufd be completed.)

41

0
4,

t

4



HEAT PUMP SYSTEMS
UNIT IV

ANSWE RS Tö TEST'

3 e. 4.
6 . f.
5 g. 2
1

2. a. Indoor and outdoor refrigerant coils. .

b. 'Compressor

c. Indoor and outdoor metering devices

. -

d. Indoor and outdoor check vaLves

e. 4-way reversing valve

f. Piston

g. Piston bleed ports

h. Crankcase heater

AccumUlator

j. . Indoor and outdoor blowers

k. 'Splenotd

3. a. Connectiono discharge line Pf compressor

b. Connection to suction line of cowessor

c. Connection to outside coil

d. Connection to inside coil
.,

e. Piston

f. Solenoid n activating device

g

4. a

Piston bleed ports

5. a, b, c, d, f, g, h

ACR - 215

ft
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6. .a. Cabinet

b. Filter and cold pir inlet

c. Heating elements of nichrome wire or tubular eased wtte

7.

*

d. Blower.assembly

Blower and limit control switchese.

f. Heat exchange chamber and warme outlet

Indoor coil

Suppleme.ntary heat controls and sequencing rela

,

type of System Air to Air Air to Water

,

Characteristics
-

.

Uses atmophere to cool
condetter Crao absorb
heat from evaporator 4

Requires a blower to pro-
vide air rhovement across
outdoor coil

.

, Uses the ground or a body
of water to provide cool.
mg or, heat absorption

Can use a geothermal AO
.

Requires no blower for out-
door coil . .

Advantages

,

.

Efficient in milder .
1

chinates .

.

. .
. -.

,

04 '

'

High efficiency because
ground or water acts as

a heat exchanger
s

_ Can use recirculated water for
. cooling and solar collectors for

additional heat
, }

Can be used to iareheat hot
water .

,

L.

bisadvantages

,

6 , s

Capacity and performance
ldwers as temperature
drops

Less efficient in cold
climates i

Requises supplemental
heating

Requires supplemental heat-.
ing .

.

.

-

. .
a

1

4

-

a 11s

.

I.



Component Heat Pump Air-Rdnditioner

Blower Section
,. .

Driven by a' 230-V motor
.

.
Driyen by .a 115-V

..

motor t.

Metering Deyice
.

. , "
'

Always has a check valve
and a bypass arrangement

' ..
Has no cheolovalve or by-
pass 1

.

Thermostat
'

.

Controls one stage of cool-
ing and tWo stages ofteat-.
ing, and may contain a manu .
ally opgrated emergency heat
switch* .o 6

Controls ope. stage of
cooling and . one stage
of heating .

. . .

. .

TransforTher

?
.

Located in outdoor section .

instead of in alphandler
and is 730 volts

..

Located in the furnaCe
and is 115 volts
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H. a. Noer expo;e a reversing valve to excessive heat
V.

P. Keep the inside tubes orthe valve and the tysterp free eign material

c. Never strike a reversing valve with a hammer or any tool that coulCdent or
bend any part of the valve

12. a. Filters, grilles, and coils must be kept clean to assure adequate air circulation

b. The refrigerant Charge for tne system should alwys be'at the proper presst.ges

13. Evaluated to the satisfactiOn of the instructor

14. Evaivajed to the satisfaction of the instructor

15. Evaluated to the satisfac.tion of the instructor

16. Evaluated to the satisfaction of tile instructor

17. Performance skills evaluated to the satitfaction of the instrqctor

qp;'

4.1
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BALANCE POINTS
UNIT V

UNIT OBJECTIVE

A,CR IV - 219

After comp letion of this unit, the student should be able to determine the Coeffit Lent
4

of performance of a heat pump and relate balance points to typical stages in heating 'eon-
tinuity. The student.should also be able to plot a heat pump performance curve, a heat loss
line, and plot balance points for given design conditions. This knowledge will be evidenced
by Correctly performing the procedures outlined in the assignment sheets and by scoring 86
pevent on the unk test.

SPECIFIC OBJECTIVES

After completion of this unit:the studenf should be able to:

1. Match terms related to balance points with their torrectdefinitions.

2. Distinguish between the COP Oa direct electrical heating element and the COP of,.
a heat pump.

3. Determine the COP of a heat pump at a given design temperature.
.

.4. Select true statements concerning balance points and their relation .to tP.
5. Match balance points witlitypical stages in heating continuity.

6. Complete a list of factors needed to plot balanc6 points.

7. Plot a heat pump performance curve from' manufactbrer's specifications.

8. Plot balance point #1 from-given ddsibn conditions. .

9. Plot additional balance points from given design conditions.

10. -Select true statements concerning the procedure for sizing a heat pump on the
cooling load.

11. List two advantages of controlled heating stages.

12. Select true statements concerning installation considerations related to heat pump
performarte.

1a. Size a.lieat pump on the coolI :oad. -

14. Plot balance points fora heat pump at given design conditions.
..

15. Locate equipment to obtain maximum COP from a heat pump.

) r 10

40' ,

A



/
,-

,

1

,

e

,

-.,
4,

BALANCE POINTS
UNIT V

SUGGESTED ACTIVITIES t

Pcovide student with objective sheet.
.

Ptoide stuAnt with infqtynation and assignmint sheets.

Make transparency. ,

Discuss unit and specific objectives. t

Discuss information and assignment sheets.

1

1/4CR IV - 221

Invite an electric utility representative to talk to the class concerning heat pump
installations and a comparison of operatings costs for heat pumps and other
systems.

...,

VII. Invite the city (or an area) electrical inspector to talk to the classiconcerning
codes that affect heat pump installations.

VI IL Invite a local or area contractor who makes heat pump installations to discuss
typical systems and balance points that are used in the area and especially any
variations in heat staging continuity. e

IX, Invite a manufacturer's representative to demonstrate to the class how indoor
and otitdoor sections of heat pumps are matched, and how outdoor design con-
ditions affect equipment selection, particularly supplementary heating.'

,

Give test.

t

INSTRUCTIONAL MATERIALS

L / Included in this unit:

A. Objective sheet

B. Information sheet ---

i C. Transparency Master 1 Typical Balance Pbints

D. Assignment sheets .

1. Assignment Sheet #1Siz'e a Heat Purnp on

2. Assignment Sheet #2--Plot Balance Points
. Design Conditions

3. Assignment Sheet #3Locate Equipment
From a Heat Pump

1
t

I

.

7 '-',"...I, t

I

\-\

the Cooling Load

for a Heat. Pump at Given ,

to Obtain Maximum CIIP
. r

,

..

j

i

-

le
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A

E.. Answers to assignment sheets

F. Test

. ,

G. Answers to test

References:

4

A. - Harris, Norman C., and David WConde. Modern Air Conditioning Prac-
tice, Second 5dition. New Yorr McGraw-Hill Boa Company, 1974.

B. Heat Pump Desigri, Service and Application. Dallas, TX 75240: Lennox
Industries Inc., Education Department, 1979.

4

46
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FiALANCE POINTS
f UNIT V

sr

INFORMATION SHEET

ACR IV ; 223

. .

I. . Terms and definitions .

. 4 .,
A. Balance point-The point, expressed in °F, where the heat iiump capacity is

equal to or Vlanced with the heat ross of the structure

B. Additional balance poin-ts--Points beyond the' initial balance point which
indicate the most advantageous temperatures for energizing supplement*
heating

C. Balance point number--A system of identifying the initial balance point as
balance point #1, and additional balance eoints as balance point #2, balance
point #3, etc.

O. Supplementary heating-Electrical heating strips programmed tolmenergiie
in stages to compensate for reduced heat pump capacity as temperature
drops

Ef Critical pnb4lance-The point at any °F where heat pump output will not
equal or balance with the heat loss of thegru'cture

,. i . .

F. COP-7Coefficient of performance, the ratio of heat output to heat input

II. Qornparison of direct electrical heating elements and heat pumps

A. Ord)naty direct heating elements have a COP of 1.0

B. The COP of a heat pump is always greater than 1.0 (F igure 1)

, FIGURE 1

(Courtesy of Lennox Industries Inc., Pallas, Texas)

. ,.

. . %-

S

2 u 9
i 4

..

,

%

..

,

s
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.t

How to determine the COP of a heat pump
,

A. COP = Btuh oUtput divided by Btuh input
*

. Example: COP = Btuh output (useable heat)
Btah input (heat paid for)-

When unct input is given in watts, the convers*.Nactor of 3.413 should be
used to convert watts to Btuh

Exarfiple. COP = Btuh output
Unit wattage x 3.413

111

Using the formula, a unit with a 4,380 watt input and a
39,000 Btuh outpLit would haiie a COP of 2.6 because
4,380 x 3.413 14,948 Btuh, or rounded off, 14,950 Btuh,

v and 39,000 divided by 14,950 2.6

C. COP has, a arect relation to outdo r temperature, and COP will decline
as outdoor temperature drops (Figure )

FIGURE 2

3.4

3.3

3.2

3.1

3.0

2.9
2.8

2,7

2,5

2.4

2.3

2.2

2.1

2.0

1.9

1.8

1.7

1,6

1.4

1.3

1.2

1.1

A-
-

1.0

HEAT PUMP C. ...CURVE
,
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11111111111M1111111/ffill11111111MIN

wommunimumonnwo11/1111111111MMIIIME
MIIMINIEVAINIMME11111111=
1111111111WAIMIIIIMMIIMINE
NIMMIIMMIUMMENII1111M1111111111
11111111MIIIIIIMMIMM1111

1111FAIIMIIIIIIIIMMIN1111111111insimmummiumunniallrissmusnimummo611111IMIIIIMEMIIIMM1111UNIIMIIIII11111111111111di11FAM
IIIIMMEIMIEMI111111111111

0° 15° 30° 45'

ourpooR TEMPIRATURE

85"

(Courtesy of Lennox Industries Inc., Dallas, Texas)
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-IV. Balance points andktheir relation to COP

. A. When the COP of a heat pump drops, balance points mai ain eco omical
heating continuity in a conditioned space

B. Balance points postpone the point of critical unbalanc
mum COP

promote maxi-

(NOTE: At the point of critical unbalance, the compressor shuts down
and all heat comes from supplemental units; for a heat pump to be practical,
cntical unbalance should be no* More than 5 to 10 percent of the total
operating hours for the heat pump.)

C. Balance points* determine equipment sizing and the amount of supple-
mental heat required

V. , Balarice points and4typical stages in heating continuity (Transparency 1)

A. .Balance point #1--When outdoor temperature falls below this point; an
indoor thermostat calls for second-stage heat and the first two heating
elements win energize

4
P B. Balancp point #2--When outdoor temperature continues to fall, an outdoor

thermostat calls for third-stage heat and a third heating element is energized

C. Balance point #3--When outdoor trmpereture continues to fall even more, a

I
second outdoor thermostat calls for fourth-stage beat arid a fourth heating 1

element is energized
,

,

. .

(NOTE: This staging process -is typical of balance Points and heating con-
tiouity, but there are many variations depending on equipment, outdoor
design temperature, and manufacturer's 5pecifications.)

VI: Factors needed to plot balance points

A. Performance curve.based on Btuh of the heat pump .

- B. Heatiloss calculation for the structure

t t

s-
C. Outside design temperature

,

.*
D. Inside design temperature .

VII. Steps in plotting a heat pump performance cur*

- .

4IIP

.

A. Prepare a graph wfth capacity of heat pump arid struCture heat loss shown in .
thousands Btuh on the vertical axis; work with units of 5,000 !huh starting
with zero at the bottom ir,

t
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B. Complete'tne graph with outdoor dry bulb temperature ranging from -20°F
to 80°F shown in emits of 10 on the horizontal axis from left to right

/ Example;

60

50'

dirt'

-20 .10 0 10 20 30 40 50 00

Outdoor dry bttlb temperature in oF

70 80

.

C.\- From available maufacturer's specifications, tran41 total IRO output to
the ptoper points, on the chart and connect the points to show the per-
formance curve

Example:

'

Outdoor . ,
Tem.pérature
(Degree F)

Cornpressm
Motor Watts

. Input

i
Total
Output
(8tuh).

65 2730 ' 32,200
60 2540 29,900

27,900
25,700

55 2345
218t)5

45 20i10 23,500
40 1900 21,200
35 179,1705 .

.
19,600
18,300. 30

25 1635 .. 16,500 '`
20 1555 15,000

- -15 1500 . 1 13,600
10 1430 \ 11.900
5 1375 , ....,-, 10,500

1310 8,100
-5 1250 7,800

-1-0 1195 6,700
-15_, 1130 6,100
-20- 1060' 1 . 5.700
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-20 -10 a 10 lo 30 40

Outdoor dry bulb temperature.rn °F

50 60 70 80

ACR -.227

VIII. Steps in plotting balance point .41 am.

A. On a graph showing the heat pump performance Nye, locate the indoor
design.temperature of 70f.on the horizontal axis and mark it point-A

B. Assume an outdoor design temperature of 10eF and a 4tructure heat loss
of 40,000 Btuh; sketch a vertical dotted line up from thd1.06F point until it
intersects the 40,000 Btuh line and mark it.point B

C. Draw a solid diagonal line connecting points A and B

D. Balance point #1 is located at the point where the
heat loss line intersect; marklt point C N.

Examp le:

ri

5°

.0

30

20

10

MI MN iN
ME
MN
MI
INIIIMMENTI

-MI
IMIE

MIMitEll

MMMININIIEM

MI===-IIIMI
lir17-' alaoce

Appr"
Point No 1

384 "NMI. PAPPM

!Pisa lam
=arm momm =mum
20 10 0 10 .20 30

Outdoor cl7y bulb temperature lo of

.4 *
2 1 3..

so go 70 80

formance linkand the

-1
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ix Stops in plotting addhional balance points

\./
A. Assume the indoor ti;ermostat .at balance- point #1 energizes two 2-kw

strip heaters .

t

. B. Draw a dotted %;ertical fine up horn the 38°F poiht until it goes to a point
o. thatrepresents 13,600 Btuh, and markifils as poipt D

(NOTE: Remetrbe r the- conversion- facto r,: 1,4w = ipproximately 3,400
Btuh, so 4 kw =13,6001361h.)

r. A

ti

C. Draw a straight line horn poly D so.that it runs parallel to tip heat pump
performihce line and in''tersects the. heat ,loss line, pm' mat* this_point E

/
D. Point.E give's the temperature where balancp Poiht #t.'s ould be
o,

E Assume the outdoor thermostat at tillance point # enerdized another
2-kw strip h'eater , -44## ...-, .o . r,

F. Draw-a dotted vertical line up from .the-27°F .point until it goes td a point
that represente6,800 Btuh, and mark thls`pointeF

,

G. Draw a straight line -from po'rt søtth runsparallel to the heat pump
performance line ahd intersects-'the h t loss line, and mark this point G

/ H. Point G gives the temperature wherebalance point #3 should be
..

