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Your Course Materials 
 
You are about to join thousands of other active people in the heating and air-conditioning 
industry who have found HARDI's workbooks a convenient way to continue their job-
related training and education. 
 
Your course materials have been specially prepared to make distance learning easy as well 
as convenient. 
 
Your course materials include: 
 

• A text section, which includes all of your learning information, drawings, tables, 
and charts. You will read assignments in the text section to expand your knowledge 
of the subject.  
 

• Self-check quizzes, which are found in the text section at the end of each lesson. 
You should take these quizzes to monitor your progress toward learning the 
materials. An answer key provides all of the correct quiz answers, and can be found 
in the final appendix to the text section. 
 

• Online unit exams are provided separately from the text section. Every HARDI 
workbook course has a specific number (2 to 4) of exams that will officially mark 
and track your learning progress. Unlike the self-check quizzes, the unit exams are 
intended to be an official record of your course completion.  
 

• Extra resources. Some HARDI workbook courses may come with additional 
resources, such as additional workbooks, audio files, etc. These resources may be 
found in the appendixes or in separate files.  HARDI feels that these resources will 
be valuable to your learning, but the topics are usually not covered in the unit 
exams.  
 

• The option to consult with an instructor comes with every HARDI workbook 
course. If, at any time, you have a question about the course information, quizzes, 
or exams, please contact us at: 
 

 
HARDImail@hardinet.org 

Fax: 614.345.9161 
Phone: 614.345.4328 

mailto:HARDImail@hardinet.org�
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Learning Objectives 
 
 
For the purpose of developing this training course, unitary (factory packaged) air conditioning and 
heat pump equipment has been divided into:  A) residential/light commercial applications; and B) 
equipment specific to commercial/industrial applications. 
 
The Department of Energy (DOE) considers equipment under 65,000 Btu/h (5.4 tons) as 
residential while for the purpose of certification programs the Air Conditioning, Heating & 
Refrigeration Institute indicates commercial/industrial unitary equipment starts with capacities in 
excess of 135,000 Btu/h (11.25 tons).   
 
This training course focuses on the installation, service and repair of residential/light commercial 
equipment or systems using equipment smaller than AHRI’s commercial/industrial classification. 
 
The course is intended for on-the-job air conditioning industry employees --- counterpersons, 
inside salespersons, beginning service technicians --- who have completed HARDI courses in 
Fundamentals of Cooling and Basic Electricity or equivalent training through other industry 
programs. 
 
The specific objectives are to provide the student with: 
 
1.  A functional explanation of all the working parts in standard air conditioning and heat pump 
equipment. 
 
2.  General instructions on the installation and start-up of furnaces, air conditioning and heat 
pump systems, including electrical hook-up and system balancing after start-up. 
 
Student mastery of these objectives will be demonstrated by successful completion of two 
examinations graded by the Institute during the training period. 
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Learning Tips 
 
 
Many distance learning students might find these tips on how to study offered by Dr. 
Francis Robinson, The Ohio State University, worthy of consideration. 
 
Dr. Robinson recommends the SQ3R method. The SQ3R method of reading assignments 
helps you to study more effectively. SQ3R is a formula that represents the words Survey, 
Question, Read, Recite and Review. This is how to use the formula. 
 
1.  Survey - Page through the lesson. Read the title, headings, sub-headings, the first 
paragraph or two, and the last paragraph. Study the illustrations, pictures, graphs, charts, 
and tables. Relate this information to what you already know. 
 
Read notable notes found throughout the course. They are extended comments much as 
an instructor would offer when going over a lesson in class. 
 
2.  Question - Page through the lesson a second time. This time, ask questions about the 
material in the lesson. Turn the title, headings, and sub-heading into questions by adding 
who, how, what, where, when, and why. Form your own questions. 
 
3.  Read - Read the lesson and look for answers to your questions. Think along with the 
author; anticipate what the author is going to say. Use a dictionary to find the meaning of 
any words that you don't know. 
 
4.  Recite - Look away from the material and tell yourself what you have just read. Try to 
answer your questions from memory. Do this immediately after you finish each section of 
the lesson and immediately after you finish each lesson. 
 
5.  Review - Complete the self-check quizzes to see how much you remember. Use the 
answer key to see how well you did. Then, go back to the textbook to review the questions 
that you missed. The reference page where each answer can be found is also provided in 
the answer key. 
 
If you follow the SQ3R formula method of reading and studying, you will be well-
prepared to take each examination. Send only the examinations to the school for grading; 
do not send in the self-check quizzes. 
 
 
 
 
 
 
 
 



Small HVAC Systems: Installation 
Page 8 

Acknowledgement 
 
 
This course is based on an original work prepared by William Walton Woodroof, former Director 
of Training for American Standard’s Air Conditioning Division.  Dr. James J. Buffer, The Ohio State 
University, authored the original study guide and organized the text into lessons. 
 
