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ABSTRACT . .

This publication is the concluding text in a
four-part curr1cu1um for ‘air conditioning and refrigeration.
Materials 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: pefformance objectlves, suggested activities for
teaghers, information sheets, assignment sheets, job sheets,
transparency masters, tests, and answers to the tests. Units are
liberally illustrated and are planned for more than one legSon or
class period of instruction. Information for the teacher includes an
instructional/occupational analysis of air conditioning and
refrigeration, a list of tools and equipment.needed, and a list of
references. Topics covered by the six units are the following: gas
furnmaces, electrical heating systems, residential cooling systems,
heat pump systems, balance points, and hydronics. (KC)
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PREFACE -

¢ ‘ _ -

+

Air Conditioning and Refrigeration, Book 1V, is the concluding text in MAV_CC;S
four-part curriculum for air conditioning and refrigeration. Materials in Book /V arg de-
signed to complement theoreticat and functional elements in Books /, /1, and. f/f. ~

As with Book I, this text is smaller in size and lower in price, and it's économy,
in both cases, should lerld to its ready compliance with current demands in the classroom
for comprehensive materials that are adaptabla to long-range programs as well as speciality
programs with industry and adult education. Z . -

p LA ' Lt ’ i

As sugested in the forward, rapid technical advandements in the air con(}itioning
and refrigeration_industry will bring demands.for new skills. Yout suggestions for ¢tassroom
materials to ser&a this volatile transitional period will serve to help MAVCC in its con- -
tinuing effort to answer the needs of classroom and industry. g
. \ Y e

-

+

Ann Bensdn

Executive Director .

Mid-Amgrica V ocational Gurriculum
Co sor}ium v

-
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" FOREWORD'

" The 1980's promise advancement in solar energy Aechnology-and alternative fuel
sources. Many of these advancements will confront A&ir conditionmg and refrigeration
technicians with the challenge of modifying existing’heating and cooling systems to mest
new demands f"ér_energy savings economy. S

rbny
Modern ;?25 furnaces are built with” energy-saving heat exchangers, but older gas
furnaces'can bg modifled with electric ignition devices that promgte economy. Heat pump
systems have been around a long time, but design changes present new demands for arti-
culate installation and professional service. Air Copditioning and Refrigerstion, 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 ddmand an even better com-
mand of basic system installation and service skills. ]
The success of this publication is due, in large p;lf't, to the capabilities of the per-
sonnel who worked with 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
techpical expertise and the experience related to the classroom and to the trade. To assure
that the materials would parallel the industry environment and be accepted as a trans-
pottable basic teaching tool, other organizations and industry regregntatives were involved
in the developmental phases of the manual.® Appreciation is exteded to them for thelr

# + yaluable contributions to the manual.

*

: This publication is designed to assist teachers in improving instruction.  As this
publication is used, it is fioped that the student performance will improve and that students
will be better ablg to assumé a role in theirchosen occupation. Every effort has heen made

|

to make this publication basic, readable, and by all means usable. Three vital parts of
instruction have been intentionally omitted: motivation, pérsonalization, 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 teaching-learnipng 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
aygments the teaching/learning process. Criterion referenced evaluation instruments are

3 provided for uniform measurement of student progress. in addition t%evaluating recall
informatian, teachers are encouraged to evaluate the other areas incléding process arid

producfas indicated at the end of each instructional upit. . .

Jtis the sincere belief of the MAVCC personnel and all those members who served
on the committee that this publica\tion 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 heip
this publication become mqre useful 1o you, pleasé let us know

: o David Merrill, Chairman
Board of Directors
Mid- America Vocational Curn-

¢llum Consortium
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USE OF THIS PUBLICATION

Instructional Units ' ‘ .
Air Condfrfb)x{ng and Refrigeration, Book 1V, includes 6 upits. Each instructional umit
|ncludes some of all of the hasic'components of a unit of instruction: performance ob)ec-
tives, suggested activities for teachers, information sheets, assignment sheets, visual ds, job
sheets, tests, and answers to the test. Units are planned for more than one lesson or clabs
period of instruction. . )
- . ‘F b
Careful study of each instructional unit by the teacher will help determine:
A.  The amount of materjal that can be coveced in each class penod
B. The skills which must be demonstrated _ |
1. Supplies peeded ’ '
2. Equupment needed ‘
3.  Amountof practice needed "
4, Amount of class time needed for demonstrations
Supplementary materials such as pamphlets or filmstrips that must be ordered
Resource people who must be contacted '

Objectives . ' K

Each unit of instruction is based on performance objectives. These objectives state the

goals of the gourse, thus providing a sense of direction and accomplishment for the student.
. ' - . .
Performance objectives are stated, in two forms unit objectives, stating the subject
matter to be covered in a unit of instruction; and spécific objectives, stating the student per-
formance necessary to reach the upit objective.
- -

Since t rjve objectives of the unit Provide direction for the teaching-leaming procsss, it
is important for the teacher and students to have.a common understanding of the intent of
the objectives. A limited number of performance terms have been used in the objectives for
this curriculum to assist in promoting the effectiveness of the c0mmun|cat|on among Al
individuals using the materials. - -

Followung is a list of performance tecmg and their synonyms which may h@ve been used

in this material: ” , . .

M " 1]

Name Identify Describg .

Label - i Select - Dgfine o,

List in writing Mark * Discuss in writing

List orally T Pojnt out * Discuss orally

Letter. Pick out - interpret

Record Choose . Tell how

Repeat Locate ' Tell what
? Give ,' . Explain

- L
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Order ' Distinguish Construct
Arrange " Discriminate .~ Draw
Sequence ‘ - - Make
Listinogder : Build
Classify ) Design .
Divide : T Formulate
Isolate * Reprofiuce
d Transcribe
Reduce
Increase
Figure

‘Demonstrate ~ ° Additional Terms Used

Show your work’ Evaluate - | Prepare

Show procedure , Complete : Make

Perform an experiment Analyze Read

Perform the steps ' Calculate Tell

Qperate Estimate . Teach‘l
Remove Plan ‘ . Converse 3
Replace ‘ ’ Observe . : Lead

Turn offfon Compa State

(Dis} assemble . Determine © Write

(Dis} connect Perform . . )

-

Reading of the bbjectives by the student should be followed by a éiass discussion to
answer any questions concerning‘perfprrnance requirements for each instructiomal unit,

¥ Teachers should fee free to add objectives which will fit the material to the needs of .’
the students and communpity, When teachers add objectives, they should remember to .
supply. the needecl information, assignment and/or job sheets, and criterion tests. ' 1 -

Suggested ActhltleS for the Instructor: ’ N
Each unit of lnstructuo}i has a suggested activities sheet outlining steps to [otlow in
accornplishing specific obJectwes Duties of instructors will very acco dlng to the particular
unit; however, for best use of the material thek should include th ollowing: provide
stuglents with objective sheet information sheet; assignment sheets, and job sheets; preview
filmstrips, make transpafencies, and arrange for resource materials and people; discuss unit
and specific objectives and information sheet; give test. Teachers are encouraged to use any
additional instructional activities and teaching methods to aid students in accomplishing the
objectives, . o — . e ] '

* @ - -
Information Sheets Y d ‘ /

Information sheets @Jide content essential for meewing the i:ognitive (knowledge) ob.
jectives in the unit. The teacher will find that the information sheets serve as an excellent
guide for presenting the background knowledge necessary to develop the $kill specified in
the unit objective. ) . .

. i *

“Students should read the lnformatlon sheets before the information |s dlscussed in

class. Students may ta ke additional notes on the lI'lfOl'matiOI'l sheets, .

L
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Transparency Masters

—_

Transparency masters prowide information in a specral way. The students may see 3as
well as hear the matena[ 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 particularly effective when-identification is necessary.

. 4
Transparencies should be made and placed in the notebook where. they wiil. be imme-
diately dvailable for use. Transparencies direct the class's attention to the topic of discus-
sion. (NOTE: To overcomg the noise of an ove proigctor, some teachers have a
tendency to speak too loudly, so it 15 always best to ay from the projector when
discussing transparencies. ) o~

~

Assignment Sheets

Assignment sheets give direction to study’ and furnish practice for paper and pencil
activities to devetop the.knowledges which are necessary prerequisites to skill development. ~
These may be given to the student for completion in class or used for Homework assign-
ments. Answer sheels are provided which may bé used by the student and/or teacher for
checkmg student progress. ' o~

Job Sheets

Job- sheets are an important segment of each,unit, In most situations, the instructor
should be able to demonstrate the skills outlined in the job sheets. Procedures outlined in
the job sheets give direction to the skill being taught and allow both student and tgacher to
check student progress toward the aOCornphshment of the skill. Job sheets provide a ready
outhihe for students to follow if they have missed a demonstration. Job sheets also furnish
potential emplovers with a picture of the sl?ﬂls being taught and the perfermances whlch
might reasonably be expected from a perserr who has had this training.

_Test and Evaluatlon ' ) f—\ﬂ v

’

Pap%r:pencii andrperformance tests havé been constructed to measure student achieve-
ment of each objective listed in the unit of instruction. Individual test items may be pulled
out and used as a short test to determine student achidvement of a particular objective, Thig
kind of testing may be used as"a daily quiz and will helpthe teacher spot difficulties being
encountered by students in 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 answers are provided for each unit. These may be used by the tedcher and/or
student for checking student achievement of the objectives. - :

13
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AR CONDITIONING AND REGRIGERATION EHOK 1V

] -

INSTRUCTIONAL ANALYSIS

Job Training: What the Worker . Related Information: What
Should Bé Able To Do’ * L. . the Worker Should Know
{Psychomotor} ' "{Cognitive)

EL

e UNIT I: GAS FURNACES

. 1. Terms

2. Types of gas fires furnadés and
their applications

. Components of a gas burner
* assembly -
Types of gas valves and thei) :
characteristics

Al

Components'of a combination
electric gas valve

. Characteristics of a heat
exchanger

Advancements in heat
exchanger technology .-

Characteristics of a draft
diverter

. e ’ oy
- Types of blower assemblies
Components of a controt
.system .
e
_11. Functions of a transformer

12. Types of theqnaOstats and their
functions PO

13. Limi switcT\’ch{rIatiqn
14. Fan switch c';peration
715, Combingt_ioh:fén-ﬁmit switch
operation* , ‘
3

) 16.-*Pilot light operation

17. Thermd&uple’bperation
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‘' AIR CONDITIONING AND REFRIGERATION BOOK IV

INSTRUCTIONAL ANALYSIS

Job T}aining: What the Worker ‘Related Information: What
Should Be Able To Do , . thé Worker Should Know

3 {Psvchomoto_r}
‘ 18.

19.

r

20.

&

* 21,
22.

23.

(Cogriitive) | .
Pilot safety operation

Potential sources of thermo”
couple failure

Potential sources of fan switch
failure

Patential sources of

_transformer failure

Potential sources of high limit
switch failure
Potential sources of das valve
failure

30.
31.

32.
3.

Potential sources of fan_relay
trouble .

Biswer section failure and ..
component sources

Potential sources of heat
exchanger failure

Potential sources of pilot
safety -

Factors neeaea to deter\min{a
gas pipe sizing T
Energy conservation devices
designed for retrofifting

_Set back thermostats-and their

uses

-

r

Intermittent ignition systems
and their uses

Vent dampers and their uses

Trace high and low voltage
circuits of a.gas furnace

13
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AiR CONDITIONING AND REFRIGERATION BOOK 1V

. , ©w'* . |NSTRUCTIONAL ANALYSIS

Job Training: What'the Worker. Related Information: What

Should Be Able To Do —~— the Worker Should Know
{Psychometor} {Cognitive) '

Ll

‘34. Construct wiring diagrams for
gas furnaces

-

35. Size gas piping
*
. -36. Install, start, and adjust a gas.
~ furnace

'37." Disassemble, inspect, and
reassemble a gés furnace

.38~ Perform maintenance on a gas
gurnace

39. Iroubles!}oot a gas furnace on a
-7 "no heat” complaint

40. 1nstall a retrofit package to
replace astanding pilot with a . <
cycling pilot

L]

UNIT II:‘ELECTRICAL HEATING SYSTEMS

1. Terms

2. Types of electrical heating
systems

Differences in types of
electrical heating systems

Components of electrical
heating systems

Causes of common failures of
electrical heating components

6. Install, start: and check an
electrical heating-unit
- -

7. Disassemble, inspect, and.
reassemble an electric fugnace

8. Troubleshoot an electric furnace_

Fl

9, Perform maintenance on an
electric furnace,




- AIR CONDITIONING AND REFRIGERATION BOOK IV

—

INSTRUCTIONAL ANALYSIS \

Job Training: What'the Worker Related Information. What \
" Should Be Able To Do ) the Worker Should Know
{Psychomotor), ] {Cognitive)

UNIT I RESIDENTIAL COOLING SYSTEMS

1. Terms -
4

-

2. Mechanical components of an
v ~air conditioner

3. Electrical components of an -
air conditioner

Processes in the cooling cycle

How the cooling cycle is
completed
»
. What happens with fan on
continuous operation

. Compressor motor failures and
ways they can be detected

. Compressor failures and ways
they can be detected

Failures in condensing.sections.
and their possible causes

. .
Functions of low side section
components in an air
conditioner .

. Problems of low side sections
and their causes

Steps in using a charging table

Rule of thumb for working
2 without a charging table

¥ Trouble shoot an air conditioner
condenser section on a "no.cooling”
complaint

. Perforim.maintenance on
conditioner

Use a charging table to check the
chgrge in a capillary cooling system

‘ r
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AIR CONDITIONING AND.REFRIGERA’[ION BOOK IV

INSTRUCTIONAL ANALYSIS

" - . - ' N
Job Training: What the Work\er ) Related Information: What
. Should Be Able To Do the Worker Should Know
{Psychormotor} . {Cognitive)

N . UNITIV: HEAJPUMP SYSTEMS
1. Terms
2. Components of a healpump
3. Differences between the
'_operation of a 4-way reversing

valve in the heating mode and \
cooling mode

4. Operation of a heat pump in
the defrost mode

B. Comiponents of a heat pump \
indoor section ‘ '

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

7. Differences between
components of indoor sections
of héat pumps and low side

I' sections of air conditioners

8. Common t':orrrzaonent failures
of-heat pumps in the cooling
mode .

3

9. Proper installation of an
electric strip heater

10. Special precautions for
replacing reversing valves

13 Major rules for good heat
pump operation . .

12, Trace operational circuits for a
heat pump in the cooling *
moge )

13, Trdce operatignal circuits for
" first stage heating in a heat
pump . +




? AIR CONDITIONING AND REFRIGERATION BOOK IV

INSTRUCTIONAL ANALYSIS
Job Training: What the Worker ” * Related Information:"What
Should Be Able To Do . the Worker Should Know
(Psychomotor) : . {Cognitive)

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

Trace operational circuits for
second stage supplementary
' heat in a heat pump

. .
L3 . . s

6. Wire a control system for a heat
pump )

17, Troubleshoota heat pump indoor
section in the cooling mode
18. Perform maintenarice on an indoor
section of a heat pump in the
cooling mode
19. TrouBleshoot a heat pump ona
. "no cooling!" complaint -
. . '
20. Troubleshoot a heat pump outdoor
section on an "insuffigient cooling”
complaint

21. ~Perform maintenance on an out:
door section of a heat pump in
the codling“mode

Troutieshoot supplemental heat
on a heat pump

Perform maintenance on heat
. pump supplemental heating

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

. Troubleshoot a heat pump on a
“no heat" complaint when
compressor runs but cycles on
compressor overload

Troubleshoot a heat pump on an
' "insufficient heat" complaint when

A

compressor will run




AIR CONDITIONING AND REFRIGERATION BOOK IV
ﬁ“

INSTRUCTIONAL ANALYSTS.

Job Training: What the Worker : Related In.formaiién: What
Should Be Able To Do the Worker Should Know
(Psychomotor) ’ . -|Gognitive)

*

UNIT V: BALANCE POINTS *
1. Tere~
. § »
2. COQP of a direct electrical

< heating element and the COP
of a heat pump

Y

\
N—

3.+~ COP of a heat pump at given
design conditions

. Balance points and their
relation to CQP

Balance points and typical
stages in heating continuity

. Pactors-needed to plot balence
_ points '

-

Heat.pump performance curve

Plot bal_anc'e point #‘I from
given design conditions

Plot additionaf balance points
from given design conditions

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

+

——— t

11. Adventages of controlled

heating stages °
” |
- 12. Installation considerations
related to heat pump
performancé ‘
] "13. Size a heat pump on.th‘e
e e ling 020 -

\ “14. Plogbalence points for a heat
i pu at given design
/. con t;litionge )

45. Locate equipment to obtain
maximum COP from a heat
pump

-




AIR CONDITIONING AND REFRIGERATI% BOOK IV j

INSTRUGTIONAL ANALYSIS

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

{(Psychomotor} . : {Cognitive)
UNIT VI: HYDRONICS
J 1. Terms

2. Basic types of hydronic ‘
systems

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

. Common types of hiydronic
system designs

. Hydronicsystem designs and
their advantages and
disadvantages

' Design water temperature

- s
Terminal units and design
water temperature drop i

Design water flow rates___
through circuits

Flow rates through terminal
units and tubing sizes

Placement of terminal units

s’ - .
Terminal units, their
characteri;tics and uses

——12. Steps in the selection and
. sizing of terminal units

13. Fuels, ratings, and selection of
. boilers ,
St
14. Advantages and disadvantages
, of types of residential
expansion tanks




AIR CONDITIONING AND REFRIGERATION BOOK IV
INSTRUCTIONAL ANALYSIS

° Job Training: What the Worker . Related Information: What
Should Be Able To Do * the Worker Shquld Know
{Psychomotor} - {Cognitivel =~ =
15. Steps in the selection of )
residéntial expansion tanks X
16. Types, designs, and sizing of
residential pumps

o 17, Fdctors in the selecti8n O‘f)
residential pumps

%
18. Steps in selection of
residential pumps

19. Factors affecting pipe sizing

20. Procedure for selection of pipe -
5izes . .
- Fl

21. Hydronicspecialities, their
characteristics and uses

. q .
22. ®eps in.designing a hydronic
_system

2_3}.'\Lay out a series loop single
circuit hydronic system with
boiler locatéd under floor of .
dining room v
I
24. Select boiler and expansion
tank

25. Make atrial selection of pump
" and select pipesize for series
Icop system

- L]
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.AIR C’\IDITIONfNG AND REFRIGE RATION BOOK v

TOOLS AND EQUIPMENT LIST

.Hammer
Aviation snips
Scratch awl _
oScrewdrivers
Nut drivers- :
Blectric drill and bits
Service technician’s tool pouch
Flashlight
Qil can with #10 il
Volt-ohm-ammeter
Millivolt.meter
Manometer , ¢
". Combustion test'kit’
Thermometer . :
~ Refrigeration. thermomagter or thermometer feeler bulb
* Suction or compound gauge - .
Gauge manifold
Inspection mirror with swivel attachmenton 12" h‘andle
- Shop rags .
Gloves '
Duct ta
Metal screws
Gas furnace as selected by instructor
Gas furnaceé with standing pilot as selected by mstructor
Cycling pilot retrofit package as selected by Mstructor
Cooling system as selected by instructor’ -
Electrical heating system as selected by instructor
. Heat'pump trainer or heat pump system as belected by mstructor

~
"~
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GAS FURNACES
' UNIT |

£

UNIT OBJECTIVE

’ ) t . . 1 -

0J'!\fter completion of this unit, the student should be able to identify types of gas furnaces
and problems associated with their components, and list energy saving devices used in
retrofitting. The student should also be able to ingtall, service, and maintain a residential gas .
furnace This knowledge willle evidenced by correctly performing the procedures outltned
« in the assignment and jobs sheets,and by Scor|n9~85 percent on ‘the ualt test. #_ \

-
-

*

SPECIFIC OBJECTIVES.

. After completion of this unit, the stude t:shoulci_be able tot

i » 3
Match types of gas furraces with their applicatiors.
"""\.‘_- .

.. ldentify.components of a gés burner. assernbly.
.

—— L . v el ‘
1. Match terrwelated‘ to gds Jarnaces with their COfr@lnlthﬁs.

Match types of gas valves with their characteristjcs.
—

Identify components of a combination electric gas valve.

N
v

- ; , ‘. e .
Se!ect true statements concerning the characteristics of a héat exo@ﬂger.

- . v

Select true stateryfrT concernlng advancements in .heat. exchanger technology.

Select True statements' concernlng the characteristics of-a draft diverter.

\ ¥ ,",.-. "
jg‘entify types of blower assemblies. v . ) ‘;\

10. aomplete a list o f components of a control system.

’

. . &
11. Describe the functions of a transformer. .
Yo - . » /
12. Match ‘types of thermostats with their functions.. *

13." Select true statements concerning limit switch operation.

M.—-Sejecr'fromﬁmfrs toncernmg fan SWitch operation.

T L T A
15. Select true stateqle[lts concérning combination fan-limit switch operation.
] ) o )

16. Describe pilot light operation.

-

17. Describe tinermocouple operation.
- - S

18. Describe pilot safety operation.




- [
N P

19. gelect true statements concernlng potential sources of thermocouple failure. =

Bl +

20. Complete a hst of potential sources.of fan sw1tci'1 fallu re.:

+21. «Complete a list of potential sources of transformer failure.

22. Select true statements concerning potenaal sougtes of htgh I|m|t switch. fallua;e

.

- ‘ ‘.
¥

23 leferen‘mate between two potential Sources of gas, vaIVe failure. ¥ N
]

24. . Select true statements concerning potentfal sources of fan relay fajlyre. s
. ) ! . M -

»
-

25. Match potential blower section failuge'with component sources.
L3 . - a -

- ¢

26.7 Differentiate between two potential sources of heat exchanger failure.
. - ' \.'
" 27. Select true statements concerning potential soyirces of pilot safety failure.

28." Complete & list of factors needed 10 determine gas pipe sizing.

L

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

Az

30. Select true statements concerning set back thermostats and their uses.

Select true statements concerning intermittent ignition systemsand their uses.

Select true statements coricerning verit dampers and their uses. .

o C e
Trace the high voltage and low voltage ciruits of a gas furnace,
1 1]

Construct wiring diagrams for gas furnaces.

Size gas piping.

-

Demonstrate the ability to:

’

a. [Install, start, and ddjust a g?s,furnace.

b. DisassemBle, inspect, and reassemble a gas furnace. )

L

¢.  Perform mainténance on a gas furnace.
L]
-

.._Jraubleshoot a gas furnace on a "no heat complaint.
e,

e. Install a retrofit package to replace a standing pilot with a cycling pilot.
. ] . .

ERIC_
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GAS FURNACES
UNIT |

o "SUGG ESTED ACTIVITIES

1Y

_Provide student with objective sheet. *

Provide student with information, agsignment, and job sheets.

Make transparencies. Ad
’ - . v
Discuss unit and'specific objectives.

Discuss information and assignment sheets.
-

LY

Discuss and demonstrate the procedures outlined in the job sheets. 2
Show the class examples of ladder diagrams for gas furnace wiring circuits and
explain the symbois used to denote specific components that are needed for the
asslgnment sheets. . .

invute a factory represer]tative or a |ocal contractor to 1alk to the class concerning
new techniques in furMace and component construction and their relation 10
energy conservation, . -

* ! > ’ : - .
Invite the local building inspector 10 discuss construction codes and other regula-
tigns concerning furnacé installation and service; be sure to ask about codes
concerning vent darnper retrofits. -

Invite a local or area contractor who works with solar heating applications to talk
to the class concemning areg activities in complete or passive solar heating systems.

Give test.

»*

~.
INSTRUCTIONAL MATERIALS

-

*

Included in this unit: *

v Objective sheet

B. -Inforrnat_ion sheet

C. Transparency masters
1. TM 1-Upflow Gas Furnace
2. TM 2--Counterflow Gas,Furnace
3. TM3-Horizontal Gas Furnace

4. TM 4.-Lowboy or BasementGas Furnace

25
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. TM 5--Components o:f a {3as Burner Assembly

. T™ 6--COI‘T_]DQJ'IG-I"I;ISTO!"6 Combination Electric Gas Valve -

6
* TM 7-Gas Furnace Heat,Exchanger .
8

.* TM 8--Amana Heat Trahsfer Module (HTM&}

*

9. ™ 9-Types of Blowers

Assugnrnent sheets N

1. Assignment Sheet #1- “Trace.the ngh Vol/age and Low Voltage Curcu+ts
of a Gas Furnace

27 Assignr'nent Sheet #2--Construct Wiring _Diagrams for Gas Furnaces

’

3. Assignment Sheet #3--Size Gas P_uping

"

-

., Job sheets
1.. Job Sheet #1--Instali, Starr, and Adjust a Gas Furnace- g

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

¢

3. Job Sheet #3--Perform Maintenance on a Gas Furnace . + «
4. Job Sheet #4. Troubleshoot a Gas Furnace ¢n a "No Heat" Complarﬁ?

5. Job Sheet #5-Install a Retrofut Package to Repiace a Standing P|Iot
with a C¥cling Pilot
] e

F. Test .

&
G. Answers to test

-

" References ‘ . ’ ' v
A. Althouse, Andrew D., .and ‘Carl H. Turnquist and Aalfred F. B¥acciano.
Modern Refrigeration and Air Conditionigg. South Holland, IL: The Good-
Heart-Willcoy Company, Inc.,-1975. -
F 4
-Lang, Paul V. Pnnc:p?es of Air Cond:,nomng Albany,tNY 12205: Delrnar
Publtshers, 1972,
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GAS FURNACES
ANIT

INFORMATION SHEET

Terms and definitions
} . )
A.  Gas pressure regulator-A device for adjusting gas line pressure to the pres-
sure specn‘le\d by the appliance manufacturer
-1,
Pilot safety control--An electric switch which prevents a gas valve from
opening unless a pilot light is present -
. % N )
Solenoid valve--An electrical device that controls the flow of gas; can be
millivolt, 24V, or 115V depending on application
ok
ANOTE: A solenond valve is normally closed and opens when the circuit
is completed.)

Orifice inserts--Plugs threadéd into gas burner manifolds; their small, pre-
cisely drilled holes meter precise amounts of gas to individual burners

Primary shutter--An adjustable opening on a gas burner which m\ete_rs the
- amount of air to mix with the gas in order to produce a proper flame

Pilot runner (crossover‘igniter)-vA small opening in a ga;bu'mer which diverts

a small amount of gas to the vicinity of the pilot flame to assist in a quick,

even lighting of all burners in a gas furnace

Thermocouple-Serves as a safety device on gas furnsces to 'cut off the
gas supply in the event ofloss of flame in the pilot light

Fan relay-An electrical device in @ fumace blower assernigly that energizes
. the blower from a remotg location

I.  Bonnet-An air collection chamber

ki

J. Gas va'lve--AQ‘electrically'operated valve tI;I'at controls the flow of gas
K. Retrofit-To remodel or .repair in air conditioning and refrigeration it
generally means replacnng older system components with new .components
_that congerve energy . ) . ™

Types of gas furnaces and their applications -

‘A .prlow-vlnstalled where headroom is not a problem (Transparency 1)’

(NOTE When igstalied in closets, upflow furnaces requnre specual clearances
_ from combu§t|b materials,)
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~ Y Lt N

Counterflow--Installed where basement or crawl space cannot be used,
and supply ducts are Iocated under the floor {Transparency 2)

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

. .
-Horizontal-Installed in crawl space or _attic where headrOOm is limited
iTransparency 3)

(NQTE: Heat exchangers in honzontal furnaces are sui’:qected 1o greater
stress than heat exchangers in other furnace types. l

Outdoor Installed outside and ducted into the house

(NOTE Because these umts are usually a combination furnace-air condi-
tioner, they are calied “package Onits,’ and they are usvally vented by a
draft inducer instead of gravity.) . . C e

Lowboy- Installed 10 basements where headroom is limited {Transparency
4} .
. *
h

(N OTE:.Lowboy furnaces have horizontal heat exchangers.) N
Gravity-Ipstalled in basemernts, and fmquently used to convert /Furnaces
from coal 1o gas operation )

(NOTE: Supply ducts in a gravity type furpace should be installed as nearly
vertical as possnb{e and all ducts should be as large as-possible because gradity
systems have no blowers.} . .

4
L

Components of a gas burner assembly (Transparency 5)

“A” T "Gas valve {instantaneous, slow opening, or combination efectric)
Pilot burner gassupply
Burner manifold with. orifice inserts

Primary air shutter,and locking screw
A A -
Ribbon, slot,-or jet burper ports

Pilot runner or crossover igniters

Pilot burner and thermocouple assembly

-

Tap for manometer use in adjusting gas pigssure -
, Types of electric'gas valves and their characteris'tics

A Instantaneous--Opens instantlfr when energized
‘ B. Slow op.enlng-~0pens after a lapse of one to thirty seconds when ener-
gized

Q .
'7‘ MC :is’rq'j .
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~for Combmatlon--Combmes other gas bumer assembly components such as

Componerits of a combination electric gas valve {Transparency 6}

G.

pressure regulator, pilot gas valve, and pilot safety * '\ »

-
E

Pilot shut off valve . N
Main gas line shut off

Pilot gas adjustment

3

Gas préssure regulator adjustment

Pilot gas connection .
. ) ¥
Thermocouple conhection {with builtiin electromagnetic pilot safety control)

Electrical terminals to control circuit

Characteristics of a heat exchanger {Tra nSparehcy 7} i

A

D.

Constructed to provide efficient heat transfer from flames to room azr/
wh,|le keeping flue gases separate from room air

Composed of units called "clamshelis" -

»
Each clamshell desugned to transfer a specific amount of heat per,hour
of Operatlon A

Each clamshell has one burner ° *

Advancements in heat exthanger technology (Transparency 8)

A

Advanced heat exchangers opérate with power combustion, an intermittent
ignition system that eliminates the need for a standing pilot a\/u

B. . Advanced heat exchangers eliminate "up the flue" heat losses
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-
"

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 1 heat transfer module

‘ {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 througir.
tubes embedded in the fins as a water-ethylene glycol solu-
tion is pumped through the tubes. This system Hquid leaves
the embedded tubes at about 180°F and is carried through
the copper tubing loops of the indoor coil. When thé coil
reaches a temperatyre of 124°F, the indoor blower auto-
matically starts moving air through the coil to provide heat to
the conditioned space. Amana reports figel utilization effic-
iencies of up to 86%, or up to 33% better than standard gas
furnaces with pilot lights. . . §

>

. L .
(NOTE: The .example given is"not intended, to endorse
p‘roduc't; it w, lected because it demonstrates significant
advancement in heat exchanger technology.} .

o
Characteristics of a draft diverter 5

Constructed to collect flue Bases ffonening of heat exchanger

and funnef them into the vent witho julling excess air over the flames

Constructed to be open 10 the atmosphere

C. induces unheated air into vent pipe to reduce temperature of flue gases
- r

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

 f v

IX. Types of blower assemalies {Transparency 9)
;E\. Direct dri.ve
1. Ar_;proximatelv 105_0 rpm on high speed
2.‘ SLLpported, by l";'IOtOI' shaft e
3. Variable speed requires a multi-speed motor

B. Beltdrive

1. Motoris usually 1725 rpm

2. Blower wheel is supported by shaft and bearings

-

’
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Al

3. Variable speed is obtained by varying the setting of a quit_li;:ulley

{NOTE: Blower assemblies are constructed to pull. air through the
return air ducts and filter, and push air through the heat éxchan-
ger and supply ducts; they require careful adjustment to produce
e‘noug}h volume and velocity to maintain comfort at desigp' condi-
tions. '

-

X. Components of a control system
Transformer
Thermostat
Electric gas valve
Limit switch
Fan switch

Combination fan-timit switch
N .

-

Pilot light
. Thermocouple
I. Pilot safety
X1, ., Functions of a transformer -
A. Reduces supply voltage to 24 volts
8. Furnishes power for control_circuit
Ty pes of thermostats and their furictions

A ?at only thermostats e .

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

2. Have only a heat ar[ticipaéor
1

- - . v 1 . . *
-3. May have a set back ‘energy conservation feature

I -\-"/
B. Heat and cool thermostats

]

1, Temperature operated heating switch closes on drop in room tempera-
ture :

Al

2. Temperature ‘operated cooling switch closes on‘increase in room temp-
grature '
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. ’
3. Manually operated fan switch closes circuit to fan relay

4. Havé both heating and cooling' anticipators

5. May have a set back engrgy conservation feature
X Limit switch operation b_\

A.  Opens on temperature rise '
B. Senses bonnet temperature
C. Setat 18010 200 degrees

. Interrupts circuit to gas valve or transformer
* .

£J

May be separate or combined with fan switch

ljesigned to shut off gas supply to burners if furnace overheats

-
In some models will bypass fan switch to bring on hlower while furnaoe
is overheatgd

Fan switch operation

A. Closes on temperature rise . .

B. Senses bonnet temperature

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

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

switch . {

LS

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

-

All types of fan switches for gas furnacesare designed 1o close supply cnrcunt
to blower motor when furnace is hot

May be combined with limit switch
LT
XV._  Combination fan-limit switch operation
AL Combines complete set of fan switches

B. Contains pre-set high fimit switch .

1. May control gas valve on 24 volts

PAFullToxt Provided by ERIC




ACRIV-11
-

INFORMATION SHEET

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

(CAUTION Combipation fan-limit switches, are frequently converted

m 1 15 volt to 24 volt operation and vice versa Through the high limit
" switch; this must be recognized durmg service work to prevent destruc-
tion of the gas valve.)

XVI.  Pilotlight opbration ' .

A.  Small flame lights main buﬁvhen gas valve opens

B. Furnishes heat to thermocouple tip

’

v
XVIL Thermocouple operation» N v

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

%onnects electrically\to pilbt safety

X\LII. Pilot safety operation

-

A.  Opens control-circuit 1o 9as valve in event pilot light fails

May be incorporated into comblnatlon gas valve or installed as a separate

Jde&m:e .

XX, Potential sources of thermocouple failure

I . + L

A. May fail to generate enough voltage to hold open the gas valve or pilot safety
! . . 8
B. Tip may be burned out because pilot flame is too hot -

-

May not be getting enough heat from pilot flame
¥ . . .

1. Not properly pésitig,ned in pilot flame .

2. Soot build up insulates thermecouple .

]

Potential sources of fan switch failure

L3

A. Contacts stick togjether making fan run all the time

B. Fan switch temperature setting becomes unreliable causing’ fan 1o come
on too sobn or too late .

(NOTE‘.‘)In attic installations, the fan will come on in the summer if attig
temperature rises above fan switch set point.) 12




B. fails for no apparent reason

- Potential Jources of high_limit switch failure

) * .
A.  Normally closed switch that is faulty will not open in presence of unsafe
temperature ' -

B. Usually very reliable, but might be prevented from operating
*-because of external causes

L

1. Switch cover jammed against movingplate

.