I. 'Assume the outdoor thermostat °ay balanee point ,#3 energizes another
2-kw strip heater ,00. ,, . ,

J. Draw a dotted'veraigil line up from, the 21°F point until it 945es to a point
that represents 6,800 etili, Ind mark this ikint..14

F
. ,

o

A

K. Draw a straight)ine.from point H so that it riuns parallel to the heat pump
performance line and intersects the hek IA lihe, and mark this point I,

t ,
L. Point I gives the temperature where balance point #4 st'

.
Sbid be 1

:: ' ,,, ,

(NOTE: By following this proceduie, additional balance points gain be.
plottd as design conditions require.) .,

Op,

0,

4

t

r)4
.

aft

I.

00.

-
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I*

t
-v. .

.

"
r ,

A

. A

.

- ,

. . .

1 ._ 0 I

r
H

.
.

nig .

BP #4 .

l 1T41 ..
.

I

BP #3 A

,

BP'#2- 74"

4

E
1 1 . Y

. .

.. IPPI-
IP,-1,,

.
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.
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I
4

1
I
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,

a

t

I
4

Outdoor dry bulb temperature in 4.

-

°

,.

X. Procedure for sizing a heat pump on the rling load
. t . .

A. Determlbe heat gain and calculate cooling load'

o
.

,.

I

---''... ------.\
17.

(NOTE: In desjgh conditions .where the COP average of thetheat pump.is
2.25 or hiter, the unit can usually belized on the cooling load and provide
a compatible match Aith the heat load.)

B. "Select a system that has, a Btuh cooling 0a5acity equal to or slightly.beyOnd
.the cooling load, bui never select a systemlwith a -Btuh cooling caRacity- below the estimated cooling load

I.

,

10 I4. ')A. l.,

r

NAY

b

.

e

>/ 41.



6.

. 230

a

MEM,

INFORMATION SHEET.

C. Use the nominal cfmrating of the unit as the air quantity for duct sizing

Fxample: If the cooling load is 33,800 Btuh, select a -3-fon unit 12000
Btuh per ton or 36,000 total Btuh;-with a slimmer Owloor
design temperature of 95°F and an entering wet bulb tem-
perature of prp, 35,000. Btuh will easily handle the 33,800
Btuh cooling road requirement and provide the required
450 cfm/ton air quantity requirement for the ?ton' unit

1 which would be a total cif-4,350 cfm

TYPICAL 3-TON.SPL1T SYSTEM

TEMP (F)
AIR ENT
OUTDOOR
Unit

i AIR ENT INDOOPt UlIT-CFM
1200 I 1 5l3 I . 1500

INDOOR UNIT ENT AIR tEMPEwb (F)
72 67 62 72 67 62 . 72 67 62

85 36" 33 30 41 37 34 43 39 35

95 34 .31 29 ---3-g 32 39 36 33

.100 33 30 29 37 34, 34- 48 35 32

D. Plot.heat pump perlorman -urve on a graph

'

E: Determine structure heat tbss and plot it on the graphAn relatio to. design
cbnditions

F. Establish balance point #1

S. Establish additional balance points as required

Example: Aslume an inside design tuerature of 70°F, an outside
temperaturd of, 15°F, and a strk-ture heat loss of 40,000
.Btuh.; supplernental heating requirements can be determined
by followirig the procedure outlined in Objective IX

t.

:.,

ell 1 r..
A L)

f

-43
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OutdOor dry bulb temperature in °F ,

Plotting balance points indicates a need for B-kw of supplementary
heat; 4-kw would be.energized in the first two heating stages by-
the indoor thermostat at BP #1, 2kW would be energized by the
first outdoor thermostat at'BP #2, and the fihal 2:kw:would be
energized by the second outdoor thermostat at-BP #3, and the
unit is well balanced for both heating and cooling

Xl. Important advantages of controlled heating stages
e,

A. They meet most power company specifications ,that reoyire large, instan-
taneous load increases to be minirhized

b. . Yhey eliminate shorter fan iycles and.stratificatiam.

C. They provide the homeowner with a byiltin warning system in the event
of compressor failure

(NOTE; In mild' weather tly,outdoor thermostats preVentstaged heating
from coming on, so a compressOr failure would cause the house to get
cold, but if all supplementtl heatris on and the compressor fails, a home-
ownerrnight not realizp 4Nat_all, heat is coming.from heating units unless
there is a warning circuti to warn of compressor failure.)

2 17
a
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).

XII. lnstallkion consider,ations related to heat pump perfoyrnance

A. . When prevading.winds are kohl the west or north, the Qutsigle unit should' be
placed on the south or east side of the home

ANOTE: This min,in:lizes. wirid through the ,unit during the defrost cycle
and helps Iduce ice buildup on the slab beneath the coil.)

B. When equipment is placed -on a roof, a windshield should be placed .so
'thit it will help, keep air from blowing directly on.the outdoor coil

C. , Both indooi and outdoor units should be located so there is ample room
for service, and all sides of the outdoor unit should be accessible

. D. Operatingvoftage should,not be less than 10% of namolate rating

. A

00-1

V

0.

.#

4

C.

a . . . ..

e ->

: . ., ' , .
e . ' ) *

4
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. Tipical Balance Points

,

Outdoor design
Temperature i° F ,

Btuh
. heat loss

and
..

heat pump

,...

h9at loss line

..

r

e

e

heat pump-

v Balance Point #3 , verformance curve
(Outdoor Thermostat #2.) i

capacity

.7'.

#

Balance Point #2
'Outdoor Thermostat #1 )

Balance Point #1
(Indoor Thermostat)

- ,.

-y- Indoor design
Fourth Sage Third Stage Oirst and Second Temperature 0 F

Heatinp.' Heating Stage Heating
..

OUtdoor Tepperatbro in °F
. .

;

If 4.

e 1
.

.

c
,

.
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BALANCE POINTS ".

UNIT V

ASSIGNMENT SHEET.#1--SIZE A HEAT PUMP ON THE COOLING LOAD

1. ,
Directions. Assume that the deckling load for a residence has been calculated at 32,500 Btuh
with a summer outdoor design temperature of 95°F and an entering wet bulb temperature of
62°F. Assume also that the air quantity requirements are 450 cfm/ton. Using the table in
Figure 1, answerlhe following questions:

A. What size unit should be selected?

B. What os the Btuh.rating of the unit?
-

C. From what-factor can the air quantiSy for duct siiing be determined?

FIGURE 1'4

TEMP (F)
AIR ENT
OUTDOOR.
Unit

AIR ENT INDOOR UNITCFM ,

1200 I 1350, 11500
. INDOOR UNIT ENT AIR TEMP-Ekit (F)

72 67 62 72 67, 62 72 67 62

85 36 33 3Cr 41 37 34.
. .
43 39 36

95 34 .31 29 38 35 32 . 39 3fir-33--

. 100 33 30 29 37 34 31 3;735 32 1

ti

I*
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BALANCE POINTS
UNIT V

ASSIGNMENT SHEET #2PLOT BALANCE POINTS FOR A HEAT
PUMP AT GIVEN DESIGN CONDITIONS

Directions; tising the graph below, plot a heat pump performance ci-Ve, heat loss line, and
ail balance points for the following design conditions: Structure heat loss, 35,000 Btuh;
indoor design temperature, 70°F; outdoor design temperature, 15°F. Use the manufacturer's
specifications in the example in item C, Objective VII to plot the heat pump performance
curve. Assume the indoor thermostat energizes two 2-kw strip heaters and that all outdoor
thermostats energize single 2-kw strip heaters. After balanei points are plotted, answer the
following questions:

A. Whit is the approximate °F at balance point #1?

B. What is the approximate °F it balance point #2?

C. What is the approximate °F at balance oint #3? -

D. Will there be a need for a balance point #4?

60

50

?.!

2

C
03-- 30

E

a. rei

ro So 20
0.) f.;

15- ..c
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BALANCE POINTS
UNIT V,

.

ASSIGNMENT SHEET p3--LOCATE EQUIPMENT. TO OBTAIN MAXIMUM
COP FROM A HEAT PUMP

Directions: Assume the residence in the following plotplan is in a'n area,where the prevailing
winds are from the northwest. Answer the following questions:

A. Of the points A,,B, and C, which is the best place to locate the outdoor unit
of the heat Pump to obtain maximum COP from the unit?

.

B. If the outdoor unit had to b: installed on the roof, what should be done to
help obtain maximum COP from the outdoor unit?



BALANCE POINTS
UNIT V

ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #1

a. 3.ton

0. 36,000 Btuh

C. The cfm rating of the air quantity for the unit

Assignment Sheet #2
(Answers to a, h, and c should be within 2°F of.those shown)

a. 38°F

b. 26°F

C. 19°F

d. No

Assignment Sheet #3

a. C

ACR IV - 241

a.

b. A windshield should be placed so that it will help keep air from blowing directly on the
outdoor coil

r .
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BALANCE POINTS
UNIT V

NAME

ACR IV 243

f TEST

1. Match the terms on the right with their correct definitions.

a. The point, expressed in OF, Wheihe heat
.

. pump capacity is equal to or bakinced with
the heat loss of the structure

b. Points beyond the initial balance poin
which indicate the most advantageous tem

, peratures for energizing supplementary hea
ir)g

A system of identifying the initial balanc
point as balance point #1, and additional
balance points as balance point #2, balance

--point #3, etc.

d. Electrical heating strips programmed to
energize 'in stages to compensate for re-
duced heat pump capacity as temperature
drops

. .

e. The poiht at any "F where heat pump output
will not equal or balance with the heat loss of
the structure

f. Coefficient of performance, the ratio of .

heat output to heat input

1. Balance point
number

2. COP

3. Critical unbalance

4. Balance point

5. Supplementary
heating

Additional balance
points

,t

2. Distinguish betwein the COP of a direct electrical heating element and the COP of a
heat pump by placing an "X" in the blank that indicates the COP of a heat pump.

. a. These heating devices have a COP of 1.0

b. These heating devices have a Cthat is always greater than 1.0

3. Determine the COP of a heat pump that has a 4,400 watt input and a 40,000 Biuh
output.

COP =

2 "4
A

.4
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it Select true statements concerning balance points 'and their relation to COr by placing
an "X" in the appropriate blanks.

a. When the COP of a heat pump (pops, balance points maintain economical
heating continuity in a conditioned space

/*
b. Balance poinjs pogone the poiont of critical unbalance and promote maxi-

mum COP

c. Balance points do not affect equipment sizing' and the amount of sup-
plemental heat iequired,

5. Match balance points with typical stages in heati continuity.

a. When outdoor temperature 'below
this point, an indoor thermostat calls for
second-Sage heat and the first two heating
elements will energize

b. When outdoor, temperature continues to
fall, an outdoor thermostat calls for third-
stage heat and a third heating element is
energizti

k

c. When outdoor temperature' continues to
fall even more, a second outdoor thermostat
calls for fourth-stage heat and . a fourth
heating element is energized

6. Complete factors needed to plot balance points.

a.

b. Heat loss calculation of the sxructure

c.

d. Inside design temperature

Oro-

1. BalanCe point #2

2. Balance point #3
V

3. Balan.ce point.#1

oft
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7. Plot a heat pump peOormance curve on the graph below using the following manu-
facturer's sp ifications.

60

50
No,

403

-oc
30

-

coo.
s -8

Outdoor
Temperature
(Degree F)

Total
Output
(8tuh)v

65 - 44,600
60 42,00D
55 , 39,100
50 . 36,500
45 33,900
40 31,600
35 29,100
30 26,700
25 24,100 . .

20 21,500

\- 15 19,500
10 . 16,900
5 ,... 14,900
0 12,300
-5 - 10,300
10 8800
,15 7500

, .20 6200

. 1
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8.* Plot balance point #1 using the heat pump performance curve shown below and an
indoor design temperature of 70°F; outside design temperature of 10°F; and a structure
heat loss of 45,000 Btuh.

i .

.
60

,

;

t

4

50

o

. /
r .... 1
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4 .

1/- I . 7
'
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., I
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7
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vw _
.. .