Several organizations granted permission to use copyrighted materials in the original edition.  
HARDI is indebted to: 
 

Copeland Corporation 
Carrier North American Operations 
Refrigeration Service Engineers Society 

 
Numerous HARDI manufacturing associate members have also contributed illustrations, tables 
and charts for previous editions, for which the Education Committee is most grateful. 
 
HARDI believes the information and procedures detailed in these lessons form an important basic 
foundation for further training on proprietary products. 
 
Counter and inside sales persons will find the material particularly useful as well as field 
technicians entering into installation and service work. 
 
For more information on HARDI’s training program and study materials, please visit the 
association’s website at: 
 
http://www.hardinet.org 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 
 

Small HVAC Systems: Installation  
Lesson 1 Page 1 

Unit 1 Preview 
 
 
Your first learning module – Unit 1 – is made up of the first four lessons in your text.  We 
intend to cover the application and installation requirements of heating and cooling 
equipment. 
 
Unit 1 (Lessons 1-4) presents a review of the broad array of unitary products manufactured 
today - from the free-standing water cooled package to the ductless split-system.  Noise, 
energy consumption and equipment ratings are also discussed in this assignment. 
 
Unit 2 (Lessons 5-7) covers electrical systems including power supplies and low voltage wiring 
schemes along with various applicable codes.  Lesson 7 deals with air side analysis of existing 
systems to assure adequate performance when new equipment is installed. 
 
Unit 3 (Lessons 8-11) focuses on refrigerant piping when installing split-system air conditioning 
and heat pump equipment.  Also included is an understanding of alternating current and 
energy use within the home. 
 
At the conclusion of lesson four, you will be asked to complete a unit examination online.  
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Lesson 1 Overview 
 
 

The purpose of Lesson 1, “Equipment and Application Overview,” is to provide a review of the 
different types of air conditioning and heat pump equipment that are available for residential 
and light commercial applications.  The lesson also describes how equipment performance is 
certified and how concerns over energy consumption have fostered new measures of 
performance by government. 
 
After studying this lesson, you should be able to: 
 

1. Identify important equipment classes. 
 
 

2. Name the certification program for unitary air conditioners and heat pumps. 
 
 

3. Describe what “certified capacity” means. 
 
 

4. Relate sound power and sound pressure to noise. 
 
 

5. Explain how Noise Rating Numbers can be used with outdoor condensing units. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Now read Lesson 1 which begins on the next page. 
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Lesson 1: Equipment & Application Overview 
 
Air conditioning equipment can be designed and assembled into countless sizes, shapes and 
capacities to meet almost limitless application possibilities. 
 
Hundred story skyscrapers, auto assembly plants, factories, and many more facilities require 
carefully – often uniquely – assembled air conditioning components to provide a proper 
inside thermal environment. 
 
However, there are other building applications -- small business offices, stores, supermarkets, 
garden apartments, schools, neighborhood shopping centers, light duty factories, 
luncheonettes, taverns and, of course, single and multi-family homes -- where “standardized” 
air conditioning units can provide quality comfort at a favorable price. 
 
The term “unitary” air conditioning equipment has 
been applied to a family of complete cooling and 
heat pump units that are produced in large 
quantities using automated production facilities. 
Through an effective manufacturer - wholesaler - 
dealer distribution network, these economical, 
highly versatile cooling machines are readily 
available everywhere for installation. 
 
The Airconditioning, Heating and Refrigeration 
Institute (AHRI) -- an industry trade association of 
manufacturers -- provides performance standards 
and a certification program for electric powered 
unitary air conditioning and heat pump units to 
assure successful application through uniform 
selection procedures.  
 
Information on installation detailed in this course 
is directed at this specific family of air conditioning 
products. 
 
Table 1 shows June production for 2004 (June is 
typically the peak month). It shows that units 
between 22,000 and 38,900 Btu/h account  
for 60% of all the unitary equipment manufactured 
 as reported by AHRI. 
 
 
 

Table 1 -- Unitary production for 
AHRI members for June, 2002.  
Unitary products between 22,000 
and 38,900 Btu/h accounted for 
60% of units manufactured. 
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Types of Units 
 
There are numerous versions of electric powered unitary air conditioning units. The vertical, 
free standing, free discharge, water-cooled unit is perhaps a good traditional example. 
 
Another design is the “self-contained” single package air-cooled unit that now dots so many 
building rooftops. 
 
Less obvious, but even more popular is the split-system -- available in a variety of sub-
arrangements. Typically, one section containing the compressor and air-cooled condenser is 
placed outside the building, while refrigerant lines are routed indoors to a direct expansion 
evaporator coil positioned to cool indoor air circulated by a blower over the cold surfaces of 
the coil. 
 
The cooling coil may be mounted on a furnace and 
uses the furnace blower to circulate room air. The 
coil may be placed above the furnace in an up-flow 
configuration or below the furnace for counter-flow 
applications. (More on furnaces later in this lesson.) 
The coil itself may be “A” shaped, slant or other 
arrangement to provide the appropriate surface area 
to the moving air stream and allow any condensate 
to drain properly. 
 