-

2. Wires touching becausé of burned insulation
i . -

XXl Potential sources of gas valve failure,
| g A, Usuaall'y fails because 11 will ngit open
B. Rarely fails because it will not close
XXIV., Potential sources of fan relay fatlure
A.  Contacts stick together causing blower to run all the tirhe

- B. Fails to close when 24 volts is applied
T

.

C. Coptacts Ti to close fan circuit

‘ XXV, Poteptiél bl&wer section fhilure and component sources
A. Blower motors- ' )

1. Bearing seizure becaus'é of improper oiling

~2. Bumed out or shorted motor windings

Blower bearings”
1. Destroyed because of improper oilin'g\ b
2. Destroyeci because of ex€essive belt tension * -

Blower belts

"71. Cracked, frayéd, or broken *

2. Too loose.

*3. Too tight
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il

Aluminum split pulleys-Can seize to motor shaft and cannot be pulted
off without destruction

Blower wheels out of balance

1. ‘Balance wejght has come off -

1Y

2. Can onlybe reba!anced at the factory
Blower wheel--Running backwards because of iniproper replacement
Blower speed R . p

1: Creates excesslve nolse - e

2. Causes temperature stratlflcatlon resulting in cold spots and hot spots
. ln the room

- B - »

Drawing too much current and blowing fuses &

Providing inadequate cooling after air conditioning has been added

. . 1 h
{NOTE: This condition usually has to be corrected by replacing motor
with a higher horsepower motor to facilitate the demand for added air
volume.) L -

XXVI. Potential sources of heat exchanger failure
A. Soot build up between clamshells -
1. Usually identified by flames spilling out front of fumace

"2. Flames frequently -cause extensive damage to wires and electrical
componentis . -

.03, <F:eqwres tearing down furnace and cIeanlng between clamshells with
ire and vacuum cleaner G

(NOTE: A vacwum cleaner hose fitted \Jlth a soft copper tube is a
" handy tool to pick up soot and rust.) _ J

* B. Cracked heat exchanger
Starts as hairline cracks in sharper bends at bottom of clam-
shells . T ‘
Cracks open wider in presence of heat from burner flames and \ .
create a pOtentlal hazard for occupants -

LS .
Should be suspected when customer complains of pilot light blowing

out
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4, Identified by visual'inspectio‘n wjth flash)ight and small mirror

(NOTE: It is frequently necessary to pull the burner assembly and
o blower ag;emb!y 10 properly examme a heat exchanger, )

XXVII.  Potentfal sources of pilot safety Tai!ure‘ e
o“‘ ‘
Usuilly evidenced by failure to open gas valve after replacement of thermo--

Kills' .p wer to gus valve unless Operatlng properly wr;h adequmthermo
couple voltage
C. . On furnaces without 100% shut-off gas valves E

R - *
XXV11l. Factors needed to determine gas pipe sizing

§per:ific gravity and Btu per cubic foot heating value of gas supply

: g N - -
Biuh rating Qf gas outlet e . / .

{NOTE: This information’is either on the rating plate or |n manufacturer 5
specifications.)

"

¢
Distange from the gas meter to the appliance outlet - .

Maxrmum capacity -of pube ‘related to cubic .feet of gas per hour (Figure

1)

-

.o ‘




1

ACRIV-15 _

%. : INFORMATION SHEET

-~

t

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 . ) , .
Length Naminal Iron Pipe SiZe, Inches / .
in . ‘ .
Feet "1/2 3/4 1 114 112 2 2172

Vi

10 132 278 520 1,050 1,600 3,050 4,800 8500 17,500
20 92 190 350 780 1,500 2,100 3,300 5900+ 12,000
30 73 . 162 285 590 800 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 1270 2,000 3600 7,400
60 50 105 195 400 610, 1,150 *1 1,850 3250 6,800
70 .46 -96 180 - 370 560 1,050 1,700 3,000 6,200
80 - 43 90 170 380 530 900° 1,600 2,800 5,800
90 40 84 160 320 490 930 1,500 2,600 - 5,400
100 38 .79 150 305 460 © 870 1,400 2,500 5,100
125 34 72 130 275 410 780 1,260 2,200 4,500
150 31 -84 . 120 250 380 710 1,130 2,000 4,100
175 2B 59 410 225 350 650 1,050 1,850  3,800%
200 26 55 100 210, 320 - 610 980 " 1,700  .3,500

t N . - .

Example: ':ro determine the required pipe size of each section an# outlet in
,the piping system in Figure 2, assume the gas to be used has a
specific gravity of 0.65 and a heating value of 1,000 Btu per cubic
foot. .

in,

To select the right pipe size for each section and appliance outlet, .
‘begin 'y 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 aperating. This means the water

heater at outlet A would have a cfh of 30 (30,000 divided by

1,000); outlet B would be 3 cfh, outlet C, 76 cfh; and outlet D, -
- 136 cfh.

To properly size the total system, start with the outlet with the
largest tfh, 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.
Undef“the "Length in Feet" column find 50, then cross the table
until the proper pipe size is found. 3/2" will not handle.the cfh,
3/4" will not handle it, so outlet D requires 1" pipe. By contin-
uing with the oatlet that requires the next highest cth, each outlet
and each section can be easily sized. Section 3 requires 1" pipe,
section 2 requires 3/4" pipe, and section 1 requires 1/2" pipe.
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Furnace

Outlet D’] 136,000 BTU Per ;.

.

-

? 20,’ ‘ OuTRTA  30-Gal. Automatic

FIGURE 2

30.000 BTU Per Hr.
| Section 2 Section 1 . N '

LO. . 18'
— & ‘
5 -

Gas Meter

Outlet ¢ & HRange -
¢ 75,000 Btu Per Hr.

-~

FIGURE 2

. .
3 .,
& *

Energy conservation devices designed for retrofitting

A. Setback thermostats,

&

B. -intermittent ignition systems

C. Ventdampers -
Set back thermostats . :

A. Designed to let structure drop to a lower room temperature at night
[ . .
B: Reduces heat loss because of lower temy. erature differentizﬁ

-

C. Reduces fuel consumption because of reduced heat loss

. D. Canbe manually opera{ed by occupant upon retiring.or gettin\g up

Water Heater Y ’

Qutlet B Gas Refrigerator ]
- . 3,000 BTU,EBP’FI(

N
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Can be fully autoﬁm‘ed W|th cloek operation providing manual override
on weekends )

.

INOTE: Modern clock thermostats give set back temperature night and ,

day if desired, and they also permit a structure to drift to 4 higher tempera-
ture to help reduce heat gain in summer.}) / . .

Intermittent ignition systems and their yses

A.
B.

Vent‘dampers and their uses

A

Ef{minates cost of fuél to pilot flame -~

"Can operate from a direct spark |gn|t|on, proven- pu!ot |gn|t|on, or cyclmg

pllot |gn:t|on

(NOTE: Refer to Job Sheet #5 for illﬁetrations of a cycling-pilot ignition.}

Bood proven-pilot or cyclingpilot systems built with a "redlindant”
safety system which requires that the pilot light b® proven with an electric or
an electrg.mechanicayl sensor before gas will flow to the main burners

Are being incorporated into Many new furnace designs

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

"

Are designed to stay open while burner is operatlng in order to vent combus-
tion gases(Figure 3) '

FJGU{3




B.

C.

D.

»*

INFOBMATION SHEET

£

Are designed to close when burner shuts off to stop heat from escaping
up theflue’or chimney {Figure 4}

®

-

-FIGURE 4

, Are relatively “easy to instally but should onlv be |nstalled by.a Ilcensed
. contractor .

-~

»*

{CAUTION; »Vent dampers can be both health and fire hazards if they

fai] to open when the furnace is operating™ and some furnace warranties
ara voided if vent dampersare added always check warranties to be safe, and

alivays check local codes for regutatlons governing vent damper retrofit

applications.)
e Py

Some manufacturers are building furnaces with control wiring installed
for adding a vent damper .. -

4
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Typlcal Appllcatlons Closet ingtatation’

Basement Installation ' With Cooling Coit _~
With Cooling Coil, ~’ 7 -~ ' and Electronic Air , _
Electronic Aur Cleaner and Humidifier . _ Cleaner

[ . s
. ‘ -

Basement Installation With

~ Cooling Coit, Return Air
Cabinet’ ahdd’ower
Humldlfler

(Courtesy of Lennox Indus 4jfnc Dallas, Texas)

'“\- ’
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+ Counterflow Gas Fumnace

Utility Room Installation With <~ . Closet Installation With
Cooling Coil, Electronic Air - “~= 7. Coodling Coil and Humidifier
. Cleaner and Humidifier -

i

- oL N *
{Courtesy of Lennox Industries inc.; Dallas, Texas}
2

-+

42




"Basemént Installation - , Attic lastallation With
With Cooling Coil : ’ Coohng Coil, Electronic .
- - Air Cleaner and Automatic
S ' Hurnidifier |

Crawl Space. Installation ~7 ! S -
. With Cooling Coil, .- R PRI IR v Jf ust | O

.Electronic.Air Cleaner and - -+
.~ Automatic Humidifier

Al




5

. Lowi:oy or Basement Gas Fumace

P

_‘\\"- :,

~ Typical Applications -

" Basement Installation . Dasement Installatio
With Cooling Coil and Humidifier = With Cooling Coil, -
.. . ————— tumidifier, Return Air
* " Cabinet And Electronic

~ Air Cleaner

{Courtesy of Lennox Industries Inc., Dallas, Texas)
o S

-

“
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k.

- Components of a- Gas Burner Assembly
| Bas Valve {Instantaneous, Slow Opening,
or Combinaﬁon Electric)

 Pilot Bumer and
Thennocouple Assembly

Tap for Manometer
- Uised in Adjusting
Bés Pressure

. Bumer Mamfold
- with Orifice Inserts
Locking: Screw

i anary Air Shutter




AT TR R R B
R L L,

® o ° Do o ‘i' h . S
Componenis of a Combination Electric Bas Valve

L]

Bas Pressure |
Regulator Adjustment

. Electrical Terminals -
Thermocouple -
Connection -

Pilot Gas- ( &
Connection —— " Pilot Gas

) NG ‘ Adjustment

62 - Al HOV

{Courtesy Prentice-Hall,-Inc.)
L Y . ‘
!
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474 ,?'/!{/!fliaf’ .

-

Clamshells =~ . - Each Clamshell
- o - ' Has One Byrner -
. oY

LE - Al YOV

{Courtesy of Lennox Industries Inc., Pallas, Texas} . \‘
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-

—

- 1

Ignitor

s

. ' N ‘ — _ Entichment Onflce
* / B — Ennc_hment Gas Line
Temperature Sensor : . B T .

Flame PIjObe ) Gas Air Train

(Courtesy Amana)

€2 - Al HOv




Types of Blowers

- - ‘ <
. -

L 2

.Belt Drive

. +
¥
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GAS FURNACES
UNIT |

L

ASSIGNMENT SHEET #1-TRACE THE HIGH VOLTAGE AND
LOW VOLTAGE CIRCUITSOF A GASFURNACE ¢

.
L

. ¥
A Use a dark colored pencil on the following schematlc to trace the, htgh uoltegemrcwt -
while the thermostat calls for heat.

/ ‘ .

L]
4

/E GROUND
{15~ [-60 POWER SUPPLY

FROM FUSED DIFCONNECT SWITCH

FAN Ri‘-‘“ FAN SWITCH m i
()
Y BLOWE
. R :‘:__,\G_ Y MOTOR
FAN RELAY

---—--——-—-—-—-n--o-{}-—o- -——-—-—“—f""“"

TRA NSFORMER

AUMPER — .| conpENSIMNG I'_____J

SECTION
SYSTEM_ I canTroLS

. g
ook . kaghi GAS “'__""""’

| VALVE . LT
= SWITCH

o

-
AUXILIARY
MIT
SWITCH
7

T
®
i

e
g

A 5 v

FAN RELAY 4

O O o

+

TTHERMOSTAT 025-15130
r
NOTE: COOLING GIRCUIT DOTTED IN.

2 i v -
¥
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ASSIGNMENT SHEET #1)

P

B. Use a dark colored pencul on the folttfwung schenﬂt:c to trace the low voltage circuit
while the thermostat calls for heat. -
» . - had t

P
L

GROUND ' -

. 115 1-60 FOWER SUPPLY
1 FROM'FUSED DISCONNECT SWITCH

FAN RELAY

AN szTCH ﬂ ¥ =
Y aLoWE

FAM RELAY .
p----—------\--q- -o—{l—-o---=—-——,—l' .o

1 + TRANSFORMER

JIUMPER -] CONDENSIRIG _ _ _ 4
SYSTEM i s=cmom.
2YSTEM CONTROLS

cooL

OFF

AUXILTARY
LIMIT
SWITCH

FAN RELAY

__.___’_IGX XCL_-—_ ._1_3_‘
_ , ’ et .
THERMOSTAT 025-15130 . /

NOTE: COOLING CIRCUIT DOTTEDR IN, / )//.

(& : .
T Sy S
ER[Cé—

PAFullToxt Provided by ERIC
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GAS FURNACES
UNIT }

L3

ASSIGNMENT SHEE'i' #2--CONSTRUCT WIRING PIAGRAMS FOR GAS FURNACES
. . L f

Directions: Draw lines representmg wires connectmg electrical components of a gas furnace
in the followmg conditions: . (

Y

* A. "Heating Only" furnace with 24V high limi

"Heating Only" furhace with 175V high limit

r

L J
- 116V




' *

ASSIGNMENT SHEET #2

"Heating Qnly" furnace with millivolt gaswalve

’

woa L

. .
' MV
Pilot Generator -
. N .

PAFullToxt Provided by ERIC




. GAS FURNACES
UNIT |

\

ZNT SHEET #3--SIZE GAS PIPING

»

T

\{ i

. . . H 3
Directions: Agsuming a situation where a gas supply has a specific gravity of 0.65 and. a

- heating value &f 1,000 Btu per cubic foot, size the gas piping required for appliance outlets
in the following diagram. v

.

(NOTE: Use the table in Figbre 1, Objective XXV1iIl.}

Gas Wéter Heater
50,000 Btuh

=1 (as Furnacq
150,000 Btuh

A. Pipesize f:ém meter 10 furnace should be

B. - Pipe size jrom furnace to water heater should be
- ) ’ i

C. Indicate procediire used for éacl'g calculation

L

-
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GAS FURNACES
UNIT |,

ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #1

- CROLANT

a,

1 P o POWER SUPELY
PO Flgal D PralOsRMESY sl CH

Am el A
[
A

. An L Ay . 1
oy o e e ] e — e

TRARGEOIMER

[y i T Y

[
d
by
I ' \_\r_______: COMDENGING II"' -
- . foeortRoLE, |
|
1
i

=F SN
| S ——

LiMiT &
SWITOH
e el
e , =
AUXILIAR Y
[talnd

LAy
;' SWITCH

FAN RELAY

TUiRMOSTAT PR

1
NHTL OOy NG CIRCUIT DOTTLO M

¢ ROURE

115 ¢ f) POWER SPRLY
Fagn FUSEd CISCONNECT SWITEH

:A“R‘L" EAN wwIT oy

.y

Ay

FasmOF, a4y

TRANMACGRMES

r o — -
E : T |
Ly —_— CONOE NSING -
Canmh C}T_' - sgcrion b
o ' oconTROLS | *
-1 | I I
-

LIMIT

SwWiTCH

FANRELAY
T
__.-._.‘01 'lt’\--.-——._!gls
L _ PR .
THLAMOSTAT A5 et g -
- .
NOTEL COQUIMG CIACUIT DO ICE N




Assignment Sheet #2

a.

L
116V

; MV
Pilot. Generator




Assignment Sheet #3

1" '  | ‘ )

For furnace: 150,000 Biuh = 150 cfhfor.50' = 1" pipe
1,000 Btu -

»

*

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

1,000 B~ ’

ACR IV - 45

¥
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GAS FURNACES
UNIT |

JOBSHEET #1--INSTALL, START, AND ADJUST A GAS FURNACE

‘Toois and equipment:
A, Mammer

B. Aviation snips

C. Electric drill

D. Service technician's tool pouch |
E Vo'lt-ohm-a_l;'lmeter

F.  Manometer

G. Combustion test kit .
H

(as furnace as selected by instructor

Procedure:
L 3
A. Remove crating from around furnace

€

B. Set furnacein location . R
1% -
© Adapt and fasten plenum to top of furnace cabinet

Adapt and fasten return air ducts to furnace cabinet
Install gas flex connectic;n to gas main behind main gas cock

. Attach gas flex ?onnecti_on to gas supply port on furnacq’
Connect low voltage thermostat wires to proper terminals on fu'rnac‘e
Set thermostat and con'rgect - E ‘
C:annect power supply éord to pro;‘)er terminals on furnace el'ectrical'system*
Adapt and conneét vent piping '
Provide proper c.ombustion air supply
Turn on gascock, check and bleed lines
Light pilot

Place thermostat in "OFF" position

£€3.




0.

P

Q.
R
S. _

T.

u.
v.”
W,

X.

JOB SHEET #1

S

Connect power supply . .
Set thermostat calling and observe lighting of main burner

Check and adjust furnace combustion if necessary

Install manometer on manifold and chegk and.adjust gas pressure

o

Drilf hole in fiue

Ifsert tube of combustion tester.in flue and check for, CO‘2 content and
combustion efficiency .

(NOTE: When using a combusticiiln ‘test kit, follow ,dlrectigns carefully.)
Close hole in flue with sheet metal screw A
Use amp meter to check blower motor Ipad for tolerance
Disconnect blowér and check ;1igh Iim?jt‘control i

lock pilot flame and check pilot safety

lean up tools and area and put tools, away

*

’
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GAS FURNACES
UNIT I

JOoB SHEET #2..DISASSEMBLE, INSPECT, AND. REASSEMBLE
-~ AN UPFLOW GAS FURNACE .
Tools and equipment‘: .
Service technician's tool pouch

Flash light

Manometef

] . &
Combustion test kit

A
B

C. " Oil can with #10 ol
-

E

F

Upflow gas furance as selected by instructor

Procedure: -

A. Disconnect power source

T B. Close gas cock and disconnect gas piping

Remove vent piprng
Remove t;lower plenum door or panel
Remove two holding screws on the blower and motor and shde the blower
assembly out ? ,
Remove gas manifold \

Remove burners from compartments

Remove all screws from heat exchanger and slide the exchanger out from
the covering.chamber .

Inspect heat exchanger with flashlight tg__deterrmne whether or not there are
any cracks

{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.)

Clean heat exchanger before reassembling )

Clean motor :and blower assembly

Qil motor.and blower if required

Reassemble combonents by repeating steps H through A in reverse -

Set thermostat to call for heat f".’.‘d run furnace through a complete cycle




S.
T.

‘\ﬁombustion efficiency

L7

JOB SHEET #2

Check and adjust gas and airr mixture until it produces a blue flame

L

Instalt manometer on manifold and check and adjust gas pressure

L

Drill hole in flu
insert tube OEEmbUStIOH tester in fiue and check fou COQ content an-

LT}
-

(NOTE: When using a combustion test kit, follow directions carefuliy.)
Close hole in fiue with sheet metal screw '

Shut down furnace .

u. (Elean up tools and area and put tools away




w

JOB SHEET #3

‘HH. Remove thermometer !

11.” Return thermostat to propersetting

< 4J. Clehn up t‘ooit‘and area and put tools away

. hal

ER

PAFullToxt Provided by ERIC




GAS FURNACES
UNITT

"
-

JOB SHEET #3-PERFORM MAINTENANCE ON-A GAS FUBNACE

Procedure:
A
B.

'

A
B
C.
D
E

-

u" ’ ¢ ’ - L

- Tools and eq°uipment: . . v

Service'technician's tool pouch .
r

Small mirror with swivel attachment on 12" handi

Fiashlight

»*

Dial thermometer

N e .
Gas furnace as seldcted by instructa

1

Disconnect fumace powger source
Clean and lubricate blowver and motor bearings %}\ é S %ﬁ&

(NOTE) Some motors and bearings are seated and do not, require field lubri-
cation . .

Check belt f9r slipping or wear if it is a belt-type blgyver

Inspect filters and clean if necessary

Remove burn&k i

(CAUTION If it is snecessary to remove the burner assembly in order o
remove the burners, it is important to close the gas cock on the’ gas@
sude on the union.). .

Inspect bottom of entire heat exchanger for cracks

" 1

{NQTE: Sometimes the blower has ta bé removed in orﬁer to seg every

bit of the heat exchanger.} X\

Tap rust and soot out of burners ’ ‘
r . -]

Remove any accumulation of rust and soot from the bottom of flr'éboxa

{NOTE: A service technician should have an imdustrial type vacuum cieaner .
available to remove heavy accumulatlons @ffust andg soot.)
, %

Remdve, mspect, and clean the,pilot assemb[y and pilot orlflcg -
> . i . .- M

Replace burners and othef components removed to inspect heat exchanger

Relight pilot and obsgrve pilot flame * .
Return, gas cock to "ON" position, . . Y

»
e 1 -




v

il

i

Y

w » o ™D z B

8

—{I!

EE.

‘Observe temperature at which the fan starts

JOB'SHEET #3

Reconnect power source_to furnace

Allow piiot safety %o reset

"l;urn off gas to puot ard check to see if piot safety locks out main gas valve
. C .

Relight En%ot '

Set room thermostat to heat and raise termperature to call for heat

‘ - - hl
Observe action of gas valve.

Observe hewght, color, and evennéss of flame

Adjust burner air shutters to produce blue flame with lttle or no yetlow
fiame "

»
Remove a sheet metal screw in the vicinity of the hmit switch®and Insert dial
thermometer

Continue obserylng flames until biower energizes, then note temperature
of thermostat

Examine flames for any change in motion while blower is operating
(NOTE: Hairline cracks in heat exchangers frequently open up under operet-
ing temperatures and escaping air will move or blow the flames.}

Open fu rne‘»Ce disconhect switch .

" Remove & blower mdtor wire from fah switch and insulate the bare wire

. r ’
Close the furhage disconnect switch and fire the burners - “e
ot .o , .
Observe, with ‘hlower--stopp8d, the temperature® of the thermorheter as

the furnace beg'mito bv‘erheat s

., et 9 L] -

Note the action of the htgh hn;ut\watch re

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

v

QOpen furnate disconnect switch and recofinect the blower

-

Close furnaoe.dis_éonnecr

™

than room temperature

n stops
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GAS FIRED FURNACES
UNJT |

JOB SHEET =4-TROUBLESHOOT A GAS FURNACE
"7 ONA'NOHEAT" CQMPLAINT

Ll .

Tools and equipment

L

A
B.
C.

Servic technician's tool poueh

Volt-ohm-ammeter

s

Millivolt meter ‘

.
L]

D\jﬁas furnace as selected by instructor

Procedure L

A

B.

Check power source with voltmeter

-

Set room thermostat ab‘ave room temperature

!
Check output of 24y transformer for voltage

Check 115 volt circuit from panel through disconnect'to transformer if
the transformer is dead v

(NOTE: Some low voltage transformers are fused with a low Werage
{3.2A) thrdugh the secondary circuit.} -

Check proper adjustment and alignment of pilot flame

JIdentify type of gaswalve >

o

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

Check thermocouple with millivolt meter

Disconnect 24 volt wires from gas valve and test for voltage

Establish 24 volts available at valve, then if valve does not oben it 15 bad
4 - ‘

{(NOTE: A shorted 93s valve will ususlly burn up a transformer, and remem-
ber that some slow opening and closing gas valves take up to 20 seconds to
open after applysig 24 volts.)
Estaizlish 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.},

PR




L

e

JOB SHEET #4

Check for open high (Wit switch

~ '

tNO:I'E: An open high limit switch usually results from ins%mmm ar
volume through the furnace, and this may result from a clogQed filter,

a bad fan beit, or a ba(:?wer motor } .
Q, El
| hugh and lotv voltage continuity and ready all controls for opera

f

. Wt

ire the furnace and cLeck the thermocouple

Check the fan switch and operating temperatures

[y .

Check §fie lumit switch temperature | '

moﬁ/;foo rfiotate the dial of a fan or limit switgh.}
{ : R ' :

Cléqnfup 1oolsand afg‘q,gnd;ut tools away I
- \.._.'___o -.-..‘__— -"é" - ‘.\' ' .

':ﬁ‘ ™
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GAS FURNACES -
UNIT |

(

"'az WSHEET‘#S INSTALL A RETROFIT PACKAGE TO REPLA
ASTANDING PILOT WITH A CYCLING RILOT

" * .
Tools and equipment
Service technician's 100l pouch

Volt-ohm-ammeter,

White-Rodgers 21D18 retrofit package o?ﬁivafent "

Gas furnace with standing pilot as select®d by instructor
N .

{NOTE: The procedures and iflustrations in this job sheet are reprinted.:
with the permissich,of the.White-Rodgers Division, Emerson Electric Co,
The procedures apd !om\Onents used are designed to reflect the essential
elements |n converting a standing pilot light into an energy.saving intermit.
tent 1gn|tlon system and no endorsement of product or procedure i5 ina
t&nded.) .

Procedure | /; .

. i
- *

A. Check Retro-Fit package to make sure flame sensor, gas valve, eiec}rode
assembly, and relight con;‘rﬂl are included (Figure &

'FIGURE1 - e




JOB SHEET #5

-
Fl

B. Complete the following chgcks before sl'w{tm\g off gas and power
\ .

Cycle system to insure .operatmg and limit controls are function.
ing properly ‘ . .
Check for other’ possible fumgte/'bouer malfunctions; ie., crac:;d(/
heat exchanger, blocked flue, cracked bo:ler sections, and evidenc
teaks ) .

" Check incoming supply '\‘Joltage"ar’!d 24 volt transformer output. Be
sure transformer capacity is adequate. This control.system requlres 15
V A for proper operation

-
Observe pilot flame pattern to. determme best locatlon for ignition
electrode pIacement
Visually check size and lendth requireents of present controi system )
to insure Retro-fit components will fit in the space provided -

]
.

Turn off gas and electrical power to the system

b
.

Remove exlstmg gas valvp and thermocouple and any other components
used #h existing system I:ult not-required for conversion application;i.e., on a
single functiom cortrol system, remove the gas solenoid, p|lot stat., and
pressure regulator _ ' o« .

- L3

Insert bulb of Mercury Flame Sensor mto pllot burner in place of thermo
couple (Figure 2) ’ )

FIGURE 2

3N 10 5732 -j
LEmENT
» (PLr R TYRE GNI..f)....
T
Fa

ELECTROOE MOUNTEQ ELECTROOE MOUNT
WITHSLIP-ON BRACKET ° UTILIZINGTPERFORATED
STRAP

ERI

PAFullToxt Provided by ERIC
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JOB SHEET #5

ra
Secure Flame ;SenSOr using the pilot burnér adapters'supplied with Retro-Fit
package (Figure 3) ‘ .
' ’ - ‘

{(NOTE: Check Figures 10 through 16 for demOnstrat'iOns of typical applica--

- 1ions.} ) g

FIGURE 3

. N

#LOT BURNER Coa .
ADAPTORS - . , i}
= Eg} MNOTE Part No 71 1139 45

tor use ith stud

71-3139 bulb type pHots

ELECTRODE
. MOUNTING BRACKET

260079 26-0080 69 1913

(CAUTION. UNDER NO CIRCUMSTANCES-should the existing.pilot
burner bé relocated, or an existing factory-installed shield be alteregs’ if
pilot burner replacement is necessary, use only a pilot burner ap ed
"for the appliance; if thg pilot or main burner have to be removed to properly
iocga ignition electrode, be sure they are replaced in the EXAGT location of
C

ry installation.)
. 8 .
Locate. 760 series electrode on pilot burner as sho‘v'vn in Figure 2
Y }
- ’ “.
Slip mounting bracket over flame sensor bulb to form a 3/32" to 5/32"
sp§rk gap,and be sure spark 9§p i?‘m pilot gas stream

fa

]
4 -

Cut dff éxcess electrode if it |

) 3 . . .
{CAUTION- Be surg rod is NOT close to appliance chassis to.prevent elec-
trode from arci{g to ground; if electrode cannot be mounted with the slip-on
mounting bracket ‘due to pilot burner placement, remove ceramic from

too long

* slip-on bracket and use 4 Drass perforated strap and "U" clamp to mount
- electrode assembly as shown in Figure 2.}




JOBSHEET #5

L. Double check assembly: flame must NOT IMPINGE on ceramicinsulator or
the ceramic will blldarmaged
¢ - . .

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 §9 Rehght
control flame detection cireuitry.) ,
When “adjpsting/bending e[ectrode rod, use two pair of pliers to prevent
bending pr twisting"at the point elecirode enters ceramic insulator

M. Mount 36C84 gas valve on supply pipe; valve may be mounted'th any posi-
tion, except upside down: direction “of gas flow, is indicated by arrow
stamped on pipe boss {Figure 4) o N .

* Where, possible, new, properly chamfered -ard clean pnpe should be
used. If old plpe is used be sure ‘it is clean and free of fust and scale

an

1 1] ]

!
Al

N 2. Be sure threaded end of pipe 1s free of burrs and chips. Sparingly
«apply approved pipe e first three or four pipe threads
Applying pipe dope to ;
chips from passing onto inteMal valve parts since pipe "dope will collect
and retain metal chips that are formed as the pipe is threaded into valve
body .

-~

FIGURE 4
‘e ano:\

e | 1. |PIPED GAS
“GR1ZONTAL Itl " SUPPLY

&

F—

1, . GAS vaLvE

3 * Gas wv)!\ )
‘¢ . RISER
= ' PIPED GAS

" SUPPLY

- . -

;
I
]
N

i

|

|

L
t : o Gay Tauwe
l I
%I TUBING GAS
R SuPPLY

1IN
MMM

2

TYPIQAL GAS SUPPLY PIPING
IBE SURE A DRIP LEG IS ALWAYS INCLUDED }

1

ERI

PAFullToxt Provided by ERIC




JOB SHEET #5

Attach pilot tubing to gas valve. Install fitting into pilof gas tapping, turning
until finger-tight; insert clean deburred tubing all thedvay through the fitting:
holding the tubing securely slowty tighten fittingOntil a slight "give" is felt,
then tighten 1 1/2 additional turns ' %

Mount the 5059 Pilot Relight control In/an area on the appliance where
iil not be affected by roll out flame! -flame heat, or radiant heat; maxi-

um ambient-temperaure is 150°F .

1. Be sure metal to metal conta{t is made between mounting hole stand-
offs on Relight COntrol and mounting surface

{

2. Connect high voltgge lead to terminal on top of Relight control, after *
feeding Jead through an§led insulation boot; press boot over connection,
Avoid exgessive strain on ignition cable to prevent cable from being
Jpulled out of ceramic {the ignition cable is held in the ceramic by a
,bush-on connector); see Figure 5

+FIGURE 5

CONNECT HIGH VOLTAGE LEaD

4V, PRESS BOOT OVER CONNECTION

SOURCE

* CONNECTIONS
. FOR 505
RELIGHT CONMTROL

5059  LEADS TO GAS VALVE
PIGGY 8ACK -
TERMINALS . ’

-
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JOB SHEET #5

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

spad%c-annectior!s to the Relight control-see Figures 5 and 6 -
* ’

L]

FIGURE 6 J

THEI MO TAT °

i ALOT L“”/"‘/‘

SOUENOID GON .. mac gl g,m‘ ac

[EEY T

—___.—1- THRL MOUNTING

e

G e CRCDE

Tolz
ELECTRODE
ASsEMBLY

PILOT AR MER

TYPICAL LOW VOLTAGE WIRING

L4 I

Modify procedure if replacing a 24-volt gas valve; attach wires previously
connected to QLD gas valve to the piggy-back terminals on the 5Q59 Relight

control; if replacing other control configurations, refer to Figures 6 _through‘?
9 for typical wiring | . - .

FIGURE 7

PILOT
SOLENOID COIL

i/ MV, TRANSFORMER

" .
_____1 ol oRAT DI, Ren,

= oot

£ TET ™

TYPICAL WIRING FOR LOW VOLTAGE
"THERMOSTAT AND LINE VOLTAGELIMIT
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JOB SHEET #5.

FIGURE 8

LINIT  THERMOSTAT

Pwr; con : ‘_?/""" -
SN | it
] '

2 v FRaNSFORMER

TYPICAL WIRING FOR LINE VOLTAGE '
THERMOSTAT AND L IMIT

-

FIGURE 9

-
L

- rw)mm'n WIRED IHERMOSTAT
IOYOLD GAS VaLVE
. WONER CONMOL
o7 . [-] »
SOLENOID COIL =~ \
" 10v,a,C]

.

r
TR MOURTIHG
= WOLES

10 FLECRODE

i




JOB SHEET #5

Check to be sure the limit control IS NOT accndentally wired OUT of
the CIRCUIT

Inspect all old wiring for damage loose connections, etc; secure all wmng o
chassis or Piping with electrical/friction tape or plastic wire-wraps

Carefully extend capillary coll from pilot burner to prevent kinks or other
damage; capillary should De stretched only far enough to reach gas valve;
excess capillary should remafh coiled to preventdamage-

Use soap sofution to Iealgg'heck piping 1o gas valve

Adjust heat anticipaior on room thermostat for .6 amps* current draw

(CAUTION: Do not jumpertor accidentally shoft terminalgon 5059 Relight
control: room thermostat heat’anticipator could BURN QUTI}

Turn 6A power to apptiang‘e‘.\éﬁjust room thermostat to calt for heat
Check 5059 Relight control, it should begin sparking’

Make sure sparking occurs between ignition efectrode and MErcury 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, disconnect ppwer, and
re-position electrode

gas cock on valve to ON position

Turn on power to appliance to energize system; two to*five minutes will be
required to bleed air through the valve and pilot line; once gas is present at
the: pilot, leak-check the pilot line w:th s0ab solution ,
.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
pitot flame and metal standoffs on 5059 Relight control are grounded

Allow about 45 secopds for pilot flame to heat Mercury Flame sensor .
Flame sensok will then switch main valve ON and main burner will |gn|te
Use soap solutlon to leakscheck the. piping to the main burner

) ki
Cycle the system 2 number of times to insure smooth ignition and proper
operation . ’

. Place new "LIGHTING INSTRUCTIONS" over existing instructjons; clean
area to accept adheswe backed label; remove gromctwe baclsjng" d attach
- label - . . .

. Clean up area and return tools r
b : -

* 1
L




ACR IV - 65

JOB SHEET #5

_Typical Pilot Burner Apptications

Insert adaptor (260079, Fig.
14) «nto POt bracket Place
“C” ring in groove <A (Fig.
16} Snde mercury element
wito place Poghon electrade
« mounting brfackel owver
elemeny.