1 1

I, 0

. . -
s

...
a-- . .....

r
20 "1 0 0 10 20 30 40 50 '60 70 81

<

Outdoor dry bulb tempeiature in 6F

#

..

v

9. Plot additional balance points for the design.conditions given in question 8, assuming
that the indoor the mostat at balance point #1 energizes 4-kw of supplemental heating
and all outside ther ostats energize 2-kw strip Heaters. ..
.
(NOTE: 'Use the graph in questiop( 8 to complete this test item, use broker' lines
to indicate your plotting, and circle and label all balance points.)

r
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10. Select true statements ccincernng /he procedulte..lor sizing a heat puip on the cooling
toad by placing an "X" in the app'ropriate blanks.,

N
._ __.

,

a. Determine heat gain and calculate cooling load *

b. Select a system. that* hes a Btuh cooling capadily equal to or slightly below
the cooling load, but neyei select.a system with' a Btuh cooling rapacity
abive the estimated cooling lod

1 3
c,

c. Using the nominal cfm rating of the unit ds the atr.quantity for duct sizing
. .

, d. Plot heat pump performance curve ort a grarit

.

e. Determine structure heat loss and plot it on,khe graph in-relation to design
conditions

f. Establishbalance pOint #1
4

g. Establish additionafbalance points'as required

-*\ . .

11. List two advantages of controlled-heating stages.
o \

, a. .
C-

411

b.

12. Select /rue statements Concerning installation conaderations related to heat pump
perfdrmance by placinlan :" X" in the appropriate blanks.

a. When preVailing winds are from the west or north, the outside unit should be
placed on 'the iouth or east side of the home

b. When equipment ;is placedlpit a roof, a windshield should be placed so
that it wilf helpek4p air from blowing directlii. on the outdoor coil

9 c. Both indoor anil _outdoor units should be located so there is ample room
fopervice, and'all sides of the outdoor unit shOuld be.accessibla

-
d. Operating -voltage sho'uld- not be less than 10% of nameplate rating

7

13 Sizh a fieat pump on the cqoling

14. Plot balance points for a heat pump at given design conditions.
% .

15. Locate equipment to obtain matibium COP from a heat pump. .. . -
(NOTE: If these actiyitieg- have hot.been accomplished prior to The test,
instructog.when they shoufd be co Mpleted.)

, .--,---\ .-.. ..:. .

-2 3

I.
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BALANCE POINTS
UNIT V

- ANSWERS TO TEST

ACR IV - 249,

1. 4. 4 d. 5
b. 6 e. 3
c. 1 f. 2

2. b

3. 3.1

4. a, b

5. a.

b.
3
1

C. 2 (

6. a.

c.

LI
Performance ctirve based on Btuh of the heat pump
Outside desidn temperature

es

7.

60

50

. ..
.

. . .
. a .

a '
.

. . .....

.

,

,

..i

. .....,

. .

.
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.
.

. i OW
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8.

60

50

A

MIN1 MilMEI
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IMM211111MBEI .. -1
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:IN 1 i ." ' NM-MP-Mali '

20 -10 0 10 20 30 40 50 60 s 81

Outcrr dry bulb temperature in °F

011,

9: Alaggers are incorporated in the graph in answer 8

10. a, c, f, g

11-1: Any two of the following:
Al

a. They meet most power company specifications that require large, instantane-
.

ous load increases to be minimized

b. TI:ley eliminate shorter fan cycles and stratification

c. . They provide the -.homeowner with a built-in warning system in the event of
compressor failure

12. a, b, c, d

13. Evaluated to the satisfaction of the instruetor

14. Evaluated to the satisfaction of the instructor

15. Evaluated to the satisfaction of the instructor

,

4 ;.:
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HYDRONICS
-UNIT VI

111. i
UNIT OBJECTIVE

Nollow4-

,
ft

After completion of this unit, the student should be able to classify hydronic systems
ivelation tq design water temperature and design water flo rates. The student should also
be able to select boilers, expansion tanks, and pum ble to specific systems, and lay
out a series loop single circuit hydronic system. This knowledge will be evidenced by
Oorrectly performing the procedures outlined in the assignment sheets and by scoring $5
percenvon the unit test. .

SPECIFIC OBJECT!VES

i

After completion df this unit, the student should be able to:

1. Match terms related to hydronics with their-correct defiitions. IP

2. Distinguish between basic Wpes of hydronic systems.
. .

3. Match classifications of hydronic systems with their water temperature - pressure
. characteristics. .

4. Identify types of common hydronic system designs.

4

/

w

.

5. Match common hydronic system designs with their advantages anTh-disadvan-
tages.. ,

6. Select true statements about.design water temperature.
.

7. Match terminal uriits with their design water temperature drep.

8. Solve a problemjaing design water flow rates through circuits.,

9. Match minimum flOw rates through terminal units with their tubing sizes.
.

10. Select true statements concerningplacement of terminal units.

11. Match terminal units with their th-aracteaties ancl utes. ..
.

..

12. Complete a list-of steps in the selection and sizing of terininal units.

13. Select true statemeots concerning fimIst Ttings, and selection of lioi,lers.. ,

14. Distinguish between advantages and .disadvantages of types of- residential
expansion tanks. .

. 15. Select true statements concerning steps in tke selection 'of residential expansion
tank., . _. ,, . .

. ..............
16. Select Vie statements concerning the types, designs, and sizing of residential

pumps. .. 4.:

,

I

w
i

' i

\

. 23 -
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.17. Complete a list of factors in the selection of residential pumps.

18. Arrange in order the steps in selection of residential pumps.

19. Completea list of factOrs affecting pipelking.

20. Select true statements concerning the procedure for selection of pipe sizes.

21. Match types of hydronic specialties with their-characteristics and uses.

22. Select true statements concerning steps in designing a hydronic system.

23. Lay out a series lobp single circuit hydronic system with boiler located under
floor of dining room.

24. Select boiler and eXpansion tank.

25. Make a trial selpction of pump and select pipe size for series loop system.

.4.

;

4r.

11-

4tV

4
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HYDRONICS
UNIT VI

SUGGESTED ACTIVITIES

, .
I. Provide student with objectiVe sheet.

II. Provide student with information and assignment sheets.

III. Make transparencies.
d

IV. Discuss unit and specific objectives.

V. Discuss information ond assignment sheets.

:

..

VI.

I

ACR IV 253,--

-.

Review all assignment sheets ähd modify .as needed to refleci available systems
and local practices; Assignment Sheet #2 requires materials to besupplied by the
instructor, and materials for the other assignment sheets may be supplied as,
needed to benefitthe intent of the assignment.. .

VII. Give test.
411.

.4

.

1

. INSTRUCTroNAL MATERIALS. .,I .....

K.I. Included in this unit:
r ,

A. Objective sheet
, is

(.4041'

. ... 4.
B. InformatiOn sheet

C. Transparency masters_-

-.-

.

L.

;1,

-
1.

2.

3.

4.

... 5.

6.

7.

8.

9.

10.

TM 1-Common Types.of Hydronic System Design
- ..

TM°2-ComMon Types of Hydronic System Design (Continued)
. .

TM 3-Commoraypes of Hydronic.System Design (Continued')

TM 4-Common Types of Aydronic 'system Design (Continued)

TM 5-Types of Cast Iron Radiators and Heat Emission Rates
. .

TM 6-Ratings of Sma4 Tube Radiators-Square Feet

TM 7-Basic Classes of "Residential" Baseboard Terminal Units..
1 :

TM 8&ompression Tank Capacity

TM 9-Water Content of Hpt Water SYstem, .
4 ,

TM 10Cutaway View of Diaphragm Air Cushion Tank

.,

, .
11. TM 11 --Pipe Sizing-Head Pressure Table

< <-

S A

,......

.. . /It. - . .

i.
..t

'-`5%

,

3.:

.,;
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D. Asaignment.sheets c,

1. Assignment Sheet #1--Lay Out a Series Loop Sir;gle Circuit Hydronic
System with Boiler Locqted Under Floor of Dining Room

2. Assignment Sheet #2--Select B9iler and Expansioh Tank

3. Assignment Sheet #3--Make a Trial Selection of Pump and Select
Pipe Size for Series Loop System .

E. Answerwto assignment sheets

F. Test
,

G. Answers to test

I I. References:

,

,
lik

A. Harris, W. S. Modern Hydronic Heating. NHAW Home Study Inititute.
k

B. Pump and System Curve Data for Centrifugal Pump Setection and Applica-
tion, Bulletin No. TEH 375. Bell & Gossett Division, ITT.

C. Parallel and Series Pump ApplicationsBulletin No. TEH 1065. Bell & Gossett ,
Division, ITT.

D. One Primary Systems Flow Rate and Water Tempeiature Determination,
Bulletin No. TEH.1066. Bell & Gossett Division, ITT.

.. ,

E. r .

sic System- Control and Valve Sizing Procedure; Bulletin No. 1165.
Bell & Gossett DiVision, ITT.

,
F. ,. Fundamentals ASH RAE Handbook ind Product Directory, 1977.

. .

(
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HYDRONICS
UNIT VI -

INFORMATION SHE

1. Terms and definitions

ACR IV - 255

A. Hot water or steam *toils-Transf heat from the water to the air which is
blown through the coiiui4T1n construction to automobile radiators and
locked in air ducts

,

B. - Head--The preisure exerted by a column of water meésbred in the height
of the water column 464

. *
C. Forced circulation system--System which requires pump pressure for

circulation

D. Tankless water heater--A device im[nersed in a boiler which transfers heat
.1 rom the boiler to the domestic hot water pip* of a strUcture

E. P;i-Pounds per square inch of pressure

. Chilled water-tWater which has been cdolecii* before circulating through
coils for cooling purposes

G. Radiant heat-The heat dellvered.from a hot or warm, surface to a cooler
iurface bir radiation of infrared rays

%

'Pt- MB H-Heat exoreised in thousands of Btu's per hour

I. Btuh-British theimal units per hour

J. Gpm-Row rate in gallons pef 'minute
)

K. BR-lnstitute of Boiler and RadlatorNanufacturers

L. SB1-Steel Boiler institute

(NOTE: The Steel Boiler Institute isriOw khown as IBR)

.

Centrifugal p!Amp-A type of pump in which fluid is "'thrown" by-en
impellor rather than "pushed" by a piston. ,-.,

M.

N. Hydroiqcs--The science of heating with water
cn

0. Design water terliperature drop--The difference in temperature betUveen
supply and return watretemperature at the boiler at design output.

,
P. Terminal units-Equipment which releases heat from a .hydronic system

to a conditioned space .

'. rz

P.

P.
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INFORMATION SHEET.

II. Basic types of hydronic system;

A. Hydronic gravity system \,
(NOTE: Hydronic gravity systems are seldom used in the United States.)

. 1. Operates. on the pripciple- that et water is lighter than cold water

(NOTE: The difference between the weight of hot water and the
a s Weight of cold welter is expressed in millinches (.001 in.) per foot of

height) . .

. .2. Head seldOm.exceeds 3 to 4 inches in graiity sysfeZ\
.. ,. ,

.... .

3.. Requires much larger pipe systeng

(NOTE: The gravity syststrn often requireiup to 2 1/2" pipe.)
. ,- k

B. Forced circulation system, :
1 / .

(NOTE: Because of their advantages, forced circulation systems havg
. replaced gravity systems in the United Steps.)

1
. ,

1. Operates on pump pressure rather than gravity . ... .;,
.x

2. Head may be 8-15 feet
A .,

. 3. Frequently uses:pipe size 3/4" to 1/24
4

.. .

4. Wher tankles1 water heatet is present, provision must be made to
prevent gravity ,effect during off cycle ,

1

do+ i. ,

III. Classifications of hydronic systems by water temperafture - pressure charac-
. teristics .

.

A Low termerature water system (1,TW)

1. Maximum temperature250 degrees

o 2. Maximum pressure-140 psi
., . .-

3. Usual upper limit30 psi'

B. Medium temperature water system (MTW)

1. Maximum temperature-350 degrees .

2. Maximum presstre-160 psi

3. Usual design temperature-250 to 325 degrees

4. Usu al design pressyre-150 psi

r tb-
.t.1

5
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C. High temperature water system (HTW)

1. Minimum temperatureOver 350 degrees

2. Maximum temperature7400"tg 450 degrees

3. Usual pressure-300 psi

0. Chilled water (CW)

1. Usual temperature40 to 50 degrees

2. Operating pressure-125 psi

(NOTE: For process applications below 40 degrees," water is replaced
with anti-freeze solution or brine. Well . water may 'be used ill chilled
water application at temperatures below 60 degrees.)

E. Dual-temperature system (DTW) I

i-

,

..

I

ACFI IV - 257

,

IS

1. Hot and chilled water
..,

2. Usual temperatures of 100 to 150 degries, winter

3. Usual temperatures of 40 to 55 degrees, summer

IV. Common hydronic system designs e , '
A. ,peries loop (Transparency 1)

,

:
c

-(NOTE: The series loop hydronic system'makes one continuoiis loop around
the perimeter of the gructure. it is rrtost common in small residences and
small buildings.)

B. One pipe system (Transparency 1)

1

.
(NOTE: Individual terminal units are connected to one pipe loop bysthaller
pipes and hydronic fittings.)

C. Two pipe reverse return system (Transparency 2)
1

4

i
. (NOTE: The two pipe reverse return system has a common supply loop' to

all terminal units in the cimuit. It has a separate circuit of return water from
the terminal units.in reverse order from the supply.) .

_i
. 0. Two pipe direct return system (Transparency 3)

. I
a

MOTE: In the two pipe direct return system tbd siipply pipe ends at the .

. farthest terminal unit and the return pipe starts at the farthest, terminal
unit.)

:
E. Panel system (Transparency 3)

,

, (NOTE: Panel systems are built into the floor or the ceiling and use radiant
1 hwt.)

*r% 1

-
. I

. , .