In other instances, a separate fan coil or blower coil 
cabinet may be provided. The cabinet houses the 
cooling coil, blower and necessary filters. The cabinet 
in turn can be located in an attic, crawl space, or 
closet, just as a furnace might be installed. Heating 
may be produced via a reverse refrigeration cycle -- 
commonly called a heat pump. The indoor coil 
become a condenser or heat rejection source, and the 
outdoor coil becomes an evaporator or heat 

absorbing source. 
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Ductless Equipment 
 
Through the wall heating-cooling units especially 
designed for hotel/motel rooms, institutional 
facilities and apartments have been available for 
some time. Units featuring both a heating and 
cooling function are termed Packaged Terminal Air 
Conditioners (PTAC). The heat source may be hot 
water, steam or electric coils. If the refrigeration 
cycle can be reversed for heating, then the unit is 
called a Packaged Terminal Heat Pump (PTHP). 
These units normally invoke free air discharge (no 
ductwork). 
 
Of more recent design are split-system ductless 
cooling and heat pump units. This class of 
equipment features a wall, ceiling, or floor 
mounted evaporator section and a separate 
outdoor condensing section. The indoor sections 
may serve one or more adjacent rooms. In some 
applications, several evaporators can be connected 
to one condensing section. 
 
Most unitary equipment is air cooled, but water-cooled equipment is still available. Also, 
water source heat pumps have become popular using ground water directly as a heat source 
or part of an “earth-coupled” application. 
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Welded hermetic or semi-hermetic reciprocating compressors are used most often. 
Currently, single phase (electric power) units come in sizes up to about 6 hp -- roughly 72,000 
Btu/h capacity. (A typical house might need a 24,000 to 36,000 Btu/h machine.)  
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Three phase motor driven compressors are used almost exclusively above this size, but in 
addition, some three phase equipment is available in sizes down to 24,000 Btu/h. 
 
Permanent split capacitor (PSC) and capacitor start, capacitor run (CSR) motors are used to 
power compressors in single phase equipment. 
 
Finally, while room air conditioners are generally considered part of the home appliance 
industry, some of the information in this course applies equally well to this class of cooling 
machinery. 
 
Heating 
 
Furnaces circulating conditioned air are the prevalent units for heating. Residential furnaces 
are defined as any unit producing 250,000 Btu/h or less. Larger furnaces are termed 
commercial furnaces. 
 

While residential furnaces can be installed in 
commercial buildings, commercial units are 
seldom installed in homes, since they would be 
oversized.  Even in the case of very large 
custom homes, two or more residential 
furnaces are preferred to a single large 
commercial unit. 
 
The basic components of a furnace are: 
 
1. Heat exchanger (usually made of steel) 
 
2. Combustion or fuel burning section 
 
3. Casing (or cabinet) 
 

 4. Blower assembly and motor 
 
 5. Filter 
 

6. Accessories (humidifier/ high efficiency air 
cleaner) 

 
Using these basic components, furnaces can be configured relative to supply air movement 
to be up-flow or down-flow (also known as counter-flow) units and even horizontal flow. 
 
In addition, there are outdoor furnaces, duct furnaces, electric furnaces, and even a few dual-
fuel furnaces. 
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Most communities have established building codes to protect the health and safety of 
residents. In most instances only furnaces and air conditioning units that have passed certain 
recognized tests and are “certified” by a recognized testing agency may be installed. 
 
The International Approval Services (formerly AGA Laboratories) is a recognized organization 
that can certify that a manufacturer’s furnace has been tested in compliance with established 
safety standards.  Products that pass can feature the American Gas Association (AGA) Blue 
Star Seal of Certification and be listed in a directory that is available to city building 
departments and others.  Other recognized testing organizations may also certify to the same 
established standards. 
 
Similarly, oil furnaces are tested in compliance with specific standards and Underwriters’ 
Laboratories (UL) publishes a listing of UL labeled oil furnaces. Again, many regulating bodies 
recognize UL as a valid testing agency, and therefore approve these furnaces for installation 
that bear the UL label. UL also tests and labels electric furnace and air conditioning units for 
safety. 
 
Heating-Cooling Output 
 
The cooling (heat removal) capacity of air-conditioning equipment is stated roughly in tons 
and rated specifically in Btus/h. There are 12,000 Btus/h for each ton of refrigeration effect.  
Capacity ratings of most unitary air conditioners are certified under a program sponsored and 
administered by the Airconditioning, Heating and Refrigeration Institute (AHRI). 
 
The listed and advertised capacity of an air conditioner is determined at a specific standard 
set of conditions for the test. This is because the actual cooling capacity of an air conditioner 
will vary with changes in temperature and humidity. The certified capacity is the total heat 
removal capacity of the equipment. It is the sum of the sensible and latent heat capacities -- 
with sensible being an indication of the ability to lower room air temperature and latent 
being the ability to remove moisture (humidity) from the air. When selecting equipment for a 
specific building, it is these individual capacities rather than the overall or total capacity of 
the unit that must be carefully matched to the loads imposed by the structure and 
occupants. 
 