Horeyweli Homneyweil
Q303 Q314

r

Penn Baso Robertshaw
1997 A B0OO

FIGURE 10 F//D

A 2

k]

ERI
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Robertshaw

A 1830

Hobkrrshaw
2 CHI1Q

lnsert adaptor (260079, Fig
14} into prOT bracket Ptate
“C” nng in Ggroove 8" LFg
18] Shde mercury elerment
i place  Positiom efectrode
mounting bracket over,
etement -

-
Insert Adaptor {26-0080) into
piIot bracket Place “C' rind n

groaye A" [Fig 14}, Shde-

mércury element nto place.
Position electrode mounting
brackef over element.

" Penn Basa .

J

FIGURE 12

Honeyvwell

Insert adaptor (B9 1913, Fu

td) .ntoﬂilot bracket Place
“C” ringlin groove “C” (Fig

16} tnvert mounting bracket
on electrode assembty (remove

$pring retdner, ihvert, reinstali
soring Chpl, droP mounting
bracket over merCury gtement

Insert mercury efernent nto
Place ’

ﬂ-“d

26T1320

tnsert adspror (26-0080, Fig
14} into ™miot bracket Place
“C" ring in groove "4 IFg
!} Shae mercury ‘Wepfent
tG place POsIlOn electirode
mountsng bracket Qyer
element

"FIGURE 13

Use standard thermocouple
clamp and sleeve to mount
mercury element Shde
thermocauPle claomp 1G groove
AT, Fig 16 Perforared
straPting 13 used 10 pPOSIGH
electrode assembly. Bend
electrade $O spark will jump to
Mercury  -element and
electrode tip wall be an Dot

< Hame Gap must be /32" 1o

5/32° Excess electrode may
be cuv ofl Both mercury
element and electrode must be
n ot Hame
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JOB SHEET #5
l L}

ADAPTORS

26-0079‘} 260080 . 69.1913

FIGURE, 14
()

MERCURY
ELEMENT

»

=

711139 ‘

ELECTROQOE
MOUNTING BRACKET

FIGURE 16

FAAEN, ‘VAL‘JE
RELAY

{1174
REDUNDANT
SOLENCHD vALVE

MERCLR Y
FLAME SENSOR
SWITSH

i__

PAEGLLRE twITR
ThOPLQOT GAS
N D

-l .
THERMOSTAT

PRESSURE
-5 1 T
| TERMINALS

FLAME SENSOR
PLUGS INTO
GASVALVE

PIN 2
{SMALL)

3098 MERCURY FLAME
SENSOR PLUG

’

Flame Sensor Action
Pins 4 and 3: .
Continuay when Cold

Pins 4 and 2-
L Continuity whan Hot




* | GAS FURNACES
UNIT |

NAME

TEST

1. Match the terms on the right with théir correct qefinitions:

a. A device for adjusting 555 line pressure * 1. Bonnet
3 to the pressure specified by the appliance .
rnany facturer ) -Gas valve
} - ) - ’ - '
. An electric switch which prevents a gas 3. Fafirifay
vale from opening unless a pilot light is

present Gasvyressure

regulator

. An electrical device that controls the flow of 5
gas; cdn be mllllvolt 24V, or 115V depending
on application * . . ~B. Pilotsafety
‘ - © control -
Plugs threaded into Ggas burner manifolds;
their small, precisely drilled holes meter . Retroflt
precise amounts of gas' to individual burriers

. Thermacouple

Prlmary shutter

Solenoid valve .

An adjustable opening on a gas burner whwh

meters th&/amount of air to mix with the'ﬁas
in order ’r?d/ucea proper flame Qrifice'i
10. Qrifice’inserts

S AY small opening®h a gas burer wigich Wverts, 717 Pilot runrer
a-small amount of gas to thewicinity of the + -

pliot flamzto assitt in a quick, evgn lighting,

ofallgurn s in 4 gas fUrnace ‘s

L4

g. Serves as a safety device” bn -gaSufurnaces
to cut off the gas supply in the event of loss
of flarne in the p:lcn.hght

“h. A.n electrlcal deylce ‘in a furnace blower
=~ assembly that energizes the blower ,from
) a remote Iocation .

i. An air col1ect|0n charnber \

= — P}

& ‘An-glectrically Operawd valve that c0ntrcels
the fldw of gas\ > .
A —_—

. To .r'emodel_ or repair:”in air conditioning
and refrigeration it gerierally ‘eans replacing
older system companents wigfﬁw compo-
ents that consefve enargy .

¥




2. Match types of gas furnaces "on the right with their applications,
: : -
a. Installed where headroom is ™ot a problem . Lowboy

#

caffngt be used, and shpply ducts are located

b. Installed where bas?;nent‘or crawl space . Gravity
sap
under thefI%?r- . : . Upflow

+

" c. Instadlled iPdrawl space or attic where head- . Counterflow
room is lintited ) :
Horizontal

d..Installed outside and ducted into- the house

- . . Qutdoor .
e. Installed in. baserments where headroom is C ¢
. limited
f. « Installed in baserments, and frequently used (¢
convert furnaces from coal to gas operation

3. Idg¢htify components of a gas burner assembly.
. e
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>3 ACRIV-69

4. Match types of gas valves on the right with their charactaristics.

- *

a. Opens instantly when energized . 1. Slow dgpening

b. Opens after a lapse of one to thigt}}eeezds 2. Instantaneous
when energized .
o -/3 Combination

Combines other gas burner assembly compo-
nents such as pressure regulator, p{lot gas
_ #valve, and pilot safety

*

5. ldentify components’of a comhination electric gas valve.




67 Select tsue staterments concerning the characterlstlcs of a heat exchanger by placing an
"X" In the appropriate blanks. %
Constructed 1o provide efficient heat transfer from flames to room air
while keeping flue gases separate frorn room air

»

Composed of units called "clamshells" -
Each clamshell <esigned to transTer a specific amount of heat per hour
of operation

4

d. Each clamshell has triple burners .
7. Select true statements concerning advancements in heat exchanger technology by
placmg an &( in the appropriate blanks. *
+ a. Advanced heat exchangers operate with power combustioR, usually a direct
.spark ignition thateliminates the need for a standing pilot

S

L ~
b. Advanced heat exchangers eliminate "up the flue" heat losses

Advanced heat exchangers eliminate "off cycle" heat lqsses common with

sanueational nmC&mm_m‘add_ML 10 ﬂ]e air COﬂdlt!Qﬂl_(L

-~

load

¥

-8. Select trus statements concetning the characteristics of a draft diverter by placmg an

' "X" in the appropriate blanks. .

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

b. Constructed 1o be closed to the atmospherg .
S ? ¢. Induces unheated air into vent pipe to reduce terhperature of flue gases

»

.

d'. Preveﬁts wind, that entese the vent pipe from blowing’out ‘the‘ipilo\

bl . ]

Ident:fy the two types of: blower assemblies shown in the following .iIIL;strations.
. , .




10. 1,Ccn;'n:;le!;e' a list of components of 3 control system. e

Transformer

f.
g, Pitot light
h. . THermocouple

PiHot safety

11._ Describe the f’unctgns_oia_ transformer. _

| %
b. ' J; * - s

"12. Ma;sh the types of thermostats-on the right with the[r functlons.
a. 1) Lonsist of one switch which closes on a l\ 1. Heat oRly }
* - drop in temperature thermostats

~’ 2}  Have only a heat antigjpator K 2., Heax and cocu/
’ . thermostats

May. have a set bacK pnergy conservatian’
feature . ’
L - »
Temperature operated heating switch |
closes on drop in room temperature
- Temperature gpérated - cooling switch
*closes on increase'in roofn tempe(ature
3) Manually operated fan _swtich whlch-
closes circuit to fan relay .
¥
¥ 4} Have both heatmg‘and cooling anti-
’ cipators : )
> . . "
59 . ‘Mav have a set back enerdy con;prvauon
feature

Pl

. .o *
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: t
Select true statements concernlng Iunlt switch operation by, placing an "X" in
appropriate blanks. . .
" " .
Qpens on temperature rise N ‘

=1

. ‘Senses bonnet temperature . —~
." Set 31180 to 200 degrees

! ‘lnterrupts circuit to gas vaIY or transformer
’
May be separate or cort?Buned with fan switch

a
,Designed_ to,sHut off gas supply to burners if furnace overheats .

i

kn some models will bypasst\fan switch to bring-an blowe‘r while furnace is
overheated P
14. Select ‘true statements concerning fan switch operation by placing an "X: in the.
appropriate blanks. . -

¥
, v . S
a'. Closes an temperature rise

b. Senses bomeet temperature

Aglunab‘te on” switch approxnmately 100 to 180 degrees

. Adjustable Soff" ;m\ch approxlmately 20 to 80 degrees cooler than 0n
switch L , L
] ] * s# ¥
. All types of fan switches for gas fugnaces are desagned to ciose su pply ¢ircuit
- to blower motg'r?vvhen furnace i is hot
; '
“f. May be combined with limit switch ‘

e
F————

-
- .

Cct true staterments concerning fan-limit swtich operation by placmg an "X" in the
appr nate blanks ; . ..

(NORE: For a3 statement to be true, all parts of the statement must be true )

. a. q‘omblnes comp&te set of fan switches ’

LR, ' .-

b. Co}hins pre-set high limit switchr . | 49, ’ ] ~

1) May control gas vglve on 115 volts e
2} " May copitrol trnsformer ?Upply circuit on hog\se current of 23P volts
T . L] - Lo ’ -]
16. Describe pilot light opération. - o .

[




Describe thermocouple operazion,
F
a.
b.
. Describe pilot éafety operation,
a.
b. . . ~- ‘
Select true statements_concerning potennal Sources of thermowuple failure by placmg
an "X" in the appropriate blanks, . . e .

> s > .:; . * "’ !
{NOTE: For astatement 10 be true,.all parts of the statement must be true. |

L

a. May faitto generate énough voltage 1o hold open the gas valve or pilot safety .
b. Tip may'be burned Out because prlot flame is 100 hot '
May not-be getting er_)0ugh heat from pilot flame

1) "Not properly bositioned sn pilot flame

hal r

2}  -Soot build up insulgtes th,ermocouﬁle

. 20 LCcn*n;::.lete a list of potential sources 04 fan swirch farlure

.‘

a. L

-
Fan swrtch temperature settmg chomes unrehable causing fan 1o come QOV'
&oosoon or‘too late : S

Complete @ list of potgn.uai soyrces of tfansformer failure,

- E]
a. " . . ]

b. ,Usu by fails for no apparent reason

22. Seledt true statements concerning potennal sources of hi
. placing an X" in the appropriate blanks. «

s L

e {NO"I’E Fora statement to be true,all p@l of the statement must be
/
- a. Normally closed switch that E fau ty will' not open in presence of uns,afe
) temperature - . -
3 L

2

b’ Usuafly very rehable but mrght be prevented from operatlng because of
gcternal causes : N .

1) Swrtcﬁ}:over ;ar‘l;qsed‘agamst Movgeg plate

2) Wir’es,wuching because of burned insulation

ERI
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23. Differgntiate between two potential sources of gas valve failure by placing a "U" beside
the statement that usualiy causes gas valve failure and an "R" beside the statement that
rarety causes gas valve failu re., .

a. Wil not open

b Wil not close

24, Select true statements concerning po{entlal sources of #an relay fgnure by placin
i "X" In the appropriate bianks.

t ' ‘
! a. Contacts stick together causing blower to short out

;1
b. Fails to close when 24 volts 1s applied

¢ ) .
¢ Contacts fail to ¢close fan circuit

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

a 1) Bearing seizure because of |mproper “® 1. Bloweg belts

'g oiling . ) : .
2. ‘Blower wheels out

2)  Bufned out or shorted motor windings of balanse

.y

1) * Destroyed because of improper oOiling 3¢ Aluminum spﬁ{
* * F

- ‘ . pulleys .
2) © Deswcoyed because of excessive belr . - \

-

tension , - . 4o~ Blower speed .

- i

£

. : ¥
1} Craeked, frayed, or broken N 5. Blower wheel"
. q - 3

2} Tooloose i ) . 6. Blower mators~

4

. Can seizeto motor shisht and canmof be pulled
off withoutdestruction s

3} TOO'tlgh.ti P o 7. Blowér.bearings

a
-

&

1) Balance weight has come of .
Can only be rebatanced at the.factory

JRunning® backwards . because of*improp‘e;
replacement . .

"

1) Creates excessive noise N

N |

.2} Causes temperature stratification re:
sulting "in coid-spots and hot spots in

.the room s

Drawing t00 much current and biowing
fuses . . )
‘k . * ...
. LI . .
roviding ipadequate cooling after «air »
condltlomng has been added - .

‘.w“ﬁ

ER
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ACR I - 75

. Coa N\ .
1

Differentiate between potential sources of heat exchanger.fdilure by placing an "S"

beside statements \related to soot buildup between clamshell&and a "C" beside state-

ments related to a cracked heat exchanger.” “

a. Should be suspected when custo&r complams of pilot I|ght blowmg out

b. ‘identified by uisual inspection with flashlight and small mirror”

-
-

¢. .Usuaty-identified by flames spjlfing.out front of furnace

. d. Flames frequently cause extensive damage to wires and electrical “com-

Starts as hairline racks in sharper bends at bottom of clamshells.

Cracks open widef in presence of heat from burner flames §nd create a ©  + u

potential hazard f roccupants g

¥ L]

’
. Requires tearing down furnace and cleaning between clamshells with wure
. #and vacuum cleaner
2? Select true statements concerning potential souzg.'s of pilot safety failure by ’placmg an
"X in the approprlate blanks. . . ,
a. Usually ewﬁenced by, failure to open qas valve afterreplacement of thermeo- ¢
couple
oﬁer.lo gés valve unless operatingéoperly with adequate thérmo-
e voltage T

nace without 100% shut-off gas valves

= 4

28. Complete a tist of factors ne;eded to determine gaf pipe ‘sizing‘. )

épemflc_: gravity and®Btu per cubic foot heating value of gas supply
4

d. Maximum capacity of pipe related tn.cubic feet or gas per hour

pin, T . -_— .
29. Complete a tist of energy saving devices designed for retcoﬁwﬁg.

a '_,

a. -,Siy.sck thermostats |
Y .




..

30. Select true statements concerning set back thermostats ‘and thelr uses by placing
an "X" igthe ahpropnate biank:. :

- -

a. Deagned to let structure move to a higher room temperature at ;nght
P "

Heduees heat ioss because of lower temperature differential

<

duces fuet consumption because of reduced heat loss
d. Can be operated only by a timer

g. Can be fully automartzd w;th clock operatlo-n providing manual overnde
on eekends *

——

- -

31 Select t,[ue Statements Concerning Intermettent ignition systems and thenr uses by
placing an "X"" in the appropriate bianks. , : -

Ei:minates ggst of fuel to pilot flame
. Can gperate only from a direct spagl ignition

ood prowen pilet or cyching-pilot systems are built with a "redundant”
saféfy sysiem Ywhich requises that the pilot hight be proven with an electric or
an dlectro-mechanicai sensor before gas will flow to the main burpers
. 1

. Ard beingincorporated into many new furnace designs .

932 Selé_ct <rue Statements concerning vent dampeérs and their uses by placing an "X"
in the apprf‘pma«te blanks. .

Are cesigned to stay onen while burner is operating in ordker to vent com-
bustion gases .

e,
Are demgned to close when burner shuts off to stop heat” from escaping
up the fiue or chimney

L -

L] ¢ b '
Are reiatweiy easy to install, and can be installed by anybody

Some manufacturers are building furnaces with control wiring installed
for add:ng a vent damper & s

33  Trace the higih voltage and low voltage circyits of a gas furnace.”.

. 34. -Construct wining diagrams for gas; furnaces

A

- . r ,‘;
35. Size gas piping

ERI
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'GAS FURNACES
UNIT |

-ANSWERSTO TEST

3. a.  Gasvalve

b.  Pilot burner gas supply ™. ,.
» ¢.  Burner manifold with orffice nserts
d.
e,

‘ Prmary air shutter and locking screw

" Ribbor, slot, or jet burnenports

——"’\& . Pilot runner or ¢rossover igniters | ¢

.. Piiot burner and thermocoupie assembly
- b Tap for manometer use 1n adjusting gas pressure
4., a .2
b. 1
¢ 3
a.  Pilot'shut off valwe
b. *.Main gas fine shut off
¢.  Pilot gas adjustment :
d. - Gas pressure regulator adjustment
e.  Pifot gas connecfion 2
§ Thermocouple connectlon
g.  Electrical terminals to control circuit

6.-a,b.c {

Direct drive
Belt drive .
Thermostat

Electric gas valve

Limit switch

Fan switch |

Cqmbinatlon fan-limt switch

. > . !
11, Mu pply voltage to 24 volts  ~
Furnishds power for control circunt .




Q

"

'GAS FURNACES
UNIT |

-ANSWERSTO TEST

3. a.  Gasvalve

b.  Pilot burner gas supply ™. ,.
» ¢.  Burner manifold with orffice nserts
d.
e,

‘ Prmary air shutter and locking screw

" Ribbor, slot, or jet burnenports

——"’\& . Pilot runner or ¢rossover igniters | ¢

.. Piiot burner and thermocoupie assembly
- b Tap for manometer use 1n adjusting gas pressure
4., a .2
b. 1
¢ 3
a.  Pilot'shut off valwe
b. *.Main gas fine shut off
¢.  Pilot gas adjustment :
d. - Gas pressure regulator adjustment
e.  Pifot gas connecfion 2
§ Thermocouple connectlon
g.  Electrical terminals to control circuit

6.-a,b.c {

Direct drive
Belt drive .
Thermostat

Electric gas valve

Limit switch

Fan switch |

Cqmbinatlon fan-limt switch

. > . !
11, Mu pply voltage to 24 volts  ~
Furnishds power for control circunt .
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Evaluated to the sansfacuon of the instructor

Evaltuated to the sausfaction of the instructor

Evatuated to the satls;:acuon of the nstructor

- ’ 4
Performance skills evaluated to the satisfaction of the instructo

ACR V- 81

.




PAFullToxt Provided by ERIC

Evaluated to the sansfacuon of the instructor

Evaltuated to the sausfaction of the instructor

Evatuated to the satls;:acuon of the nstructor

- ’ 4
Performance skills evaluated to the satisfaction of the instructo

ACR V- 81
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ELECTRICAL HEATING SYSTEME .
UNIT 1 > 12

UNIT OBJECTIVE
8, Eu ' . . - ‘ ’ : L]
After completon of this unit, the student should be gble 1o identify gomponents of an
electrical heating .system and list areas of pdtenual problerﬁs in electrical seguencung'and
relay equipment. The student should-also be able to install an electric furnace and perform
_pernodic mamntenance on an electrical heating system. This knowl2dge will be eanenced by
correctly performingdhe procedures outhned in the job sheets and by scoring 85 percent on

the unisiest. - . '

[

\Si.ECIFIC OBJECTIVES

+

After completion of thv;"u‘mt, the student sho’uid be able to:
b .

I Match teriis r)glatpd to electrical heating systems with their defimtions, ‘

2

Identify 1y pes of elecinical heating systems.
Differentiate between types of electrical heating systems.

Complete a hist of compongnts ogl’eg_r.i’g heating équipment.

. . ) . -
5. Select true statements concerning causes of con]moh failures of electric heating

' equipmeni components. :
1 . - - n
»

6. Demonstrate the ability to:

: ‘ 3 .
.a. - Install, start, and check arf electnicai heating unit.

‘ N -]
b. Disassemble, inspect, and reassefgble am electnic furnace,

c. Troubleshoot an electric furﬁafe.‘ -

% a

d. ¥ Perfhrm maintenancé on.an electric furnace,

£ - “\ 7

L
L]

ERI
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ACR IV -85

ELECTRICAL HEATING SYSTEMS
UNIT I

v

SUGGESTED ACTIVITIES

Provide student with objective sheet, .,

E

Provide student with information and job sheets.

Make transparencies.

1

Discuss unit and specific objectives. el

Discuss information sheet. '

Demonstrate and discuss the procedures outlined in the job sheets,

Show the class samples of electric furnace sequencers; they don't have 10
be in servicaable condition. ’

Give test,
INSTRUCTIONAL MATERIALS

‘Incl;.lded IN this un:

A.  Ohjective sheet

B. Information sheet
Tr;nsparency masters
, 1. TM 1-Duct Heater

2. TM 2.-Upflow Electric Furnac.e

3. TM 3--Horizontal Etectric Furnace
’ 2 .

Job sheets ;o

1. Job Sheet #1-Install, Start,and Check an Electrical Heatng Unit

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

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

4, Job Sheet #4--Perform Maintenance on,én Electnc Furnace
. , - :

E. Test '

F. Answers to test




ﬁeference--Russell, Allen, Getting Started in Heating an_,d Air Cohdft:'om'ng.
Birmmyngharn, MI: Business News Publishing Co., 1974, ’

«4

ERI
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ACR IV - 87

ELECTRICAL HEATING SYSTEMS
UNIT 11

INFORMATION SHEET

I” Terms and definitions L. - \ e

. - M a H
A. Nichrome--An- alloy used extensively as a heat source for electric heat
as 1 electnc ovens and toasters .
' A
Contactor--A relay capable of epening and closing power circuits of high
amperage : ' d

Line voltage--Voltage used in residential electric heating

Sequencer--A time delay device

Farn) relay--A relay which operates a furnace blower, frequently incorporated '
as the first stage of a sequencer in an electne furnace

Power lugs--Heavy duty fittings kr connecting Power wires to a high amper-
age appliancé such as an electric furnace

G. Fusible link--A backup safety device designed to meft and open the circuit
on an electric furnace at a temperature higher than the limit

H. High limit switch-A safety devicer which opens the circuit wheni there
is excessive temperature rise (usually a snap-disc type)
‘Types of electri_cal resistance heating systems {'i'rat;spargnc:les 1, 2, and 3}’
A. Duct heaters
B. Electric furnaces
Characteristics of electrical heating systems
A. Duct heaters {Transparency 1}-
1. 60mposed of nichrome wire coil ;;trung through insulators
2. Placed in a heating duct with remate blower
3 Equipped with line voltage qoentrols
a. Contactor switch
P
b. . Line voltage high limit safety (fusible link}
Equipped with low voltage controls

a. Contactor coil

b. « Low voltage high limit éafety {chek action switch)

4
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L}
I
'

,INFORMATION SHEET »

[ .

5. Installed four' feet downstream from cooling coil unless approved

for use as integral part of equipment .

4 : )

B. Electric Furnace {Transparencies 2 and 3)

.

L

1. Composed of oné or more nichrome wire heating elements

2. Consists of self-contained complete system with:

-

L}
Blower assembly SN

b. ° Electric heating elements

¥

¢. « Line voltage and low voltage controls vary with manufacturer

V. Compc;nents of electric heating equipment

¥

A. Blower assembly

B. Heater element assembly

~ . +

. ) ) /
1. Nichrome wire coils installed through insulators in path of air stream

e i . P ]
2. Fusible link in line voltage circuit.of heater coil exposed to radiant-heat
of heater element : , :

.

O
£

N —

3. High temperature Ii]'nit_controls vary with manufacturer
C. Electric heat circuits and-controls

1. Low woltage fan circuit

-

a. Transformer

b. Thermostat

c. fan relay coil or sequencer heater

.
3 [}

Line voltage fan circuit .o

+ -
Blower motor 3 T
- . | ’.. N -
b. Fan relay cohtacts or sequencef contacts
‘i ) . .-‘ . b
¢. Fuse, 15amp W )’

SRR VY

+




INFORMAYION SHEET"

3. Low voltage heater circuw!s

a. Transformer

b. Thermostat

4

Contactor or sequencer coil .

» 4

d.  High limitswitch
4, Line voltage heater circuit

Heater Element

b. - Fusible link ‘ /J

c. Contactor contacts or seqdencer contacts

™ .
d, :Fuse

. ' » * . o
v Cases of failures of electric heating equipment cComponsn’s
iy

1

A Heating element circuit open
4

1. Melted fusible link .
3

2. Nichrome wire burned in two because of:

1

a. Dirty fitter
b. © Undersized ductwork ,
-Dirty cooling coil

d. Broken insulator

-

Burned out sequencer
Stuck timit switch

Burned out transformer

Loose conneciions
i ‘o

{CAUTION: When aluminum wire ts found in an cle-t . Sedling unit,
it should be removed and repiaced with copper wire. ). - ‘

ERI
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_ PN Y > Vertical Duct
Installation : s . Installation

. Installed With Single S
Package Heat ‘ 4
" Pump or Single.
Package Air Conditioner

Zone Installation
With Centrally
Located Filter Unit

(Courtesy of Lennox Industries Inc., Dallgs, Texas}
J .
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a

Upflow Electric Fumace.

IR

Basement Installation
With Cooling Coll,
Electronic Air Cleaner = . |
and Power Humidifier ~ Basement Installation
* . With'Cooling Coil,”
_ i Return Air Cabinet - .
and Power Humidifier -

®loset Installation |
. With Cooling Coll

and Electronic”,
JAif Cleaner®

¥
4 4

(Cou:-t'esv 6f Lahnox Industrie.s’ Inc., Dallas, Texas) .

1¢3

L}
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T /Horizontal Installation
i . 7 with Cooling Coil .
ﬂ"‘\ - and Electronic Air Cleaner

)

[

. r . .
{Courtesy of Lennox Industries Inc., Dallas, Texas}

A 5




ACR IV -97

ELECTRICAL HEATING SYSTEMS
UNIT 11 '

"

. /
JOB SHEET #1-INSTALL, START, AND CHECK AN
ELECTRICAL HEATING UNIT

Tools and equipment * !

A. Service technician's tool- pouch

. LY
B. Ammeter-voltmeter

C. ) Hammer

D, Aviation sntps

E. Electric dnift and dril bitse

Procedure

[

A. Remove electrical heating unit fro%crating
B. Place unit in designated location |
C. Adaptand attach unit t0O guct system

' . -
D. Connect low voltage wiring to Jow voliage connections.

M

Install theffostat
. -

5 . .
Connect power supply 1o load side of safety switch -

]
-

Connect power supply wiring 10 supply power terminals on unit -
- v

Open thermostat —

. ~
. - L 2 L L]
Cigse safety swilch to energize system \ »

Start unit by setting thermostat taucalling” ,
Use ammeter to chegk 10ad on fan motor for toterance
Ussmmeter to check current load of heating elements

+ Check blower section for proper air delwery

v
-Clean area and put tools away -
+




ELECTRICAL HEAT]NG SYSTEMS.
7 UNITL

’

" JOB SHEET #2- DISASSEMBLE INSPECT AND REASSEMBLE

- AN EFECTRIC FURNACE  «

.Tools and equipment

A
B.

Service technician's tool pouch .

Ammeter-voltmeter

Procedure

A

B.
C.

Drsconnect power source

Remove front panel

Remove blower and m;ytor holding screws
Ren*‘nove‘heater un|t screws and shide the unit out
In'spect for etement damage e s

Rep@ce damaged parts

Clean and oil blower and mo;ér assembly if needed

Reassemble unit by repeating steps O through B in reverse

Energize *lt‘and check for proper operation
- * 1t

“\Clean area and put tools away

ACR IV -99
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ELECTRICAL HEATING SYSTEMS
UNIT VI

+
—_

« JOBSHEET #3-TROUBLESHOOT AN ELECTRIC FURNACE

.
-

Tools

3
A.  Screwdnvers

B ?meter,voltmeter .
Procedure :

A. Disconnect furnaée power source -

Remove furnace panels

Remove covg)f controf t,)ox .

B
C
D. Check for voltage at powerdugs _ .
E

' -~
Check for continuity and grounded heating elements

- -

S 1. Set voit-ohmmeter to measure resistance

' .
2. Remove power wires from elements

L]

3. Measure resistance of htating elements and record

1

4. #1 ohms = #2 ohms #3

5. Reconnect power.wires to elements

T

. e .
6._ Question: What would etements read 1f open? What would elements
-* read if shorted? .

7. Are any elements grounded? - .
G. Cheek contactor and sequencers for continuity .

1. Set volt-ohmmeter to measure resistance

Disconnect low voltage wires from contactor and/oq sequencer #1

Measure resistance of Contactor coil and record ] s
. Measure resistance of sequencér heater and record

Measure resistance of any other sequencer heaters ancl_‘record
#2 " ohms ‘#3 ohms

Reconnect low voltage wires to contactor and sequencer

13

"
L]
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JOB SHEET #3 =~ .

+ 7. Question: What would be the resistance of *

4

a..  An’gpen coil circuit? +  ohms

b. A burned out coil? ohms -«

8. Question: What would be the resistance of

.

. : \
a.  Anopen heater circuit In a sequencer?

.. A shorted heater circuit? ohms

Checklgontmuity }and'grwnding of tlower powér circuit

2 . T
Check continuity of fan relay coulglrcun :

3

1t Set volt-ohmmeter to measure resistance

¥ -~ -

_« 2. Disconnect control wires from fan relay
" - . . ’ .
3. Measure resistance of fan relay coil and record ohms -

4, Reconnect control wires to fan relay .
Check, . cesistance of primary and secondary windings of low voltage trans-
former ) . .

1. Set volt-ohmmeter to measure resistance
L]

2. Disconnect secondary leads from transformer

3. Measure resistance of secondary windings bf transformer and, record
ohms oo .

1

4, Disconnect primary leads from transformer _ . -

5. Measure resistance of priméry windings of transformer and record.

ohms . Yo

6, Meésure resistance ffom each leg of primary winding to gfound and-
: record L1 to ground . ohms -

- L2 to ground ohms .

. . ———, . »

7. Reconnect sg::)ndary and primary leads of transformer

8. Question: Is:secondary windi-ng of the transformgr shorted?
N v0p 2 ,
ary winding of the trandformer shorted? * ~ “Qpen?
ded? —

4

N - ’
Question: Haye all the circuiss in this electric furnace been checked?

. . 5/ ‘

Is this furnace safe to 2nergize?

PAFullToxt Provided by ERIC




JOB SHEET #3

- [
- .

K. Replacé control box cover and furnace panels

L

‘L. Reconnect powef source

’ Fod

M. .Clean area and put tools away

ERI
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ELECTRICAL HEATING SYSTEMS
UNIT Il e

JOB SHEET #4-PERFORM MAINTENANCE ON AN ELECTRIC FURNACE

L4

S
T Tool? \ ’ N

A. Service technician's tool pouch'
B. Thermometer and scratch awl

C. éhop rag
4

D.  Ammetervoltméter

Procedure’

s

. ) h)
A.  Open furnace power switch

B. Service blower section
¥ r

Energize furnace and record fan motor amperage draw and record

»
De-engrgize furnace and snap ammeter over wlre to power IUg to main
furnace power . .

. / )
Sét thermostat to Mpeat” and adjuit setting to higher than ro~ temp-
erature_ . 2

-

-

Re- energlze furnace and record amp draw of heaters as sequencers close

heater cu‘cuns and record ° . ‘ *

™~
St

.Blower motor and heater #1

amps

G Compare full Ioad amps with furnace nameplate ratlng

H. Qheck to see if alt of the heaters pullmg the proper amperage f

. , el
I. . Drive scratch-awl Wto return air plenum, insert thermometer and record
retutn air temperatu ° . -
Select a place in the supply trunk which is out ofthe "line of sight” of the
electric heater elements-and drwe scratch awl mto supply trunk. Record
supply air temperature

LY




JOB SHEET #4

K. Record temperature rise through furnace
L. "Remove thermometer and plug holes

M.” De-energize furnace at disconnect,

N. Replace control box cover and panel

J";O. Re-enérgize furnace *

. . y
P.  Reset thermostat to proper setting

H
Q. Clean area and put tools away

-

PAFullToxt Provided by ERIC
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ELECTRICAL HEATING SYSTEMS
UNIT 1l

NAME

TEST
: 1. Match the -terms on the right with their correct defimtlons.

a, A#alloy used extensi‘ly as aheat source for . Line voltage
electric heat as in electric ovens and toasters .
. o High limit switch
b. A relay capable of opening and closing - . .
power circuits of high amperage. . pOW‘Qr lugs

c. Voltage used in residential electri&_heéting  Fusble hnk

d. A time delay device ' ’ . Nichrome
e. A relay which operates a furnace: blower, " 6. Contactor
frequently incorporated as the figst stage of a
sequencer in an electric furnace * . . Fanrelay

A\

—.

f.  Heavy detY fittings for connecting power . Sequencer
wires t0 a high amperage appliance such -
* as an electric furnace
9. A backup safety device designed to ‘melt
and open the circuit of an electric furnace at
a temperature higher than the limit

' __hyJA safety device which opens the circuit
when ‘there 'is excessive temperature rise

2. ldentify the types of electrical heating systems shown below,

L4 - . .
‘ [ :




3.

4.

+

it ]

b. i , : ) -

* H/ , .
Differentiate between 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.

£ .

a. Placed in a heating duct with remote blower - : ;
_ AR . .
b. Consists of self-contain&éd complete system with blower assembly, electric
‘heating elements, and line voltage and low voltage controls that vary with
manufacturer

- - ’

¢. Installed four feet downstream from cooling coil unfess approved for use as
intregral part of equipment -

Complete a list of components of electric heating equipment,

&  Blower assembly

ERI
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b.  Heater elernent assembly

¥

1)

2)

3)
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Electric heat ¢ircuits and controls
1} Low voltage fan circuit

a)

b}

c) .

Line voltage fan circuit
a)

b}.

¢}

Low voltage heater circuits

=

a)

6

c)

d)

¥

"Line voltage heater circuit

a) i
" e
b} ST

. c)

d)

© 5.- Select true statements concerning causes of common failures of electric heating equip- 2
ment components by placing an X" in the appropriate blanks.

{NOTE: For a statement to be true, all parts of the statement must ?e true.}
a. Heating element circuit open

1} Melted fusible link

2—Nichrome-wire buried intwo-becauseof: -— — - v

a) Dirty filters ; . -

b)  Undersizec dlctwork _ }

c} ﬁirtycoolingcoil -
&
d} Brokeninsulator .- -
e




Burned out sequencer
Stuck limit switch
Burned out transformer
Loose connections
6. Demonstrate the ability to:
a. Install, start, and check an electricai heating L;nlt.
‘b. Disassemble, inspect, and reassemble an electric furnace.
Troubleshoot an electric furnage.
Perform maintenance on an electric furnace. -
(NOTE: If these actllritles have not been accomplished prior to the test, ask yc;ur
instructor when they should be completed.) ‘

o’

ER
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ELECTRICAL HEATING SYSTEMS
UNIT I

ANSWERS TO TEST

Duct heater
Elgctric furnace

D
E
D

1) Nichrome wire coils installed through insulators in path of air stream

2} Fusibie link in line voltage cirquit of heater coil exposed to radiant heat of
heater element

3}  High temperature limit controls vary with manufacturer

2

1}  a) Transformer N

b} Thermostat ,
¢} Fan relay coil or sequencer heater ¢
. » ™

al  Blower motor
b} Fan relay contacts of sequehcer ctﬁntacts
¢} Fuse, 15 amp

a) T.ransformer '
b} Thermostat 3
¢)  Contactor or sequencer coil’
d)  High limit switch
. 8} Heater element
b)  Fusiblelink
¢} Contactor contacts6r sequencer comacts
d) ' Fuse |, v

alb, c»\cl e .
P rfor ance skills évaluated to the satlsfacqutructor




R ES! DENTIAL COOLI NG SYSTEMS

URIT 1l
~

« UNIT OBJECTIVE

.