237
..

m

o

,
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. *

F. Multiple circuit systerni (Transparency.4)

(NOTE: Multiple circuit systems can be used on any other type of system.)
,

U. V. Common hydronic.syffAm designs an, their advantages and disadvantages

A. 1 Seriekip ./

4

,

ANON,

1. Advantage-Low installation tost
I.

2. Disadvantages
,

-, ..
a, Water temperature is progressively reduced around circuit

requiring allowance for colder water for heating purposes

b. Water temperature and rate of flow to any terminal unit within a
cirCtlit cannot be regulated without affecting all other terminal
units in the circuit

c.. Tube size in terminal unit limits flow of water and capacity
of system

a ,

D. One pip? system .

1. Advantage-Possible to ciontrol flow and heat from individualterminal
- * units. -

$

$
*

*

2. Disadvantages-

Iv
a. Higher in cost than the series loop.system

. .
b. Shows progressiye drop in temperature around the water circuit

ATwo poptreverfe return sysfem

1. Advantages

a. Equalizes distance water flows through each terminal unit and
equalizes temperature drop

-i. . -

b. Eliminates allowance for temperature drop between terminal
units

,

c. Individual control of(terminal units does not affect other terminal
units

.

/

V

.......e

- .

2. Disadvantage-Additional pipe increases cost

...

1.) es
ir.. ... .

",_.

al,

.4

a

,

)
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I
D. Two pipe direct return system

1. Advantages

1
a. Valuable in split s em-(dual temperature)

b. Lower in cost than reverse return system

2. Disadvantages

ACR IV - 259'

a. Creates balancing' problems due to different temperature drops
across terminal units with low resistance to flow

b. Limited appliCiations unless the terminal units have high, resistance
to flow

E. Panel system
--9

1. AdvantageDoes not interfere with placement of furniture
. .

2. DisadvantageLeaks are expensive to repair

F. Multiple circuit system

1. Advantages

a. RedUces the total-length of circuits

b. Reduces nuiitber of terminal units in a =cult

c. Reduces pipe size of main trunk pipe
1

d. Simplifies pipe design in Certain types of buildingi

2. Disadvantige-Could unnecessarily complicate an installation where, a
simple circuit would be satisfactory

VI. Design water temperature .

N

A. Design Water temperature is not used when Compensating for teniferature
4

drop through series loop circuits. . r ..
B. High temperature requires less rodiation equipment

C. Determines basis for selection df terminal units .

D. Does net have any effect on Selection of boiler size

E. Each circuit of a multiple circuit system may have a different design water
temperature

2 3 3
I.

;
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VII. .Terminal units and their design water ttMperature droP

A. Cast iron radiator-30°

B. Convectors-10°-30°

C. unit heaters--Up to 50©

D. Baseboard--Up to 500 ,

400'
AIL

i ff

(NOTE: Temperature drop does not affect selection of boiler sip.)
f

\Irk Steps in determiningtiesign water flow rates througli circuits

A. Add heat loss of each area on circuit

B. Divide by 500

C. Divide again by design temperature drop

I

*

(NOTE: 1 gpm equali 500 Btuh for each degree of temperature drop.)

Example: At 20 degree temperature drop

I

Area #1 23000 Eltuh
Area #2 32000 Btuh
Area #3 25000 Btuh
TOTAL CIRCUIT "A" 80000 Btuh

80000/500 = 160

160/20 = 8 gpm, CirculZ"A"

IX. _ Tubing siI zes'of minimum flow rates through terminal units

(NOTE: Row rates are determined by the manufacturer of the terminal unit.
See the mhnufacturees catalog for specific data.)

...

,

..

I

4.
A. 1/2" tube size-0.3 minimum design gpm ,

B. 3/4" tube size-0.5 minimum design gpm

C. 1" tube size--0.9 minimum deSign gprn

D: 1 1/4" tube size-1.6 minimum design gPm

X. Placement of terminal units
..

,

Ow

.

,

A. Terminal units should be placed under glass. areas to counteract cold air A

fallin5,from contact with cold glass .

AIM .
B. Terminal units liould be Placed outside walls not containing glass

S

...4.41

s
e
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. .
C. When outside walls arelied to fullest extent, balance of reguired terminal

unit length may be placed along inside*walls .

.

D. Long, thin units along walls under windows produce more comfort eco-
nomically than high, thin units

A unit on the stair landing will temper or stop the flow, of cool air falling
down stairs

. .
. .

F. Terminal units should distribute heat 9ver ihe full length of long rooins to
prevbnt spit heat

,

_ G. Forced air heaters should ,be installed so that heaters antl registeis do not'
*create objectidnable blasts of hot air

( H. Combination heating and coiling units require special installation; follow
manufacturers' recommendations

exi. Terminal uriits pid their characteristics and uses
;

A. Cast iron radiators (Transparency 5)

1

L

4*

, s c

(F'OTE: Cast iron radiators are widely .used in low water temperature
systerns:) .

A
. t .

1. Column and large tube radiators .are nO longer manufactured but
.ratings are based on their performance. (

I

k

2. Slip.; tube and wall ptype radiators are suitable for homes and small
offite buildings
. .

. .
3. May be hung on walls or ceilings where floor space is not available

4. Moderruadiators are rated. in Btuh per square foot of Equivalent
DireOt.Radiation (EDR) (Transparfncy 6)

B. Convectors ....

4
k

(NOM: Used extensively in kitchen arcd baths where Wall space is iimi4.)
a .

1. Roonl air enters at bottom and passes betweenYhot fins io reenter :.
room through outlet at top of convector .

2. Delivers more heat for its size than radiators due to chimney effect of -."

the cabinet

/.
24-4- .

APt

-

.1/

N.,.., .
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,

C. Baseboards (Transparency 7)

(NOTE: Baseboards Aplace portions of conventional wood baseboard
moldings.)

1. Made frail hollow cast iron sections.
*414

2. Made from 3/4 to 1/2" copper tubing with aluminip fins surrounded
by sheet metal enclosure with-openings at top and bottom.

r
. D. Finned tube-Larger diameter, higher cipacity commercial equivalents

of fesidentiaLbase ard tetminals - .

.
.E. Air heat? coils
O .

1. Used mper, reheat or boost heating of dUcted air
. .-- f7 T

2. Finned tube construction similar to air conditioning coils or autorooliile
radiators d - . .

. .
. I. Must be protected from freezing)

., . ,.. - .
, -...

...... ..,f Al. Ratings are not unifoim due to varying air velocities, -.prying water
velocities, varyinaofk and water temperaturil; use' maQufacturers'

Wt literature for iatings andcoil selectron. .

XII. Stepi in the se,,ctiorran'd siiing of terminal Units .
..

..,.

- ....,=...
-,-

A. Detarimine rooiii lie* losrand MBH
.

-
. .

...

...,
, .... B. Dbtermibe desigewatar tempetAure

. . 1 -. ;., =? s....

C. DetermineAsign tempiratufé drop
I. e et I

-$ 0 S .
.,
,..

. ID. Select adequate size ter 91 manufactureulgter.ature
. . -ss

- *0 i''' '-'.
X 1 ll: Fuels, s, nd *action Of Air '

s . ,. ..

'4. Fuels used kir bo rs.z
. . . . ,

1.* Gas `

2. Electricity
;)

3. Coal*.
.

44*,
s

4. Oil
4).

(NOTE s Boilers 9ay",be substKuted by solar collectors. Solar heating
will not be discusieOlhis unit-)

iV .

,* 41*'
O.. .

.2.12
t

6.

VI

1
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B. Ratings are either* in gross 1BR or SB1 output or net 1BR or SBI output,
1. Gross IBR or SBI output is not used for selecting boilers for resyéntial

application 4 .

%

*. e

2. Net IBR or SBI output is rated in Btuh for water boilers and in square
feet of radiator area for steam boilers

C. In new construction, select boiler with net rating of 100% of connected load
).- .

D. 'in replacement boilers, reaculate the heat loss of the striicture and select
boiler in accordance with new calculationsr .

(NOTE: Old boilers are usually grossly oversized.)

Advantages and disadvantages of types of residential expansion tanks
^(Transparencles 8 and 9) . ....

A. Open expansion tankI _

1. Advantages ,
.

a. Permits the expansion of water when heated

.

b. . Lower initial installation cost
.

1,

4

(

4

,

,r

,

2. Disadvantages si
A

)

a. Alb the evaporation of boiler water which must be replaced

b. Produces boiler scale and loss of efficiency due to the addition of
make-up water ti - .

B. Air cushion exrsion tank

1. AdvantagesMainfains system pressure below safety pressure relief valve
setting

..
.

(NOTE: The setting of the safetje pressure relief' valve is common-
ly 30 psi.)

..

2. Disadvantages

.4..
a. If sized too small, It witilxceed the setting of the pressure relief

. ,
b. If sized too large, it can result in noisy operation due tb boiling in

. areas of less pressure

c. W4ter cen absorb the air and waterlog the expansion tank over a'
period of time

, e

2 1 j .
. / ,

*

-

.
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- ,
C. Air-cushion expansion tank with diaphragm (Transparency 10)

1. Advantages r .

.

.

a. Permits slItialler tank size due to prepressurization. above ti,/. -

/diaphragm
..

b. Water cannot absorb the air that is trapped above /he diaph

2. Disadvantage -: More costly tank over a period of time

XV. Steps in the selection of residential expansioraanks

I

)

I.
(NOTE: The selection of expansion tanks is subject to many variables such
as height of water column, temperature of fill water, expansion of water,
expansion of pipes, boiling temppature of water under pressure, etc. In large
structures the calculation of expansion tank .sizes and location of the tanks
require an elaborate procedure which is beyond the scope of this unit of
instruction.) .

gm'.

,, A. Allow 1 gallon of tank capacity, for each 5000 Btuh of total heat loss if
conventional tank is used

,

B. Allow 1- gallon of tank capacity for each
prepressurized diaphrajm tank is used, and

'4.. .

C. If calculated tank size is not available, select

$ ,
XVI. Types, designs and sizing of residential-pumps

. . .
A. Residential pimps ara e usually Centrifugal

7000 Btuh of.ttotal heat loss if
Repressurized lo at least 6 psig

S

next size larger tank

ir -
1

B. For a given motor horsepower; a pump can be designed to deliver either
hi* volume at low pimp head or high pan,/ head at low volume

C. Residential pumps a e sized from a:fc, 150 gallolirber minute With head
presiures of 4.to 14 feet of head

XVII. Factors in the selection of residential pumps
'

ix

A. For a given size of piping, pressure drop will increase as rate of flow increases

B, For a gilbn rato of flow, pressure drop will dec ase as size of pipe increases

# C. There will always be morelhan one combination of pipe size Ind purhp
head which will produce requked water flow ratr

1 ? 1 1

A
lip

,

.#

..

1 %raw

,

4

..

a

#
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1.L.

XVIII. Stefilln the selgtion of residentiatpumps
.

A. Determine design rate of flow in 'gpm

B. efer to minufactureriiteratute for pump performarke curves

C. Make trial selection of several pumps,with various available pdmp heads at
design rate of flow

.

D. Make selections including consideraiion of cost of put*

- E. tiolve for piping size and select proper pump, for most economical total
st of piping and pump -

XIX. FaCtors effecting pipe Sizing.(Transparency 11)

A. Rate of flOw in,gallons.perminute
............. ....

....

B. Length of pipe circuit in feet of pipe

C. Available pump head pressure

D. Cost of.pipe ind fittings

XX. Procedure for selectidn of pipe sizes

A. Refer to pii;je sizing table in minufacturer's literature

B. Refe'r to pump manufacturer's pump performance chacts

C. Plot pipe size curves on pump performance curve for various acceptage
sizes of pipe , st-

, .
D. Select most economical combination of pipe size and pnp size

E. If "total system cost is not acCeptable, select new systerri design

1. Increase,or decrease, number of circuits /
i2. InCrease or decrease number of pumps

.
1

I. Increase or decrease sophistication of speciAIty fittings ar.id controls
. /

1
4, Increase or decrease-design water temperature

6. Increase or decrease design teMperature droO

XXI. Types of hydronic specialities and their characteristias and uses
,

,

A. Air elimination.devicsk

1. Eliminates air absOrbed by water

2. Usually located at the boiler

eo -
2 4

.t
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B. Air vents

1. ERminates air trapped in system

2. Usually installed in high points in system at ilswinal units

3. May be either manually operated or automatic

C. FRI valve

1. Common globe valve in old manually operated systemi

2. In modem automatic systems, the fill valce is a ambination pressure
reducing valve set at 12 psi combined with a check valve

4/
a. Adds water Ito boiler 4/fien pressure drops below set poi of

. .
fill valve .

b. Prevents boiler water Trom backing into mulicipai water system A .

10;.. Balancing valves

. 1. Used,in multiple circuit systems ..

2. Regulates flow rate of water in geparate circuits

3. Usually inexpensive square head cock valvei

4. Usually located in return legs of branch circuits at maqif old near boiler

E. F lbw cOntrol %/salve

1b Used to prevent gravity effect of rising hot water during off cycle

2. Usuilly , a type of weighted check vNe with enough 'resistance to '
prevent hot water from rising by gravity but will inten easily, under
pump pressure

,
F. k,ssure relief valve

2.

Used as a safety valve

Usually comes as part of iler

0.

1,

,

.7.

. .

,4

3. Must be cap-able.,of discharging full Elph rating of boiler in form of '
steam 'at a pressure setting 3 psig above rated working pressureoeboiler

4. Discharge rite is indicated on nameplate of vilve

O..

4.