The U.S. Department of Energy (DOE) establishes test procedures for furnaces. Based on this 
test, the DOE heating capacity is used to match equipment to the buildings heating load. 
 
In addition, DOE test procedures include an attempt to account for on-off operating losses. 
The non-steady state efficiency is termed the Annual Fuel Utilization Efficiency (AFUE). It is 
defined as the annual output of useful energy delivered to the building divided by the annual 
fuel energy input to the furnace. Therefore, the higher the AFUE rating, the greater the 
energy savings will be. 
 
Similarly, for cooling, the Seasonal Energy Efficiency Ratio (SEER) accounts for on-off 
operations. It is defined as the total cooling provided by a unit during a normal usage period 
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divided by the Watt hours input required over the same period. Like AFUE, the greater the 
SEER number, the greater the energy savings over a season. 
 
For heat pumps, it is the Heating Seasonal Performance Factor (HSPF). It is defined as the 
total heating output of a unit during normal usage divided by the total electric power input 
for the same period. 
 
As an aid to consumers, the Federal Trade Commission (FTC) requires “Energy Guide” labels 
affixed to equipment and consumers must have access to an Energy Guide Fact Sheet. This 
fact sheet compares particular furnace utilization efficiency with industry best/worst models. 
 
Furthermore, yearly heating cost information in dollars per year must be included using 
utilization efficiency.  Only furnaces with input ratings less than 225,000 Btu/h and cooling 
units 65,000 Btu/h and lower are covered by the DOE regulations. 
 
The Gas Appliance Manufacturers Association (GAMA) conducts a voluntary performance 
certification program for gas and oil furnaces (similar to the cooling certification program run 
by AHRI).  Manufacturers who participate in this program have advertised DOE heating 
capacity and AFUE verified by test in an independent testing laboratory. GAMA publishes a 
directory of certified furnace efficiency ratings. This directory can be used to compare the 
performance of different models of furnaces. 
 
More Efficient Furnaces 
 
To improve on gas furnace performance, equipment manufacturers have introduced various 
models of furnaces that extract more heat from the burning fuel.  With a few exceptions, 
higher efficiency furnaces obtain their increased efficiency through improved heat exchanger 
designs. 
 

 
You can find AHRI’s latest  
Directory of Certified Unitary  
products posted on their website  
www.ahridirectory.org, and GAMA’s  
Directory of Certified Heating &  
Water heating equipment at  
www.gamanet.org. 
 

http://www.ahridirectory.org/�
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Usually, some type of mechanical draft is required.  
First because the heat exchanger imposes more 
resistance to the flow of combustion gases, and 
second because there may be inadequate 
buoyancy to push the gases out the vent, 
especially if vented horizontally. 
 
This mechanical or fan-assisted draft is usually 
provided by a small electric driven blower 
positioned on the outlet side of the combustion 
process and called induced draft.  It may be called 
forced draft if the blower is on the inlet side of the 
combustion process.  
 
Standard gas furnaces discharge combustion 
products at temperatures from 275° F up to 550° 
F.  And so, considerable useful heat is lost up the 
flue – although some of this heat is needed to 

provide the push to force the combustion gases up the vent. These are non-condensing, mid 
efficiency furnaces with an AFUE rating between 78% and 82%. 
 
High efficiency gas furnaces (Category IV) may extract heat from the combustion gases to the 
point where the flue gas temperature is as low as 100° F.  When a furnace extracts enough 
heat to cause the water vapor formed during the combustion process to condense (turn to 
water), the furnace is referred to as a condensing furnace. About 10% of the heat energy in 
natural gas is in the form of water vapor.  So when this vapor condenses, latent heat can be 
captured.  Condensing furnaces feature a secondary heat exchanger to capture this low 
temperature heat and operate with an AFUE between 88% and 96%. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The furnace blower is typically a dual inlet forward curved centrifugal wheel driven by a 
permanent split capacitor (PSC) motor between 1/5 and 3/4 horsepower. 
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Applications 
 
The heating and cooling Btu/h loads imposed by a particular building can be computed using 
industry “load calculating” procedures. Perhaps best known for residences is Manual “J” 
published by the Air Conditioning Contractors of America (ACCA). This organization has also 
developed a companion light commercial load calculation manual -- Manual “N.”  
Computer-based versions are also available. 
 
For proper cooling performance, it is imperative that both the sensible and latent capacities 
of the air conditioning unit be carefully matched to the anticipated sensible and latent loads 
in each application. 
 
There are a number of popular equipment design configurations to meet specific residential 
and light commercial installation problems -- no basement, tiny alcove or closet, etc. What 
follows is a brief description each of the most widely available designs.  Obviously, 
manufacturers may develop very unique designs for very specific applications, so not every 
available design will be illustrated. 
 