.

After completion of this unit, the studen} should be able to identify the mechanical and
electrical compopents of a residential ing system and discliss the processes in a cooling ,
cycle. The student should also be abl€ to relate component failures to [Eeir causes] trouble-
shoot'a ‘codling system, and use a charging/table correctly This knowleale will be evidenced
by-correctly performing the procedurds outlined in the Job sheets and by scoring 85 percent .
on the unit test. {

: { -

SPECIFIC OBJECTIVES

After completion of this unit, the student shotild be abie to: .

ﬁ L
1. .Match terms related to residentigl cooling systems with’ their correct definitions.

“

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

Comple‘te a list of electrical components of an air conditioner. - R

2
3
4. Seléct true statements concerning the processes in the cooling cycle.
5
6

.

State how“thett?oolmg cycle; is compfleted.”

Select true statements cOncernlng what happens wrtﬁ fan on continuous oper-
ation. . .

. ‘ ‘ N\
Match coMnpressor motor ?aulures with ways they can be detected.

Match compressor failures wrth ways they can be getected. -
L -
Match failures in condensing sections with thetegessible causes.
Select true statements concerming functions of low side section components
ity an air condltloner !

11. Match component problems of low side sectians with their possible calses.
:
12. Arrange in order the steps in using a charg:ng table. 3

13. (Select true statements\concernmg‘ the rule of thumb procedure for worklng
({\Eﬂthout achargingtabler . __ " e S

e . . p )

14. Demonstrate the ablhty W

a. Troubleshoot an air conditioner condenser sectlom.on a "no coollng com
plaint. .
. . LY . -
b. ,Perform maintenance on an air conditioner, * .

c. Use a charging table to check the charge in a capilldry cooling system.
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Ll

" RESIDENTIAL COGLING SYSTEMS»
UNIT HI -

o

.

SUGGESTED ACTIVITIES

- =
L] ot Lo .

k] *
* ’

Prowde student with objective sheet.

-

Provide student with mformatloh and job ‘sheets

‘ Maketransparency R e
Discuss unit and Specific objectwes ‘

-

Discuss n‘lformauon sheet

. )

J )
Discuss ér{d-demonstrate the procedures 0utlihe}1n the job sheets.
Invite' a iocai—or area service techmcnan to talk td the class about troubleshooting
cooling systems. . . . ~r
- L] . -
' . ) +.
Invite an air « éondmontng contractor to talk to the class about component fail-
" ures, the |mp0rtance of:the proper Jdenttﬂcation of problems, and cost factors®
related to‘ réplacement components
Invite a factory represen\t‘atlm talk to the class about innovations in coolmg .
system desngn and the coricept c{ energv eff:cuency ratings. - - .

»

Give test. . )
. - -:"

-

&

INS'I;E}UCTIONAL MATERIALS ~

L

.t ) k.
Included in this unit:

A.  Objective sheet

. Informatlon sheét

- ~

B .
. C. Transparency Master 1--Typica| C'hargmg T%
)

‘ Job sheets

Job Sheet #1- Troubleshpot an Air Conditioner Conderser *Sect:on
. on a "No-Cooling™Complaint~. -

Job Sheet #2-'-Perform Main;enance on ah Air Condituoner -

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

, Test |
%

Answers to test

/
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Terms and definitions. *

A,
B

RESIDENTIAL COOLING SYSTEMS
‘UNIT I

INFORMATIONSHEET. -

+

(Y

L

Shrader vaive--A gauge i)ort made like an automobile tire-yalve -

: ~ o
Crankcase heater--A " low wattage wrdp around device that boils refrig-

erant O%mpressor oil .
Lockout rela normally, closed relay used to open a protectwe circuit |,

while the relay is energuzed - ] .

Hard start kit-A starting capacitor and starting relay added 0 a compressor

circuit

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

Halo effect--Electrical discharge arourfl terminals while under a vacuum,

causing carbon tracks to deposit on the ipside of a tompressor and short .

circuit the-compressor motor windingy 3 ] ‘g
- ’ “ x" Ll
qu side.-The \ow pressure part of.ait ondltlonlng equupment namely.
the'evaporator coil and suction line  ~
o -
Charging tables- -Graphs or tables whlch list propér suctlon and head pres-
sures at various outdoor temperatures

-

{NDTE: Always use table and‘method recommended by manufacturer.) .

Mechanical components of an air conditioner

A,

£
.

Evaporator
Metering device
Liguid line

Suction line

" Compressor 1

Condenser
Liquid line dryer {optional}

-
Service valves

117




INFORMATION SHEET

« 1. Electrical démpoﬁe‘ots of an air cond‘iti'oner
“A Thermog‘r&/ '
B. . Subbase ] '
Condensér‘ fan

Transformer

Contactor -
F

. High pressure switch {optional) *

Low pressure switch {opftonall
Crankcase heater {optional)
Hard start kit {optional)
Rup ca‘pacitor
’ K. Overload protec.t-(;r
N
L Lockout relay foptional)
IV, Processes in the cooling cycle
A System thernostat calls for "Cooling”
t B Fan switch'set on automatic

TC 1 contacts made in thermostat

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

The contactor coil is energfzed closing the normally open contacts and
completes the circuit to the compressor and condensing upit '

V. Z~How the cooling eycle is completed
A" Thermostat opens ' .
B. Operating ci‘r(:u‘!ts de-energize
VI What happens with fan on continuous operation
A.  Fan selector switch reads "On”
Fan relay coil on indoor fan retay i?energized

Circuit is completed through” normally open set of contacts which are
now closed and indoor fan 15 now in high speed
»

X




INFORMATION SHEET
’ Y

COmpressor motor failures and ways they can be detected L
A.  Open windings-Can be detected by connecting an ohmmeter to the com:
pressor motor ter.mina’ls and reading infinite résistance of the motor windmgs

*{NOTE: A hot compressor must be allow‘ed to cool down to perm|t the ,
internal overload switch to close.)

B. Shorted windings-Can be detected by connesting .an* ghmmeter to the
compressor motor terminals and reading zero.resistance of the m&for wind-
ings ~ ‘
(NOTE: The large size of motor windings requires that anyone checking
+ for a short be able to distinguish between the exiremely low resistance of a
good winling and the zero resistance in a shorted windingi,)
C. Grounded windings-Can be detected by ¢onnectihgan ohmmeter to ground
and to each of the motor tefmlnals and feadmg a resistance of zero
' ' -
(NOTE: Grounded wlndlngs which ard also shorted to ea,ch other may be
caused either by lightning or by halo effect due to compressor operation

with insufficient refrigerant charge.) -
.~ VAT

Cémpressor failures and ways they can be detected

»

& . . T
A. - Tight compressor-Can be detected by Snapping an ammetér over a power
wire to the compre%sor and reading locked fotor amperage while compres
sor fails to start ; . .

(NOTE A new ccrfnpressor that is tight can usually be started with a'?lafd
start Kit.} v~

‘ w -y »
- L B

B. Broken motor shaft-Can be detected by -attaching compound galges to

the gauge ports and reading the same pressure on both gauges while the
motor is running o } .

. e ‘ . v,

C. Leaking valves-Can be detected by. attaching compound gauges to the
gauge port and readmg less than normal difference between head pres-
sure and suctiGn pressure - k] -

r
& »

*

. .
{NQIE: Leaking valves can sometimes be determined by feeling the tempera-
ture of the suction line immediately after gfpping the compressor; a hot or
cold ég.ction ling usually means leakilg ) :
- .

. ’ *
D. Locked cgmpressor-Can be.determirey if the Compressor stifl won't start

after all efforts to start it have failed !

-




*
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INFORMATION SHEET

I1X. Failures ity condensing sections and their possible causes
A. Refrigerant leaks- - ' ’ #
1. Loose refrigerant line Tittings

2. Improperly made sweat ioints or flares
e -

3. Mail boles in.refrigerant lines

B. Ceondenser fan motor failure .

Seized bearings due to lack of lubrication

Burned motor windings

Capacitor failure ]

JNOTE: Capécitor failure is seidog‘l a cause of condensor fan motor
failure.)

C. Start capacitor or start relay

-

" 1. "Capacitor terminal burned off
2. Capacitor boiled over ~
. {NOTE: Replace thé start relay when :éplacing a’ start cépacitor.)

- D. Runcapacftor T

. 1. Open circuit

" 2. Changed capacitance .
1 ’ ' . . ‘e
» 3. Shorted from leveling or,distortioP o

- Ls

Contactor ’

1. Burned points making goor gontact

[
[}

, 2. Sticking carriage
Crankcase heater

1. Broken

2., Burned
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INFORMATION SHEET

.
L

X. Functions of low side section components in an air conditioner

A. Blower seetion
1. MQ\ air from qccupled space and forces it through the filter and
coo\ﬁh‘coll .

'

2. Returns conditioned air to occupied space
B. Cooling coil

1. Removes hedt ahd moisture from the air passing through it s

bl

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

{NOTE: This is called'an “A" coil.)

3. When installed in the hornzonté‘l fornace the cooling coil is shaped to
allow condensed moisture to drlp downward perpendlcular to the air
flow through the coil

{NOTE: This is called a hori?,ontal or slab coil.) / , .
Condensate pan- Oatches condensed water which drlps off the coohng
"~ coil ’
Condensate drain fitting--A factory ‘installed shol‘t tube soldered into the
condensate pan, usually 3/4" 1.D. copper for the purpose of connecting the—~._
drain pan to a field installed drain line .

-

Metering devices,
. "~ : =
1. CapiHary tubes . \

ja. " Meters refrigerant to the gooling coil by restricting its flow due to
vits length and small diameter

b. ~Permits manufacture of lower cost cooling equipment due to
its lower cost and simplicit\; '
4 L

2. Zhermostatlc expansion valve . oo

S,

a.  Meters refngerar})to the cooling coil by restricting its flow by a
continuous throttfing actian whlch is controlled by the super heat
settlng of the valve

1

Permiits reliable operation of the cooling coil over a wider tempera-
ture range thang is pracncal with other-comimon types of meterlng
devices >




INFORMATION SHEET

Kw~Refrigerant lines--Connect cooling coil to condensing units to" circulate
refrigerant in an enclosed system * w
(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. Roro(.rv/thermostai-‘Regulates the operation of cooling equipment to main-
t?/i_, a desired temperature in_ a conditicned space .

{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.}

4

H. Transformer--Converts line voltage 10.24 volts

,J;" {NOTE: Due to the presence of larger electrical control loads in an air

/ conditioner, the transformer must be of larger capacity than- in "heating
aaly" transformers. This teqlires a minimum of 40 VA-fransformer capa-
city, which must be added to a "heating only" furnace; a fan relay must be
added also.) . L . /

Component problems of low side sections and their possible causes .

A.  Frozen fzoil . .
1. Insufficient air flow .
a.  Dirty filter
b.  Dirty coil
c Undersized-ductworkk

- 1

.72, Low refrif;erant Eharge

B.  Refrigerant leaks at refrigerant line fittings
1. Galled threads '
2. Compressimn ferrule on backwards
3. lInt:-:rml:!l‘ete rnake‘l.'ip of connection_
(NOTE: A fdv drops of compressor oil on a refrigerant line fitting

will assure a complete run up of the fitting nu‘tﬁ.)
¥

Leak in evaporator coil ar return bends

1. Vibration -

2. Corr‘osi7
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- INFORMATION SHEET

"

D. Expanston valve ‘
1. QOut 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
cap:llary tubess There are still many old.air conditiongrs in. service with
expansion valves.}
E., Coil flooded with oil
1. Untrapped refriggrant lines
»
2. Result of 100 many compressor changes
X, Steps in using a charging table (Transparency 1}
A. _Attach a refrigeration thermometer to the systems suction line where
it enters the condensing unit .
]

Attach a suction gaude .to the suction line ‘port at the conglensing unit

Record suction line pressure, ambient temperature, amd suction line tempera-
ture ! .

1}
-

Suction line temperature.:éading should be within 3° F of table reading

&

Example: At 90°F outdoor tgr@:r_ature and 68 PSIG suction pressure,
the system will be cortectly chargeg if the recorded 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

XHI, Rule of thumb procedure for working without a-chargiﬁg table

i

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

. L | . .
Suction line pressure should be equivalent to'a temperature above freezing

)




*

SUCTION PRESSURE ,AT OQUTDOOR SECTION { P5iIG)

OUTDOOR
AMBIENT &0 G870 72174576 ?_B 8¢|82]9a)se
(*F)

- ON LINE TEMRERATURE [ $3*F.}

65 79p82}85
70 75)ve)s2
75 72)78) 79
i §9)72175
|} ) 6469} 7
20 : 57pézfes

95 ' 47)54] 59
100 44) 4853
105 . 42}47
110 ’
s

Q
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RESIDENTIAL COOLING SYSTEMS
UNIT I ¢

JOB SHEET #1-TROUBLESHOOT AN AIR CONDITIONER CONDENSER
- SECTI(}N ON A "NO COOLING" COMPLAINT

. Tools-and equipment \,\

-

A, Screwdrivers |

B. Nt drivers

C. Voltmeter-ammeter-ohmmeter
‘D. .Gauge manifold ,

€. Gloves

Procedure

-~ - o .
A. Setthermostat switch to "on"; if blower fails to start

B.)" Chec;< fuse to furnace; if fuse is QK

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

D. Check’line voltage at bl(;wer motor; if voltage is not present, fan relay is bad;
if voltage is present, blower motor is bad =

{(NOTE: To troubleshoot an aigssdaditioner, the indoor blower coil section’
must be operating normally wittya clean € an filter.) °

Make sure indoor section is operating nogmaily
{
Check condenser fan operation; if it is not operating

Remove panel and control box cover and note posmon of contactor car-
riage; if contactor pomts are closed

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

e -

. U L o S
Press the carriage momentarily inta a closed position with an insulated
scrqwdriver .

- -
H a

Note fan and compressor response; if fan and compressor start ) \

Check for a broken wire in the low voltage 2-wire cable Ieadmg to the

contactor : . -

{(NOTE: Dogs WI|| sometumes chew this cable in two: lawn trirmers also
cause damage.) e

.
v
-




L

.
. [%
+

JOB SHEET #1

Check to see if contactor 1s closed and fan and compressor will not run: if so
: - /

Ches&line volfage to confactor terminals; if there is no voltage

(NOTE: If contactor operation cannot be determined by inspection, then
disconnectung or cutting a low voltage control wire to the contactor will
result inda loud click as the connection is made and broken by hand.}

Check fuse to condenser c‘if‘ iine véltage is present
Check for a tripped safety device, usually a high pressu're cut out

| S : . o
Reset safety device and note compressor and fan operation; if no safety .
device is present . . .

z

Feel the compressor temperature

{(NOTE: Resetting a tripped high pressure cut out usually completes the
Jow voltage circuit t‘o the contactor. and some sophisticated systems require
considerably more steps in troubleshooting; do not confuse a hot fompressor
with the effect of a normally operating crankcase heater; a compressor may
be considered hot when it is too hot t0 hold a hand on for a.few seconds.)

Check for hot compressqr that will not run; this indicates COMPressor
- is knocked out on internal overload |+ -

(NOTE: This does not necessarily affect the condenser fani} |

Check to see it contactor is closeﬁl; if fan does not run
Check for a bad condenser fan motor; if it is QK .and high pressure cut
out has been tripped or compressor is out on internal overload

{NOTE: A condenser fan-motor does not Elwa\/s go bad all at once; some-
times it will run fof an hour or more before it will hgat up and quit; by the
time a service technicidn arrives, it has cooled off and may run beautifully
when energized.} - ’ )

Check for cause of high pressure head .
i .

{NOTE: Leaves, grass clippings, 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 floy; whatever the cause, the condenser coil must be

cleaned.}

-

Detérmine that there is no apparent reason for high head pressure a‘nd
that' the high pressure cut out'is tripped and the fan and compressor both
run when reset, then Y 4 A

129




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 equibment,p?dnot'e pressure; block air,
- ' flow through condenser coil with newspaper until cut out trips and note cut
out pressure; this should be approximately 400 psi.) ,

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

" -

X. Replace control box cover and panei and all screws

Y. Clean up ared and put tools away ’

ERI
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+
]

RESIDENTIAL COOLING SYSTEMS
UNIT i1

_ JOB SHEET #2--PE‘RFORM MAINTENANCE ON AN AIR C.ONDITIONER‘

-
>

Tools and equipmentg

A. Screwdrivers
Nut drivers

Ammeter-volimeter-ohmmeter

Gauge manifold *

Glovets
Proc"eduure
A. Follow procedure for periodic maintenance call on indoor section
B. Rempve pz?nél and control box .caver-from condensing unit

Measure amperage of condenser fan and compare with fan motor specifi-
cations on nameplate -

Measure amperage of compressor and compare Wlth compressor motor
specifications on nameplate

Kill power to unit, gain access to motor, and oil according to manufacturer's
instructions; if condenser fan is mounted horlzontally check to see if it can
be oiled

(NOTE: Many condenser fan motors are mounted vertically and canmot be
lubricated; even many horizontal ones cannot be lubricated.)

./ Touch crankcase heater to determine condition
[nspect condenset coil and clean with coil cleaner if dirty

Inspect termirfals op capacitors, contactor, and c\ompresor for corrosion and
burmng \ )

Check ¢ut out pressure of high pressure cut%ut if present

. Check operatjon of logk out relay if present !

Connect gauge manifold' and determine operating pressur?; if suction
pressure corresponds to. below freezing evaporator temperature add refriger-
ant .

{(NOTE: Most systems use R-22 refrigerant; nevertheless, there are several
manufacturers which use other refrigerants; be positive which refrigerant is
used before adding any; refrigerant data is usually on the nameplate.)




ER
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" Check head pressure _ T, : ' T

" Jog SHEET #;Q

’ B

- r

b

(NOTE: With suction pressure at proper lev:el, the head pressure should
be hpproximately 30° above ambient temperature, New high efficiency
units have head pressures 20° above ambigny; however, variable speed and
multispeed condenser fans will confuse these readings unless the fan control
is bypassed and set on high speed during the niaintenance call.}
ghiit down condensing unit and note speed at which suction pressure and
head pressuresequalize while feeling temperature of suction line

: i
(NOTE: Too slow equalization of suction pressure indicates insufficient
size or kinks inJiguid line.) . W

Replace control box cover, panel, and all screws-

Clean up'tools and aréa,and pyt tools away
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RESIDENTIAL COOLING SYSTEMS
UNIT HI

JOB SHEET #3:--_USE A CHARGING TABLE TO CHECK THE CHARGE
IN ACAPILLARY COOLING SYSTEM

Tobls and equipment
A. ‘Service technician's tool pouch
B. Shop rags

C. Refrigeration thermometer or thermometer feeler bulb
A\
D.+ Suction or compound gauge ~

E. Pencil and paper

F. Co;ﬂling system as selected by ifrétructor
y et

Procédure

A. Attach a refrigeration thermometer or thermometer feeler bulb securely
., to the system's suction line where it enters the condensing unit
. . A "\
B. I’nsulate around the connection with shop rags to insure an accurate reading

Attach a suction or compound gaugé to the suction line port at the con-
. densingunit | a

Allow suction line pressure to stabilize for 10 t§15 minutes

-

Read and record

1. Suctiop line pressure

2. Ambient temperature

3. Suction line temperature . .

Compare figures in the charging table with suction line pressure and am‘bien't'
temperature {Figure 1)

[}
-

(NOTE: The unit suction line temperature should be within 3°F of-the
,:hart red@ing for the unit to indicate a proper charge.)

-~
Compare system readings wth chart readings; if upit suction line temperature
is higher that 3°F over the value given, the system is undercharged

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

-
" L3




JOB SHEET #3

Establish a condition of undercharge or overcharge and continue

- [
Check for Jow indoor unit airflow

+

Check for restrictions in refrigerant line

. Check your findings with your instructor

.

Clean up area and return tools .

FIGURE 1 _
|

SuTDODR SUCTION PREVIURE AT OUTDOQR SECTION [ PSIG)

AudiERT so| s3] ssf se]sof ool es]oufoafst| 70 raf7 [ 7¢] 79] 80]s: |aa|u|u| vo| 22]-04] 06 fos

o
e SUCTION LINE TEMPERATWRE (23°F |

[} o izl refar]es .

1o " 5t sofrarsreler
] 34 s5feclri|re]re
114 ; il ae Sefaafav]r]rs
[} %1 FE 3 EXI X kA
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RESIDENTIAL COOLING SYSTEMS
- UNIT 11 .

- NAME
i
- : TEST

<3

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

a. A gauge port made like an automobile tire . 1. Syction line
valve. T accurmulator

. A- low wattage wrap around device that . Charging tables
tc::?'rlls refrigerant out of the compressor Shrader valve
' Haio effect
A normally .closed relay used to open a :

protective circuit while the relay is energized. Crankcase

heater

. A starting capacitor and starting relay aHBjd ) Lowsid'e
to a compressor circuit .
- 4 : . . Lockout relay
A tank used to hold liquid refrigerant which
would normally flood back to a comprassor
during cold weather T

Hard start kit

Y

Electrical discharde 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 conditiopiing
equipment, namely the evaporator eoil
andguctiOn line 1

. Graphs or tableswhich list proper suction and
head pressures at various outdoor tempera-
tureg .
. N we { *
Complete a list of mechanical components 6f an ait conditioner.

-

~

a.

b.

t N
Compressor

Condenser




Liquid fine dryer

Service valves

-

3. Compléte a hist of electrical comp¥ents of an air conditioner.

&

a.

b.

High pressure switch

Low pressure switch

Crankcase heater

Hard start kit

j.  Run capacttor

k/‘ Overload protector

. Lockoutrelay
4. Select true statements CONCerning processes in the cooling cycle by plécmg an "X" in
*  the appropriate blanks. =

r—rr———

a. System thermostat calls for "Cooling" —— .
b. Fan switch set on manual -
.

c. TC 1 contacts made in thermostat
d. Fan relay coil is energized and the normally open settof contacts Is closed
and com pletes circuit to indoor fan motor on high speed
The contactor coil is energized closing the normally open contacts and
_ completes the circuit to the compressor and condensing unit:

5, Stat'e how the cooling cycle is completed.

PAFullToxt Provided by ERIC
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6. Select true statements concerning what happens with. fan on contlnuous operation
by placing an " X" in the appropriate blanks . .
P N ) ~
a. Fan selector'swnch- reads "On"
. b. Fan relay coil on indoor fan reiay i$ energized
c. Circuit is pombleted through normally open set of contacts which are
now closed-and mdo?p fan is now in high speed ,

1. Match compressor motor failures With ways they can be detected .

. Can be detected by gonnecting an ohmmeter ._ 1, Shonéd windings -
" to the, compressor motor terminals and R
reading, infinite resistance of the mo tor 2. Grounded windings

windings / : L
: . 3. Openwindings
. Can be detected by connecting an chmmeter ) :
to the compressor motor terminals and

) readl’ng zero resistance of the motor windings
. . -

c. Can besdetected by corinecting an oifnmeter
to ground and to each of thé motdr terminals
and reading a resistance of zero “

. v

’ . . “.,m.

\8 Match compressor failures Wwith ways they can be detected. g

T

. - % e
a. Can be detected by snapping anantroeter over . 'Broken m@tor
a power wire to the compfessor and reading shaft
locked rotor amperage whlle cqmpressqr fails -

to start Y. ) 2. Leaking valves

L

._Can be_ detected by attaching compound... :.:f" Locked compressor

gauges, to the gauge ports and reading the 4. .Tight couLpressor
same pressure on both gauges while the motor . toa
- is running .

2

. Can be deteeted by attaching *compound ~
gauges to the gauge port and reading less than *
normal difference between head pressure and
suctipri pressure

. Can be determinggl if the* compressor still
won't start after all efforts to start it have
failed




Match failyres in candensing sections with their possibl¢ 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 . Run capacitor

1) Selzed bearings due to lack of lub- . Start capécitor
rication R or start relay

2) Burned motor windings . . Crankcase heater

3) Capacitor failure e . Contactor

1) Capacitor terminal. burmed off
2} Capacitoi boiled over

1) Open circuit

2} Changed capacitance,
3) Shorted from leveling or-distortion

1) Burned pojnts making poor contact

v

2) Sticking carriage .
‘) ki g_ friag
1) Broken

®  2) Burned

. Select true statements concerning functions of IOw side section components in an
air condttloner by placing an "X" in the approprlate blanks,

{NOTE: For a statement to be true, all parts of the statement must be[rue)

a. Blower section L A

=
1y Moves air from occupied space.and forces it through the filter
and cooling coil .

r 2} Returns conditioned air to occupied space

Cooling coil ] .

Memoves heat and monsture from the a‘ passing tﬁrough it

Ay
Fl

2} When lnstalled in an upﬂow or counterflow furnace the coollng
coil must be shaped to allow condensed moisture to drip down-
ward" parallel fo the alr flow through the coil.

-'-m
3) When installed ii~he horizontal furnace the cooling coil is shaped
to allow condensed moisturé to drip downward perpendlcular
to air flow through the coil




ACRIV-139
/
Condensate pan.-Catches condensed water which drips off the cooling
doil . . . .

the condensate pan, usually 4/4" |.D. copper for the purpose of con-'
" necting the drain pan to a {i€ld installed drain line

-

Condensate drain fitting--zéfﬂaudrv installed short tube sold'ered into
d

Metering devices
1) Capj‘llary tubes

a) Meters refrigerant to the cooling coil by restricting |ts/ﬂ0,w
with a mlnlatu re valve
b} Isexpensive to manufacture

-

2} Thermostaahexpansion valve ¢ *

a) Meters réfrigerant to the cgoling coil by restricting its flow
by a continuous throttling action, which is controlled by the’
super heat setting of the valve .

LY v . .
'B}  Permits reliable operation of the cooling coil over a wider
temperature range than is practlca! with other common types

of metering devices '

&
‘Refrigerant lines--Connect coollng coil to condensmg units to circulate

refrigerant in an enclosed system

Room thermostat--Regulates the operation of cooling eqguipment \lo
maintain a desired temperature in a conditioned 5page .

* Transformer--Converts line voltage to 12 volts

b

N o - N . . “' . -~ ] . .
Match component problems of low side sections w%r probable causes.

a. 1} Insufficient air flom." Y 1. * Frozen coil «
- a). Dirty filter 2., Leak in évaporator
' S . il or return bends
b} Dirty coil '
. Y Coil flooded with
¢}  Undersized ductwork oil

‘ 4
21} Low lngrigerant charge EX’PBHSIOF} valve

. , o : . Refrigerantileaks at .
1) Galled threads refrigerant line fit-
. - _ . tihgs .
2} cjgmpression ferrule on backwards -

Ty, ., N
3} Incomplete make up of connection
. ?

e -




1) Vibration
2} Corrosion

1} Out of adjustment or tolerance

El

\
2} Ruptured !

1} Uhtrapped refrigerar;t Iirys ’

+ 2}  Result of too many compressor changes

1 2. ‘Arrange“ in :order the steps in using @ charging table by placing the correct sequence
number in the appropriate blank.

L
Record suction line pressure, ambient tem- ° \
.perature, and suction line temperature ) \

. Suction _line temperature reaﬁing should
be within 3°F of table,reading

. L]

- o~ L) L
c., Attach a refrigeration thermometer to the
s system's suctiorf line where it enters the
condensing unit -
d. Attath a’suction gauge to the suttion line
: F port.at the condensing unit .

' % . . - .

13.; Select true statements concerning the rule. of thumb procedure for working without
. acharging table by placing an "X" in'the appropriate Blanks,

v -

- .
- Yoo . - . :
a. Charde to a hquid line pressure equivalent to 30°F above ambient temn-
perature )
Cal

b. Suction line pressure should be equivalent to a temperaturé above freezing

14. Demonstrate the ability to:

El

- a

Troubleshoot an ai>’conditioner condenser section on a *'no cooling® com-
plaint. * L .

a - .
Perform maintenance on an air conditioner, - 4

Use a charging table to check the charge'in a capillary cooling system. . )

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

)

.

ERI
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RESIDENTIAL COOLING SYSTEMS
ONIT 111

1

ANSWERS TO TEST

L}

Evaporator
Metering device
Liguid line
Suction line

Thermostat
Subbase
Condenser fan
Transformer
Contactor

-

4., a c,d,
¢ 2008

. B. a. Thermostat opens
b. - Operating circuits de-energize

. abec

a.
b,
c.’

"

ad ow
e p) W 2B =W

"o oTw

13 a4 b

14, Perforc};nance skills evaluated to the satisfaction of the instructor
*

r
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1

HEAT PUMP SYSTEMS
. UNIT 1V

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 reyersing valve. The
student should also be able to trace operational circuits for heat pumps and troubleshoot .
heat pumps with heating or cooling problems. This knowledge will be evidenced by cor-
rectly performing the procedures putlined in the assignment and job sheets and by scoring
85 percent on the unit test. -

-~ -

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:
"1. Match terms related to heat pump systems with their correct definitions.
2. |dentify the components of a heat pump..

3. Identify the components of a 4.way reversing valve.

4. leferentlate between the operatlon of a 4way reversing valve in the heating
mode and cooling mode.

5. Select true statements concerning the operation of a heat pump in the defrost
mode. -

6. ldentify the components of a heat pump indoor section. -

4

7. Complete a chart showing the characterlstlcs advantages, and disadvantages

of heat pump systems.
-»

B.. Complete a chart showing the dlfferenoes between components of indoor sec-
tions of heat pumps and low side sections of air condltloners .

&

9. Complete- a list showung common componeént fallures of heat pumps in the
coolingmode. - .

10 Complete a sketch shownng the proper installation of an electric strip he/ter

11. Complete a list of special precautlons for replaclng reversing valves.

- 1 .

12. State two major rules-forgood heat pump operation.

s -

13. Trace opérational circuits for a heat pump in the cooling mode.
( ]

14. Trace operational circuits for first stagg heating in a heat pump.

-

15. Trace operational circuits for a heat pump in tﬁe'defrost mode.

112
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16 Ti e operational circuits-‘for second stage supplementary heat in a heat pump.

17. Demonstrate the ability to: /

a

b

Wire a control syslhm fw pump.
\\

Troubleshoot a heat pump indoor ﬂ:tion in the cooling mode.

Perform maintenance on an indoor' section ¢ a heat pump in the cooling
mode. '

Troubleshoot a heat pump on a "no cooling" complaint.

Troubleshoot @ heat pump outdoor section on an “insufficient cooling"
complaint,
%

Perform maintenance on an outdoor section of a heat pump in the cool-
ind mode. _7

Troubleshoot supplemental heat on a heat pump.

.

Perform maintenance on heat pump supplemenﬁtal heating.

Troubleshoot a heat pump on a “notheat" complaint when cdmgressor wil
not run. - '

Troubleshoot a heat pump on a "no heat" complaint when compressor runs
but cycles on compressor overload.

Troubleshoot a heat pump on an “insufficient héat" complaint when com-
pressor will run.
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HEAT PUMP SYSTEMS
UNIT IV

?
SUGGESTED ACTIVITIES . )

Provide student with objective sheet.

Provide student with information, assignment, and job sheets. ’
Make transparencies.

Discuss unit and specific objectives.
"
D:scuss lnforrnatlon and assign rnent sheets.

Dlscuss and demonstrate the procedures outllned in the job sheets.

Invite a homeowner with a heat ptjmp system to talk to the class- concerning
initiall, costs, operational costs, and henefits or problerns éxperienced with the
system.

’ 1

Demonstrate to the class how a heat pump system can be used to preheat domes-
tic hot water.

. Y .
frnwvite a local or area contractor who installs solargevices to talk to the class con--
cerping supplementary solar applications for heatp

lnvite a manufacturer's representative to talk to the class concerning improve-
gents in heat pump design and performance in the past few years.

DISCUSS and demonstrate to the, class the various methods used to accornphsh
the defrost cycle in a heat pump, and preparé a wiring diagram to show typical
defrost cycle circuit.

- Give test.

INSTRUCTIONAL MATERIALS
g

Included in this unit:

A. Objective sheet

8. Information sheet
Transparency masters .

1. T 1-Components of a Heat Pump

2. TM 2-Components c;f'a 4-Way Reversing Valve

3. T™ 3--Operation of 3~4Way Reversing Valve~




« 4,

8.
6.

.D. Assignmént sheets

1,

TM 4-Heat Pump in Defrost Mode

™ 5--Componentspf a Heat Pump indoor Section

‘-‘ " - : ’
TM 6--Supplemental Efectric Heater and Typical Installation

Fy

Assngnment Sheet #1--Trace Operational Circuits for a- Heat Pump
in the Coolmg Mode . ) .

. Assagnment ‘Sheet #2--Trace Operational Circuits for Flrst Stage Heat-

ingina Heat Pump, .

. Assugnment Sheet #3-Trace Operational CIrCUItS for a ‘Heat Pump'

E.  Answers to assignment.sheets

in the Defrost Mode

Assignment Sheet #4‘--Tr'ace Operational Circuits for Second Stage ™
Supplemeintary Heat in a Heat Pump

£

F. Job sheets

1,
5

Job Sheet #1+-Wire a Control System for a Heat Pump

Job Sheet #2-Troubleshoot a Heat Pump Indoor Section in the Cool

“'ing Mode

#

" Job Sheet #3--Perform Maintenance on an ladoor Section of a,Heat

Pump in the Cooling Mode

Job Shedt #4--Troubleshoot a Heat Pump on a "No Cooling", Conl-
plamt . f '

-

' ¢
\-Job Sheet #5--Troubleshoot’ a Heat Pump Qutdoor Section on an

"lnsufficient Cooling" Complaint

Job Sheet #6 -Perform Maintenance on an Outdoor Section of a Heat
Pump in the Cooling Mode .

’

Job Sheet #7--Troubleshoot’ SupplementaI'Heat on a Heat Pump

~ . Job Sheet #8--Perform Maintenance on Heat Pump Supplemental Heat-

ing - . -

Job Sheet #9--Troubleshoot a Heat Pump on a "No Heat" Complaint
When Compressor Will Not Run

. Job Sheet #10- -Troubleshoot a Heat Pump on a "No Heat" Compﬂt

1.