.

die
1T:,4

7 t

r -
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G. One-pipe fitting

ACR IV t 267
1

b

t1. Used in one pipesystems . $

.. . .
I 21 Operates as a choke on supply loop, to divert water t, terminal "unit

1,

H. Zone tolve

1, .Usect to open or shut off flow of hot water to,a zone,

2, Thermostatically controlled

3, Either motorized or solenoid operated

. XXII. Steps in designing a hydronic system

A. Make trial selection of syitern design

B. Make a layout of piping system

C. Calculate heat loss
1

D. Dete?mine Btuh requirements for each .0c

N.)

cult or zbne _of piping system

E. Select design system temperature and d n system tempdrature drop

et F. Determine water flbw die required

G. Select terminal units

H. Select boiler b

I. Select eipansion tank

J. oetermine length of circuits ,

K. Make trial selection of pump
.J

I., Determine pipe sizes for each trial pump selection

M, Make final selection of pump and pipe siie and system design

N. Make seliction of hydrork specialties

,

2 4 "I

$,

4

'
40
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Common Types of Ilydronic
System Design

1

Baseboard
Units

Supply Pipe Return Pipe

ACR)V - 269

Boiler Do Pump

S enes Loop Baseboard System (single circuit)

fr

_.",_.
Supply Return

goner Do
1
Pump

One Pipe Forced Hot Water Heating System isingle circuit)
(Courtesy NHAW Home Study Institute;

213
-

TM 1

,,
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' Cominon Types of Hydronic
System Design

(Continued) (
:

'ACR IV - 271

oN.

r

to

Two Pipe Reverse :Return Forced Hot Water Heating. System .
A.

%/

,

,

4

i

Its
..

.:

(Courtesy NHAW Home Study Institute)

2 4 3A

A

t

r

a

1

TM 2
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I

4 -
. .

Common Types of Hydronic
System Design

(Continued)

I #1 ,--
r

#2;
. 1

1 ,.....,........-........--.4....,...,

s-.4p.
c:3 Return Main

--'1r\ r-
,

,-

1, I Supply
t 4- -----Nlain

4

. . 'Two Pipe Direct Return Forced Hot
Water HeatOg System .

0

# 3
I 4.l

.0.

\
. .-.

.. I

0

SuPply Main

e .

c

10

*V

i

.)

-=,
;in 1 ,t .=1.

-
k._ .Return-Main .

Forced Circulation Hot Water Panel Heating.System

,

tCourtew NHAW Horne.Studir Instiiute) ....._/
- r

.

, .
. . 9 .,

25
t.

o
6

,
. 1

;

MI

V

.

I

4
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TyPes of Hydronic
-

System Design

. (Continued)
,

.
.

. .

Boilei.

Return . Return

Pump

ACR IV - 275

Series. Loop Baseboanl System Multiple Circuit

1 .

..

..

)

.
,. 'One Pipe Forced Rot Mier Heating-System Multiple Circuit-

,

a

(Courtesy N HAW Home Stucly Institute)

'et 231

,

r

TM 4

,
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Types of Cast Iron Radiators
and

Heat Emission Rates

(No Longer Manufactured)
A ,

. - Columri

*

i

. 40

4

-

i

v f

,.

ACR IV - 277

., ...
-. (Still Manufactiirea) :.

g

Large Tube Slim .Tube

Heat Emission Rats for Cast Iron Radiators

Design or 2
Average Water

Temperature
Heat Emission Rates
Btu/Hr. per sq. ft.

170 150
175 160
180 170
185 .. 180
190

.
190

195 .200
200 1

205' 220 ... 4
210 230*
215 t 240

*

,

I-

.,

(Courtesy NHAW Home Stiicly Institute)

..,

2 2

v

A

41

WC

.1.

TM.5

3. -



Ratings of Small Tube Radiators - Square Feet
al

Number
of

Sections

Length
134 Inches

per
Section

I 3 TUBE 4 TUBE 5 TUBE 6 TUBE

25"
Height

19"
Height

22"
Height

25"
Height

22"
Height

' 25"
Height

19"
Height

25"
Height

32"
' Height

2
4
6
8

10

33/1
7

10%
14
1754

-

3.2
6.4
9.6*

12.8
16.0*

32
6.4
9,6*

121
16.0*

3.6
7.2

10.8*
.14.4
18.0*

4
8

12*
16
20*

4 2
8.4

12.6*
16.8
21.0*

4.8
9,6

14.4*
19.2
24.0*

4.6
92

13.8
18.4
23.0*

6
12
18*
24
30*

7.4
14.8
22.2*
29.6

r 37.0*

12
14
1 6
18
20

21
243.6
28
314
35

19.2
22.4*
25.6
28.8*
32.0

19.2
22.4*
25.6
28.8*
32.0

40,

21.6
25.2*
28.8
32 4*
36.0 ,

24
28*
32 .

36*.
40

25.2
29.4*
33.6
37.8*
42.0

28.8
33.6*
38.4

' 43.2*
48.0

27.6
32.2*

. 36.8 4
41.4*
46.0

36
42*
48
54*
60

44.4
51.8*
59.2
66.6*
74.0

22
24
26
28
30

38%.
42
454
49
523.4

35.2*
38.4
41.6*
44.8
48.0*

352*
38.4
41.6*
44.8_
48.0*

39.6*
432
46.8*
50.4
54.0*

44*,..-ir-'
52*
56
60*

462*
50.4
54.6*
58.8
63.0*

52.8*
57.6
62.4*
'67.2
72.0*

50.6*
, 55.2

59.8*
644
69.0*

66*
72
78*
84
90*

81.4*
88.8
962*

103.6
111.0

32
34
36
38
40

' 56
59%
63
664
70

''

51.2',1
, 54.4 '

57.6
60.8*

- 64.0

51.2
54.4
574
60.8*
64.0

.
57.6
612
64.8
68.4*
72.0

64
68
72
26*
80

67.2
71.4
75.6
79.8*
84.0

76..8,

81.6
86.4
91,2*
96.0

734
78.2
84.8
87.4*
92.0

'96
102
108
114
120

118.4
125.8
133.2
140.6
148.0

'

'

42
44
46
48
5 0

' 7314
77
8036
84
8714

1 67.2
1 70.4

73.6 .

76.8
. 80.0.

67.2
70.4
734
76.8
80.0

75.6
79.2
82.8
86.4
90:0

84
88
92
96

100

882
92.4
96.6

100.8
105.0

100.8
105.6
110.4
115.2
120.0

96.6
.101.2
105.8
110.4
115.0

126
132
138
144
150

155.4 .

162.8
170.2

_ 177.6
185.0

52
54

. 56
-

91
9414
98

83.2
86.4
89.6

83.2
86.4
89.6

93.6
97.2

100.8

104
108
112

169.2
113.4
117.6

124.8
129.6
134.4

119.6
1242
128.8

1%
162
168

-.
192.4
199.8
207.2

(Note: The Assemblies with a * ar Considered Stock Assemblies. These Ratings and Stock Assemblies are
Based on Simplified Prictice Rçnmendation R-174-47, issued by the U.S. Department of Commerce.)

(Courtesy MAW kome Study lqstitute).

253
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Basic Cias*es of 'Residential'
Baseboard Teriiinal Units

Hot!Water
Radiator

Wall

Type R

Cast Iron

\\k.)

Type RC Finh

Cast Iron 1

Shoe Molding

Shoe Molding

Damper
(Optional/

4

vs.e."

No Longer Manufactured

m

77.77.-

::#

Basic Classes of 'residentiar type baseboard terminal units.

(Courtesy NHAW Home Study Institute)

9
.

TM 7
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. Compres4ion Tank Capacity

tial or
fil pres'sure

psig Altitude

Max. height
of system
above gage ft

Air cushion tank
capacity in gallons
per "gAllon of water'
in system

4 9 0 0.10
6 14 5 0.12
8 18.

.
9 t 0.15 '

10 23 14
, 0.19

12 r. 28 19 0.22
14 32 23 . it 0.26

16 37 28 0.32
18 41 32 0.39
20 46 37 0.48
22 51 42 0.63
24 55 46 0.85

Diaphragm tank
pre-pressurized
to 6 psig

0.11

0.14
0.17
0.20

0.24

/ 0.29
* 0.36

.0.47

0.64

This table is based on a final pressure of 3g psig at the boiler, Or low point in the,
system and an initial fill temperature of 60 F. .

1
v

..

(Courtesy NHAW Honie Study Institute)
.
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Water Content Of Hot Water Systems

Design Boilers Terminal Units

Load Conventional Flash -:Radiators Convectors Baseboard Pane s Loop 1-Pipe 2-P;pe

ti)z..11

Radiant Series Piping Sygtems

s large small

tube tube

-.
,

SO . 12 5 28 16 7 3 11

60 15 6 34 17
.8

4 . 14

70 17 7 44 20 9 5 16

80 20 8 44 22 10 6 19

90 22 9 51. 25
.

11 7 \ 21

.
"

100 25
...

30

10

11

57 ,

71

28

3

12

18
,'

.8

9

....

24
30.125

150 36 13 86- 4 4 21
..

10 37

175 42 15 99 l.

L.

55 25 il 44

200 -. 48 16 114 , 64 29. 13 50

250 60 142 ..,. 80 36 16 65

300 . 70 . 171,4. . 96 .43 20 70

350 84 199' 111 50 23

400 95 228 127 57 26

450 107 256.:' 143 64 ' 29

500 : 120 285 157 71 33
600 140- 342'...--- 191 86 39

i

. 700 160 399 223 . 99 46 '

800 190 456 251 114. 52
.

900 210 513". . 287 128 59 :

1000 ,?35 570 319 142
.

65

5 8 10

5 9 13

6 10 15 .
7 12 17

8 13 118

9 14 , 21

11 18 27

13 22 34

16 26 40

30 47
39 62

49 78

58. 94

70' 110
80 , 130

90 150
115 140
.140 225
165 260
195 310
225 300

.
Table is adapted from Table 1,027h7 Bell & Gossett "B&G School of Living Comfort"

256
. (Caurtesy 1111AIN 1-kAe.StAdy institute),

257
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Pipe Sizing-Head Pressure Table
A

'7
ACR IV - 289

AVAILABLE
ICAO
ft. of

(
TOTIO. LENGTH OF CIRCUIT (AS M(ASUREO ON PIPING LAYOUT)

al) ad a f I- b 1 J 1!I mn'opqIntel
4 35 45 SO r 60 65 70 )5 80 90 KO 110 130 1,4 180 220 290 400 620
5 45 60 65 70 .80 SO 100 100 120 130 140 160 190 230 290 360 510 7906 - 55 70 80 SO 100 110 120 130 140 160 180 200 240 290 350 450 Ea 950
7 65 90 )00 110 120 130 140 150 170 190 210 240 290 341 420 5443 7.30 1120

$ 35 100 110 130 140 150 160-r 1130 200 220 50 290 330 RA 490 620 950
9 85 110 130 150 160 170 190 200 230 250 290 330 380 450 560 710 1,50

10 100 130 140 170 180 190 210 230 260 29, 320 370 40 510 620 790 1010
11

12

110

120

140

160

160

180

190

200
200
220

220
240

240

.260

260

290

290
320

32,
35

360
400

410
450

480
530

570

620

690

760

880

960
1170

14 550 190 210 250 260 240 310 340 380 4 I 470 540, 620 730 903 1120

18 170 220 250 290 310 330 360 400 440 49 550 620 720 850 1020

1$ 190 250 290 330 350 380 420 41111k500 560 620 710 830 1150 4
VI 220 290 320 370 4Cd 430 470 SI 560 620 700 790 910 .

PIPE
StZE CALLON PER MINUTE CAPACI ES

(0.9ir 08 0.7 0.7 0.6 0.6 0.6 06 0.5 0.5 0.5 0.5 0.4 OA , 0.3 0.3 0.3 0.2

W 2.3 tO 19 18 1.7 1.7 16 1.5 1.5 1.4 1.3 If 12 1.2 Li 0.9 0.8 03 0#
5.0 4.3 4.1 3.8 3.7 3.6 3.4 3.2 3.1 2.9 2.!J 2.6 2.4 2.2 2.0 11 16 1.3

1" 9.6 Si 73 7.3 7.0 6.8 6.5 6.3 5.9 5. .5 5.0 4.6 4.3 3.8 3.4 23 2.3

115" - 18 17 16 115 ,15 14.5 14.0 13.0 .0 11.5 11.0 93 92 8.3 7.3 63 4.8

111? - V 25 24 23 22 21 20 19 8 17 16 15 13 12 11 9.3 7.5_,

14t" - 42 40 39 38 136 34 . 32 29 27 24 21.., 18

60 57 54 52 47 44 38 32 29 24

V Copper Tubing only
NOTE: Do not go beyond the maximum or below the minimum Ssres sbown in the table.

HOW TO USE THIS TABLE iOR FINAL PIPE S17/ S&LECTION
a) Single Pump

Enter the upper portion of the Table at the head ,pressure of the pump selected. Read acrats to
the figure closest to the total length of circujt. Read down to the lower portion of the Table to
the gpm figure equal to or greater than the gpm required for the circuit Read 'to the left-hand
column to determine the pipe size required. Repeat for each circuit. Staying in the same column
established by the circuit with the longest total lersth, repeat the last step for the gpm require-
ments of the trunk and distribution piping.

b) Mpltiple Pumps
Enter the upper portion of the Table at thhead pressure of the pump selected. Read across to
the figure closest to the total length of the longest circuit served by the pump. Read down to
the lower portion of the Table to the gpm figure equal to or greater than the gpm required for
the 'circuit. Read to the ldt-hand column to determine the pipe size required. For a two-pipe
circuit, size all piping in the circuit 'from the same column in the Table estabished above.
Size the trunk anti any dybibution piping using the total gpm of the system; the.lowest head

pressure of the pumps selected, and the longest total length of circuit.