The hi-boy or up-flow furnace is perhaps the design most widely manufactured. The blower 
compartment is positioned beneath the heat exchanger and air is circulated up, over, or 
through the heat exchanger and out the top of the unit. 
 
Hi-boys can be installed in closets, basements, and utility rooms. 
 
The lo-boy was originally designed for shallow basements and features the blower at the side 
of the heat exchanger. Lo-boys were traditionally from 12 to 18 inches shorter than hi-boys, 
but with the advent of low profile furnaces, this feature is of no consequence. 
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The down-flow or counter-flow unit features the blower compartment above the heat 
exchanger. Air flows downward through or around the heat exchanger and out the bottom of 
the unit. This design was developed to provide perimeter (floor level) heating in buildings 
with crawl spaces or slab floor construction. 
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The horizontal furnace features the blower and heat exchanger in the same plane. The unit is 
often installed in crawl spaces or in attics where headroom is inadequate for other designs. 
 
Horizontal furnaces are also suspended from ceilings in garages and factories where floor 
space is at a premium and damage to the furnace might easily occur. 
 
Multi-position gas and oil furnaces are also manufactured today. A few simple changes to the 
induced draft blower position and to the blower cabinet and an up-flow furnace can be 
installed as a down-flow or horizontal unit. 
 
In some geographic areas, units may be installed outdoors, on the roof of a commercial 
building or residence, and even on a pad at ground level. In general, outdoor units are similar 
to horizontal units and are usually gas fired. An outdoor furnace is carefully weatherized and 
features a special draft hood and ignition controls that are not readily affected by gusts of 
wind. Very often the outdoor furnace is packaged with an air conditioner in a single housing. 
An all-electric heat pump is also a common configuration for rooftop application. 
 
Building Styles 
 
The architectural style of a building can pose unique installation and performance problems. 
 
One and two story homes pose distinct problems. 
 
Townhouses and condominiums are individually occupied structures, but share common walls.  
And apartments offer yet another example of special challenges to the HVAC specialist. 
 
Let’s discuss general building characteristics as they influence installation and performance 
problems. 
 
One-Floor Plan 
 
It is comparatively easy to install a duct system for a single story “ranch” house over a full 
basement. There is usually more than adequate space for installation. This is equally true 
whether a system is being installed in a new house or modernized in an older house. 
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Ranches built over a crawl space or on a floor slab must allow space in a utility area or furnace 
“closet” for equipment. In some areas, attic and crawl space horizontal furnaces are popular. 
 
Exceptionally long ranch homes may pose air distribution problems to distant rooms especially 
when the heating equipment cannot be centrally located. 
 
Two-Story Houses 
 
A two-story house introduces new problems. Since the distribution system must be routed to 
the second floor, it is important to check that inside walls in the lower floors can carry wall 
stacks to suitable locations on the second floor. 
 
It is also necessary to check the electrical and plumbing systems in the house. You do not 
want to make the mistake of planning to use the same stud space that will be used by the 
electrician or plumber. 
 
Sometimes, you may find that ductwork cannot be brought up to individual rooms on the 
second floor through downstairs partition walls. In this case, it may be necessary to run a 
central duct all the way to the attic with an overhead distribution system to upstairs rooms. If 
this is done, the ductwork through the attic must be sealed and well insulated. 

 
The open plan split level house may be the 
most difficult in which to install a duct 
system – especially when cathedral ceilings 
are part of the style. Rooms on three 
different levels must be supplied heat.  
Ductwork may be difficult to route to reach 
some of these rooms; however, flexible 
duct may help. A split-level house calls for a 
great deal of cooperation between the 
builder, the HVAC contractor and other 

building trades. 
 
Often overlooked is the problem of heating rooms located over a garage or porch. It is best to 
consider that garage doors may be left open, which means that the space underneath the floor 
will often be at the current outside temperature. Therefore, it is essential that floors over 
garages or porches be heavily insulated. 

 
 
 
Install ducts within conditioned spaces whenever possible.  
If not, seal, insulate well with good vapor retarder to 
optimize duct efficiency.  Leaky, uninsulated ducts waste 
lots of energy. 
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Any ductwork supplying these rooms must go through this cold space, so they should be well 
insulated whether they are supply or return ducts.  The walls between an attached garage and 
the house should also be well insulated. 
 
Some owners may wish to heat an attached garage. If heated by the central furnace, return air 
grilles should not be installed in the garage. This is to minimize drawing dangerous automobile 
exhaust into the warm air system of the residence. Local code requirements may require a 
separate heating unit to heat an attached garage. 
 
It may be desirable in a split-level house, two-story and large ranch houses to divide the house 
into zones with an individual room thermostat for each zone.  This can be accomplished using 
thermostatically controlled motorized dampers in the duct system or perhaps installing 
multiple furnaces. Two furnaces with smaller and simpler ductwork may sometimes be a 
better solution than a single furnace with a very complicated duct system and several zone 
dampers.  In any case, zoning a home means a different approach to how the duct system is 
arrayed. 
 