Test

When Compressor Runs but Cycles on Compressor Qverload

Job Sheet #11-Troubleshoot a Heat Pump on an "Insufficient Heat"
Complaint When Compressor Will Run

\

Answers to test




v "

ACR IV -147

) Reference;: -

A. Heat Pump Design, Seivice, arntt Apphcarfon Dallag, TX ?5240 Educa-
tion Department Le oxindustnes Inc., 1979,
i . .
. Harris, Norman C., and Cande, David F..Modem Air Conditioning Prac-
- tice, Secand Edition. New York: McGrayv-HiII Book Company, 1974,
Althousé. Andrew D., and Carl H. Turn&uist and A’ﬁred F. Brécaéno‘
Modern Refrigeration and Air Condrr:onmg South Holland, iL: The
Goodheart-Willcox Company, Inc.,, 1975,

*

“ .




PAFullToxt Provided by ERIC

»*

* HEAT PUMP SYSTEMS
UNIT IV

L]

. INFORMATION SHEET

Terms and definitions

A.

B.

C.

D.
E.
F.

G.

B.

C.

&
Heat pump--Basically a refrigerated air conditioning system with two re-
frigerant coils and a valve to reverse the flow of refrigerant
Reversing valve--A heat pump control valve used to switch from heating
mode to ¢Qoling mode by reversing the compressor connections to the
inside and utside coils . .
, Suction [ine--Refrigerant ‘line that directs low pressure vapor from the
evaporator coil to the compressor

-

Heat exg.hanger--A dev'u:e used to transfer heat

x

* Heat slnk A relatwely cool substance that can readily absorb heat

Ground coil-A heat exchanger which is buried in the ground and ?nc-
tlons as either a condenser or evaporator

Geothermal well--A heat exchanger which utilizes welt, pond, or lake water
as either a congpriser og evaporator .

Corﬁ?onems of %Zea_t pump {Transparency 1)
A.

Indoor and Stitdoor refrigerant coils

I

Compressor

-3

Indoor and outdoor metering devices
Indoor and outdoor check valves
4-way reversing valve
Piston
Piston bieed ports
-
Crankcase heater
Accumulator

Indoor and outdoor blowers

Solepoid -
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V.

INFORMATION SHEET’

* Components of a 4-way reversing valve (Transparency 2}

A. Connection to discharge line of compressor
B. Connection to suction line of compressor
C. Connection to outside coil

Connection to inside coil
E. Piston

-

F.  Solenoid and activating device

G.  Piston bleed ports R

Operation of a 4-way'r}eversing valve {Transparency 3)
L ]

A. Heating mode

1~ " Solenoid is.energized

2. Piston moves into heating position

]

" Suction line of the compressor is connected to the outside toii making
it an evaporator \
Discharg® line of compressor is conpected to the insidd cojl making it a
condenser

L3

B. Cooling mode
i -~ )
a
Solenoi# is de-energized
Piston returns to cooling position .

. Suction line of the compressor is connected to the,inside coil making it
. ane rator *
Discharge line of the compressor 5 connected 1o the outside coil
‘making 1t a condenser . a

Operation of a heat pump in the defrost mode (Transparency 4)

-

A. The defrost cycle is iriitiated by preset tifde controls, preset temperature
‘controls, or preset coijtrols to measure pressure drop across the outside coil
(NOTE: Methods ¢f initiating the d#ost cycle vary with manufacturer,
and some systemsg may use comblnatlogs of time, temperature and pres-

sure.)
118
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_ INFORMATION SHEET ‘
B. The reversing valve reverses the heat pump from the heating to the cooling
cycle on a preset schedule Lt

' . ) * + - - Jl ’. I -
Hot gas from theggompressor discharge line is dnrec‘te&l to the outside coil

" . ~ . ) \J - - :
Frost accumulation on the outside coil is removed ’ .
The.outside blower is shut off to reduce cold air_flow and essist .the meiting
process - ’ ’

Supplementary heat systems are energized ~ )

" After frost has been removed from the outside coil, the cycle is reversed
. LY 4 *
The defrost cycle is terminated by Preset time controls, preset temperature
controls, or preset controls 10 measure pressure rise across the outside coil
.

N

(NOTE: Methods of terminating the defrost cycle vary with manufecturer,
and some systems may use combinations of time, temperature, and pre-
sure.) ‘

.
-

Components of & heat pump indoor section {Transparency 5)

-

- . .

‘A. . Cai)ine{ - g ’

Filter and cold air inlet . _ ..

Heating elements of nichrome wire or tubular cased wire

Blower assembly
", ‘Blower and limit controt switches

Heat exchange ehamber and warm air outlet

E

lnr_;loor coi‘l

L]

Supplementary heat controls and sequencing relays

PAFullToxt Provided by ERIC




ERI

PAFullToxt Provided by ERIC

VL,

.

WEORMATION SHEET

Characteristics, advantages, angd disadvantages of heat pump systems
- s

Type.of System

Air to Air

Air 10 Water

’

Characteristics

Uses atmosphere to cool
condenser or 10 absorb-
heat from evaporator
Requires a blower to pro-
vide 2ir movement across
outdoor coil

1; of water

Ns the ground or a body
to provide cool-
ing or heat absorption

L s

Can use a geothermal well

Requires no blower for out-
goor coil -

Advantages

I

Efficiept in mllder
Ctimates

~ iy
‘High  efficiency  because
ground or water acts ag’aHeat
rexchanger .

-

Can use recirculated. water for
cooling and solar collectors for
addltlonal heat » . s

Can be used to’ pr@eat hot
water - )

Disadvantades

ks

v

. Capacity and performance

_'drops . -

1)

lowers as temperature

Al

Less efficient in cold
climates

" Requires 5upplemental
heating .

4 ]

- * '2_./
Requires supplerental heating

.

—

Differences between components of mdoor sections of heat numps and low 'side
sections ofjalr conditioners _ - P

.

Tl

%

Component

Heat Pump

Aiz Conditioner .

.

Blower Section

Driven by a 230-V motor

'Driven by a 115V motor

M%ring Device
&

Always bas a check-valve -
and a bypass arrangement

jas no cheok valve or'bypass

i

Thermostat-

Controls’one stage of cool-
ing and two stages of heat-
ing, and

switch® v

contain a manu-
ally opdrated emergency heat .

Controls one -stage ‘of cooling
and one jtage of heating

-

v .%

L4

Transformer ~

Located in outdoor section
instead of in air handler
angd is 230 volts

Located in the furnace and is
115 volts .
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INEORMATION SHEET ~

-

L

Common component failures of heat Bumps in the cooling mode .

- ’ ) - <
INOTE: All common failures of air conditioners alsofapply to heat pumps.)

A

B.

Tran.sformer

3. Blown fuse

2.- 'Burned out windings
F{eversing valve: \

1. Leaking vaives

2. Stuck piston

*{NOTE: A stuck piston can-be detected by feeiing the temperature
of the tubing stubs and pilot valve tubes. )

Burned out solenoiﬁ . -

Genepal rules for installation of supplementaf heating strips
{Transparency 6) ’ . .

A.

B.

C.

L] L
.

Heating strip‘ should never be installed {rom the bottorh or top of the duct
Q\"’ -

Heatlng strips should always be tnstalled n the discharge side of any air -
handllng equipment

LControls for strip heaters must be readily accessabla\

Special precat'jtions for replacing reversing valves

A.

Never.expose a reversing valve 1o excegsive heat

(NOTE: Wrapping a valve with 2 wet cloth can help moderate heat when.

brazing lines in the system )
“~J

Keep the inside tubes of the valve and tﬁe system free of all foreign material

(NOTE: Flux, dirt, or even moisture can impair operation of a revers-
ing valve and contribute to premature failure.)

Never strike.a reversing valve with a hammer or any tool that could dent or _
bend any part of the valve . . .

L

Install a reversing valve in a location on the refrigerant line that will help
keep vibration from the compressor at @ minimum
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=

- . . N .
Two major rules for good heat pump operation ’

-

A.  Filters grilles, and coils must be kept clean to assure addquate air circulation

.

B. ;I'he refrigerant charge for the system should always be at the proper
pressures ) )
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Paston Bleed Ports

/]

.

2\

* . Compressor

. Crankcase l-ﬂeater

Pi,ston'

Indoor Metering Device

3

\O

}Soleno:d

. F‘|‘| o
~ ] Accumulator

4—Way Reversing Valve

| Outdoor Meterlng Device "

v Qutdoor Blower

NN

Outdoor Refrigerant Coil .
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jonents.-of a 4-Way Reversing Valve
. NS L
. Cbnnecti.on to Discharge Line of Compressor T \

1 - Solenold and Actwatang
PIS'[OII Bleed Ports . . ‘ |

\\\\\‘\\\\\\\\\\\\\\\\‘\‘ ‘ B N e e e e

1]

-

\

N7,
L Dot

Y
?
/
Y

N/
T

%
| (
)

T

R
N2
-

Connection to

11/ ":I'IIIIIIIIIIIIIIIIIIIIII 4 SUCﬁU" Line .
. of Compressor ,

5}? IIIIIIIIIIIIIIIIIIIIIIIII “'————_

,\4.

Connection- o Inside Coil/ : Conneqtion to. Outside Coil .

£G1 - Al HOV
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/

Operation of a 4 Way Reversing Valv

. '
. s . . 1
-

JEEEEEFEEEEERERENENNNE N,

28V Solenoid
Suction

N
-

-
-

-
+
+
-

+
+

1

_ 24V Solenoid

-,

P R YY)

Suction

Heating Mode

R R ]

.
.
.

- “ .

{Courtesy of Lennox Industries Inc., Dallas, Texhas} -

-

- f
-
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J o Heat Pump m Defrost Modé

Thermostat Calls For Heating

R ¥

Ice Is'‘Metted Off Coil - -

-

- {Courtesy of Lennox Industries inc., Dallas, Texas}

190~ Al HOV
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| Compdné@ts of a Heat Pumpr Indoor Section

———
[

Cabinet

Filter and
Cold Air Inlet

\ T v

5 | LIPS | N7 A - Y@ | of Nichrome Wire

. B W / - { {"or Tubular
Cased Wire
I

Indoor Coil="

Blower and Lim'it Control_-Swu,tghes

”~

Heat éxchange Chamber -

B|o'wer Assembly
: and Ward’l Air Outlet

Supplementarv Heat
k/ Contrdls and ‘
Sequencmg Relay / .

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

]
i ]

HeatingElements

€9LEAI HOV
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~

Supplemental Electric Heater
‘and Typical Installation
-

)
A 3\ Y

\|

13t 3
EY3Y Y

{Courtesy of Lennox Industries l'nc.. Dallas, Texas)
' ’ 100
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HEAT PUMP SYSTEMS
UNIT IV

\

.%1' .
Ac'gz IV - 167

-

ASSIGNMENT SHEET #1--TRACE OPERATIONAL CIRCUITS ~
FOR A HEAT PUMP IN THE COOLING MODE

sC -
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ELECTRIC HEAT ACCESSORY
WIRING COMPLIES WITH
NATIONAL ELECTRIC CODE

2PNC Compr & OO Fan Motor
SPNO Compr MOTOr Starter
SPNO 1D FanMotor

SPNC Oeteost tnrtidtion

SPNO Oefroo Holding

SPNC Detrost—Ingoor Aux Hedt
SPNOD 15! Stage Hegt- B V Sol
SPND 15t Srage HEBI-Compr
SPNO 2nd S129¢ Heat ;

SPNO Jrd S1age Heat | Time Deidy)
SPND 41h Stage Heat i Tome Delayt

--ZSISIOr

TransfOrmer

Runming Cagacitar
Starting Compr
Hearer 14KWI

Fuse
Thermostat-Copiing
ThermDsiat- Heating
Teeminal Biock
Thermosiat - Cutdoor
AY Revarstng Vajve Soengid

e

High Pressure Cutout
Thermal Limiy Swinch ~

L]
Oedropt Termination

“Terrmunal Block —Rpom Therm,

Terrmnal Biock — Uit

Termund Block - Quct Heater

Igentified Terminat on
Aunning Capacitor
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HEAT PUMP SYSTEMS

UNIT IV

ASSIGNMENT SHEET #2- TRACE OPERATIONAL CIRCUITS. *
« » FOR FIRST STA.GE HEATING IN A HEAT PUMP

A VA S0LE 1D

5 2,

TIMER

CRAHKCASE HtaTER

-

J 1
Ll
o8V TARIBLYE 4 TIL] @-N@
Loda f u

FESS TRAHEFORMWER [N

‘A aaat
Wy {5 VAL -

_‘\

A e —————
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\.J

Ferst
f -2

SEPARATE CITR) 260201 6O

: e A
_;.49' ‘33 H% . i

il

-

+
S

e

tte i vf T ~C3 ' ELECTRIC HEAT ACCESSORY

J

LEGEND

WIRING COMPLIES WITH'
NATIONAL ELECTRIC CODE
- - -

L3

2PND Comor & O O Fan Motor
SPNO Compr Motor Starter *
SPNO ) O Fan Motor

SPHO Crefrost Inananion

SPNO Oelror Hoichng

SPND Defrari=Inddor Avx Heat
SPNO 151 Stage Hemi-A C 5ol _
SPHND 151 Stage Hear=-Compr
SPND 2nd Siage Heal ‘
SPNO Jid Stage Heat {Time Delay)
SPND Ath Stage Heat ITime Qelay)

[

Resistor .
Transforener
Runnming Capaeror
Swaruing Compr

Heater {4KW)

Fuse,

Thermosial = Cootng
Thermostal—ﬂea% .
Termunat Block
Thermostal = Qurdoar -
Reverting Valve Solenoid

High Presure Cutout

Theimsl Lirnt Switch

Delrost Termination

Tefminat Biock=Room Therm,

Termunat Black=Uni

Termunal Block=~0uct Heater

1gentfied Terrundl on
Ruhnng Cypacaor

. 3

- ———
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HEAT PUMP SYSTEM
UNIT IV~
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-

S

ASSIGNMENT SHEET #3--TRACE OPERATIONAL CIRCUITS

t FOR A HEAT PUMP IN THE DEF

£ -

W .

ROST MODE

Be sure to consider what happens with the outdoor fan and reversing valve.)

‘ o e 1
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WIRING COMPLIEE WITH

T -
\ﬁ,{tﬁ;?‘ ELECTRIC HEAT 4CCESSORY
K NATIONAL ELECTRIC CODE

LEGEND

. >

2PNO Compr & 0.0 Fan Motor Aesmsior

SPNO Compr Motor Starter T Transiormer

SPNO Y O Fan Motor RC | Aunning Capacaitor
SPNO Delrosh Inrsnipn SC | Starting Compr

SPNQ Oelrost Holding ™ H Hiater (46} —
SPND Oelrosi=tndow Aurn Heat FU | Fuse .
SRHO 15t Stage Heat-A € Sod ki Thermostai -~ Coohng

T5PNG1st Stage Heat- Compr TH  [Thermostat- Heaung

T Terminy Block
T | Thermostat-OQuidoor
AY | Reverying Valve Solon

High Pressure Curout

Thermai Limt Switch

Delrost Fermination 4

Terrmnat Block ~Rgom Therm,

Terming Blogk = Unit

Terminat Block —~Duct Heater
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Runnng Capacitor
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HEAT PUMP SYSTEMS.
UNIT IV ’
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. 4

ASSIGNMENT SHEET #4-TRACE OPERATIONAL CIRCUTS FOR
SECOND STAGE SQELELEMF.NTAHY HEAT IN A HEAT PUMP

RV SouL 2D

j\% ir:

00 FAN MSTOR | NLZE
- Is D8

T T
TIMER 5 "OR
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SRANXL®SE HEATER

DM

1T
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1Y 14
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-
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1183 !

SuseLEy ‘\.C:

T I3 S — finz! ELECTHIC HEAT ACCESSORY

CL. I,
Tys-1, g.q !

Ot

. :__.?_5 5 om J

LEGEND

JWIRING COMPLIES WITH
NATIONAL ELECTRIC CODE

+

-

2PNO Compr & 00 Fan Motor
SPND Comar Motor Starter
SPNO 1 O Fan Motor

SPND Oefrost Initvalion

SPFNO Delrost Holthng

SPNO Oefrost - tndoor Aux Heat
SPHO 15t Stage Heat= A C 5ot
SPNO 15t Stage Heai—Compr,
SPNO 2nd Stage Heat

SPNO 3rd Stage Heat [Tane QOelav}
SPND atn Stage Hrat iTime Oetay)

Resstor W
Transiormer

Runmng Capacitor
Starting Comps
Heater {axKwyi

Fuse
Thermosial~Cdoling
Thermostai—Heztng
Terminal Brack
Thermastat—Outdgor
Heversing Vaive Solenoid

High Presture Cytout

Thermat Lemet Switch

Oefrast Termandtion .

Terminy! Block—~Roomh Therm,

Terminal Blogk=Umit

Termunal Blogk~Duct Heater

Identified Termeanat on
Running Capaitor
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HEAT PUMP SYSTEMS
UNIT.1V

JOBSHEET #1- WIRE ACONTROL SYSTEM FOR A HEAT PUMP
° + , ’ ‘

Tools and equipment
A. Service technician's fool pouch

B.ﬁ oltmeter-ohmmeter ¢

- 3
C. eat purnp trainer or systern selected by instyuctor -
»

(NOTE Systern should have wiring d:agrarn recommended by rnanufacturer
dlagram in Figure 1 is included for geqeral reference.)

*
Procedure

o

A. Check powagr source _
Apply power to system
Turn power off

Wire necessary circuits to energize indoor fan motor

Turn power on )
J“"* .

Qperate indoor fan motoer ‘1‘*

" Have instructor verifyeoﬁeratidr{

»

Turn power off
, . .

Wire necessary circuits fo operate cooling
. Ls

Fl . {1 -J
Turn power'on }

Operate system for cooling

R » - .

Have instructor verity operation

Turn power off » , .

Wire necessary circuits for first stage heat {reverse cycle heating)
" Turn power on Lt

Qperate system for first stage heating

Have instructor verify operation >




JOB SHEET #1

* N
- 1

7

R. Turn power off
Wire necessary circuits for second stage supplemental heat
Turn power on

-

Operate system for second stage supplemental heat

’r
Have instructor venify operation
N

Turn power off

Wire necessary circuith tor {:iefiost

- .

Turn power on

Operate system for defrost
Have instructor verify operation

Turn power off

Clean area and return tools

ER
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JOB SHEET #1

R.V.s01& ")ID |

ﬁ_n-
TIER MG "OR

QD FAM MOTOR

R,
L e}
LRAMKL{FSE HEATER "

. R
10 FAN MOTOR I—AQ o
& Y r . ;
208y Tmbimue Lva ) Bse2(;

1 i: Dopgs O_k‘

e TRANRFORLAER
a AT

R YT Ty 4 ¥ 145 va)

¥ A

i 1

ELECTRIC HEAT ACCESSORY
WIRING COMPLIES WITH .
NATIONAL ELECTRIC CODE

>

LEGEND

COMTR M~ [ 2PNO Compr & 0O Fin Motor Resistor Ftigh Pressure Cutout
RELAY . 1A | SPNO Compr Mator Starter Tranglormer Thermal Limit Switch
RELAY 2R 1SPNO 1D Fan Motor Aunning Capacitos ' Getfrost Teemanatibn
AELAY JA 1{SPNO Defrost fnealion . Starting Comor - Terrmung! Bigck =Rpopm Therm
RELAY 3R 2{5PNO Oelrart Halding He prer (4AKW) Terminal Black ~Unit
“AELAY IR 3| SPNO Defrosi- Indoor Aun He# Fuse Termingl Black - Duet Headter
RELAY 4R 1|SPNO tst Stage Heat-R. V. S0l Frermostat - Cooning tdentfied Termngt on
AELAY 4R 2| SPNO 15t Stage Hebt-Compr | Tnermostat =~ Heatng "| Aunning Capacito
AELAY: 10R | $PNO 2nd Stege Haat Termunsl Blogk * . . :
AELAY 11A |SPND rd Stege Heat (Tume Detayl Thermostar - Qutdcor
AELAY = 12R. | SPNO 4tk Stage Heat {Tome Delavt . LRV Reversing Valve Solanaid

3 - N N

i

-

<
’.

ERI
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4UMPSYSTEMS
; JUNITIV

JOB SHEET #2 TROljBLESHOOT A HEAT PUMP !NDOOR

A.
B.
C.

.- D\

E.
F.
G.

SECTION IN THE COOLING MODE

+
[

s and equipment
Screwdrivers
Nut drivers
Volt-ohmmeter
Scratch awl®
Thermometer

Pencil and note.pad |

- Puct tape

Procedure

A

8%

L

Disconmect power‘ from alr handler and check with voltmeter

4

FoIIow procedure for troub‘leshootlng. blower séction ‘

Disconnect fan relay ] : i

% b}

—————————

Measure resistance of fan relay coil and record whether OK
Open Shorted

£

Disgonnect secondary Ieadg of transformer .

L ]
Measure resrstance ) secondarv windings of transformef?and record whether "
oK Open - Shorted®

Disconnect primary windings of transformer . .o

Measure resistdnce of primary wmdmgs of transformer and record whether
oK . Open Shorted

Measure resistance of each leg of transformer to ground and record whether
0K Grounded &, X . ¢

1. Question: Have all electflcal components of the Q:‘r handler fan circuit
been tested? :

A

2. Has coil surface been checked and cleaned if ' needed?

-

3. Is this equipment safe to energize?

Reconnect fan selay and transformer
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JOB SHEET #2

Energize air handier power cirdust
¥
" Energize fan circuit at thermostat subbase and note blower operation®
. 0K ) -

‘ - ¥
M. Set therinostat to "cool" and adjust to colder setting than room temp-
erature )

N. Drive scratch awi o return plenum and measure return av temperature
and record - P
4 )

Q. Drwve scratch awl into supply pIenum %nd measure supply temperature
and re¢ord

rl Q_

P. Calculate temperat&re amp across coMing coil and record
a temperature drop of 12° - is regarded as QK after 15 mmutes
operation .

-
(CAUTION: Be certain that scratch awl is not driven into cooling coil
,or-electric heat strip séctlon inexperiencéd service people frequently do
‘this.)

*

L]

Q. Cover plenum holes with duct tape

R. Check findings with instructor




HEAT PUMP SYSTEMS |
UNIT IV

JOB SH T #3-PERFORM MAINTENANCE ON AN INDOOR
SE N OF A HEAT PUMP IN THE COOLING MODE

L}
-

Tools and equigment
A.  Screwdrivers
B. MNutdrivers .

H

Gloves and shop rag

Thermometer

c
D. Scrat¢h awl
E
F

Pencil and note pad

Proceddre
- !
A. Follow procedure for mainteﬂgdz call on hiower sections

’ ) |’I -
B. Set indoor thermoStat to &COOI" and adjust setting to cooler than room
temperature ) .

Allow condensing unit to stabilize refrigerant pressures, then disconnect
condensate drain and blow out slime with pressure throug'l old charging-hose

wrapped in a shop rag .

Reconnect condensate drain n .t

S
(NOTE: Installers usually, cement allﬁ%&m a new condensate drain line.
The serviceman usually cuts the line with a hacksaw and after servicing

reconnects the line Wlth a coupling and friction tapa
Feel suction line leaving evaporator

{NOTE: Suctiontine should be cold but not freezing.)
wait for 15 minutes of continuous comprefsor operatlon then take tem-

perature drop acyoss under coil and record f
. *

.. Note any conditions which mlght affect air canditioner performance inside
the structure , ‘ . ) R

]

1. Abnormal indoor temperature
L2 ‘:urniture 'Iacement and dl‘ipéries over supplies and returns *

3. Improper design of supply regiﬁters

%
+ 4, Thermostqt over lamp or other heat source

d
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JOB SHEET #30
3 + : . &

. Reset thermostat te room temperature and note temperature dtfference

-

between swltchlng temperature and room temperature

{NOTE: Thermostats with mer¢ury switches are sensitiv® to vibration:
they must be checked, iqled, and secured.)

Check findings with instructor’




HEAT PUMP SYSTEMS
UNIT IV

t

JOB SHEET #4-TROUBLESHOOT A HEAT PUMP ON
A "NOCDO LING" COMPLAINT

P

Tools and equipment *

A
B.

_C
>

[P

D.
E.

<

Screwdrivers
MNut drivers ;

* -
Ammeter-voltme ter-ohmmeter

Gauge manifold

Gloves

Procedure

A

B.

6

. . Check condenser fan; if it is not operating, continue -

« sing the carriage into a tlosed Eq?tno

< v

et thermostat-fan switch to "on"

N

Note blower response; if it fails to start, continue

heck fuse {p furnace; if it is OK tontirnue

heck put of transformer for 24 volts; if it is OK, ‘continue
3 /Q/Oﬁt

Check®or line volfage at @Wowd¥ rhotor
\-—
. (NOTE 1f voitage is noy, present, then the fan relay is bad if vo[ta
. pregent, the blower motor is bad.) ' . ..

-
v

" Check indoor blower section 10 make sure co:l and filter are clean so the

seoilon will operate normally- ¢ .
‘ - -
' Energizg blower section for normal operation

L

*
-

A
Rernove control box cover

¥
v

Note posntuon of contactor earnage '

.
(NOTE: Some contactor carrlages are*covered with g plastic .plate which
must be removed; others are rno‘h“ted in such'a way that inspection wnll )

.not reveal whether points are open or closed.}) ( | . R

P v-’-\w o . , ! d " . - y

Close contactor points if they are nojgelosed; do this by momentarily pres-

r‘:th an insulated screwdriver .
[ 4

v
¥
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JOB SHEET #4
oy - .
",

Note fan and compressor response; if fan and compressor start, continué

»*

M. NLook for a broken wire ip the' IOW voltage’Z wire cahle leading to the con-

0.

P.

Q.

T.

R.
S

¥

tactor k- . . .

e ' . .
{NOTE: Dogs will SOmetlmes chew this cable in two lawn trtmmers can
also cut it.) . .

.
2
-

_Determine if fgn and compresst)r wiil not, run when contactor is closed;
i they dont run, continue

/ I
"Check for line voltage and contactor Sterminals; if there is no line voltage
continue

. -

{NOTE: If contactor operation can‘t be determited by inspection, dis-
connect or cut a low voltage control wire to the contactor; wheﬂ'ttle con-
nection 1smade and broken by hand, 1t will cause @ Joud click.)”

Check fuse to condenser circunt;f line voltage 1s présent, continue

Look for a tripped safet\'; device (usually a high pressure cut out}

Reset safety device ‘
Q !
Note compressor and fan operation: if ro safety device is present contunue

* .

Feel the compressor if 1t is hot and not running, this mdlcates a c0mp‘essor
internal overload -
OTE: Do not confuse a hot compressor with the.heat of a normally
perating crankcase heater; when a compresser is 100 hot to hold a hand on
it for a few seconds. it is hot ) B .

Check condenser fan, 1t it does not run while contactbr is closed, fontinue .

Check condenser fan'motc»r,t it 1s OK, &bntinue : - {

ANOTE: Sometimes condenser {aa motors will fun a long' tithe Hefore they.

heat up and quit. A bad condenser fan motor that has. hatl _time to coof
off may foo! a service techmc:an by runmng beautifully when it is flrst
energizéd ) - o P

Look for Cause~df mgh head pressure once 1t has been established that

* COMIPressor - |s out on internal overload and high pressL:re cutout has been <.

tripped

E

. o 'Q ; .
{(NOTE: Leaves, grass cllpprngs, clothes dryer lint, etc.,can stop a condenser -
col and cause high head pressure;.a newspaper or other d'bstructlorr to air
flow can also cayse It.} .
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JOB SHEET #4 .

B

X. .Establish that there is no apparent reason for high head pressure, high
pressure cut out has been tripped, @nd fan and compressor both run when. -
reset, and contmue : /v-'-} .

Follow procedureforcheckmg the cut out [Jyr’of the high pressure cut ouf\
and conupue

(NOTE: install gauge man-.‘fold", start equipment, and note pressures; block
ar flow through condenser coil with newspaper until cut out trips and note
cut but pressure, this should be approximately 400 psi; some-cut quts are
adjustable, but many are not.} -

Follow procedure for check out of hard start kit, capacitor, and motor:
windings if compressor fails 1o run when line voltage 1s apphed

Replace control box gover and panel and all screws

Clean up tools and area and put tools away

PAFullToxt Provided by ERIC
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3

HEAT PUMP SYSTEMS® .
UN[T IV ' * -

kv

JOB-SHEET #5--TROUBLESHOOT A HEAT PUMP OUTDOOR SECTION
" ON AN "INSUFFICIENT COOLING" COMPLAINT Ve

“

,Tools and equipment
Screwdrivers

Nut drivers .

Ammeter—uo.ltmeter-(;hmmeter
Gauge ;namfold
Gioves

Procedure .

"A. Follow procedures for check:ng an air conditioner condenser sectlcm

B. Operate indoor 3ection normally, and with cutdoor fan and COmDFESSOF
rurmmg, instatl gauge mamfoid :
/ . , . .

{CAUTION: Damage to the compound gauge can result if it is installed
on the vapor Ime of a heat pump. Suction pressure is measured at a gauge
port on the suct:on fine near the cOmpressor inside the outdoor cabinet.) «

C. Use manufacturer's charqing table to check operatmg pressures if it is
avaitabie » . . ye

{NOTE There 15 an unfortunate fack  of |nformat,§ n §rom many manufac-

furer's régarding ther heat pumps. Man\g heat pumps have been instal- .
led which have no charging tables available. Heat pumps which have no
sucgron line accumulator usually speaify blowing the entire refrigerant charge
and measuring In 8 new’charge based on laboratory gonditions which seldom
exist in the-field. 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 equwalent to & temperature above freezing. )

D.‘ Follow procedures for checking leaking valves tn reversmg vaive and check
vﬁve in hqund hing if pressures witl not ccmform to charging tables or rules of
thumb

{NOTE One of the greatest 'pro‘blems with heat pumps has been- liquid f"
. fiood back to the compressor with resulting compressor motor burl

or destroyed valves. Bad corapressor valyes cannot be accurately” deter-
mined unl€ss the revessing «valve 15 disconnected from the "compressor.
The touch test gn the reversing valve does] not indicate the conditidn of the
compressor valves.) . .

LY

N
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PAFullToxt Provided by ERIC

3

JOB'SHEET #5 ,

e v )
Repiace compressor 1f compressor valves are leaking
o . . L »
(NOTE: The heme owner will fréquently decldre that the heat purm:; heated
satisfactordy all winter and express displeasure at the cost of replacing the
compressor, Mamy home owners are unaware that the stnp heat supplied
maost, 1f not all, of the heat during the winter after the compressor faled.}

Clean up toois and area and put tools away

+
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HEAT PUMP SYSTEMS
' UNITIV.

.0-‘..
.

JOB SHEET #6-PERFORM MAINTENANCE ON AN OUTDOOR SECTION
OF A HEAJ-PUMP IN'THE COOLING MODE

+

Lo ® Tools and equipment

A w Screwdrivers \\ ’

N .

'B. Nut dnvers

C. .Ammete_r-vottmeter-ohrnmeter
D. éauge m“a_nrfold%

E. GI‘o\.res‘ '

Procedure .-
® ] ’ .
A. Foliow procedufe for periochc maintenance call on indoor’section

B.r" Rémove panel and control'box cover from condensing unit P
L]
C. Measure amperage of condénser fan ‘and compare with fan motor spedi-

-~ flcanons on nameplate \

D. Meas%\mperage of compressor and compare with compressor motor
speol ications on ndmeplate ‘, . . ! :

-

1 ?

instryétions; if condenser fan is mounted honzontally check to see if it can

Kitf power to unit, gain access to motor and oil a&ordlng 10 manufacturer's
be o£ : :

] * *
. .

(NOTE: Many condenser fan motors are mounted vertically and cannot be
" lubricated; even many honzOntal ones cannot be tubricated.})

_ Touch crankc¥e heater to determine condition l"\\ '

Inspect condenser corl and ciean with ¢oll cleaner if dlrty \ .
Inspgdt terminals on capacntors contactor, and compressor for corrosion and
bur ng - . e .

>~}
L Check cutout pressure of hrgh pressﬁ'e cyt out if present

mck operation ofiock out relay lf present. , .
\ e : .
K. nnecte-.gauge mamfold and de;ermme operating prefsures. If suction '
ressure corresponds to below freezmg evaporator ternperature add refrrg,
o eral')t . . .

e
‘)

{NOTE: Heat pumps use R-22 refrigerant. Nevertheless, there are several
manufacturers .whrch use other réfrigerants, Be positive which refrigerant 15
used before adding any Refriderant data ® usually on tfie nameplate.)




, JOB SHEET #5

K
- - _.
Check head pressure

(NOTE: With suctlon preSsyre at proper Ievel the head pressure shourql

_be approximately 30° above ambignt tempe;at&ﬂe New highwefficiency .
units have head pressures 20° above amble?\t however, variable smged and -+ -
multispeed” condenser fahs will confuse these readin gpnless the farfco /roL . « T

is bypassed and set on high+speed daripg the malntenanpe call.}
T4
Shut down condensmg unit andenote speed at which’ suction press,ure @nd
head pressure équalize whu?e feehng temperature of sucttoc}hne
» > e
{NOTE: A warm suction Ime immediately after shuy down indicates Ieaking
valves. Too slow equalization of suqfon pressure ingicates msuﬁlc'rent size, or.

-

kinksn Liguid line, ) . . . ETIR
[N . - -/Y ‘."

Make touch test 6f revers:ng valve and note tesults

Hepiace control box'cover, panei and all screws

n.

Clean up tools a nd area and put tbols a,way

LY
'a
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HEAT PUMP S¥STEMS
' UNIT IV

~ ' ’ .
“

JOB SHEET #7-TROUBLESHOOT SUPPLEMENTAL HEAT ON A HEAT PUMP |

’

L)

A

B.

¥
b

Toolsanél equipment ) y Q

. N I
Service technician's tool pouch

Ohmmeter, voltmeter

Procedure ©
b }

A,
B.
cC. .
0.

-

-

E.

»

Discannect power source

. 1
Remove cower of control box

Check for voltage at power tugs -

Check for comtinuity and grc')unded heating elements

. i .
1.. Set volt-ohmraeter to measure resistance

: Fos
.. .. N
2. Remove power wires from elementg., .
- ‘;l .

3. MeaSure;esustanée of heating elements a;nd record

4.1 ohms 72 -ohnjns . #\?i

5. Rec-onn\ect‘power wires to efere nts. "

6. Qu:stion: What . o:ﬂ_c_i elements read.?f o'pe?? What would slements

read «f shorted? - e

7." Are any efements gro'qnded? ‘

' ¥, T
Check contactor and sequencers for continujty *
. Y ’

) x . .
1. Set voit-ohmmeter to measure resistance A

2. Disconnect low ,vojta'ge wires, from cantacltoﬂ,andfor-sequencer #1

.