(Courtesy NHAW Home Study. Institute)
Aor
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tr) r
HYDRONICS

UNIT yi

ASSIGNMENT SHUT #1,--LAY OUT A SERIEB LOOP SINGLE

1
40. CIRCUIT HYDRONIC SYSTEM WITH BO! LER LOC,64ED UNDER

w FLOOR OF'spINING ROOM

1

a

1

ACR IV 291

,
Directions: Use the floor plan below to sketch in the series roop piping, the lo tion of
baseboard terminal units, and the kitchen convector; your ,instructor has the ption of

' modifying this assignment sheet to reflect available systems and local installation racticesNs
. ..

_.

6
qDRObM 2

.5
BATA

4
BEDROOM

r HALI:

. Er"

:1-

,800

%

,41VING ROOM'

k

DINING ROOM KITCHEN

Counter tgris

.3t

" (Courtesy' N HAW Flon)é 'Study Instifutel

G (i

4

0

1/4
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fications:

Room #1
Room #2
Room #3
Room #4
Room #5
Room #6
Total Heat,Loss

' ASSiGIA1ENT SHEET #1

Living Rooiti 15.630 Btuh
Kitchen . 7540 Btuh
Dining' Room ,.. 8530 Btuh---
Bedroom #1 7330 Btuh
I39th 3250 Btuh
Bedroom #2 7220 Btuh

49500 Btuh

---- EduiPment to be located in basement

DesigrOystêm Temperature

Design Temperature:Drop

1. Calculate gpm:,

200 degrees' .

It'
20 degrees

2. Select baseboard tel=rnii;al units from manufacturer's catalog:

' Baseboard Model # (See Figure ',1)

3. Select convlector for Kitchen from manufacturer's literature;

a. Kitchen percent of total heat loss: percent

b. kitchen temperature drop: degrees

c. kitchen convector

1) Model # t (See Figure 2)

2) Height'-:-te
,

3) Depth' -*

4) Length

Room #1 baseboard length: ft--. ,

- Room #3 baseboard length: - ft

f. Room #4 baseboard lerigth: ft

.. -Room #5 baseboard length: ftg-...
...,.

Pi:. ,FpmAB. baseboard length; ft

A

thr.seist-iop piping and the location of baseboard
-the en conve r, .

:,.-4.* %:-,i-

......,:s. crel_,

I've:iv

-
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94
109.1.-

1111 .

ASSIGNMENT SHEET #1

6

*.

'FIGURE 1

DEscR Iv/ ION OF BASEBOARD
. .

PIO 74.

Proof WW1

COSI IrOrt RS
010.01.t . 7"

ITO 2.4

onsnimmlOt
Cell Iron RC-

el 4to h"

kniimis ovum

34." Cooper Tubono

F.5. *Iumowm, 2" 2O1" x 010"
51 4465 Per 100*

New* 2/14"

IneRne Outlet

49"Ceoper 7064n.
MI. Altrntimon 2t4"021/4"e ON"

54.2 fins per mot

Hew. M

-

ACR IV - 26i

'Meat 114211465 per hittr lett

WATER WATER

4..t.te
wow s

44 JP' ere6

le,r,e.
row

RO 700

4r449.
Woe

Tsenter.tort0
MA.,

MAP Rowtow
Ms so*

ISO 270 300
160 320 340
170 370 300

. 190 420 440
100 470 SOO

.410S 490 $20
220 $20 $20
210 $10 600 9
220 470 660
230 660 700 gr
120 390 410
140 430 00
170 220 $20
100 4 $90 420
190 420 400
142 600 720
200 710 720
210 770 0104
230 430 000
230 040 940

' 130 300 410 2043 " ' 220 760
152 430 450 , 20$ 720 740
160
165

mo
490

00
520

210
215

790
020

040
0 70

170 230 260 220 ' 020 400
172 ". 260 200 22$ 040 MO
100 590 /.' 420 230

26 "142 670 460 23$ 9020 1000
190 660 740 240 400 2040
I4e 400 70p .

270 470 500 210 710 750
175 $00 530 215 740 700
100 530 $40 720 770 *10
ItS $60 $90 225 000 .020
190 290 00 270 '320 000
les 420 660 232 060 410 9
200 420 690 248' 00 940
205 400 720

TTTT relth01 COMMA ft effeC*me kelketlowpoce0412 044cOnt

FIGUAE 2
614..69 Ao Temper/nor* 450 Fe001 Outlet CroOrnets M0001 CF

Tmo.
Droo

P

Height

in

.

Healing
Effect
Factor

12

Peoth

In

Wow mose0940094 ()even F

180 . 200 720

Lon th Inch/ es

20 24 MEM 20 24 EM 32 20 EINEM 32
Rated 010ot Mak (1000 13101 .

20 14 a 4 1.7 2.1 2.5 3.0 2.) 24 3.2 3.8 2.5 3 3 3.9 4 5

P 6 2.4 3 0 3,7 4.3 3 0 3 0 4.6' 5.4 3.7, 43 $ 4 4 4
3 3.0 3.6 4.6 5 4 3 8 4.6 5.6 4.8 4.4 5,0 7.0 6.3le I s 4.4 5.3 4.3 4 4 5.6 6 7 7 9 5.3' '6 7 8.1 9 5

34 10 4 4 1.0 7.4 . 7,9 31 2 4 3.0 3 6 4 3 7.9 3.4 4.4 5 2

10

4
8

2.e,
2 4

3.4
6.2

4.3,
5 1

5 1
6 0

3 6
4.7

4.5
5.3

5 4
6.4

4 4
7 5

4.3
5 1

2.4
6.4

4 4
7.8

7.7
9 1

10 3.6 4 8 5 8 6 0 4,8 6 1 7.3 0 4 5.8 7.3 re 10 4

34 La -4 P. 2.5 3.0 3 $ 7,4 3.1 3 1 4 4 7.9 3 7 4.5 $.3
6 2 9 3,7 4.5 5,2 * 6,4 $ 6 6.4 4,4 5 6 6.8 7.9. $ 3.4 4 4 5 3 6 3 4.3 5.2 6 6 7 8 5 7 4.6 0 0 9 4

10 3.4 5.0 6.0 7.0 49 4.7
.

7.5 0 0 6 0 7.5 9 I 10.7

20 14.4
m

4 1.5 1.0 2.2 2 6 Le 2 3 2 8 341 2 2 24 3,4 4 0
. 4 2..2 2.7 3 2 3.8 2 7 3.4 4 1 4 8 3 2 4 0 4 0 2.11

0 2.7 3,4 4 1 4 $ 3 3 ' 4.3 5 1 6 0 4 0 5.1 6 3 71
10 3.1 3,9 4.7 15 3 9 .4 11 5.1 6 9 4 7 5 9 7 1 IA

& 24 10.4 4 17 2.1 24 3 0 2.1 2.7 3 2 3.0 7.5 3.2 3 9 4 5
4 2 5 3.2 . 3.8 4.5 3.1 4.0 4 0 $ 9 3.8 4,0 5 $ 6,2

20 $ 3.0 3.7 4 $ 5 3 3,1 4 7 5 7 4,4 4 5 5.4 4 0 ISO

10 3,4 4 3 5 1 6.0 4,2 5.3 6.5 7 2 5 1 4 4 7 9 /
' i

24 0,4 4 1.7 7.7 3:7 3.1 2 7 3 1 34 1 6 1.3 39 .44
4 3.1 3. 4 4 3,2 4.1 4 9 5,6 . 3 9 4 9 5 9 6 9

34;0 43.0 4.4 5 4 3 1 4.8 5,0 4 0 . 4 a ' 5.11 7 0 0.2
. 1.0 . 3.5 1 a S. " 4 2 4,4 5.5 3 4 7 O.. 5 2 4.6 0 0 So 4

s_

2
..
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A
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A
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P
R

O
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E
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 I=
13=

R
 w

ater ratings
.

.

m
odel R

-500-A
 F

leatrim
- apaeities

num
ber

of
1 inea 1
feet

1
180°

1.90°
206°

2 10°
2 20°

er flow
 rate S

O
lbs/hr

erage w
at.er tem

pei ture :5F

tu/hr per 1xne1 foot

14/)
510

2'
1020

3
1530

4
2040

5
2550

6
3060

7
,

3570
8.!

4080
9

4
5
9
0

10
5100

11
5610

14
7140

12
6120

13
6630

7
6
5
0

0 .1
630_

I
630

11 ti
.1260

;\_1380
171

-
t.

1890
1 1070

228
%

,
2520

I
2760

285
3159

3450

37
1

4140
990

;
A

m
5250,

4
r

.504
60M

k\551 0
5670

..6?.1Q
-

87P

6220:
69-3-4'0,71:,A

W

750
1500
2250
3000,
3750'

810
1620
2430
.3240\
4050.

4500 " 4860.
5670
6480

lio0

6846*1 7560
r

824b -

IV
*

8100 .

0.
98752100

11340
2150

.113770
14580

_15390
16200

'11,
, 7410"- 7

C
O

I Iw
o

9750.
I

7980
: ;W

+
3---7,9,660

-10500
855d* 1.-1450

lQ
k50

11259,
0'456

I
$160

9;21. 1. 10)8T
11040-

12000
17

I
8610 w

.
9690

I
1
0
7
0

11730
12750

18
9180

.
10260' 111340,,

$242C
V

13500
8

I
431100

.15000
9610

'i 119702-
14010

14250
20

10200
11400

12600

il
10710

119-70%
 143230

14490-
15750

2
11220# 12540

$,T
. 18160

15180
16500

23
41730

13110- 1;14490
1

70
17250

, 24
J12240

1'13680"
16120 -

1
18000

25
'12743

.1 14250
1_16750',

,17; 9 1 gi750
26

132604
1'4425.- 4-.1630' 4:17940

-.100.
27

13770
'15V

ig _,..i.'1,7010.:
18630 .-......21,40

28
142;01°

16960-,...-771:40"1g320.
21000

29
147 0

165430 ..I.. 342,F
c--: /elm

.
21750

30
15300,

.17100' -.) /6413 .1 80400.
22500

.....-.

17010
17820
18630
19440

20250
-1106(-

21870
2200
23490
2430

41,
-t

1 70°
180o

190o

3240
3600

4020
3780

42084
4690

4320
4800

5360
4360

5400
6030

$400
6000

6700
5940'

6600
7370

10$'30 6480
"" 7200'

8040
7020

7800*
8710

.7860
8400

9380
8100

9000
10050

8640
9600

9180
10200

9720
10800

.1. 60
11400

1.-
12000

540
1080
1620
2160
2700

113 0
118

:.$

1242
.12960

13500

1410
414580

-15120
15660
16200.

w
ater flow

 rate 2000 lbsi1r
average w

ater "tem
peraC

ure
oiF

/
4.

200°
2 10°

320o
600

670
730

790
seo

1200
1340

1460"
'1580

'1720
1800

2010
2190

2370
2580

2400
2080

.2920
5160

3440
3000

3350
3650

3950
4300

4380
4740

5160
5110

5530
6020-

5840
6320

6880
6570

7110
7740

7300
7900

8600
8030

8890
9460

8760
9480

10320
9490

10270
11180

10220
11060

12040
10050

11850
#2000

10720
11390
12060
12730
13400

12600
14070

13200
4740

13800
15410
161380

150d
16750

tS
60

17420
16200

18090
16800

18760
17400

19430
18090

20100

11680
12410
13140
13870
14600

15330
16060
)6790
17520
18250

18980
19710
20440
21170
21900

12640
13430
14220
15010
15800

16590 f
17380 1
18170
18960
19750
20540
21330
22120
22910
23700

13760
14620
15480
16,340
17200

18060
18920
19780
20640
21500

22360
23220
24080
24940
25800
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ater flow
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HYDRONICS . -

UNIT VI

1

ASSIGNMENT SHEET #2.-SELECT BOILER AND EXPANSION N

.;

Directions: Using a manufacturer's catalog providtd by your instructor, seleCt an
, appropriate boiler, and two expansion tanks using the following specifications.

SpeOficatioris:

Total Heat Loss: 125,000 Btuh

Design System Temperature: 200 rreei

Design Temperature Drop: 204egrebs

Type of equipment selected: LTW Boiler

Initial fili pressure: 12.psig

Type of terminaliinits: Baseboat'd

System selected: eries loop
.

1 Select.boiler ft'om manufacturer's-catalog: o

Boiler Model No.

. ' 2.
.

Select conventional air cushion expansion tank.

Minimum tank size: . G'al.

3., Select diaphragm talk size.

Nlinirnurn Diaphragm tank size: Galt
I

10

40.

0

2"

irt

40.

ot

;

do.

.$

.
. sic

c

: 7 l 4
u
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HYD'RONICS
UNITV1

w

(
ASSIGNMENT SHEET #3MAKE A TR.IAL SE-LECTION OF PUMPAND

SELECT PIPE SIZE FOR S5 RIES LOOP SYSTEM .

it. Specifications:.4 0

Total'heat loss
Dgign System Temperature: .