A need for energy conservation prompts designers to install the ductwork within conditioned 
spaces whenever possible – even at added cost. When the thermal fitness of a structure is very 
high, some designers cautiously specify inside wall supply outlets, again to reduce energy 
losses or gains from ductwork. 
 
Many installers are also following the recommendation to avoid using joist spaces and wall 
cavities as part of the return duct system. 
 
Floor Construction 
 
The floor construction of the house is also an important factor when designing systems. 
 
In cold climates, it is important to run supply ducts under the floor to maintain good comfort 
conditions by adding a “panel heating” effect.  In the case of a concrete slab, ducts specially 
treated for in-slab installation should be used. 
 
Apartments, townhouses, and other types of multiple occupancy buildings pose their own 
unique set of problems. Space for equipment and ductwork is often minimal. Noise is more 
often a nuisance since there are more units in proximity of one another. Ventilation of kitchen 
and laundry spaces is more critical too. 
 
Corner units may have greater heating needs than housing units sandwiched between other 
heated spaces. Sizing of furnaces, locating ductwork, and venting can be very challenging. 
 
Condensing Unit Noise 
 
While furnace noise is a consideration inside the structure (e.g. inducer fan, burner “roar” and 
blower), air conditioning units may have a more challenging problem since part or all of the 
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equipment is installed outdoors. Neighbors -- and local noise ordinances -- must be 
considered. 

 
Sounds are produced by vibrations. Vibrations 
can be airborne or travel through solids and 
liquids -- hence sounds can too. An auto 
mechanic uses a stethoscope to precisely locate 
the source of noise within an engine.  And 
swimmers beneath the surface of the water can 
hear the sound of two objects struck together. 
These are examples of sounds moving through a 
solid and a liquid. 
 
Generally though, it is airborne sound – sound 
transmitted through the atmosphere – that is of 
particular concern in the case of outdoor air 
conditioning equipment. Sounds that travel from 
the equipment to adjacent neighbors, not by 
direct connections, are carried by air waves. 
Vibrating mechanical equipment actually causes 

very small pressure changes in air; eventually, the air transmits the vibrations to the human 
ear. 
 
Consider this analogy: If you throw a stone into the water, the impact agitates (vibrates) the 
water, and ripples (waves) spread out in all directions from the point where the stone hit the 
water. The size of ripples depends on the size of the stone and how hard it is thrown. Sound 
waves are of the same nature. 
 
The length of time it takes a ripple to go from the impact spot to some distance away is 
analogous to the speed of sound. The space between ripples is equivalent to the wavelength of 
sound. The frequency of sound is merely the number of vibrations (ripples) generated per 
second. 
 
Reporting Units of Sound 
 
The decibel (db) unit is a logarithmic scale devised to condense the vast range of sound 
pressure and power levels that are possible. As explained in the ASHRAE Guide, sound power 
and sound pressure correspond to heat and temperature. Heat is not measured directly, but 
calculated from temperature measurements. 
 
Similarly, sound power cannot be measured directly, but is determined from sound pressure 
measurements. Sound power level is used in rating equipment and duct components because 
its value is independent of room characteristics (size, shape, reflective surfaces). 
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But instruments and the ear respond to sound pressure, so room design criteria are expressed 
in terms of pressure level. An analysis of building and air conditioning sound therefore involves 
both power and pressure levels. 
 
Noise is a physical phenomenon, but it also has psychological connotations as well. A physicist 
says frequency; a psychologist would say pitch. Loudness is subjective – not a precise physical 
term. Hence, decibels and loudness are not the same. Loudness depends on both frequency 
and sound power level.  For instance, 1,000 Hz (cycles per second) sound at 60 db seems 
louder to the ordinary listener than a 50 Hz sound at the very same db level. In layman's 
terms, the ear is less sensitive to low frequency sound than to high frequency sound in normal 
db environments. At high db levels, the ear is about equally sensitive in all frequencies. 
 
Sounds, like odors, are also not additive – one tends to mask the other. Two 35 db sounds do 
not add up to one 70 db, but rather a second 35 db sound source causes about a 3 db rise in 
overall sound level. 
 
 
 
 
 
 
 
 
 
 
 
 
 
As you can see, sound is a complex phenomenon, and in the past developing a single number 
rating has been complicated by the characteristics of sound and the human ear’s reaction to it. 
 
The Air Conditioning, Heating  and Refrigeration Institute has developed a rating and 
application method for outdoor condensing units based on a single number called a Noise 
Rating (NRAHRI). 
 
Equipment is rated in decibels (db) according to the AHRI Standard 270 and in a test 
laboratory. Then, Standard 275 details a site application procedure using standardized 
calculation forms to arrive at an estimated A-Weighted sound pressure level for the 
application. 
 
“A-Weighted” means as measured on the “A” scale of a sound level meter commonly referred 
to as a DbA. 
 