1

]
a

3. Msgasure resistance of contactor coil and record |
; . D

4. Measure resistance of sequencer heater and recard .
. * . RS ’ .
5. Measure resistance of any other sequencer heaters and record
"% 72 © phms #3 _  fohnls T
e — . T——b - ]

Fl * . a

-

6. Reconnect low voltage wires to-contactor and sequencér

- ]
%




Q . . JOB SHEET #7

-

7. Question: What would be thgeslstance'of‘\

a.” An gpen coil circuit? ohms

b. A burned out coil? . ohms
8. Question: What would be the fesistance of
n open heater cirCuit in a sequencer?

Y A sBrted heater circuit?

y .
Set voit-ohmmeter to measure resistance * y
i. r

Disconnect control wires from fan relay

Measure resistance 0f fan relay coikand récord
‘ .
Reconnect control wires to fan relay

Check res:stance. of.primary and secondary windings of low voltage trans*

-

e‘ﬁrob:-oh mmeter to measure resistance

Disconnect secondary leads from transformer
2 -
Measure resistance of secondary wrndrngs of transformer and record
ohmg : s : ;

. \Disconnggt pnmary ieads from ltransformer " '

s

ohms

-« -

Measure resrstanoe of prlrrua‘rv WlndlnqS\of transformer and record

Measure resistance from each Ieg of prlmary winding to ground and
regord L4 to ground ohms; L. toground ohms o

Reconnect secondary and primary leads of transformer
L]

Question: Is secondary winding of the t‘ransformer shorted? |

Openg ! * . - " -
R . - ) . . . L]
Questior:  Have all the circuit in the heating elements been

checked? * -

v

Are the hating elements safe 10 enetgize?

] i@n

ERI
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t

JOB SHEET #7

"I - Replace control box cover

[l
"

- 4. Reconnect power source

K. Clean area and put tools away

ERI
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< HEATPUMPSYSTEMS
* O UNITIV

JOB SHEET #8-PERFORM MAINT‘ENANCE N HEAT PUMP .
L 4 . " SUPPLEMENTAL HEATIN

L]
..
. -«
A. Service techrician's tool pouch

L -
" *B.  Thermometer and scratch awl

Tools and equipment’

C. Shop rag‘
‘o

D. Ammeter-voltmeter
Progedure

»
LY
A, Opensmatn power swnch

. RemOve consrol box cover

* e

B
C. Service blower section
D

Epergize heater strips and record fan rnb'iq'r arpperage draw
- De energlze strips and snap ammetes. over wire power lug to main power
" source

T

) -
. . . . . ]
Set thermostat 16 heat” and energize se@mdstage thermostat

Reenergize strips and record amp dramir of" heaters as sequenters close
heater circuits * . ..

Energize o%tdoo'r ther?nostaté v .

L]

B'io’wer motor ahd heater #1}, _

1
", atnps
-

Compare full load amps w;i_th strip heater nameplate rating

. J . - " .
.t Detefmine,if alt of the el'.'ements are pul!ing.the proper amperage

-

Dmve scratch awl 1nto return air plenum,,msert thermometer and recerd
Jreturn aw temperature °




JOB SHEET %

)
! .

Select.a place in the supply truik which s outcof the "line 6f'sight" of the
electric heater elements and drive scratch awl into supply trunk. Recorg—
supply air temperature - °;.' ) v S

Regord temperatute risethrough furnace

Remove tﬁe_rmomet’eﬁqg plug holes ~

De-energize outdoor then:mo‘sta‘?
’ %
De-erﬂergize supplementatheat at disconnect

Replaceé control box cover

L4

Re-energize supi_:lernenzal heat. ¢
. .

‘ - a
Reset the?m{)stat to proper, setting

A

Clean area and put tools away

c
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. ) N
HEAT PUMP SYSTEMS
UNIT IV

JOE SHEET #9. TROUB&ESHOOT A HEAT PUMP ON A "NO HEAT"
COMPLAINT WHEN COMPRESSOR WILL NOT RUN

. [
Tools and equipment v
r

WA Servit‘:'e technician's tool pouch

B. Volt-ohm-ammeter

Procedure

A, Discorunect power sy pply/'

B:— Set‘voﬁfqhmmeter to measﬁre resistance.
C. Check contactor; if it is open,.continue

) ' .
1. Check for malfunction at low voltage transforriver

2. Check for malfunction in remote control center

] ! > [

3. Check to see if contactor, coll is open or sherted

4,” Check time delay devices for malfunction

‘s, CQec\kfor an open pressure switch in the liquid line
6. Checkcontrol circuit to see if it is open
J 7.. Check charge in system, and record hlgh pressure readmg
e and low pressure reading % L

Q D. Reconnect' power supply and energize system
E. Check con°tactor- if it is closed, continue
-1, Check for open power su pply 1o Compressor ‘\_

.
‘ -2 Measure and record amp readmg to see lf compressor is stuck

Ly}

F. Dlsconnsctpowersupply y ‘ 2P

v
Check for 10053 leads atthe compressor

Chéck compressor wmdlngs to make stire they are not open, shorted or
grounded ,

Checl'?to see if compressor overload is open . /

t

Obtain lns{ructor s OK before reconnectmg pow‘er supply

-

+

Clean area and put tools away
* LI




HEAT PUMP SYSTEMS
UNITIV _ ' 4

[
. - S
- L4

JOB SHEET #19-TROUBLESHOOT A HEAT PUMP ON A "NO-HEAT" COMPLAINT
- WHEN COMPRESSOR RUNS BUT CYCLES ON COMPRESSOR OVERLOAD
/- ’ .
B \ . .
I, Tools and equipment . *

-

¢ A. Service techmcian's tool pouch
4

B. Voitohmammeter’ -
“Procedure

»' A. Check for dirty filters "
B.  Checkindoor coil to make sure 1t is free of dirt and debris
.C.  Check lnd::hor fan: if it ;s cycling on overload, continue
1, Check.for damage or malfuncton of reversing valve .

L
v

(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

1

4, Chpck systm for undercharge and record low pressure

Chec®for hugh or low fine voltage and record high voltage
and fow voltage y v

Ch®ck for malfunction in run capacitor

Check high load condition

»

8. - Check high superheat conwol .\ .
+ E. + Have instructor check your findings .

F. Clean up area and put tools aivav
L] ’ a




HEAT PUMP 8YSTHNS
: ummv_ -9

JOB SHEET #11-TRQUBLESHQOT A HEAT PUMP ON AN " INSUFFICIENT HEAT"
COMPLAINT WHEN COMPRESSOR WILL RUN N

&

. : ] H
Tools and equipment % L

A. Service technician's tool pouch

B. Volt-ochm-ammeter

¥

* . -

. ;Procedure T '
.+ A, Check Muctuqn and low head; f both are pre;e'rﬁdontmué

B. Chéck outdoor fan;if it’is stopped; continue

+
. b 3

v—1, Check for loose leads at fan motor

s

2. Check to see if internal fan motor overload is open

3. Check to gge if fan motor is shorted, grounded, or open

——

" 4. Check to see if defrost relay contacts are open

C. Check outdoor fan, if it is runnihg, conltind¥=

. .
1. Check for stuck reversing valve Sy

2. 'Check for restrig;ions in liguid line

o 3. Check for malfunction in outdoor metering device

4. Chack for undercharged sys’tem and record high pressure .

- and low pressure q R -

5. Check fordirty outdoor coil 3

6. Check strainer nd mé ke sure it isn't clogged

D/ Check outdoor cafl +if it is heavily frosfed, continue

> 1.% Check for malfunction in defrost control
. . v et
Check tosee if defrost thermogibfais i poor phvs;cai contact with hne
:(.-.0

Check for malfuncnon in defrost relay or defrost timer o~ O

[l -

Check dornplete defrost: circuit for am; bad elecmcalh gonnecuons
h!




o

JOB SHEET #11

{

E. Checkl sltrip heaters; if they are not operating, co‘ntinue
v 1. Set ther‘rﬁostat to'energize second stage heating
2. Check for malfunction in outdoor thermostat
3. Deterrmine If outdoor thermostat 15 set too igw

4. Check for pinched capillary tbe or bulb not sensing true outdoor

‘temperature oy

5
Chetk for malfunction in strip heater refay or contactor

’ LY
Check power circuit to heater elements and record high voltage
and low voltage ; f circuit to heater elements 1s open, con-

unue \ N \

1. Check.for blown fuse link

2. Check for a broken heater element '

. H. Cheéfk for an open in the over-temperature thermostat ./

I. “Check for defective second stage room thermostat
J. ﬁave instructof check your findings

K. C}Ie an up area and retgrn tools
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HEAT PUMP SYSTEMS
UNIT IV
- ‘ .
, NAME

-

i

st TEST [

LY

. 3
1. Match terms related to heat pump systems with their correct definitions.
‘a. Basically a refrigerated air conditioning 1. Hedt exchanger
system with two refrigerant coils and a valve . '
to reverse the flow of refrigerant 2. Geothermal well
. A heat pump control valve used to switch 3. 'I-Ieatpt:lmp !
fram heating mode -to  ctooling mode by .
reversing the compressor connections to 4, " Heat SiRk
the inside and outside goils T : /
- B, Suctionline -
.  Refrigerant line that directs low pressure *
_vapor from the evapdrator coil to the com-: 6. Reversing valve
Tpressor . .
' \ 7. Ground coil
. A device used to transfer heat - '

. A relatively coc\ substance that can readily

absgrb heat . .

A heat excharlger which -is buried in the
ground and fupctions ‘as either a conden-
ser or evaporator

A heat exchanger which utilizes well, pon‘_d, or
{ake water as either 2 condenser or evaporator




i

-
-

-~

. Identify the components of a heat pump.




-

¢
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- *

Differentiate between the operation of a 4-way reversfng valve in thé heatlng mode and
cooling mode by placing an "X" beside the illustration of a 4-way reversing valve in the
cooling mc_)de. -

aeg 4 ow A hattan

Il

| Suction
TSTYETIYIT STIIIIT Torereerrrriieeeieenioes [T

—

24V Solenoid
Suction

mamwrrransas bt

[€)

ERIC
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a
+

Seléct ‘true statements concerning the®operation of a heat pump in the defrost mode by

plaglng an" X" in the appropriate blanks .

a. The defrost cycle is initiated by preset time c?mtrols preset temperature .
controls, or preset controls to measuré pressure drop across the outside coil

. The reversing valve reverses the heat pump from the heating to-the cooling
cycle on a preset.schedule

T

Hot gas.from the compressor discharge line is direqted'to the outsite coil

Frost accumulation on the outside coil is removed

* The outside blower is energized to speed frost removal
LY

Supplementary heat systerﬁs are energized

After frost has been removed from th‘g outside-coil, the ‘cycle is reversed

L] [
. The defrost cycle is terminated by preset time controls, préset, temperature
controls, or preset controls to measure pressure rise acrpss the outside coil

- x

6. Identify the components of a heat pump indoor section.

PAFullToxt Provided by ERIC
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. *
g * - . . ' a‘fg oo .
Complete the following chart to show  thef characteristics, advantdges, and dis- Y.

advantages ot keat pump systems. .’ . .
. + . + N AH - i

Tvﬁe_ofSystem, Acr to’AM . Air Ep Water « L

ki

Characteristics _Uses atmasphere’to coot Uses the ground or a body
) condenser or to absorb - of water ,t0 provide cpol-y:
heat from evaporalor’_ ing or heat apsorptibn )

v - B u .
zﬁf Requires.a blower to pro- ~ Car] use' a geothermat™ well
' vide alt.mbvement across » :
outdoor_coll .. Requires fo blower-for out-
door coll '

Advantages . "High  éfficiency  because |
. \ " ground or water acts as
. + a heat ékchanger '

Can userecirculated-water for
coodling and solar collectors for
~a\dtt|onal heat

Can be used to preheat hot

water < s
# .

Dlsadvantages Requnres SUppiemental heat

- C 1 ing .

-
. - -

8. Complete the following chart to show the dlfferen%es between components of indgor
sections of heat pumps and low side sectaons of air conditioners, *

Component -~ HeatPump’ =~ " Air Gonditioner  *

Blower Section | Driven by a 230-V mator

Metenng Device Always has a check valve
.o and a bypass arrangement

Thermostat Controls one stage of cool-
' “ing and two stages of heat-
ing, and may contain a manu-
*ally operated emergency heat
swijtch

-y

Transformer |- Located inloutaoor sections
igstead of n air handlqr Lt
and is 230 volts” .

PAFullToxt Provided by ERIC
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i- a - " - Y
. ) ¥y .
9. ‘Complete a list showing cOmmop component failures of *heat pumps in the cooling
. / - .

mode. ' y " b R

Transformer . ,

1

- v

e

Reversing valve

noo-
%
3)

f hd

10. Complete the foliov{ring sketch of a duct section to show the proper' installation of an _
electric strip heater. Co ) , ) . ’

-

e ‘ ]

Il

*

7

. % - " . -
d. } Install a reversing valve in a location on the refrigerant line that will help keep
vibration from the compressor at @ minimum,

ER
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h.

5

Trace operational Qrcu&ts for a heat pump «n the cooling mode.

Trace operafional circuits for first'stage heating in aheat pump.

Trace operational circuits for a heat pump in the defrosi moge.

Ty

Trace operational cwluits .For second stage suppleWmentary heat 1n 3 heat pump

Demonstrate the ability to.

Wire a control system for a heat pump.

4 L]

Traubleshoot a heat Pump indoor section 10 the cooling mode.

Perform rhaintenance on an indoor secfion of a fieat mep in the coohing mode.

Troubleshoot a heat pump on a "no cooling” complaint.

Troubleshoot a hear pump outdoor section on an "insufficient cooling”" com:
plaint. . : .

+
Perform, maintenance on an outdoor section of a neat pump 1N the cooling mode.

¢ 1

' -
Troubleshoof supplemental heat op a heat pump.

Perform maintenance on heat pump supplemental heating.

" .
Troubigshoot a heat pump on a='no heat” complaint when compressor will not
run. . — ’

Troubleshoot a heat pump on a "no heat” complaint when compressor runs but
cycles on compressor averioad. . :
Troubleshoot a heat pump on an Jinsufficient heat” complaint when com-
pressor will rurm. . ) ' .

' N .
{NOTE: If these actiities have not been accomplished prior to the test, agk your
instructor when they shoutd be compieted.) '




g.

a

- Piston

| Solenord ’

HEAT PUMP SYSTEMS
UNITIV
L

' ANSWERS TO TEST
+

Indoor and outdoor refrigerant coils
"Cormpressor

. Indoor and outdoor metering devices

Indoor anci outdoor check vaives
4d.way reversing valve

)

Piston bleed ports

Granli:‘ase heater Q
Accumudlator

Indoor and outdoot blowers

L

Connectlon‘.}o discharge line of compressor |
Connection to suction hine of ccl@ressor
Connection to olit5|de coil ) .
Connection to inside col

' -
Piston '

Solenoudcy activating device

Piston bleed ports )

/

af bl’ c! df fr gf h




Cabinet .

b.  Filter and cold air inlet

. -

¢. _ Heating elements of nichrome wire of tubular eased wite

.
-

d.. Blowerassembly -

Blower and limit control switches

Heat exchange chamber and warmair outlet

-

Indoor cosl

Suppleme'ntary heat controls and sequencing rela

Type of System Air to Air - Air to Water

Characteristics Uses atmoagphere to cool . Uses the ground or a body
© condenser 67,40 absorb of water o provide cool |-
heat from evaporator ng or heat absqrptton

3 ! - ’

Requires a biower to pro- Can use a geotheérmal well
vide air movement across N - .
outdoor ¢col Requires no blower for out-
door coil

Advantages Efficient in milder . High efficiency because
climates ) 'l ground or water acts as
- a heat exchanger '
s

_Can use recirculated water for
. cooling and solar collectors for

additionai heat /
4 " Can be used to preheat hot
water .

T

. Disadvantages Capacity and performance Requires supplemental heat-
] : IGwers as temperature ing . ’
drops

Less efficient in cold
chimates o

Requises supplemental -
heating . .

ERI
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Componen{

Heat Pump

Aw-Conditioner

o w— —

Blower Section

[ Driven by a 230-v mott;r

Driven by a 115V
mOtOT - h 1}

ri

-

Metering Device

[

" ~and a bypass arrangement ~

Always has a check valve

Has no checkrvalve or by-

Dass LI |
5

“Thermostat

-

vswnth‘ .

Controls one stage of cool-

ing and two stages of heat-,
1ng, and may contain a manu- .
ally opérated emergency heat

- §

Cantrols one. stage of
cooling and .ene stage
of heating .

Transformer

A

. s BE
Located in outdoot section
tnstead of wn air-handler
and s 230 volts

Located in ihe furnace
and is 115 volts

Blown fuse »

!

.J

-~

Burped out windings

Leaking valves

Stuck pistor

Burned out solenoid

1
"
"5
v o

i

-

ot
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LY -
Never expose a reversing valve to excessive heat

R
Keep the inside tubes of the valve and the system free
I“ &
Never strike a reversing valve with a hammer or any/too} that could'dent or
bend any part of the valve '

Fiters, grilles, and coils must be kept clean tO assure adequate ar circulation
r * .

b. The refrigerant charge for the system should alwéys be at the proper pressures

L o+~
Evaluated to the sausfaction of the instructor .

B

. . &*
Evaluated 1o the satisfaction Of the instructor
. . &
Evaluated to the satisfaction of the instructor

Evaluated! to the satisfaction of the instructor

Performance skills evaluated to the satsfaction of the instryctor

2
L%
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"BALANCE POINTS
UNIT V

UNIT OBJECTIVE

After completion of this unit, the student should be able to determine the coeffigient
of performance of a heat pump and relate balance points to typical stages in heating con-
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 ass:gnrnent sheets and by scoring 85

pegcent on the unit test.
: ]

SPECIFIC OBJECTIVES -

» .. ' . Y
After completion of this unit, the student should be able to:

1. Match terms related to balance points with their correcedefinitions.

2. Distinguish between the COP of a dlrect electrical heating element and fhe COP of
a heat pump. . .

Determine the COP of a heat pump at a gwen design temperature
o .
Select true statements concernmg balance pomts and thelr relation o &P
Match balance points with typical stages in heating continuity.
Complete a list of f‘act‘ors needed 1o | piot balance points.
. Plot a hedt pump performance curve from manufacturer's specifications,
Plo‘t batance point #1 from given dti't::m conditions.

Plot additional balance points from given design conditions.

. -Select true statements concerning the procedure for 5|zmg a heat pump on the
cooling load.

List two advantages of controlled heating stages.

Seiect true statements concerning installation mnsuderatlons related to heat pump

performarﬁ;e
/
Size @ heat pump on the cooli£ load. . -

Plot balance points fora heat pump at given design conditions.

Locate equipment to obtain maximum COP from a heat pump.

LY

Y.y,
Qu’J .




BALANCE POINTS
UNIT V

<

SUGGESTED ACTIVITIES

Peovide student with objective sheet,

’

Prog/éie stu&nt with infarmation and assignmént sheets.

Make transparency. .
»

Discuss unit and specific objectives.
Discuss information and assignment sheets.

Invite an electnic utility representative to talk to the class concerning heat pump

installations and a companison of operatings costs for heat pumps and other
systems.

invite the city {or an area) electrical inspector to talk to the class«concerning
codes that affect heat pump installations.

Invite a local or area contractor who makes heat pump ins}allations to discuss ¢
typical systems and balance points that are used in the area, and especially any
variations In heat staging continuity. ¢

Invite 8 manufacturer's representative to demonstrate to the class how indoor
and outdoor sections of heat pumps are matched, and how outdoor design con- *
ditions affect equipment selection, particutarly supplementary heating.”

Give test.

'

INSTRUCTIONAL MATERIALS

Inciuded in this unit:
. A, Objéctive sheet
B. Information sheet -« ~
Transparency Master 1--Typical Balance Points
Assign ment sheets
Assignment Sheet #1--Size a Heat Pump on the Cooling Load

Assignment Sheet #2--Plot Balance Points for a Heat.Pump at Given
Design Condltlons

Assignment Sheet #3--Locate Equnpment to Obtain Maximum COP
From a Heat Pump * /

T—

e —

»f"‘\v‘




L 4

E.

Answers to assignment sheets

I}

F. Test
G.  Answers to test

References: d )

A.- Harrs, Norman C., and David Conde. Modern Air Conditioning Prac-
tice, Second Edition. New YoM McGraw-Hill Book Company, 1974

B. Heat Pumnp Des:g:i, Service and Application. Dallas, TX 75240: Lennox
Industries inc., Education Department, 1979, N

ERIC
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BALANCE POINTS
UNIT V

INFORMATION SHEET

Terms and definitions -

EY

W, .
A, Balance point--The point, expressed in °F, where the heat pump capacuty is
equal to or balanced with the heat loss of the structure .

Additional balance points -Points beyond the  initial balance point which
indicate the most advantageous temperatures for energlzlng supplementary
heating .

_Balance point number--A system of ldentlfymg the initial balance pomt as
balance point #1, and add|t|ona'| balance points as balance point #2, balance
point #3, etc.

Supplementary heating--Electrical heating strips programmed to™wmergize
in stages to compensate for reduced heat DUmp capacity as temperature
drops -

E( Critical unbalance--The point at any“’F where heat pump output will not
" equal or balance with the heat loss of the gjructure

|

3 i . .
F. COP--Coefficient of performance, the ratio of heat oytput to heat input

Fl

" Gomparison of di;ect electricaj heating elements and heat pumps
¥

A. " Ordjnary direct heating elements have a CQP ef 1.0

B. The COP of a heat pump is always greater than 1.0 {Figure 1}

Fl

- FIGURE 1 ~

M a

{Courtesy of Lennox Industries Inc., Rallas, Texas}




o

L

How to determine the CQP of a heat pump

INFORMATION SHEET

A. COP Btuh output dwlded by Btuh input

& hd
_. Example:

When umt input is given in watts, the conversﬁ?factor of 3 413 should be

COQP = Btuh output {useable heat)

Btah input (heat paid for}-

used to convert watts to Btuh

&

Exa‘rﬁple:

4

COP has.a direct relation to outdodr temperature, and COP will decline

COP=  Btuh output

Unit wattage x 3.413

Us‘ing the formula, a unit with a 4,380 watt input and a
39,000 Btuh output would have a COP of 2.6 because
4,380 x 3.413 = 14,948 Btuh, or rounded off, 14,950 Btuh,

*

and 39,000 divided by 14,850 = 2.6

as outdoor temperature drops (Figure })

FIGURE 2

HEAT PUMP C.

. CURVE

34
33

32

3.1
3.0

2.8

via

28
27

26

25

24

23

22
2.1

20

1.8

C.0.P. FACTORS

18
1.7

16

15
14

13

12

LB
1.0

N

200

o 15° 30° °

45"

‘s’ ' 85

OUTDOOR TEMPERATURE

{Courtesy of Lennox Industries Inc., Dallas, Texas)
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%
+

« INFORMATION SHEET
-~

Batance points and*their relation to COP

A, When the COP of a heat pump drops, balance pomts
heating contmmty ina conditioned space
™ A
Balance points postpone the point of critical unbalanc promote maxi-

. mum COP
(NOTE: At the point of critical unbalance, the Ccompressor shuts down
and all heat comes from supplemental units; for a heat pumgp to be practical,
critical unbalance should be no rhore than 5§ to 10 percent of the total
operating hours for the heat pump.)

Balance points determine equipment sizing and the amount 01‘ supple-
mental heat required

, Balance points and‘typical stages In heating continuity (Transparency 1}

" A. _Balance point #T-When outdoor temperature falls below this point, an
indoor thermostat calls for second-stage heat and the first two heating

elements will energize

' r

Balance point #2--When outdoor temperature continues to fall, an outdoor
thermostat calls for lhlrd -stage heat and a third heatlng element is energlzed

Baiance point #3.-When outdoor témperature continues to fa‘H even more, a
second outdoor thermostat calls for fourth-stage heat and a fourth heating
element is energized > .

(NOTE: This stading process -is typical of balance ﬁoints and heating con-
tinuity, but there are many varlatlons depending on equipment, outdoor
design temperature, and manu factu rer's specifications.)

Factors needed to plot balance points

A.  Performance curvabased on Btuh of the Heat pump

B. Heatloss calculation for the structure
’ C. Outside design temperature
1 P \

D. Inside design temperature

Vil Steps in plotting a heat pump performancé curve

*

A. Prepare a graph with capacity of heat pump and structure heat loss shown in
thousands Btuh on the vertical axis; work with units of 5,000 Btuh starting
with Zero at the bottom *




Complete’ tne graph with outdoor dry bulb temperature ranging from -20°F

INFORMATION SHEET

-+

to 80°F shown in dnits of 10 on the horizontal axis from left to right v

Example;

-+

60

50]

b
&
o

)
=]

\

ha
[~

-
o

*  Capacity of heat pump and structure
heat loss in thousands Biuh

Cﬁ.\- From available maRufacturer's specifications, tran
the ptroper points.on the chart and connect the
formance curve

Example:

L

20 10 0

20°-30 40 50

L}
Outdoor dry bulb temperature 1n OF

»

-+

60

o

4 ,
er total Btuh output td

¥

oints to show the per-

Qutdoor . .l
Température
{Degree F}

3
Compressok
Motor Watts
Input

_{Btuh)

Total
Qutput

65

2730

32,200

60

25640

29,900

55 .

2345

27,900

50

2180

25,700

45

2040

23,500

40

1900

21,200

: 35

179D

19,600

1705

18,300

30
25

- 1835

16,500 ™

20

1665

15,000

- .15

1500

13,600

10

1430

11,900

5

1375

10,500

~ 0 "'

310

9,100

5

1260

7,800

-10

1195

6,700

15,

1130

_6,100

20

1060 - .

5,700

X ]
21




VIN. Steps in plotting balance point #1 . e

1 -

[=r]
[=]

o
=]

F
=

L2
=]

heat 1oss 1 thousands Btuh

¥

]
=]

—t
=

.--*-‘/
[ ] "

20 10 0 10 20 30 40 50 60

.

Capacity of heat pump and strycture

Outdoor dry butb temperature.in OF

a‘.
.

.

A. On a graph showing the heat pump performance curye, locate the indoor

&

B.

ER
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» design.temperature of 70° on the horizontal axis and mark it point A .
. ; .
Assume an outdoor design tenl'nperature of 10°F and a structure heat loss
of 40,000 Btuh; sketch a vertical dotted line up from the 10°F point until it
intersects the 40,000 Btuh line and mark it point B
- ' h Y 14 ’
Draw a solid diagonal line connecting points A and B

Batance point #1 is Iocateiﬂat the point where the pékformance lingand the
heat toss line intersect; mark-jt point C \: :

Ly

Exan{ple: '

60

-

d structyre

ds Btut\,

LT

‘Balance Pomt
Approx I8°

" " \‘L

g

heat toss »n thouw:

Capacity of heat pu

] .
20 10 Q W <20 30 4 .5 MBD 7

. Qutdoor dry bulls temperature n OF




Ste{)s n plotting additional balance pémts

‘A,

INFORMATION SHEET

s

»

Assume the, indoor thermostat _at balance pomt #1 energizes two 2-kw
stnpheaters v . : = s

»

Draw a dotted vertical fine up from the 38°F p0|ht until it goes to a pomt
that represents 13,600 Btuh, and mark'fhls as poupt D . .

{(NOTE: Remember the- conversion® factor 1. I(w = gpprommatelv 3,400
Btuh, 50 4 kw =13, 60013tuh } \ T .

d r
Draw a strasght Ime from poigt D so.that it runs parallei to the heat pump

-performa'hce ling and intersects the, heat loss line, and mark th|S..p01nt E

. £ " . I's
Point.E gives the tefmperature where bala nce poj nt #2.'should be

Assurrie the outdoor thermostat at balance QOlnt # energized'another

- 2kw strip heater ' o ‘ LNy

o .

iR & a

Drawa dotted vertlcal line up from IheQ?“F pomt until it goes to a point
that represents 6,800 Btuh, and rnark this pomt F ’

~E, I
Draw a straight Ime from pomt\ﬁ t |t runs- parallel to the heat pump
performance (ine and mtersects the hgat 1oss line, and mark thie point G

n »
Point G gives the temperature where.balahqe pornt #3 should be
- ~ Ead

‘Assume the outdoor thermostat “at- ba[ance point #3 energlzes another
2-kw Stl’lp heater tepe .

r

Draw a dotted’ verctlcal Ilne up from:the 21°F point until lt gdes to a point
that represents 6 ,800 Bitih, and mark this p’omt,H

f -
Draw a stralght line.from point H so that it .runs parallel to tl're heat DUmp
performance line and intersects the heat loss |me and mark thls point |

Point | gives the ternperature where balance pom‘t #4, s%ld be

S -
{NOTE: By fnllowmg this procedure, additional balance points cah
plotted as design conditions require.) v
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. .heat loss in thousands Btuh

——|A* / - -
20 10 7o .10 40

- Mapa

Outdoor dry bulb temperature in 6F

-

.

- El

" X« Procedure for sizing a heat pump on the %ooling load

A. ' Determfde heat gain and calculate cooling load”

{NQTE: In design conditions where the COP average of thesheat pump is

© . 2250r hi&'ler, the unit can usually be $ized on the cooling 1oad and provide

. a compatible match With the heat load.) - .

v B. ‘Select a system that has a Btuh cooling gapacity equal to or slightlyheydnd

~the cooling load, but never select a system;with a-Btuh cooling capacity
below the estimated cooling load :




INFORMATION SHEET:

.

Use the nominal cfm-rating of the unit as the air quantity for duct sizing

Exampie: If the cooling load is 33,800 Btuh, select a 3-ton unit 12:000
Btuh per ton or 36,000 total Btuh;with a summer outdoor
design temperature of 95°F and an entering wet bulh tem-
perature of 62°F, 35,000. Btuh will easily handle the 33,800
Btuh coolmg foad requirement and provide the reqmred
450 cfm/ton air quantity requirement for the 3-ton’ unit

which would be a total 0f~1,350 cfm ~ .
’

TYPICAL 3-TON,SPLIT SYSTEM

TEMP {F) ' AIRENTINDOQR UNIT-CFM’

AIR ENT 1200 | 1350 | . 1500
QUTDOOR | - . ° ° INDOQOR UNIT ENT AIR TEMP-Ewb (F)
Unit 72 67 62 72 67 62 .| 72 67 62

8 - 36733 30| 41 37 34 43 39 35

95 - 3¢ .31 29| 3B @ 32 39 36 33

33 30 29 37 34 31 |38 35 N

-

Plot_heat pump performa Yurveon agraph - " f«J
Determlne structure heat 1bss and plot it on the graphsn relano to design

conditions

Establish balance point #1 .
for L) / - ‘-‘
Establish additional balance points as required

Example: Assume an inside design llpm.perature of 70°F, an outside -
temperaturé of 15°F, and 2 structure heat loss of 40,000
Btuh; supplemental heating requirements can be determined
by following the procedure outlined in‘ Objective IX

L.
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Ll
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INFORMATION SHEET

[47]
(=]

s
(=]

[
(=]

D
[=]

Jry
(=]

heat loss in thousands Biuh

. _Capacity of heat pump and structuré

20 10 0 40

Qu tdoor 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, 2-kw 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 ¢ooling

Xl.  Important advantages of controlled heatlng stayes

They meet most power company specifications that requure large, mstan-
taneous load increases to be minimized

They eliminate shorter fan ¢ycles and stratification

' 1 * T .
They provide the homeowner with a byilt-in warning system in the event
of compressor failure

{(NOTE: In mild weather thg: outdoor thermostats prevent‘staged heatmg
from coming on, so a cOrnpressor failure would cause the house to get
cold, but if all supplemental beat.is on and the compressor fails, a home-
owner*might not realizg 4hat all heat is coming from heating units unless
there is a warning circuit to wam of compressor failure.) .




11

- .
INFORMATION SHEET
.

AL XII. Inssallation consudegatiohs related to heat pump performance

, A . When prevailing winds are from the west or north, the gutside unit should be ¢
placed on the south or east side of the home ,
- A * N
ANOTE: This minimizes, wiRd through the unit during the defrost cycle
and helps r_educe ice buildup on the slab beneath the coil.) .

When equipment is placed -on a roof, & windshield should be placed so
‘that it will help-keep air from blowing directly on the outdoor coil

- -

+

Both indoor and outdoor units should be located so there is ample room
‘Tor service, and all sides of the outdoor unit should be atcessible

. .

D. Operatmg‘voftage shoufd not be less than 10% of- namgplate rEting

ER
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Typical Balance Points

Outdoor design
Temperature °F
N + i
- heat loss line ‘heat pump
v Balance Point #3 . ~performance curve
< (Outdodr Thermostat #2.) ¥

Balance Point #2
! Qutdoor Thermostat #1)

. Btuh _ | ) N _ . ~ SR
) .heat loss , Balance Point #1

. and
. heat pump
capacity

-

(Indoor Thermostat)

. — +————— Indoor design'
Fourth S‘Iﬁge Third Stage  First and Second Temperature °F
Heating.’ Heating Stage Heating S .

Outdoor Temperature in °F ._

L
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BALANCE PQINTS
“UNIT V

ASSIGNMEIK!T SHEET.#1--S1ZE A HEAT PUMP ON THE COOLING LOAD

\ . .
Directions. Assume that the c‘(eehng load for a residence has been caliculated at 32,500 Btuh
with 8 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, answer™the following questions: )

A.  What size unit should be selected?

B. What s the Btuh 'rating of the unit?_

C. From whatfactor can the air quantity for duct $1zing be dét?ermmed?
' i L ]

FIGURE !“ |
*

TEMP (F) AIR ENT INDOOR UNITEFM .

AIR ENT 1200 { 1350 | 1500
QUTDOOR, . INDOOR UNIT ENT A!R TEMP-Efvb {F) |
Unit 67 62 72 67 62 72 67 62

85 33 36| " 41 37 347 | 43 39 3

95 34 31 29| .38 35 32 | 39 3533
100 30 29 37 34 31 38 fgs 32

—
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BALANCE POINTS
UNIT V

ASSIGNMENT SHEET #2-PLOT BALANCE POINTS FOR A HEAT A
PUMP AT GIVEN DESIGN CONDITIONS

-

Directions: Using the graph below, plot a heat pump performance curve, 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 manutacturer's
specifications in the example in item C, Objective Vil 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 balance points are plotied, answer the

following questions:

A. What is the approximate °F at balance point #17 .

B. ‘Whax s the approximate °F at balance point #2?

What 1s the approximate °F at balance Soint #3? -

Wilt there be a need for a balqnce point #47

Capacity o‘f heat pump and structure

heat1oss in thousands Btuh

20 10 0¥ 10 20 30 40

b
Qutdoor dry’bulb ternperature in °F

.




ot
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BALANCE POINTS
“UNIT V.