.: . Design temperature drop
Total length of system piping desion

:

1. Calculate System flow rate in gpm

A. @ 10 degrees drop: gpm

B. @ 20 degrees drop: gprr

C. @ 30 degrees drop: .gpm

D. @ 40 degrees drop: gpm

E. @ 50 degrees drop: gpm

2. Piowpm-on eaeh of thelollowing pump performance cyr.ves:

(Example: Prot"14 gpm on sampli yrve:)

49500 Btuh
200 degrees

. jAnknown
100 feet

Sam*

-0 Pomp B
(1)

0 2 4 6 8. 10 12 14 .16 18 20
GPM**

4

-0' 15

1 05
0

, 0 2 4 6 8.10 12 14 16 18 20

I"

Pump A, .
A

GPM

PumP C

0
0 1 2 .3 -21 5 6 7.- 8 9.10 0 1 2 3 4 5 -6. 7 8 , .96 10

9

, Pump D

...
. G.PM -0 . GPM .

ND . Pump E., il:i 6
....oJ. . 4, 3tu
.2)
a.

0 i 2 3- 4 5 6 7 8 pi)

GPM

p
sa.)

0

a

O 5-- ! 15 2 25 3 35 4 4.5 5

GPM
,

4
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ASSIGNMENT swEgT #23

3. List available he3d pres,sure ot each pump splected:

. (F xampe: Sirriple pump hai 12 ft of head p(essure at 14 gpm)a
re) Pump A: , Pump 8: , Pump C: , Purrip 0: , Pump E:

. , . . .

4. From Table ipdicate minimum nibing size for each pump: Refer to Transpar-
ency 11)

. PurnP A: ' ", Pump B:
,
1, Pump C: .1", Pupp 11, Pump E:

4

. 5. Assuine prices of p.umps and tubing io be as follo#s:

, Pump A: $125, Pump; B: $220, Pump C: 5206, Pump. D: $150, Pump E: $200

'4.)-1/2" copper tubing: $ 40.00 per 100 ft,
3/41' copper tubing: $ 60.00 per 1001ft.
1" cppper tubjng: $110.00 per 100 ft.

Inqicate 'least expensive combination ot pump and tubing which will provide
adequate flow of hot water:

. Pump: tubipg ke: Temperature drop: degrees

A /

'It

*- .e.

at

I.

,
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..
HYDRONICS . z ..

-UNIT VI

%

*
Assignment Sheet #1

1. 5 gpm

2. Answers will v ry

3. a. 15.2%
:

b. 3 degrees

1/4

ANSWERS TO ASSIGNMENT SHEETS

N° A

.-`

c. . 1) Answers win Vary
. ,

2) 4 2,:), 24, 2e

3) 10, 8, 10

*4) -325 32, 28

4.

v

4

" (NOTE: 24-8-32 is preferred due,to thinner configuration,)

d. 21 ft.

e. .12 ft.
,

f.. 10ft. .

_ -

g. 5 ft.

..,
h. 10 ft.

4.

- r-r.,,, ,- ,
..r , -

r
r

. 6 , t
\ BEDROOM 2

,

HALL

r/ 3 ./ DINING,/ ROOM4
.. , B I er ___. ;
. BEDROOM 1

ol, r -1/
-

IR

I

r

--,

^

. 1

LivIntrtiDbms .
4

/

0 . ,

V

,

'

1

I U

%Convector:

r:-
2.--

-
KITCHEN

Cbuitter top

.
21--10_,

-=."'

i

r

,

4

4 :

4
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Assignment Sheet #2

. ,
. Answers shobld be determiird by materials provided by iristructor

Assignment Sheet #3 .

. .

1. a. 10 gpm or 9.9 gpm

b. 5 gpm

c. 3.3 gan.

d. 2..5 gpm

e. 2.0 gprh

2.

18

12

'6/
/o

,
t

0 2 4 6 8 10 12 14 16 18 20
.. / 6 GPM
-ti
a)I 4

"1:3

a)
u..

/1

Pump 8

0 1 2 3 4 5 6 7 8 9 10

o

15 GPM

.

i

Pump D

,.

a

Q

0 2 3 4 5 6 7 8 9 10 . 5 1 1.5 2 25, 3 35 4 45 5
..

.

'Th

(

,
..

..

pump A

, 0

0 .2 4 6 8 10 12"14 16 18 20
GPM .

0

% 9-

-ci GPM
go Pump Ea)i 6

4r".-46

4.,
a)
a)

U .

Ptimp C,

)

0 1 2 3 4 5 6 .7 , 8 9 10

t

,

'O.

,

GPM

r) 1
.( 4 ...?

,

..

/

GPM

.:#

1 4
r

%

,
1

e

'JP t

0 .
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_NAME
#

TEST
,...

1. Match the terrn n the right with their correct definitions.

, .
-

a Transfer heat from ,the water 'to the air
which is blown through the coil; similar
in construction to aut6rn'obile radiators'
'and located in air ducts

b. Tt pressure exsrted by a,edumn otw'ater
m sured in the height.of th0 water column_c. System which requires purne pressure for
circulation

d. A device immersed ib a boiler which transfers
heat from the boiler to the domestic hot

\ water supply of a structure
P 4

e. Pounds per square inch of pretbure
* % ._f. Water which has 9 been cooled before

circulating through coils for coolin§ purposes

g. The heat delivered from a hot or warm
surface to a cooler surface by radiatiorf. -of infdred rays

--Y , ,'N.
h. Heat expressed in thousands of .Btu's per

hour

1

. d.
..4

. 0 .
- -t

, e

British thermal unip/per hour

Flow rate in gallons per minute

Institute
facturers

:

1 *

oi Boiler and Radiator Manu-.-

.
I. Steel Boiler Institute--:-.

.. . .
_m. A type of pump design whereby ,fluid -is

"thrown!' by a% impellor rather than pushed,
bfr'e piston

. ,.
r

(.$

't
270

4

A,

,
1. S81

2. Design water'
temperature drop

3. 1MBH

4. Hot water or
steam coils

5. Psi

6. Gpm

7: Terminal units
,

.8. Chilled water

9. Hydronits /I

. 10. tlead

11. Ractiant heat
,7'

12. I*R

13 Bfuh

..

A.r

.

14, Tankless water
heater

15, Centrifugal pump
,

16. Forded ciroula I.
.tion system

:
L

A

,

t

z
.... ,

4F,

-

,

o

-

-

..

4

a

-

-

o
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n. The science of heating with water

__o. The difference in teMper ( between
supply and return wateriemperatures at
the boiler at design output

,Eqttipment which releases heat from a

hydronic system to a conditioned space

2. Distinguish between a hydronic §ravity system and a forced circulation system by
placing an "X" next to the descriptions ola forced circulation system.

a, Head seldom exceeds 3 to 4 inphes in this system

b. When tankless water beater is present, provisio'n must be made to prevent
gravity Med during off cycle

c. Head may be 8-15 feet 0

d. Rewires much larger pipe systems

e. Operates on the piinciple that hot water is lighter than cold water

4

f. Operates on pump pressure rather than gravity

FrequeniN uses pipe size 3/4" to 1/2" ,

3. Match khe classifications of hydronic systems with their temperature-pressure
characteri s.

a. 1) Maximum temperature--250 degrees

2) Maximum pressure--166 psi .

.3) Usual upper 1imit-3,0 psi

b. 1) MaxiMum temperature-350 degrees

MaxNpm pressure-150 psi

3) Waal design temrierature--250.to 325 degrees

4) Usual design pressure--150 psi

c. 1) Minimum timperatureOver 350 degrges

. 2) Maximum temperatutt--400 to 450 sJegeeei

>s,3) Usual pressure--3,Q0 psi

"

1, Dual tempera-
ture system

2. -Low temperature
water system

3. Chilled water

4. Medium temper-
kure water
syster

5. High tempera-
ture water
system
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i
,....).

if. 1) Usual temperature-40 to 50 degrees

4 . t .
2) Operating pressure-125 psi

eQ.)._ Hot and c Hied water
M. S

2) Usuet te peratures of 100 to 150 degrees, winter
,

I

3) Usual temperatures of 10 to 55 degrees, summer-
4. Identify the types of common hycfironic system designs.

r a.

,

1

4
1,

b. .

I

.r

,

4 ' ,

\ .

r

.

1

.,

,

../

r

P

1

f

r

4

4 P .

a
A.

f



NO.

A4

t

t

AI

.,

(
r

AP

d .

e.

- 0)

Ira*

1).

°Net -. Pk, m p ,
-..., i

0

e't

ft

r

Supply Main

-. rm-)----_---: pw4-- _
An .

Return Main

,

.I.

9.- r)
lko a 4

4

;\
t

% 1

fr

1

1

1

f

S

..%

4

s*

' ',14.

I.

e.

*

t
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. , '2. Aeries lgop.. . , .

. A) . Water' temperature is progressively .
.

.. reduCed around circuit requirilig ,.3. Panel system'
failowance or colder water for..k., .,,

.
heating purposes 4. One pe system. , .

. A .

b) Water temperature
.

and rate of 5. T pipe direct .

. flow to any terminal unit within:a r system. .

circuit cannot be rigulated without
. i. affecting'all ,othet terminal units in 6.f3rwo pipe reverse,4

O .m circuit return system : .

. $

c) Tube size in terminal units limits
floW of 'water \andcapacity of,
systerin

... r.

. 0

4

d

Return Return

Boiler Pump

5. .Match- dothmon hydronic system designs with theit Ovantiges and disa.dvanta

ACR IV /367

'
64*

e

47a. 1),, Advantage-Low insthIlation cost 1. Multipletircuit
.

. - syttemp
2) DisVVantages

I. 21"

,

,

I.
,l qt
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es

,

4 .

b. 1) Advantage-Pgssible to 'control .flow
and heat ffom indivual . terminal
units

-

2) IZsadvantages

. a) lielier in cost than the series
% ligp system

______c. 1)

,.

..

D
c 45 .

2)

i . .

-, .d. 1)

4

r

4

..

.11. 2)

.,

,

,

,.

-

b) Shows progressive _drop in
temperature ., a'rounet ,the water
circuit 43

0.. .

Advantages
/.

a) Equalizes distance water flows
through each terminal unit and
equalizes temperature drop

b) Eliminates allowance kir
temperature drop jetween terminal
units --.

c) Individual control of terminal units .

does not affect other terminal units

Disadvantage-Aaditional ,pipe increases
' cost e

Advantages

al Valuable in split system (dual
temperature)

rb) Lower in 'cost than reverse return
..:

system

Disadvantages
- -, .

a) .Creates balancing ,problems due
' to different temperature drops

.,acr,Ssi terminal units. wit% low. .
. resistance to flow '

,

e.

,

V. ,
.., .

b) Aimitedll'applipations unless the
tirmina unit?thave high resistance

' to floe
..

1)- 'Advantage-Does not interfere
. - placement of furniture

o 2) pisadVantage-j_eaks are
re..5.Air -

.:.

..

with

expensive to'
:.

I

- :..

,

i

P

I,

./ .
, .

..., ..,

..,

...

Ic

I

/.

Ps

,

Yi

i

-

..

II
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a

4

It

I
s

;

a

.

:

-

t

-

4N.

.40

,1

1) Advantaies ...._,

.
a) Reduces the total length 9f circuits

b) Reduces number of termin units
.::' in a circuit

c) Reduces 'pipe
piPe

size of main trunk....------

1

d) -Simplifiet pipe design in certain
, types of buildings

2) Disadvantage-Could Linnecessarily com-
plicate -an installation where a simple,

_,- - circuit would be satisfactory
_ r. $./

> 6. Select true statements 'about design water temPerature by placing an
appropri te blanks. . -

Design water temperature is used when compensating for
drop through series loop circuits _

. High temPeratae requiresless,radiation equipnrnt
. / --

. __...cr Deterthineibasis for selectiiriof terminal unit?
. ..

' d. boei tiave an effect.on seliation of 1;6' iler size

,

-

ts >ls

ACR IV 309

I

v.

in the

temperature

____It Each circuit of a-multiple cipuit systsm. may have a different design water
.-

n

,*

,. 4
4

. 1.,

44

,

7.

.

8.4

4 '

4

,

' temperature .
. . --- . _, .

MatO ta- design water temperature drop-on 'the riiht tei the correct terininal.unit
. . , ..0 .- . ..... -

- - a. Unit heater--., .

- b. Convectors .
.

c. Castirbn radiator %.. _ 4

d Baseboard..

1

1. Upio 50*

21, 30°
.. .

10°,30°

Solve the following pr.oblem involving design weter flow rates through a circuit:-
,

SPecifications:- .

30' terhperaturp drop ',....--' .
-, . ..,

Areal-36,000 BTU's hett loss

A

Area 2-22,000 EITU1s.heatIloss
:

Area 3-25,00013Tils heat la
t

s ,. .

What is the design timer flow rate through each circuit? .

:

. J 4 2-16
1 ' g

. .
t' . ,

. 1 4

.,
, 4.';'

-

oeo

1

.4
1

4
,

-

,

,

"\

,;

,

i

I

4.
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9. Match the minimum design flow rate on the right with the correct tubing size.

a. 1/2" tube size

b. 3/4" tube size

c. 1" tube size 3. 1.6 minimum design gpm

d. 1 1/4" tube size

. 10. Select true statements about the placement of terminal units by placing an "X" in the
appropriate blanks.

-1. 0.9 minimum design gprn

2. 0.3 minimum design gpm,"

4. 0.5 minimum design gpm

a. Terminal units should be 'placed under wood areas to counteract cold Or
Ming from contact with cold wood

. b. Terminal units should be placed along outside walls nol containing glass

t 'When outside walls are used $o 'the fullest extent, balance of required
terminal unit length may be placed along inside walls

d. Long, thin units along walls under windows produce more comfort ecti-
nomically than high,.thin units'

e. A unitron the ttaft landing will temper or stop die flow of hot air falling
down stairs

f. terminal units should distriliute heat over the full length of long rooms to
prevent spot heat

g. Forced air heaters should be installed so that heaters and registers- create
objectionable. blasts of hot air

'

h: Combination theating And cooling units require special installat\on: follow
manufacturer's recommendations

11: Match terminal units with their characteristics-atid uses. 4

a. 1) Column and large Aube radiators are
no longer manufactured but ratings
are based on tlieir performance

2) Slim tip and wall type.; radiators are
suitable for hornet and small office.
buildings

3) May be hung on walls or ceilings where
floor space is not allable

4) Moderribradiators axe rated in Btuh
per square fodt of Equivalent .Direct 1

RadiadoTi (EDR)

4 e'Art

4.