The db rating for the AHRI standard is weighted for “psychoacoustic” sensitivity to frequency 
distribution and any discrete tones that may be present. 
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The noise rating does not reflect acceptable or unacceptable design criteria directly. While a 
piece of equipment can be labeled with a single rating number, sound or noise is very definitely 
a consequence of environment. A 150 hp automobile sounds louder inside the garage than out 
because inside the sound is bounced back and forth off the garage walls – thereby amplifying 
sounds. 
 
So too, a condensing unit with a db rating of 69 would sound louder installed in a narrow 
passageway between two buildings than say, behind one building with open areas on all sides. 
However, using the data in Standard 275, it is an easy task to estimate the effects of site 
conditions that could add or subtract from the test rating. 
 
While the designer is perhaps primarily responsible for selecting and locating equipment to 
meet noise ordinances, it may well fall to the installer to anticipate problems on existing 
installations and to recommend ways to reduce any objectionable noise. 
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Self-Check, Lesson 1 Quiz 
 
You should have read all the material in Lesson 1 before attempting this review. Answer all the 
questions to the best of your ability before looking up the answers provided in the answer key.   
 
 
Please indicate whether the following statements are true or false by drawing a circle around 
T (to indicate TRUE) or F (to indicate FALSE). 
 
   True     False 
 
1.  T F Unitary is a term applied to a broad range of factory assembled air 

conditioning and heat pump equipment. 
 
2.  T F The total capacity of unitary equipment can be certified under a program 

operated by the Air Conditioning, Heating & Refrigeration Institute. 
 
3.  T F The AHRI Noise Rating Number includes the effects of site conditions. 
 
4.  T F The SEER was developed by the Air Conditioning, Heating & Refrigeration 

Institute. 
 
5.  T F The Gas Appliance Manufacturers Association conducts a voluntary 

performance certification program for gas furnaces only. 
 
6.  T F Three-phase electric power driven equipment is typically not available below 

6 horsepower. 
 
7.  T F As the SEER number goes down, the equipment gets more efficient. 
  
8.  T F It is fairly easy to install ductwork in a ranch style home over a full basement. 
 
 
In the following multiple choice questions, choose the phrase that most correctly completes 
the statement and circle the corresponding letter in front of the phrase. 
 
9.  Equipment featuring several evaporators connected to one condensing unit is identified 
with: 
 
a.  PTACs.  b.  PTHPs. 
c.  fan-coil units. d.  split-system ductless equipment. 
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10.  A popular source for residential heat loss/heat gain information is: 
 
a.  Manual “K” published by ACCA. b.  Manual “J” published by ACCA. 
c.  Manual “N” published by ACCA. d.  Manual “Q” published by ACCA. 
 
11.  AHRI Noise Rating procedures are published in Standard: 
 
a.  175.  b.  275. 
c.  375.  d.  475. 

 
12.  Two 35 decibel sounds produce a noise to the ear approximating: 
 
a.  70 decibels. b.  35 decibels. 
c.  38 decibels.  d.  48 decibels. 
 
 
For the completion-type questions, fill in the blanks with the word (or words) that most 
accurately completes the thought. 

 
13.  For proper performance, it is important to match the ____________ capacity of the 
equipment to the _____________ and ________________ loads imposed by the structure. 
 
14.  Sound _______________ is analogous to heat since it cannot be measured directly but is 
determined from sound ___________________ measurements. 
 
15.  HSPF refers to ___________________________________________________________. 

 
16.  A single-package, air-cooled air conditioner is often referred to as a  
______________________ package. 
 
17.  PTAC refers to         . 
 
18.  Mechanical or fan-assisted draft is usually provided on the outlet of high efficiency 
furnaces.  This type of draft is called ________________________.  

 
19.  What is the purpose of the “Energy Guide” label affixed to some air conditioning units? 

 
          

 
          

 
20.  Based on Table 1, how many unitary air-cooled heat pumps and air conditioners were 
shipped in the 33,000 to 38,900 Btu/h category? 

 
  units. 
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Check Your Answers!  
  
Now compare your answers with those given in the answer key at the back of this book.  The 
answer key also directs you to a page in the lesson to review the text for any questions you 
may have missed. 
 
When you are satisfied you understand the questions missed, proceed to your next assignment 
which starts on the next page. 

 
Do you have any unresolved questions on this lesson? 

 
Fax your questions to 614-345-9161 or email to 

Hardimail@hardinet.org. 
 

mailto:Hardimail@hardinet.org�
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Lesson 2 Overview 
 

 
The purpose of Lesson 2, “Installing for Best Performance,” is to familiarize the reader with the 
various codes and standards that can apply to the installation of a heating cooling system. 

 
A top-of-the line furnace or heat pump installed improperly is a waste of technology and a 
disservice to the customer.  It will not condition well or operate economically.  It may meet 
code and possibly be safe, but the user will be unhappy. 
 
This assignment addresses the heating side of the system.  Lesson 3 will continue with cooling 
installation issues. 
 