L)

ASSIGNMENT SHEET #3--LOCATE EQUIPMENT TO OBTAIN MAXIMUM

COP FRQM A HEAT PUMP \

’
4

Directions: Assume the residence in the following plot'plan is in dn area where the prevailing
wtnds 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? . ,

-

T
LY

B. If the outdoor unit had to bg installed on the roof, what should be done to

. help obtain maximum COP from the outdoor umit?
F ol
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L4

BALANCE POINTS
UNITV

ANSWERS TO ASSIGNMENT SHEETS

3
&

Assignment Sheet #1
a. 3J.ston
-b. 36,000 Btuh

¢.  The cfm rating of the air quantity for the unit .

Assignment Sheet #2 ,
{Answers to a, b, and ¢ should be within 2°F of-those shown}

a. J38°F
b. 26°F
c. 19°F

-

d. No

Assignmengt Sheet #3
. a C .

b. A windshield should be placed so that it will help keep air from blowing directly on the
outdoor coil .

' )




N

ACR IV - 243

, BALANCE POINTS
2 . UNITV

4

NAME
v J © TEST

* t

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

‘a. The point, expressed in "!—',l where the heat . Balance point
-pump capacity is equal to or balanced with nurber *
the heat loss of the structure

. _ . COP

b. Points beyond the initial balance pgoin .
which indicate the most advantageous tem - Critical unbalance
- . peratures for energizing supplementary hea

ing- .

. Balance point

c. A system of identifying the initial balanc ' ,?:;;ﬁ-’l;‘;me"‘a“’

point as balance point #1, and.additional ;
balance poirits as balance point #2, balance . Additional balance
~“ point #3, etc. . ‘ points

d. Electrical heating strips programmed to
energize ‘in stagss to compénsate for re-
duced heat pump capacity as tempeérature
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 /

2. Distinguish between 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 C(SP/that is always greater than 1.0

Determine the COP of a heat pumg that has a 4,400 watt ihput and a 40,000 Bfuh .
output. . : '

L3

COP =




N

4, Select true statements concerning balance points and their relation to COP by placing
an "X" in the appropriate blanks. ’

L

a. When the COP of a heat pump ¢rop}, balance points maintain economical
heating continuity in a conditioned spece  *

& .

/

Balance points postpone the pott of critical unbalance and promote maxi-
mum COP .
. »
. Balance points do not affect equipment sizing’ and the amount of sup-
plemental heat‘requiredf '

-, ol

5 Match balance points with typical stages in heatiE continuity.

» L]

a. ( -
. When outdoor temperature below 1. Balance point #2

this point, an indoor thermostat calls for
second-gage heat and the first two heating

j : 2. Balance point #3
elements will energize ¥

+

3. Balance point-#1 ‘

. When outdo'or‘ temperature continues to
fall, an outdoor thermostat calis for third-
stage heat and a third heating element is

energized '
’nrglz.i \

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 Wf factors needed {o plot balance poiﬁts.

a.

' e

b.  Heat loss calculation of the structure

L

C. N

d. Inside design temperature
13 .

ar

ER

PAFullToxt Provided by ERIC
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7. Plot a heat pump pegformance curve on the graph below using the f.ollowmg manu-

facturer's sp

[=2]
o

ifications.

¥

QOutdoor
Temperature
{Degree F)

Total
Qutput
(Btuh},

65

44,600

60

42,000

55 |

39,100

50 .

36,500

45

33,900

40

31,600

35

29,100

30

26,700

25

24,100 . .

20

21,500

156

19,500

10

16,900

5

14,900

0

12,300

5 -

10,300

10

8800

115

7500

-20

6200

o, -
[=]

£

~&L

8

[
o

N
[=]

—t
o

Capacity of heat pump and structure

heat loss in thousands Btuh

20 10 O

Outdoordry bulb terﬁpf_erature in OF

3 40

50



8." Plot balance point #1 using the heat pump performance curve shown below and an
indoor design temperature of 70°F ; outside deslgn temperature of 10°F and a structure
heat joss of 45,000 Btuh.

¥

=

.//

iL]
=4
=]
i~
[=
3
-
St
W
Q
o
aQ
a,
E
3
=3
Al
o
@
&=
k<
.
l:
Q
aQ
&
O

heat loss in thousands Btuh

20 10 0 10 20 30 40 S50 60

Qutdoor dry bulb temperature in Sg

2

,

9. Plot additional balance points for the désign conditions given in question 8, assuming
that the indoor thefmostat at balance point #1 energizes 4-kw of supplemental heating
and all outside the ostats energize 2-kw strlp I‘i‘eaters oy
(NOTE ‘Use the graph in questign/ 8 to complete this test item, use broker lines
to indicate your plotting, and circle and 1abel all balance points.)

©

!

»-
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. .
f

10. Select true statements concerning the prooedunej\or snzlng a heat erl\Tl'D on the cooling
“~oad by placing an "X" in the app?Oprlate blanks

a. Determine heat gain and calculate co.ollng Ioad ¥

b. Select a system that‘has a Btuh cooling capadity equal to or slightly below
the cooling load, but never salect. a system with a Btuh cooling capacity
abdve the estlmated coolmg Ioad

t L T

. Using the nominal cfm rating of the unit ds the a¥r .quantity for duet sizing
. Y ' £ ot '

& 4 "

L3 ' . e PR
. Plot heat pump performance curve on a graph °

»
Determine structure heat loss and plot it on*the graph in"relation to desugn
conditions
h

Establishebalance point #1 .- .

g. Establish additional-balance points‘as required

11, List two advantages of cBntroIIed;hea\ting stages.
¢ . \\‘__\

>
‘
. .
. . E .
b . . .
. . . .
~

12.- Select true statements concerning installation consnderatnons relaféd to heat pump
perfdrmance by placmg an"X" i in the appropriate blanks.

4
3

a. When preVaiIin_q winds are from the west or north, the outside unit should be
placed on the south or east side of the home

b. When equipment i.is placed a# a roof, a windshield should be placed so
that it wilf help*keep air from blowing directly. on the outdoor coil
- . # " . ¢ '
¢. Both indoor and butdoor units should be {ocated so there is ample reom
fo;service, andall sides Of the outdoor unit shduld be.accessible
»

d. Operatlng voltage should- not be less than 30% of nameplate rating

13, Snzﬁ a ﬁeat pump on the ct}olung load.

il

14. Plot balance points for a heat pump at given design conditions.
5 . )
16. Locate equipment to obi’ain maximum COP from a heat pump.

{NOTE: If these actwmes have hot.been accomplished prlor 1o the test, ask your
instructokwhen thiey should be completed ) \

* o W

-~

- .- ‘2‘1 .
\ ’ “'8
: ) * . t
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-

BALANCE POINTS
UNIT V

- ANSWERS TO TEST

-

a. Performance u.z\/e based on Btuh of the heat pump

4

c. Qutside design temperature

* 3

60

50

40

30

20

107

20 90 0 -10 20 30 40 50, 60 70 80

-

Capacity of heat pump and structure

heat loss in thousands Btuh

Outdoor dry bulb temperature in OF ~
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Capacity of heat pump and structure

heat loss in thousands Btuh

20 0 0 10 20 30 40 -
' Outdgor dry bulb temperature in °F

-

9. Angwers are incorporated in the graph in answer 8

10. a,¢,d.e f, g

12 Any two of the following: ' i . . W
a, They meet most power company spemflcatuons that requure large instantane-
ous load mcreases 1o be minimized

They eliminate shorter fan cycles and stratification
) »
. They provide the -homeowner- with a buift-in warning system in the event of
compressor failure \

H]

a b,cd

[

Evwaluated o the satisfaction of the instructor

Evaluated to the satisfaction of the instructor

Evaluated to the satisfaction of the instructor
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HYDRONICS
-UNIT Vi

“y
UNITOBJECTIVE

After completion- of this unit, the student should be able to classify hydronic systems

relation- to design water temperature and design erates The student should also -
be able to select boilers, expansion tanks, and pum ble to specific systems, and lay
out a series loap single circuit hydronic system. This knowledge will be evidenced by
correctly performing the procedures outlined in the asélgnment sheets and by scoring 85 -
percent:on the unlt test .

SPECIFIC OBJECT!VES

b o
After compietion d&f this unit, the student should be able to:

Match terms related to hydronics with their correct delwitions. 4
b3

Distinguish between basrc p;pes of hydromc systems.

Match C]aSSIflcatIOnS of hydromc systems with their water temperature - pressure
characteristics.

LN

{dentify types of common hydronic system designs.

+

Match common hydronic system de51gns WIth their advantages and~disadvan-
tages.

Select true statements about-design water temperature.
Match terminal units with their design water temperature drop.
Solve a problem,ipuglving design water flow rates through circuits.

Match minimum flow rates through terminal units with their tubing sizes.

Select true statements concerning-placément of terminal units.

Match terminal units with their tharacteristics angd es. . Z

-

Complete a list-of steps in the selection and sizing of terminal units.

- L
Select true statements concerning fug[s? ratings, and selection of hoilers.

Dtstlngmsh between advantages .and -dlsadvantages of types of. reSIdentlal
expansion tanks -

Select true statements concernlng steps in the selection ‘of residential expansion

tanki, . . y .

h - .\w-‘" - - - -
Select tliue statements concerning the types, designs, and sizing of residential
pumps. ) - b

L]




Complete a list of factors in the selection of residential pumps.
Arrange in order the steps in selection of residential pumps.
Complete a list of factors affecting pipe@ng. R

El

Select true statements concerning the procedure for selection of pipe sizes.

-

Match types of hydronic specialties with their Tharacteristies and uses. *~ , =,
Select true statements concerning steps in designing a hydronic system.

Lay out a series loop single circuit hydronic system with boiler located under
floor of dining room. : .

Ll

Select hoiler and expansion tank.

4
- -

Make a triat selgction of pump and select pipe size for series loop system.

.

\.

PAFullToxt Provided by ERIC
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HYDRONICS
«  UNIT VI

L)

SUGGESTED ACTIVITIES

L

Prévide student with objective sheet.

Provide student with information and assignment sheets.
Make transparencies.
Discuss unit and specific objectives.

Discuss information gnd assigniment sheets. .

-

Review all assiénment shee{ts and modify as needed to reflect available systems
and local practices; Assignmént Sheet #2 requires materials to be supplied by the -
instructor, and materials for the other assignment sheets may be supplied as,
rieeded to benefit'the intent of the assignment..

Give test. . ’ -
L.
- &,

INSTRUCTIONAL MATERIALS .

l

[nciuded in this unit:
r -
- A, Objective sheet

B. Informatioh sheet

"C.  Transparency masters

1. Tn;fl 1--Common Types of Hydronic System Design

2. TM"2«Common Types of i-'iydr::mi;: System Désign (Continued) ‘
TM 3--CommonFypes of Hydronic.System Desjgn iContinuedi
TM 4--Common 'i'ypes ;)f Hydronic System Desigﬁ {Continued)
™ 5—-Tybes of Cast Iron quiators and Heat Emission Rates

™ 6--Ra;ings of SmaﬁkTube hadiators-Square l;eet

TM 7-Basic Classes of * Residential}" Baseboard Terminal Linitsf '

T™ 8-Compression Tank Capacity
TM 9-Water Content of Hot Water S-ystem, -

© © ® N o o s W

TM 10--Cutaway View of Diaphragm Air Cushion Tank

. TM 11c--Pip'e Sizing-Head Pressure Table

* f
-
' *
' k 2T
- ' LF I .
v - .

-

-

i




‘D.  Astignmentssheets . 5

]

1. Assignment Sheet #1--Lay Out a Series Loop Sirfgle Circuit Hydronic
System with Boiler Located Under Floor of Dining Room

. Assignment Sheet #2--Select Boiler and Expansion Tank

. Assigninent Sheet #3- Make a Trial Setection of Pump and Select
Pipe Size for Series Loop System

Answers'to assignment sheets

Test

Answers 10 test
References: . _ ) (
A. Hatris, W. S. Modern Hydronic Heating. NHAW Home Study Institute.

B. Pump and Systern Curve Bata for Centrifugal Pump Selection a;nd Applica-
tion, Bulletin No TEH 375. Bell & Gossett Division, ITT.

Parallel and Senes Pﬂmp Apphcar:on‘ Bulletin No. TEH 1065. Beli & Gossett
Division, ITT.

One Primary Systems Flow Rate and 'Ware.r Temperature Determination,
Bulfetin No. TEH-1066. Bell & Gossett Division, iTT

BBsic System- Contro! and Valve S.fzmg Procedures Bulletin No. 1165,
Bell & Gossett Division, ITT.

F. » Fundamentals ASH RA;E ‘Handbook and Product Directory, 1977.

&
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HYDRONICS °
UNIT VI -

INFORMATION sr@/

Terms and definitions -

A

Hot water or steam toils-Transfer heat from the water to the air which is
blown through the coil;_sim#aT in construction to automobile radiators and ,
located in air ducts '

. .

. Head--The pressure exerted by a column of water medasured in the helght

H

of the water ’ X
t column % . § T

Id
Forced cwculatlon system- Svstem whlch requires pump pressure for

cwculat:on

-

. Tankless water heater--A device im ersed in a boiler which transfers heat
from the boiler to the domestic hot water supply of a structure

Psi.-Pounds per square mch of pressure

®

Chilled water+Water which has been cooled before cwculatmg through
coils for cooling purposes

Radiant heat--The heat delivered_from a hot or wacme surface 1@ a cooler
surface by radiation of infrared rays \

MB H--Heat expressed in thougands of Btu's per hour

A

-

Btuh--British t-he'rmai units per hour

L]

Gpm--Flow rate in gallons per minute

)
IBR--Institute of Boiler and Radiator, Manufacturers _

[} -
T -

SBI--Steel Boiler Tnstitute .

(WOTE' The Steel Boiler Institute is.now known as IBFI}

’ Centrlfugal pymp- A type of pump in which fluid is "thrown” by'en

impellor rather than "pushed” by a plston .
Hydrongcs--T.he science of heating wnh water , -

Design water terfiperature drop-The difference in temperature between
supply and return wat?’temperature at the boiler at design outpUtr

Terminal umts-Equlpment whlch reEeases heat from a bydronic system
to a conditioned space




INFORMATION SHEET.

Basic types of hydronic systems
A, Hydromr]ic gravity system
(NOTE: Hydronic gravity systems, ate seldom used in the United Sfcates.}
.. 1. Operates: on the pripciple that hgt water is lighter than cold water

(NOTE: The difference between the weight of hot water and the
" weight of cold water is expressed in millinches (.001 in,} per foot of
Reight.)

. Head seldom exceeds 3 to 4 inches in gravity sysfén?;\

Requires much larger pipe syster*

{NOTE: The gravity systgm often requires up to 2 172" pipe.)

.
[

N e . .
. B. Forced circulation system ,

. . Y *
{NOTE: Because of their advantages, forced circulation systems have
. replaced gravity systems in the United States.) :

. Operates on pump pressure rath;:t}a'ﬁ gravity

. Head may be 8-15 feet t.

. -

-

. Frequently uses; ;)ipe size 3/4" to 1/2°

. Whed tankless water heater is present, provision must be made to
prevent gravity effect during off cycle .

o R +
Classifications of hydronic systems by water temperature - pressure charac-

terist_ics ) -
A, Low tempera.turle water system (L'I:W)
1. Maximum temperatu.re--250 degrees
2. Maximum presfsgre~1BO psi
3. Usual upper limit-30 psi”-
B. Mediqm temperature water system (.MTW)
| Ma)fimum temperature-350 degree_s .
Maximum pres&re—wo psi |
. Usuai design temperatu rt.a--.25;0 to 325 c!egrees

. Us.ua.l design pressure~150 psi




C.

D.

E.

: INFORMATION SHEET

High temperature water system (HTW)
1. Minimum temperature--Over 350 degrees
2. Maximum temperature-400 tq 450 degrees
3. Usual pressure--300 psi‘
Chilled water (CW)
‘ 1. Usual temperature -40 to 50 degrees

2. Operating pressure--125 psi

(NQTE: For process applications below 40 degrees, vfrater is replaced
with anti-freeze solution or brine. Well .water may be used ih chilled
water application at temperatures below 60 degrees.)
Dual-temperature system (DTW)
1. Hot and chilled water
2. Usual temperatures of 100 to 150 degrees, winter

3. Usual temperatures of 40 to 55 degrees, summer

Common hydronic systen:l designs .

A.

Series loop (Transparency* 1} B ‘L
. * e

“{NQTE: The series loop hydronic system'makes one continuous loop around

the perimeter of the structure. It is most common in small residences and

small bulidlngs )

Ons pipe system (Transpareﬁcy 1) : .

(NQTE: Individual terminal units are connected 1o one pipe loop by- srhaller

- pipes and hydronic fittings.)

Two pipe reverse return system (Transparency 2) ’ -

, . !
(NOTE: The two pipe reverse return system has a common supply loop' to

all terminal units in the circuit. It has a separate circuit of return water from

the terminal units.in reverse order from the supply.)
* : 4 .
* Two pipe direct return system {Transparency 3)
. L 1]
{NOTE: In the two pipe direct feturn system the supply pipe ends at the
farthest terminal umt and the return pipe starts at the farthest termmal .
unit.)

Il

Panel system (Transpar‘éncy 3) . , .

(NOTE Panek systems are built into the floor or the ceiling and use radiant

hgat




INFORMATION SHEET
‘ -,
13
F. Multiple circuit systems (Transparency 4)

(NOTE.: Multiple circuit systems can be used on any other type of system.) -

b

V. Common hydronic. systém designs anci their advantages and disadvantages

Al Serie%o'p a v

-

1. Advantage--Low installatibn Tost
. L

2. Disadvantages

a. Water temperature is progressively reduced around circuit
requiring allowance for colder water for heating purposes

Water temperature and rate of flow to any terminal unit within a
circuit cannot be regulated without’ affectmg all other terminal
units in the circuit

Tube size in terminal unit limits flow of water dnd capacity
of system -

B  One pipe system S . .

1. Advantage--Possible to control flow and heat from mdwldua?termmal
units

-

2. Disadvantages"

™ a. Higher in cost than the series loop.system

b, Shows progressive drop in temperature around the water circuit

-

é Two Pipe,reverse return system

1. Advantages

a. Equalizes distance water flows through each terminal unit and
. equalizes temperature drop

Eliminates allowance for temperature drop between terminal
units

{ndividual control of’terminal units does not affect other terminal

units &\_,» -

2. Disadvantage--Addftional Pipe ingreases cost




B
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D. Two pipe direct retum system

E.

F.

Design water temperature

1. ;*':\d\afantai,;esL/W )
a. } Valuable in split s stem {dual température}

-b.  Lower in cost than reverse return system
2. Disadvarrtages

Creates balancing problems due to different temperature drops
across terminal units with low resistance 1o flow

Limited appliéket_ions unlesé the terminal units have high resistance
to flow . . i,
Panel syst w '
anel system _7

1. Advantage--Doés not interfere with placement of furniu:lre
2 Disadvan;age--Leaks are expensive to repair i
Multiple circuit system
1. Advantages
a.  Redtices the totalfength of circuits
b. Redeces nuinber of fermin alunitsin a circuit
c. Reduces pipe size of main trunk pipe "~ |

. d. Simplifies pipe design in certain types of buildings

Disadvantage--Could unnecessarily complicate an instalfation where a
simple circuit would be s\atisfactory

Design water temperature s not used when compensatlng for telwerature
drop through series foop cnrcunts

r - ’

High temperature requnres less r.adiation equipment

Determines basis for selection of terminal units

Does not have any effect on selection of boiler size

Each circuit of a multiple circuit system may have a different deslgn water
temperature .

249




INFORMATION SHEET

.Terminal units and their design water t%fnpera;ure drop
A. Cast iron radiator--30° _ ) .

Convecltors- -10°.30°

B
C.  Unit heaters-Up to 50°
D

Baseboard--Up to 50°

 d
{(NOTE: Temperature drop does not affect selection of boiler sige.)

. L f
vt Steps in determining design water flow rates through circuits

v

A.  Add heat loss of each area on gircuit -

L}
4

B. Divideby500 ' y
*

il

C. Divide again by design temperature drop Tk
{(NOTE: 1 gpm equals 500 Btuh for each degree of temperature drop.)
Example: At 20 degree temperature drop
Area #1 . 23000 Btuh
Area #2 32000 Btuh
Area #3 25000 Btuh
TOTAL CIRCUIT "A" "80000 Bwh
80000/500 = 160
160/20 = 8 gpm, Circuit "A"

. I1X. . Tubing suzes 'of minimum flow rates through terminal units

(NOTE: Flow rates are determined by the manufacturer of the terminal unit.
See the mapufacturer's catalog for specific data,)

172" tub:snze-O.S minimum design gpm

3/4" tube size--0.5 minimum design gpm

1 " tube size--0.9 minimum design gpm

i l‘l {4" tube size~1.6 minimum design gpm
N

X. Placernent of terminal units

+

A. Terminal units should be placed under glass. areas to counteract cold air
falling,from contact with cold glass . i -

Terminal units should be pPlaced outside walls not containing glass




*
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-

When outside walls are gbed to fullest extent, balance of required terminal
unit length may be placed along inside walls , = -~

Long, thin units along walls under windows produce more comfort eco-
nomically than high, thin units .

A unit on the stair Iandmg will temper or stop the flow, of cool air fallmg_
down stairs
Terminal units should dlstrlbute heat Qver the full length of long rooms to
prevént spot heat s r
Forced air heaters shonld be installed so that heaters arrd registers do not’
create dbjectidnable blasts of hot air

£
Comblnanon heating and cooling units require spema[ installation; follow
manufacturers recommendations

- +

PR Terminal units and their characteristics and uses :

A. Cast irér{ 'radiators {Transparency 5)

’ -
-

(NOTE Cast iton radiators are widely wused in low water temperature

systems:) , R

» . \

z
1. Column and large tube radiators .are no fonger mar'ufactured but
sratings are based on their performance~ p
+ 2. Slim tube and wall type radiators are suutable for homes and small
offlce bmldmgs

3. May be hung on walls or ceilings where flpor space is not available

4, Moderru:ad:ators are rated in Btuh per square foot of Equivalent
* Direct.Radiation {EDR) {T ransparency 6)

" B, Convectors . .

(NOTE: Used extensively in kitchen an?i baths where wall space is Iimi&l.)
1. Roofn atr enters at bottom and passes between*hot fms to reenter
room through outlet at top of convector . :

. Delivers more heat for its size than radiators due to chimney effect of
the cabinet
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- ' \ -
_ C. Baseboards {Transparency 7}

*

{(NOTE: Baseboards ﬁplace portions of conventlona. wood baseboard
moldlngs ) . -

[] LA

1. Made from hollow cast iron sections

" g w L]
2. Made frem 3/4" to 1/2" copper tubing with alummum fins surrounded
by sheet metal enciosure with-openings at top and bottom
r
D. Finned tube-larger dtameter, higher capacny commermal equlvalents
of tesidential, basehoard terminals -

E Air heating coils
& j ; : ' .
. . Used mper, reheat o‘rr_Igoost heating of ducted air F

Finned tube constructlon similar to air condntlomng coils or autoroob'lle

radlators ’ ,

s . - -
— 4 .

Must be protected from freezing / N B
Ratmgs are not uniform due to varying air velocities, warying “water
velocities, varym and water * temperatures; use’ manufacturers
. liferature for catmgs and coil selection . .
/ Ld
Steps in the selection and sizing of termmal units

a

" A, Detagmine roolﬁ hjeat lossand MBH ~ \ {

B. Determine de5|gri water tempera‘qure
- -~ \ i ‘ P '
C. Determme de5|gn gemperatuf’é drop

-

D. Select adequafe 5|ze terﬁ{%ql %manufacture % ter,ature
L] : \,::

3

XN, Fuels, > and selectloh of tg.r“‘ 3
\Q. Fuels used for boj rs” .
g k
1" Gas * /), _' S e
Electricity L
Caal™’
Qil

{NOTE: Boilers rgay be substifuted by solar collectors Solar heatmg
will not be discussi m this unit. }

-
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L

Ratings are either'in gross IBR or SBI output or net IBR or SBI output

e T
1. Gross IBR or SBI output is not used for selecting boilers for res@entlal
appllcatlon 4 .

Net IBR or SBI output is rated in Btuh for water boilers and in square
feet of radiator area for steam boilers

In new construction, select boiler with net rating of 100% of connected load
L

‘In replacement boilers, recilculaté the heat loss of the structure and select
boiler in accordance with new calculations

A .
{NOTE: Old boilers are usually grossly oversized.}

l XIV. Advantages and disadvantages of types of residential expansion taﬁks
{Transparencies 8 and 9) . o=

-

A Open expansgon tank
1. Advantages

a. Permits the expansion of water when heated

[} . :
b. . Lower initial installation cost

- »
2. Disadvantages p »
' a. -Allows 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 - - .- .

B.  Air cushion exlia.psion tank

v

1. Advantages-Maintains system pressure below safety pressure rellef valve
.
. setting

o

_ {NOTE: The settlng of the safety pressure rellef valve is common-
ly 30 psi.} b

” 2. Dis‘advant_a'ges - ] -~
o/ < .

a.  f sized too small, 1t willpxceed 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 .

~

Water can absorb the air and waterlog the expansmn tank over a°*

. period of t|me "




!
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£

C. Air-cushion expansion tank with diaphragm (Tranépare‘ncy 10}

1. Advantages o .

a. Permits sﬁnaller tank size due to prepressurlzatlon above the/
diaphragm /

b. Water cannot absorb the air that is trapped above the diaphyagm”™

o
.

2. Disadvantage - Mor€ costly tank over a period of time

Stepsin the‘selection of residential expansion tanks )

{(NOTE: The selection of expansion tanks is subject to many var?ables such
as height of water column‘ temperature of fill water, expansion of water,
expansion of pipes, boiling temperature 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
instructio_n'.) )

A.  Allow 1 gallon of tank capacity. for each 5000 Btuh of total heat loss if
conventional t'ank is used

Allow * gallon of tank capaclty for each 7000 Btuh of.{otai heat loss if

prepressurlzed dlaphragm tank is used, and P[epressurlzed o at least 6 psig

]
o RN

C.  If calculated tank size is not available, select next size larger tank
, E . , \
Types, designg and sizing of residential purmps
¢ a
. . . ) ; Ny
A. Residential pumps are usually centrifugal

B. For a given motor horsepowef,‘ a pump can be designed to deliver either
* high volume at low pump head or high pump.head at low volume

» »

-

‘\.
Resudentlaf pump%e sized from 510 150 galloftsper minute with head
pressures of 4.to ‘14 feet of head

Factors in the selection of residential pumps

A. For a given size of piping, pressure drop will increase as rate of flow increases

B, For a gifen rate of flow, pressu.g'r"e"drop will deCﬁase as size of pipe increases

C. There will always be more’than one combmatlon of pipe size and pump
head which will produce required water flow rate’
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INFORMATION SHEET

. L 4
XVII_I. Step¥ the selRtion of residentiat pumps -

[

C.” Make trial selectnon of several pumpsawith various avallab!e pdmp heads at
design rate of flow .

D. Make se!ections including c‘onsiderat'ion of cost of pur

=~ E, olve for plpmg size and select _proper pump, for most economacal total
st of piping and pump -

XIX. ‘Fac'tors affecting pipe éizing-(Transparency 1)
| -
Len.gth of pipe circuit in feet of pipe
Available pump head pressure
Cost of pipe and fittings
Procedure f;r selection of pipe sizes
Refer t:? pige sizi_z_'-g t;ble in'ménufacgurer's literature

Refer to pump manufacturer's pump performance charts

T

sizes of plpe ) - % _ /

Select most economical combination of pipe size and :75‘np size

If total system cost is not acceptable, select new syste i design

1. Increase or decrease number of circuits /

fl ’ '
’{ -

3. Incréase or decrease sophistication of speci,élty fittings and controls
!

2. lIncrease or decrease number of pumps

&

. - /
4, Increase or decrease design water temperature
5. Increase or decraase deslgn temperature drob

Types of hydronic specialities and their characterlstlcs and uses \

."
¥ ;

A.  Air elimination-deviceg N

1. Eliminates air absorbed by water T
- L]

2.” Usually located at the boiler

L
+

3




INFORMATION SHEET

o
F

B. Airvents
Y

. %
1. Eliminates air trapped in system

-

2. Usually installed in high points in system at f‘a{glinal units
3. May be either manually operated or automatic

C. Fill valve -

Common glpbe valve in 0ld manually operated svstems

In modern automatic systems, the fill valve is a combination pressure
" reducing valve sét at 12 psi combined with a check valve -
q( f

LS
a. Adds water ;o bonierq hen pressure drops below set po:

fiII valve - . R

£

b. Prevents boiler water from backing into murlicipa{ water system :
.. Balancing valves
- 1. Used,in multiple circuit systems

2.+ Regulates flow rate of water in deprarate circuits
] - * )

3. Usually inexpensive square head cock valves

. :
4. Usually located in return legs of branch tircuits at manjfold near boiler

L

‘ .
E. Flbw control valve . s ; - “
1 = - .

1. Used to prevent gravity effect of rlsmg hot water during off cycle

2. Usujlly a type of weighted check valve wnth enough ‘Féslstance to’
prevent hot water from rising by gravity but will ogen easny under
pump pressure

ressure relief valve

* Used as a safety valve _

’

2 Usually comes as part of"t;mler

.

3., Must pe capable of dlschargmg full Btuh rating of boiler in form of
steam ‘at a pressure setting 3 psig above. rated working pressure'of bonler

o

4, Dlscharge rate is indicated on nameplate of valve
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+ ) ~

G. One-pipe fitting

© 1. Used in oné pipe'systems
t 2y Qperates as a choke on supply loop to divert water ta terminal unit”* {"
. - & .
- hY

H. Zope valve

1. Used to open or shut off flow of hot water to,a zone.
2, Thermostalically controlled )
3. Either motorized or solenoid operated
. )é)(ll. Steps in designing a hydronic system
A.  Make trial selection of system design
B. Make a layout of piping system

-

C. Calculate heat loss ] J . ’

D. Deta?mine Btuh requirements for each ,‘:. cuit or zbne.of piping system

- 2

—

Select design system temperature and degign system temperature drop

Determine water flow rate required

%

Select terminal units

Select boiler  w

»*

Select expansion tank

Determine length pf circuits |

- . ' \_J
Determine pipe sizes for 2ach trial pump selection

Make trial selection of pump
. Make final selection of pump and pipe size and system design

Make selection of hygronic specialties
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Common Types of Hydromc
' System Desngn

 ————————

2

Baseboard
T Units

/.

|

Supply Pipe ™~ Return Pipe

| ® " Boiler—| | [¢2 Pump
‘ ’ Series Loop Baseboard System (smgle circuit )

Supply Retu m

B'oiler — Pump

One Pipe Forced Hot Water Heating System (smgle cnrcunt)

(Courtesy NHAW Home Study Instntute)

23
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»

-

. . \—/ ‘" | ‘.'5 ' - ‘ .
" Common Types of Hydronic
- System Design

_(Continued) /¢

Two Pipe ReVerég Retum Forced Hot Water Heating System

/

{Courtesy NHAW Home Study [nstitute}

219
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Common Types of Hydromc
System Desmn

(Contmued)

L

——

P----lb-‘-.-q--‘ ---------

|

e
o Return Main.-!

. | ‘S'-}pplv ~
St Nain

“Two Pipe Direct Return Forced Hot
. Water Heating Svstem

Supply Mam o
%1@%&#2 Panel #3 .‘.&

?
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ommoj Tyj)’es_of Hydronic
— System Design

* (Continued)

- Boiler —

Series Loop Baseboard System — Multiple Circuit

o v

&

Boiler Pump.
- . . . " . N . . : * -
. 'One Pipe Forced Hot Water Heating-System — Multiple Circuit-

(Courtesy NHAW Home Study Institute)

- .

TM 4

o gsi.
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-

Types of Cast Iron Radiators
| and
.Heat Emission Rates

{No Longer Manufactured}

. . ny oo
Column. ~ Large Tube Slim Tube

Heat Emission Rates for Cast Iron Radiators

[ —

- Design or .
Average Water Heat Emission Rates
Temperature o Btu/Hr. per sq. ft.

175

185

195

{Courtesy NHAW Home Study Institute)

£y e
<52




L . 4

Length . 5 TUBE
Number 134 Inches _ ,
of per 9 22" 22" | 25"
Secctions | Secdon Height Height

31 . R 42 4.8
7/5 . ! : 2 8.4 9.6
10% y 12.6% 14.4%

14 . 16.8 19.2
17% 21.0% 24,0k

2 25.2 288
24% ) . 29.4% | 336%
28 . . . 336 384
3% : : - 378k | T432k
35 . ] 420 480

3814. 46.2% 52.8%
42 . , . 504 57.6
45% 1 . 54.6% 62.4%
49 8 8. : 58.8 67.2
525 : : 63.0% 72.0%

56 . b 672 76.
594 - 4N . 71.4 81,
63 . X : 75.6 86.4
66v5 . . : 79.8% 91,2%
70 . 64 64 . 84.0 96.0

¥4 . . . 88.2 100.8 96.6
77 , \ ; 92.4 105.6 101.2
804 S - . 96.6 - 110.4 105.8
84 . 100.8 115.2 110.4
87% : . 105.0 120.0 150

91 k . . =104 109.2 124.8 1196
9414 s : . 108 1134 129.6 124.2
o8 6 X . 112 117.6 ] 1344 1288

(Note: The Assemblies with a % at€ Considered Stock Assemblies. These Ratings and Stock Assemblies are
Based on Simplitied Pra'ctice.R mendation R-174-47, issued by the U.S. Department of Commerce.)

{Courtesy NHAW Home Stud'y Institute)
233
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Basic Classes of ‘H‘esidential'“
Basehoaﬁe%euﬁinal. Units

AggE—

Hot-Water
Radiator

Wall

. Type R .5 Shoe Molding
* Cast Iron 4 I

No Longer Manu factured

" Basic Classes of ‘residential’ type baseboard terminal units.

<

’, P

{Courtesy NHAW Home Study Institute)
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Cbmprésg;ion Tank Capacity

itial or Max. height Arr cushion tank Diaphragm tank
fil), pressure of system capacity in gallons pre-pressurized
psig Altitude above gage ft per gallon of water” - to 6 psig

1n system
/ 9 0

14 . ‘ S

18 9
10 23 14
12 : 28 19
14 32 23
16 37 28
18 41 , 32
20 46 37
22 St 42
24 55 46

.10
A2
A5
.19
.22
.26
.32
.39
.48
.63
.85

]

OO 0O OO0
- R - 3 o B - T o 3 o B - B

-

This table is based on a final pressure of 30 psig at the boiler, or low point in
system and an initial fill temperature of 60 °F. , ’

B




&

- Water Content 0f Hot Water Systems
v° . ’ . o
Design ~  Boilers S Terminal Upits Radiant ~ Series Piping Systems
Load Conventional Flash 7‘Badiators ~ Convectors Baseboard Panéls Loop 1-Pipe 2-Pipe

Mbh % large "small . ’
tube  tube . v
% | N
50 12 28 16 : 11
60 15 o 3h 17 . 14
70 17 4 . 20 _ 18
80 +20 4 22 19

v

90 22 ‘ 51, 25 21

© 100 2 57,  28a ‘ 24
125 30 3 ,
150 36 o .86 ¢ 4

175 42 93 .. 55

200 - 48 14 64 29 -
256 60 142 . 80 36
300 .70 CL1L 96 T e
350 84 © 1990 .11 50 - 23
400 , 95 <228 . 127 57 26
450 107 256" 143 64 29
500 2120 © 285 157 71 33
600 T 140+ ' . 342 191 86" . 39
. 700 160 399 223 .98 46
800 . 1907 456 251 114, 52
Y900 210 5137 . 287 128 59 -
1000 - 235 : 570.- 319 142 . 65

L -

G8Z - Al 4OV

Table is adapted from Table 1, D27FIT Bell & Gossett "B&G School of Living Comfort”
' ", {Colwtesy NHAW Home.Study Institute)

J




fL' .