N



4

b. 1) RC/Orri air enters at bottom and 'passes
between hot.' fins to reentei room
tHrotrgh outlet at top of device

2) Delivers more heat for sits slie than
radiators-due to. chimney ;effect of thea
cabinet

c. 1) Made from hollow cast iron sections

2) Made from 3/4" to 112" copper tubing
with aluminum 'fjns surroundeil by sheet
metal enclosure with-openingek top and
bottom'

d. Larger diameter, hiper capacity commer-
.cial equivalents of residential baseboard
terminals

e. 1)

2)

t
3)

4)

"
.
/

(

Used to temper, rehe_at or boost heating
of ducted air 4o

tl/inne tike construction similar to
air 'conditioning coils br aatbmobile -
radiators . .

.
,

Must be otecak 'from freezing
/

'Ratings are not Aniformfilue to varying
air velocities, varying water velocities/
Varying air -and water temperatures; use
manufacturers' literature for ratings and(
coil selection . .

ACR IV - 311

1 . Baseboards

2. Air heating'coas

3. 4Convectors
3 .

4. Cast iron radiators
.

5.. Pinned sube

- V .

12. ' Complete a Hit of steps in the selection and sizing'of ieuninal units.

. a.

-.../ . ..

b. Deiermiiie *sign water te erature

d. Select adeqtiate size terminal fromlnanufacturer's literature
Vt.

13. Select true staiements conteknin6 flls, ratings; and selection of ,boilers by placing an
"X" in the appropriate blanks!

e

.

a -

6.

Vi

a. Fuels used for boilers

t

4

1) vGis

2) Electricity

3) Coal

4) Oil

))

p.

p oP

, 4

/ .
. -

' k

4P

<
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°

4t.

Ratings ere either irtgrgssiBI or SB1 output or ne.t !BR or SB1 output

1) Gross IBR or SBI output is not used for selecting borers 'for
residential application -'..,

0°
2) Net IBR or SBI output is rated in - Btuh for water boilers and

in ?quare feet of radiator area for steirn boilers

.. c. In new construction, selecqolier with net ralinb of 100% of connected
..

load

., \-----'---- it
, i

d. In replacement 'I:toilers, select a boiler about the size of the old boiler

1
14: distinguish between advantages -and disadvantages of types of residential expan-

man tanks by placing an "X.t' in II bianks that indicate'advantages.

is

a. Open expansion tank ;

. 1) Permits the expansion of water when heated
;, .

4
2) Lower initial installtpan cost$

3) Allows-the evaporation of boiler water which must be replaced

4) prbauceboiterZie and loslof efficiency dug to the addition
of rnake-uitorater

$"*
b. , Air cusion exPansion trfi i .

.
t

1) Maintains system pressure below safety pressur4 relief vqlve
.

setting -

relief
2) If sized too small the setting of the pressure

.4.

3) If sized too lar e, it can result ih noisy operation due to
boiling in areS of less pressure

-
4) Water an absorb the air and waterlog tftglexpInsion tank Oyer a

period ô5.time " w

c.. Air-cushion expansionitank with diaphragm
sr 4.

1 ) Pel-rhits eller teak size due to prepressurization above the
diaphragm ,

.2) Wat?r, cannoi absorb the air that is trapped, above the diaphragfn
. ,

3) Morg!costly tank.over a period of time
-

1 ,

e

.1.

Qs.
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4

a

csi

.4?

6

' <1.

a . 1
15. Select true statements concerning steps in the selection of residential expansioll tanks

by placing an .7X" in the aPpropriate blanks.

4CFC-11/ ." 313,

a. Allow 1 gallon of tank cppacity for each 5000 ttuh of total heat loss if
conventional tank is used .

.: . .
.

..: '' .. .
b. Allow 1 g011on of tank caPicity fpr each 70048tuh of total heat kiss if_____ ,
, pressurized Waphragrn tank is used, and,prepressudzed lo eaqt,6 psig

: \
9 *

C. If calmilited tank size is not availeble, select next si*smaller tank -
. . .

16. Select true statements about thetatype, designs,'and.sizing of re4deptial u ps by
a placing an "X" in the appropriate blanU..

, . >
- ., : -.

__a. Resirtial pumps are unially,piston driven .. .3.4'
, .

N.

St. '.4
- . ed.

4 b. For a givpn motor horsepower a pump can be ,design to deliver_ -either 4 .
high volume at low punlp head el-high pump head at low volunie - . -. .

. ,..

a

Residential putripss are sized- from 5 to 150 gallons-Per Minute-0th, head
pressures of 4 to 14 feet of head.

17. Complete a list Of.factors in The selection of residential pumps.
sit e

:. . , _ ,
a. For a giverl size of piping, pressure drop %fill increase, as rate of flow increases

, . . t"-- '.

b.
. , I .

1

-A, ..' S

I

-..
. c.

. .

18. Arrange in order the steps- in selection of residential 15umps by placing .the correct
. 4.

is uence namber in the appropiiat blank.,
vi

* ..
.

PO

..1 .
.

a. Make selections inclUding Consideration of cost of pumps -
. - . - ,

b. Refer to 'mánufaciurer'slifirature for puinp berfor.rnarice curves-. .. .... .. ,
i'- Determine design rate ofhlow h.) gpin .

4

;1
. Make *trial selection of severaLpumps with various available-pump headeat

design rate-of flow

. .
.

4. .

e, Solve for piping size and stect proper pump ice t eco orniCal
a, cost of piping and pymp

. 1 ,.e .
1

19. Complete a list of factors affecting pipe sizing.
"ILo

a,

*1! 4

c. Available pull head pressurq

d.' Cost of pipe rd fitting's

total

a

4

41. 4ggp
A

47

*IA
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. . .
20. Select true statements concerning the procedure for seleption of pipe sizes by placing

an "N" in the ap'propriate blanks.
. .

(NOTE: For aStatement to be true, all parts qf it must be'true:)
. .

a. Refer to pipe sizing table in manufactwer t s literature

b. Refer tb pump manufacturer's pump performanc. e charts

/ f 4ti c. Plot pipe size curves on pump performance curves for various a e

sizes of pipe
.

d. Select most economical combination of pipe Size angl pump size

e. If total systern coSt is not acceptable, select new system design

1) Increase or decrease number of circuits

2) Increase or decre4se durnber of pumps
e

3) Increase or decrease sophistication 'of specialty fittings and-controls

4) Increase or debrease design water temperature. ,
5) Increase o,r decrease desigii terriPeratuie drop.....

21. Match types of Oaronicspecialities with 'theil characteristics ih uses. ,&,--

. .. .

& . --. r" .

. a. 1) Eliminates air absorbed by water , 1. Balancing valves
* , . . .

.

o
2) Usually located a% the-boiler 2. Zone vahe ..

k ( __b. 1) Eliminates air trapcedin system
'

3. Air elimination
4 . . devices

2) Usually installed in high points in ,i. . tr. system at terminal units . - 4. Pressure relief.
.o, ..

, e vve
. 3) May be 'either Manually operated or,

, 1
10

.
0 eutdmatic .

... .4., 5.. F; I valve

..
.00

.

111-

..

.

1) Common glotte valVe in eld manutlly 6.. One-pipe
. .

.,

o

, oPerated systems , fitting.4 rf .4 . -
. 4 , *2) In modern automatic systems the 7.. Air yen,

fill valve is a combinatior' 6ressure.
.

reducing valve set at 12 pst combined 8. Floi+v control. . .

with a cheq °valve er .
valve .- . ...

z., . .
& ;

. a). Adds water ,to boiler whpn pressures .,
r drops below see Point ol fill valve ...

! . Ii - o
b) Prevents boiler water from basking . .

into municipal water system ft
4. .

. 4...(if t
a /.. at . 4 4

I

A. ...) 1 .
.

.
'

. .

:4
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A

V .

r

.4.

A.0 i . Oscharge rate is indicated on name--
plate of valve

Used in' one pipe systems..... )
., .- .

0

2) 4 Operates ,as a choke on supply lciop-
to divert water to terminal uni( ,

h., 1) 'Used te opeh or shut off flow ol hot .
sli

w9ter to a zor4
..

,

/ :. I\, 2) Thermostatically controlled

V 3) Either rhotorized or tolenoid, oper-
ated

.

t. Selec,t true statments concerning steps in designinv hydronic,
an "X" in the appropriate blanks. , -.

:
. .0 . ,

o
' "as. Make trial se1eftion of system design . 4 f.

,

1/4

-
e

\
d. 1) cUsed in multiple circuit systems

2) Regulates flow rate iof water in seliarate 11.

.
A circuits

3) 'Usually inexpensive squile head cock
valves , 0 .

,

4 .

...

r

,I,

'4), Usually located in return legs of branch

'1) U4 to prevent gravity effect of rising
hot aer during off cycle

.
, A

circuits at manifold near boiler

,.)

2)- Usually type of weighted check valve
with enoaJh resistance to prevent hot
water fcojh rising by gravity but will
open easi y under pump pressure A ,1

f., 1) Used as a safety valve

2) Usually copes as Part of boileil
,

3) Must be capable of dischisging full
Btuh rating of boiler in form of steam at

. a pressbre setting 3 sig above rated
orking 'pressure of boiler

ift-:

,.

A

,

A

4

Vr

,
v.

)

ACR qy 315
.

,.0
. t

fPo,

0 II

*

systam by elacing

.

,

;

V

4^

O.

,

b. Makefa layOut of ,piping system I ,
--

c. CalciAite heat loss
f irk

i

ft

,.,

0

z,. .
,

..

V,

, #

A,



i

.I.

ti . /
S. A

'.
.16.

a A

A

0 I. .,
, d. Determine Btuh, requirements for each circuit or zone of piping system

A

t! S4lect design- system temperature and. design system terniierature drop_____ .
* .

. Derermirte water flow rate required .

,

4,

'a

t

Select terminal units

____h. Select boiler__

.4
i. Select expansion tank

. ,
Determine len* of circuits '

Jc.. Make trial selection of purnp
* .. .

_I. Determine pipe sizes tor each trial pump sejection
A

ni. Make final selection of pump and je size anil.system design

I

la
J

e

n. Make selection of hydronic speci titles

23. Lay out a s nes looplisingle cirCuit. fiVdronic sysiem vOith boiler located under floor of
0- ',dining room

4

24. Select a boi er and'expansion tapk.

41 25. dakm tri selection of a pump and select pipe size for series loop system. .11

a/

4

lik

4

It ' (NOTE. If these activities have not been accomplished prior to Ate test, ask your7----. instructor when they should be completedi

,

A

-.

I

ti

.1

i
,

' e

.A.

, t

4

*

4'

dm

.,

,
*

A

a

4

e,



a

V.

e.

d.

4

(

*

rt. .

HYDRONICS
hJN1TVI .

so,

AN9WE RS TO TEST .

4

'4' g. 11 m.. 1'5

10 h. 3 n. 9
16 . 13 0. 2
14' 6 P. 7
5 lc.. 12
8 I. 1

2. b, c. f. g

3. a ... 2

C.

4
5

d 3
e:

4., a. Series loop
b. One pipe system
c. Two pipe revekse return system
ci. Two pipe direct return 'system
e. Panel system
f. Multiple circuit systems

4.

5. a. 2

..; b. 4
c. 6.

d 5
e. 3
f 1

6. b, d, e

7. a. 1

b.

r c. 2
d. 1

8. 5 5 gpm°

:,4

b, c, d, f,

/

4

4

4?

.
,

#

4.1c .

0

L

s

A..

,S

r)c, -t

A

4.

' .
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.4

4

4
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4

.%

-

* I
.4,

41

. . .,.. ..

-/
11 a. 4

c

/ it a t:

b. 3 ,
C. 1 .

1 ...,

d. 5
. -

e. 2 4.
..

I
11

r '.
4 ....

4

.,

r

12. a. Determine rborn heat loss &I'd MB H
C. 124rrrmine clsegn tarverature drop

.

13.. a, b, c
.

. --.N....1
;..C"

.

14 a. 1, 2 b. 1 C. 1, 2.
/ 0

15. a, b ... .
k

if. b, c _
. .

17 b. For a given rate of flow; pressure drop ,,i,; (I:crease 'as size of pipe increases
i.

------,7411. ere will always 6e rnor;., than one Conlin i i0or. of pipe.size and puma head

..

,- which mil produce required water flow rat-.
,

18. a. 4
b: 2
C. I 4"

d. 3
e. 5

...
. . .

19. a. Rate of flow in gallons per minute
b. Length of pipe circuit.in feet of pipe

., ;

20. .
21. a. . 3 e. 8 't b: 7 f, 4

(
C. 5 g. 6
d. .1 h. 2,

22. a, b, c, d, e, f, g,11, i, 1, k,1`.,rn, n

23. Evaluated to the satisfac1ion of the instructort i

.. 24. Evalt4ited to the satisfaction of the instruetor

25. Evaluated to the satisfaction of the instructor

.

..

4

o

..

-,
,

.

,

....1,..

*

04P

. -

4 -.. ..) '

s

4

,

I

:.9

.110 *4

Nit

.1 I