No Prestive on ' System Under
System : " Pressure

-

(Courtesy NHAW Home ; Study”_leGtitate)

v s
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/

L) ¥
-

b

— —_— — = =="
AVAILABLE {
l:&? TOTAL LENGTH OF CIRCUIT (AS MEASUREQ ON PIPING LAYOUT)

watet 2 t T } i X | mj n |
4 s | 7o | s 0|20 10| 130 15 180
§ S0 S} 100 | 100 130 | 140 | 260 | is0| 230
100 | 10| 120 130 [ 1404 160 [ 180 { 200} 240 | 290
120 | 130 | w0 150 [ 170) 190 ! 210 | 240 | 290

d

80

0

90

110

130 ] 140 | 150 160 13020)220/250290330403
150 [ 160 | 170 ] 190 [ 200 | 230 | 250 4 290 | 330 | 380 | 450
170
190
200
0
250

o) 210 | 200 | 260 290/ 320 | WO | &30
0] 220] 240 | 260 | 290 32 360 | 4lo | 430 | 570
220 | 240 ) 260 | 230 | 320 35¢ | 400 | 450 ] 530 620
u 190 wo | | ol 340 | 38O 4 470 | san b s20| 730
% 20 330 | 360} 400 | M0 & 550 | 620 720| 850
1 %50 30 ] 301 380 420 ) & 500 | Se0\} 620 ¢ 710 | 8a0] 050
»n 290 400 | 430 470 5%560 620 ), 700 | 790 | 910

PIPE T
S1ZE

Rl
12 160

E|ZESEE|BEBY-

28

.

GALLON PER MINUYE CAP&CI}FS

Hrt 03 07 6~ 06] 06| 05] 65| o5 |/0S
w 0 L 18 . ; 167 151 15% ta{ 1312
t 43 . a8 . 340 32 31 281 26}

29

* 43 13 651 63| 591 52485 | S0
Lb % 18 16 145 | 140 | 130 2o | 115 [ 110
14~ a 21 120 |19 17 |16

* — - 40 [33 138 jj36 134 4N
e o - - — | = [60 |\57 [54 |52

®E|xep|er

* ¥ Copper Tubing only
NOTE: Do not go beyond the maximum or below the minimum

r

- L]

HOW TO USE TH4$ TABLE FOR FINAL PIPE SIZE SELECTION

2} Single Pump . " )
Enter the upper portion of the Table at the head pressure of the pump selected. Read across to
the figure closest to the total length of circuit. Read down to the lower portion of the Tahle to
the gpm figure equal to or greater than the gpm required for the circuit. Read to the left-hand
column %o determine the pipe size required. Repeat for each circuit, Staying in the same column
established by the circuit with the longest total length, repeat the last step for the gpm require-
ments of the tunk and distibution piping.
Multiple Pumps . et
Enter the upper portion of the Table at t:Phead pressure of the pump selected. Read across 0
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 o the left-hand column to determine the pipe size required. For a two-pipe
circuit, size all piping in the circuit from the sane column it the Table established above. *
Size the trunk andl any distribution piping using the total gpm of the systers; the.lowest bead
pressure of the pumps selected, and the longest total length of circuit. ~

.

{Courtesy NH(&W Home Study. Institute)
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HYDRONICS
UNIT VI

ASSIGNMENT SHEET #1.-LAY OUT A SERIES LOOP SINGLE
CIRGUIT HYDRONIG SYSTEM WITH BOILER LOCARED UNDER
v FLOOR OF‘.DINING ROOM

Direstions: Use the floor plan below to sketch in the serles foop piping, the logation of
baseboard terminal units, and the kitchen convector; your instructor has the gption of
» modifying this assignment sheet 1o reflect available systems and local installation racnces\;

%

'| KITCHEN

&

. Cou,nter f@|5 ‘

BEDROOM 1

——

.ﬂ




»

ASSIGNMENT SHEET #1

+;§pecifications:

Room #1 ~ Living Roo 15630 Btuh .
Room #2 Kitchen . 7540 Btuh
Room # Dining' Room ™ 8830 Btuh
Room # Bedroom #1 7330 Btuh
Room #5 . Bath 3250 Btuh
Room #6 Bedroom #2 7220 Btuh
{ Tota! Heat Loss 49500 Btuh

" Equipment to be located in basement

Design, Systém Temperature 200 d‘egrees‘ =

*-.

Qésign Teémperaturg 'Drop 20 degrees

1. Caleulate gpm:

~ -

2. Select baseboard terminal units from manufacturer's catalog:

Baseboard Model 5 {See Figure ]}

3. Select convector for Kltchen frorn manufacturer s literature:
,}

a. Kntchen percent of total heat loss: - percent

b. Kitchen i‘emperatuge drop: degrees

¢. Kitchen convector *

1) Niodet #1 ~~ (See Figure 2)
S — :

2) Height\%____‘_-_ ,
3} Depth:'-'___;___. ..
4) Length
Room #1 baseboard Ieng;th:
“e. . Room #3 baseboard length:
f. I Room #4 baseboard iength:
‘Room #;5 b‘ase‘board length:

ﬁao«i}@ baseboard length: -

TR -_;-
iy _ plan thegr%:oop piping and the location of baseboard"
ML ) en conve s
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ASSIGNMENT SHEET #1

1= BeR RATINGS gor hinedr (det

WATER WATER

. .\ »

dverapt Brnit dverage
DESCRIPTION OF BASEBOARD LU N g e Weter
. o L sate ot Tanperaivre
! [ s m ¥

.

Ho A . 150 10 Fu
L) ne Al
Ergnt Sutiet 170 ”e
[T a0 440
<ot legn R 190 a0
Htghe, T atH "o
120 0
m
2 420
W

Mg 150
. 140
Frontoulier 11
Cat11rgn RE 180
190

melon) #iy ws
200

0

Ek )

3%

FITY it

* 155
InChined Gutied L]

188
3 Copper Tubings * 170

Fant’ Adumipem, 22 P2 x 0107
SV ating per 100t
Hegnt 540

inCitnd putler -

&' Copper TUBING
Elns. aAluminum 2% X204z 008
$4.24ns por foot

Helght. tiye 40

*TRe+ 101nRE COntan 8% et eChive hestaHGwpanCe Gl 15 PErcent

-

.~ FIGURE 2

Enterng A TeEMPOratves x j$¢ Feont Qutiet Cabwnets - Mode CF

watu_ Tempeedivet - DEQrees F -

o | L %0 i A

¥
Heght Healny Leéngth  Inches
Etrect 20 24 » 4 20 24 28 32 20 o2
Shect [ 2+ ] 24 2§ DN BECHR NEXNE BEDH SETI
< ow - Rated Ov MBh {1000 Btuh}

a . LR FR) 3.2 a8
43 3o a8 | 54
S 32 5.8
6.3 44 : 67

I 3
L) $4
50 . 6.4
58

PAFullToxt Provided by ERIC




EIGURE 3

APPROVED I=B=R water nmﬂpnmw

"

. ¥
model R=-500-A Heatrim-gapacities Btu/hr per linedl foot

-

wpter flow rate 50 —merw water flow rate 2000 wcm\rﬂ.
erage water temperfature - F average smamn.nmsvmnmmrﬂm °F
] ) \ + )
o -
190° 200° 219° 220° 180° 190° 200°° 210° 320°
630 750 §00 670 730 790 88

« number
of

lineal .

feet _moc

510 810

620
1530
2040

L1260
1850

«_ 1380
2070

2760

1500
2250
3000,

1620
2430

1200
1800
2400

1340
2010
2680

1460 °

2190
2520

1580
2370
3160

L1700

2580
3440

3520 2280,
4050 +

" 4860
5570
6450
=0

8100 .
8510
9720
10530
$1340
2150

3758°
4500
5250,

6000
6750

3000
2690
4200
4800

3350
4020
4650
5380
£030
5700
7370,
8040
4710
9380
10050
10720
11350
12060
12730
13450 -
14070
atap
15410
16080
16750
17420
18090
18760
19230
M 20100

3650
4380

'5110
8840
6570
7300
8Q30
8760
9490

106220

10950

11680

12416

13140

13870

14600

15330
16060
16790
17520
18250
5980
19710
20440
21170
21904

950
4740
5530
€320
7110
7900
8890
9480
10270
11060
11859
12640
13430
14220
15010
15800

16590
17380
18170
16960
18750
20540
21330
22120
22910
23700

]

4300
5160
6020+
6880
7740
8600
9480
10320
11180
12040
f2300
$3760
14620
15480
16340
17260
18060
18520
197806
20640
21500
22360
23220
24080
24940
25800

2550
3060
3570
4080
4590
5100
5610
5140
€630
7140
7650
8160
8670
9180
9590
10200
10710
11220 =
730
712240, 1
12750
- 13260°
. 13770
143
14700

15300

wrgw A
9650 13776
10260 ° i P J2azg; 14580
10830 | 115707 [ 13410 »153%0
111400 | 72608 |-£3800 16200

oo, 113230 | 14490- 17010
12520 F} 13860 | 15180 17820
13110 - ¥ 14340 18630
136807 [ 5120 - 19440
_anmn 1187507, 220250
Vas2e - 116380 ~3106d
1539 101300 21870
_mﬁmf::qn..o 22680
16530 « } wmnwo. 23030
quoa 243p0

- ) [ -

{NOTE

{with Model E=S00 etement} are based on a water flow of woo peunds per hour with a

pressure drop of 0 260 inLhesvof wathr per lineal foot and a water tiow rateof mooo

pounds per hour with a pressure drop of 2.900 inches of water per lineal foot. As
« aitoved by the¥lnstatyte of Boiler and may_unom zsslmmnﬁcnmﬂw (1=B=R) Testing and
Rating Code for Baseboard Type of Rad:ation, 15% 15 added to water hed® acity The
use of [=B=R ratings at water fluw rates 2000 pounds per hour 1s, lumrted o installa~
tion where the water flow rate throwgh the baseboard unit s equal to or greater thaan
2000 pounds per hour. Where the water flew rate through the baseboard 1s not knewn,
the [=B=R rating at the standard water f(low of 500 pounds per hour must be vsed.
These ratings are :%mea.c: active {tinned) Heatrim lengths Biffercnce hetween active
letgth and total length of the standard Heatrim heating elements 1s 2 15/22 1avhes,
Elements are uapainted HNen-ferrous fins on Model E-500 elements measure 2 1/8 & 2
/8 % & 008 joches. spaced 52 fins per {dot ) -

o
Appruved I=B=R waler ratings Jshown above for American-Standard Heatrim Panels

'

PAFullToxt Provided by ERIC

IE ©
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HYDRONICS . - = . A
UNIT VI e :

ASSIGNMENT SHEET #2-SELECT BOILER AND EXPANSION T@NK )

- “

F ‘' .

Directions: Using a manufacturer's catalog providéd by your <nstrugtor, select an
. appropriate boiler and two expansion tanks using the following specifications.

" Spegifications: ‘ .

Total Heat i.os§: 125,000 BtL{h

. Design Syster;'a Temperature: 200 dggrees
Design Temperature Drop: ‘ R ZGﬁeés
Type of equipment selected: LTW Boiler
Initial fill pressure: - v 12psig- -*

‘ Type of terminalUnits: , _ é_aseboau’d

System selected: p Series loop

1. Select boiler ffom manufacturer's'catalog:

N

Boiler Model No. ,. e
- 7

1

mn—

- ”, * “»
" 2. Select conventional air cushion expansion tank.

i .

)

¢

Minimum tank size: -

3. Select diaphragm tank size.

' Minimum Diaphragm tank size:




T 2
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HYDRONICS
LUNIT VI )

\ . . -
ASSIGNMENT SHEET #,3--MAKE A TRIAL SELECTION OF PLMP-AND
SELECT PIPE SIZE FOR SERIES LOOP SYSTEM :

-

] & - ¢
., Specifications: T
- * F
Total'heat loss . 49500 Btuh
Degign System Temperature: ) ’ -200 degrees
Design temperature drop ' : . Unknown
Total length of system piping design -~ ° | 100 feet

"1, qCaIcuIate System flow rate ingpm V4

@ 10 degrees drop: gpm

A

B. @ 20 degrees cérop: gpm
*C. @ 30degrees drop: ’ gpm J
b ;
E

@ 40 degrees drog.: gpm

+
1

@ 50 degrees drop: gpm
' - r N L} "
Plotgpm-on each of the:following pump performance curves:

-

(Example: PTot’ 14 gpm on samplé gurve:)
= Sample - ] R 15

-

Feet of Head
Feet of Head

R
[ [ 1 1 3 M I 1 1

6 81012 14,0618 20 110 12 14 16 18 20
- ' GPM :
J Pamp B -

Feet of Head

Purni:a C

) Féet of Head

- -
o o> O ™ IO = T

d
o

o

n
-!Feet of Héad
L

. ...Qeet of 'Hea

. x
-




ASSIGNMENT SHEET #3

. List a»arlable head pressure ot each pump s,e!ected
‘ +

(Exampje: Samiple pump has 12 ft Of head pn’essure at 14 gpm)

Pump A ¢ o, Pump B: , Pump C: , Pump D: , Pump E:'
\ _ ) , . -

. From Tabie mdlcate minimum tgbmg size for each pump: Refer to Transpar-
ency 11}, .

Pump A: " Pump B s . PumpC oo ,Pump D: " , Pump E:

L L
. Assume pfices of pumps and tu bing to be as follows:

L Pumbva: $125, Pump B: $220, Pump C:‘.S200, Pump O: 8150, Pump E: $200
2 1/2" copper tubing: S 40.00 per 100 ft, ,~ cot
3/4" copper tubing: $ 60.00 per 100 ft. , /
1" copper tubjng: $110.00 per 100 ft, ’ /

. *
Indicate least expensive combination of pump and tubihg which will provide
adequate flow of hot water: a

. Pump: Tubing size: Temperature drop: degrees -
x5
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HYDRONICS
-UNIT Vi

ANSWERS TO ASSIGNMENT SHEETS
_ © : 4
Assignment Sheet #1

"1, Sgbm

3. a. 152%

. 2, Answers will vgry }
- " B o
» .

b 3degrees:'
C. ., 1}' Answers wii} e\?ary
2) *l 20, 24, 26
3] 10,8,10 .
4) -32,32,28 \_/
{NOTE: 24-8-32 is preferred due,to thinner configuration,)

21 ft.

a2k
106 B L
5w {1, BEDROOM 2
ok (| g

[
\

2./ -
|| KITCHEN

-~

BEDROOM 1 _- 1]

- - #
-




Assignment Sheet #2

o

Answers sholld be détermir).ecl by materials provided by instructor

Ass‘ignment Sheet #3
~1. a: 10 gpm or Q.Q gpm
b. 5gpm
3.:3 gpr‘n.
2.5 gpm

2.0 gpm

Feet of Head

g~
o
¥
-
S
o
et
)
-1
[T

L) ; 1] LI L) L)
10 12*'14 16 18 2

GPM . -
Pdimp C.

"

Feet of Head
Feet of Head

5 6 7,8 9 10

GPM
Pump E

Feet of Head
7
Feet of Head
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d.

-

e,

4

5. Pump D, tubing-size 3;’4" Ten{perature drop 20 degrees

. \




S

k. Institute of Boiler

. System which requires

HYDRONICS
UNIT VI

} ! R

NAME

ACR IV - 303

¢
TESY

e

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 autdmobile radiators

and located in air ducts

. Tife- pressure exerted by a solumn of water

sured in the height.of the water column

pump pressure for
circulation .

. A device immersed in a bailer which transfers

heat from the boilér to the domestic hot
water supply of astructure . .

¥

. Pounds per sguare inch of pressure

L B

Water which has® been coofed before

_ circulating through coils for cooling purposes

. The ‘heat delivered from a hot or warm

surface to a cooler surface by radtatlon'

of |nfr£red rays ]
~ o’\

. Heat expressed in thousands of .Btu's per

hour

British thermal unMer hour

Flow rate in gatioms per minute

Y )
and Radiator
facturers T

Steel Boiler Institute

A type of pump design whereby fluid- is

thmwn by an |mpellor rather than pushed
by a piston

Manu-

~

-

. Design water*

temperature drop

. *vMBH

Hot water or
steam coils

&

. .Psi

Gpm

Terminal units
Chilled w:ater
Hymnnﬁs y
Head -

Radjant heat
e
®R

. Btuh

Tankiess water
heater

Centr'ifugal pump -

. Fotded circula- ,

tion system

.
-

bl




. The science of heating with water

. The difference in teni'@m/e between
supply and return water” temperatures at
the boiler at design output

. .Equipment which releases heat from a
hydronic system to a conditioned space -

E

2. Distinguish between a hydronic gravity system and a forced circulation system by
placing an "X" next to the descriptions of a forced circulation system.
" ;

a, Head seldom exceeds 3 to 4 inches in this system
1’/
b. When tankiess water heater is present, provision must be made to prevent
gravity effect during off cycle s

Head may be 8-15 feet % )
Requires much larger pipe systems

Qperates on the pfinciple that hot water is lighter than cold water

Operates on pump pressure rather than gravity A

Frequently uses pipe size 3/4" to 1/2" . .

3. Match the classifications of hydronic
characterids

systems with their temperature-pressuré

. 4
a. 1} Maximum temperature--250 degrees . 1, Dual tempera-

ture system

Maximum pressure~-1ﬁd psi .

- B ) 2. _Low temperature *
Usual upper limit--30 psi i . water system

Maximum temperature--350 degregs 3. Chilled water

Maxhv,pm pressure-150 psi _* 2 4, Medium temper-

: - ature water
Usual design temperature-250-to 325 degrees systePw

Usual dessign pressure--150 psi . . 5. High tempera-
. . - ture water
Minimum temperature--Over 350 degrees . - system
. . Y

. Maximum temperatuie--400 to 450 gg‘gfeegf L 7

B

Usual pressure--300 psi ¥

-

i
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-y
d. 1} Usual temperature--4Q to 50 degrees

' {

L 2}  Operating p;'essure--125 psi

Hot and?ﬂ!ed water
2) Usual teMperatures of 100 to 150 Eiegrees, wintey

3 U5ual temperatures of 40 to 55 degrees, summer’

4. ldentify the types of common hydronic system designs.

Baseboard
T~ Unms

) Supply Pipe Return Pipe

Bailer —« _Pump

Return

z Pump )




ey

i
f
1
1
1
'

3

3 Return Mam -\

,-’ . Supply
< #4 / Main -

Supply Main .

CJC }:L‘)'

D, )
#1Panel %ZCEQQQI: #3
—

ATy —— _—)/

yid-
;-JH-:

’\- Retufn Mam




5. Match éou‘nmon .hydronic system désigns with theur gdvantages and disadvanta ec.

L
Advantage- Low mstéllatlon cost 1. Multiple-circuit

-

s .
- - - _ ) < sygtems
2} Disad\:antages :
' '2. Series igop
a) - Water' temperature is proqj'esswely :
reduded around circuit requiring +3. Panel systemy °
aHowance for colder water for DR
_ heating purposes ‘ .- 4. Onepgj e system
A ” . . ’
Water temperature and rate of . Two{pipe direct-. .
flow to any terminal unit within.a - refurp system
circuit cannot be regulated without ’
affecting'all othe terminal units in, /~“Two pipe reverse,
the circuit A . return system @ .
- Tube size in terminal units limits
flow of wateaand_gapacny of,
systern
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Advantage-Pgssible to ‘control _flow

and heat Trom individual _terminal

Units

Disadvantages
4, g

a) Higher in cost than the series

2}

L)

1}

Bop system

b} Shows progressive drop in
temperature . around the water
circuit A :

. ' )

Advantages

I

>
L}

a) Equalizes distance water flows
through each terminal unit and
equalizes temperature drop

Eliminates allowance for
temperature drop fetween terminal
units - - '

A Y

¢} Individual control of terminal units

_does not affect other terminal units

Disadvantage-Additional pioe - incraases

£y

* qost L -

Advantages -

.a}  Valuable in split system {dual

tem Qerature)

A%

dcb')- Lower in-cost t'han feverse return

2)

<,

1)

system

Disadvantages .- -

a) -Creates balancing problems due ~

' to different temperature drops
_,across terminal units: wifhi * low .
* resistance to flow °

b) -Limitedfiapplications unless the
terminal unity’ have high resistance
' toflow™ | 7, . . .

Advantage-Does not interfere with

piacement of furniture =+,

2} .Disadvantage-;Leaks are expensive to
P et ' " g
Lt - * .

o




Advantages

"3} Reduces the total length of circuits

bs  Reduces number of W units
<. in acircuit | ST

c) Reduc;es pipe size of main trunk/
pipe '
. .\‘ -
d} Simplifies pipe design in certain
. types of buildings
2}  Disadvantage-Could unnecessarily com-
pllcate an installation where a s:mple .
. - wcifcuit would be satisfactory -
3 - '
Select true statements about desagn water temperature by placmg an "X" in the

approprigte blanks. - .-

A oY 5
™ Design water temperature is used when compensatmg for temperature
drop through senes loop circuits

5; High temperatute requnres Iess.radnatlon equlpn\ent

7 Determines basis for selecthn of termmal unity *

7 d. Does have an effect on seléétion of boiler s:ze ' .

% Each circuit of a-multiple cigeuit systard_ may have 3 dlfferent design water

temperature _ ) . L . )
7. Match the design water temperature drop ‘on ‘the right t@ the correct terminal-unit,

Unit heater . ' i ' 1. Up.to 50°
. Convectors . e > 2. 30°

-

.-Caqst"rrbnradiator v ' '- - W - 3. 10°-30°

. Baseboard
8. Solve the followiag problem jnvolving design water flow rates through a circuit.; ) ;

Srgecifications:‘

30° tém?eraturg drop /—{ -
Area 1-36,000 BTU's hedt loss

e,

Area 222,000 BTU's heatiloss

] Area 3 25 000 BTU's heat lo%s .

What is the design water flow rate th rough each c1rcu|t?

-




-

9. Match the minimim design flow rate on the‘right with the correct tubing size.

-

a. 1/2" tube size ' : © 1. 0.9 minimum design gom

b. 3/4" tubesize - , - 2. 0.3 minimum design gom #77
c. 1" tube size . " 3. 1.6 minimum design gom

d. 11/4" tube size . 4. 0.5 minimum design gpm

10. Ssiect true statements about the placement of termmal units by piacmg an "X%" in the
appropriate blanks.
a. Terminal units should be placed under wood areas to count’eract cold gur
f8ling from contact with cold wood : ,

. Terminal umts should be placed along outside walls,no} containing glas.s :

. "When outside walls are used to the fullest extent, balance of required
terminal unit length may be placed along inside walls

. Lomg, thin units along walls under windows produce more comfort eco-
nomically than high, thin units’.
A unit.on the étair landing will temper or stop thé flow of hot air falling
down stairs
Terminal units should distribute heat over the full Iength of long rooms 16
prevent spot heat . ,
Forced air heaters should be installes so that heaters and registers- create
objectlonable blasts of hot air
. Comblnatlon ,heatmg amd coollng unlts require SpeClal mstallat\on follow
manufacturer's recommendatlons
v . ]' [
, V1. Match terminal units with their characteristics-afid uses.
—-L_‘H . . ‘ . _— :
a. 1) Column and large tube radidtors are
no longer manufactured but ratlngs
are based on their performance

Slim ‘tube and wall type, radiators are
suitable for homes amd small off:ce
bl.nldlngs - ° s

May be hung on walis or c'eitings where
floer space is not avy‘lable '

“ Moderr‘vradiators are sated -in Btuh
-per square fodt* of Equivalent Direct
Radiation (EDR) °




Raom air enters at” bottom and passes 1. Baseboards
between hot''fins to reenter room ,° .
through outlet at top of device | " 2. Air heating coils

Delivers more heat for *its size than . . 3. "Convectors.

. . . - 3
radiators~due to.chimney effect of the . -
cabinet | : 4, Cast iron radiators

¢ \ .

Made from hollow cast iron sections 5. Finned tube
Made from 3/4" to 1/2" copper tubing o

with aluminum fjns surrounded by sheet

metal enclosure with opening$%t top and

bottom’ ’ "

- d. Larger diameter, higher capacity commer-
.cial " equivalents of residential baseboard

- “terminals
/ - /Q

Used to temper, reheat or boost heaging
of ducted air ’ -

}mned “tube construction similar to
3ir tonditioning coils br automobile .
radiators - . ' .

N I \ ¢ " .
Must be proteca,‘from freezing
‘ )

*Ratings are not Jiniformdgue to varying
air velocities, varying water velocities, .
varying air.and water temperaturgs; use
/ manufacturers' {iterature for ratings and’ 8
coil sélection . .. .
12, Coﬂnﬁalete a list of steps in the selection and sizing‘B_f terminal upits.

. a.

N .o L ]
b. Determine Jesign water te

4 - o
d. Select adequate size termins! f{om\manufacturer:'s Iit‘e'ra‘tuiré i ] )

13. Selec; true sta'?eme_nts cor‘t.e’ming' fu;.ls, ratings,"and selectic;n of boilers by placing ar?
"x"_ in the appropriate blanks! o 1 v
—___a. Fuels used for boilers . ’

1)  Gas :
2) ,Electricity .
3} Coal -
2

“ 4y Ot

ER
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b. Ratings gre either i grass IBR or SBI output or.ne} IBR or SB1 output
1} Gross IBR or SBI output is not used for selecting boifers for
residential application <, ‘
: ol ;
2} Net IBR or SBI output is rated in - Btuh for water boilers and |
2 in square feet of radiator area for steam boilers — K

*

In new conS{ructnon segct\rﬁoqer with net rannb of 100% of connected

load , P
J * ' ! []
L L.
d. Inreplacement Boilers, select a boiler about the size of the oid boiler

M -

’
-

: s ' ' i Y &
14. Dis’rm@u;sh between advantages and disadvantages of itypes of res!dential expan-
- sion tanks by placing an "X in al) bianks that indicate advantages.

Open exparsion tank ¢

- .
L]

. 1) Permits the expansign of water when heated
2) Lower initial installdtion cost
- ' . .

3} Allows’the evaporation of boiler water which must be replaced

4) Produces l:goi!er'?afe and losd of efficiency due to the addition

of ma ke-udam;er y . LR .
b. , Arr cysion expansion ta'rf( | ) . i
. ' t .
1) Mamtams system pressure below safety pressure relief valve
setting ~ .

H sized too large, it can result ih noisy operstion due to T
boiling in aregof less pressyre

period of tim -

",
Waterﬁan absorb the alr and waterlog t48%x %nsmn tank over a

L . -
Ajr-cushion expansion/tank with diaphragm - . \ :
- - "'«. ' X *
1} Pe’rrhits aller tak size due to prep‘ressunzatlon above the ¢
draphragm . . . .
B - “

2} Water cannot absorb the air that is trapped, above the diaphragin

’

———

4

‘o ", e
3) N}Drgﬁcostly tan k.over a period of time
. . - 4

o

- 1f sized oo small it wrlr‘e;(ceed the settmg of the pressure K ' '
retief- / , . /\ . e

' .
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L 15 Select true statements concermng steps in the se!ectlon of restdentnal expa,nsaon tanks
by placing an-} X" in the appropnate blanks.

a, Allow 1 galion of tank cgpac:ty for each 5000 Btuh of total heat loss |f
conventional tank is used L . o

. Allow 1 gallon of tank caf)éCity for e'éch 70004Btuh of total heat 1dss if
pressurized Hiaphragm tank |s used and\prEpressurIZed o east.6 psig -

c. |f caleulated tank size Is not avatl!‘ble select next sizl¥ smaller tank .
Select true statemerrts about theﬁtype designs,’ and .sizing of resndentlal ufjps by
placing an " X" in the appropnate blan‘ks . . ’
v . .
a. Resuc‘entlat pumps are usua!lyplstoh driven . .

" - + -

+ b. For a given motor horsepowet a pump can be desugnecl 11a) dehver e‘lther
’ hlgh volume at low pumip head G!"hlgh pump head'at low volume
__.f_

R

t. Resmlenttal pumps are sized from 5 to 150 gallons per mmuteag:-tﬁ h’ead
pressures of 410 14 feet of head-

»

Compiete a hst of. factors in the se|ec1|on of residential pumps, »

.

~

a. For a gweﬁ size of plping, pressufe drop w:ll increase as rate ef flow ircreases

th

"\k

-~

L
*
”

“18. Arrange in order the steps in selectlon of remdenual pumps by placmg the carrect
. * 3sequence namber in the appropfiate blank . .
.v‘ - ) a ) . " .
R a. Make selections mch}dlhg corisideration of cost of puUmps -

-

“ ' . N ' - M . .
b. Réfer to manufacturer's.iitérature for pump performance curves

- T & - ’ . »
*¢,/ Determine design rate of¥iow M gpm : / -

__,a-.‘='-"

. Make trial selectuon of several r}umps wnh various avallable-pump heads at
desugn rat€ of flow L .
. « *
e, Solve for piping size and sglect proper pump %,or
cost of piping and pump L . .

- . -

L

Available puqﬂ} head pr‘e’sﬁeurq

Cost of pipe and fittings




20, Select true statements concerning the procedure for selectlon of plpe sizes bv placing
L] n

an in the ‘appropriate blanks. . ) ot

”»

{NOTE: For a'statement to be true, ali parts ¢f it must be true.)

a. Refer to pipe sizing table in manufactuyer's literature

Refer tb pump manufacturer's pump perform‘{.ée charts

Plot pipe size curves on_pump perfomfance curves for varlous a
sizes of pipe .

. Select most economical combination of pipe Size angl pump size
3§

If total system codt is not acceptable, select new system design
¢ . :

1) Increase or decrease number of circuits

. 8 .
2}  Increase or decregse Aumber of pumps i L

g

3) Incregse or decrease sophistication of specialty fittings and-controls

4) ° Increase or detrease design water temperature v
- v

5) ﬁ_\lncrease or decrease des:gp temperature drop

¥

21. Match types of hydromc'spemahtres w:th their charactenstlcs a'hb USEs. ‘vf? T
. s =

F
LY

a. 1) Eliminatesair absorbed by water , | 1. Balancmg vaTves
g o : .
2)  Usually loeated at the'boiler 2. Zone Vajve "
1} Eliminates airtrapeed'in system | . 3. Air elimination
» L . devices
. Vsually  installed in hagh pounts in . :
systepw at terminal units~ ® - 4. " Pressure relief.

o .
. . vafve . .-

May be ‘either nianually operated or v,
autdmatic _ ~ 5. Fill valve

Common glohe vilve in eid manual!y 6. One-pipe
operated systems _ . " fitting™,

in  moderp automatic  systems the 7. Airvenf
fill valve is a combination Pressure,” * =~
reducing valye set at 12 pst combined 8. Floiw control.
with a check valve « ) cvalve -

a) * Adds water to boiler whep pressure
" drops below set point of fill valve
? Lo~ . "‘
Prevents boiler water from backing
into municipal water system -

ERI
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~d. 1}  AJsedin multiple cirguit systems

— . .

2} Regulates flow rate of water in separate Y
! circuits . s

~ 3) 'Usually lnexpenswe squa?é head cock
valves ~ .

_Usually located in return legs of branch
circuits at manifold near boiler

to prevent gravity effect of rising

open easily under pump pressure
- - e L L4

Used as a safety valve
Usually comes as part of boilér

Must be capable of c_lischkging fuli

Btuh rating of boiler in form of steam at

a pressure setting 3 psig abowe rated
working ‘pressure of_‘boiler

ischarge rate is indicated on name--
plate of valve .

. Used m one plpe systems .

L

Operates as a choke on supply loop-
to divert water to termmal unit’ ’

s

1) 'Used & opei or shut off flow of hot
' water to 3 zoné ’
P

/21 Thermost;ticallycontroued ) _- \

[l - B

3} Either rhotorized or- Solenoid. oper-
dted

3 Selec.t true statements concerning steps in deStgnunga hydromc systém by piacmg
can"X" in the approprlate blanks. cow . .
N . . . )

3. Make trial Seleg:tion of system design .

b. Make’s layout of piping system

‘c. €alculate heat Joss

&
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%

-

d. Determine Btuh requirements for each circuit or zone of piping system

Y X .
k Seélect designe systemn temperature and. design system temperature drop

" . » . ’
f. Determine water flow rate required : Mo .

Select terminal units
. Select boiler

b
Select expansion tank ,

Determine length of circuits *

) Mal;e*tnai seiectlo;': of puinp
. ¢ N -
Determine pipe sizes for _each trial pump selection
. Make final selection of pump and gbe siz-:e and system design
. n. Make selectulon of hydronic specidiities
'23. Layoutas ries Eo-;p"sing.ie C|r.c'uit- hydronic system vith boiler located under flo;:;lr of
f= * dining room{ . oL D e

1

24, Select a boifer and expansion tapk., =~ . ' .

¥ 25, Makewa tr1d selection of a pump and select pipe size for series loop system.

4

- = -

(NOTE. 'If these activities have not been accompiished prior 1o the fest, ask your

/‘—mstructor when they should be completed J .
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< HYDRONICS -
©OWNIT VI .

L]

ANSWESS TO TEST " .

Series 100D

One pipe system

Two pipe revérse réturn system
Two pipe direct return system
Panel system ., '

Multiple circuit systems




12,

13.

14

15.

17

Determine room heat 10ss dna MBH
rmine deggn témperature drop

.a, b 3 \

& 1,2 b, T 12,

a,b

b, ¢

L.

b. For-a gaven rate of flow, pressure drop .0 (krruase *as size of pipe ncreases

Y

—’—\I’rere will always Be mor2 than one comit, von of pipe.size and pump head

18.

« which wll produce requirec water flow rat-

.‘\

o

- -

Rate of flow in gallons per minute
Length of pipe circuit in feet of pipe

4

3

a,.b, c,d, e f,ah ik timn

, Evaluated to the satisfaction of the instrugtor

Evalugted to the satisfaction of the instructor

Evaluated to the satisfaction of the instructor

-