 
After studying this lesson, you should be able to: 
 
1.  Explain what “approved” equipment means. 
 
 
2.   List the Fire Protection Standards that apply to heating. 
 
 
3.  Know the sources for various duct construction standards. 
 
 
4.  Identify accepted gas piping materials. 
 
 
5.  Describe the different types of venting systems. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Now read Lesson 2 which begins on the next page. 
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Lesson 2: Installing for Best Performance 
 
Before proceeding with an actual installation, a designer/installer should be totally familiar 
with local code requirements and the instructions supplied by the manufacturers of the 
particular equipment and accessories being installed. (There is a list of model code groups and 
addresses at the end of this lesson.) 

 
 
 
 
 
 
 
 
 
 
 

 
1.  Instruction booklets usually include information on the space needed for servicing 
furnaces. 
 
Many local ordinances will identify the load calculation, pipe, and duct sizing procedures that 
are acceptable. As a minimum, a local requirement will require that a room-by-room load 
calculation be made and submitted with a permit request to install the system.  Every major 
piece of equipment installation should be validated with a permit from the authority having 
jurisdiction. 
 
In many cases, local requirements may also stipulate that only “approved” equipment be 
installed. This means that furnaces must have a label from some recognized testing or 
certification agency such as the Canadian Standards Association (CSA) Blue Star for gas 
furnaces, Underwriters Laboratories (UL) for oil and the Airconditioning, Heating and 
Refrigeration Institute (AHRI) for heat pumps and air conditioners. 
 
These standards also relate to necessary clearances from combustible building surfaces that 
must be maintained for heating units. The manufacturer will also describe in their instructions 
the clearances required not only for fire safety, but most importantly to provide for service 
access.  Manufacturer instructions must be thoroughly understood to avoid maintenance 
problems over the life of the equipment. (There is a short list of standards at the end of this 
lesson.) 
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2.  Manufacturer installation instructions do not normally offer detailed assembly 
information. 
 
Installation of the heating unit will more than likely have to conform to the requirements listed 
in the National Fire Protection Association's (NFPA) Standard 90A (for large buildings) and 90B 
for residences. 
 
The equipment manufacturer will detail necessary assembly and fastening procedures to erect 
a unit and connect it to other components in the system.  Manufacturer instructions will also 
provide equipment performance data, and in many instances, basic adjustment procedures 
which will be covered in Lesson 5. 
 
Oversized equipment can be detrimental to operating efficiency. Ideally, the heating output of 
the equipment installed should match the calculated heat loss. Equipment that is more than 40 
percent oversized should not be selected whenever possible.  Besides improving operating 
efficiency, comfort conditions under part load can be improved when equipment is properly 
sized. In the case of near-condensing furnaces, over sizing may prompt excess condensation in 
the vent system as a result of long off periods. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
3. Installing seriously oversized furnaces may cause problems.  
 
 
On the other hand, if night setback thermostat operation is anticipated, over sizing does 
shorten the recovery time required to go from the night setting of say 62° F to 72° F for the 
morning. This could be very important at near design weather conditions. Occupants certainly 
do not want to wait hours for the house to get warm. 
 
Ductwork 
 
Duct material type and thickness (gauge in the case of metal duct) are usually based on 
recommendations found in NFPA 90A and 90B. According to these standards, sheet metal duct 
up to 14 inches wide must be made of 28 gauge for galvanized steel. Between 14 and 24 inches 



Small HVAC Systems: Installation 
Lesson 2 Page 4 

wide, 26 gauge is required. The recommendations in 90A and 90B, in turn, are based on UL 
duct material testing requirements. 
 
4.  ADC “Green” book provides installation instructions for flex-duct. 
 
For the actual construction and erection of ductwork, most code authorities specify “in 
accordance with the latest edition of the NAIMA (North American Insulation Manufacturers 
Association) or SMACNA (Sheet Metal and Air Conditioning Contactors National Association) 
Fibrous Glass Duct Construction Standards or the SMACNA Low Velocity Duct Construction 
Standards (for metal).” These manuals show in great detail how to fabricate ductwork, join 
sections together, and properly suspend the distribution system. 
 
The expanded use of flexible duct prompted the development of installation standards by the 
Air Diffusion Council (ADC) – representing manufacturers of flexible duct and connectors. 
 

 
 
5.  SMACNA construction standards are often reference for duct fabrication and installation. 
 
Assembly and installation practices today strongly emphasize the need to seal the duct system 
to conserve energy and minimize pressure unbalance within the building. In fact, there is 
increased emphasis on sealing duct systems to reduce air leakage to perhaps less than 10% of 
the total volume (measured in cubic feet per minute) flowing. Sealing methods include duct 
tape, packing tape, foil tape, Butyl tape and mastic with reinforcing mesh tape. Tapes used 
should carry UL 181A or 181B labels indicating meeting the UL tape standard. Many duct tapes 
have been found to lose their adhesiveness in a short period of time when not used in 
conjunction with clamps or ties. The EPA’s (Environmental Protection Agency) Energy Star 
program includes a great deal of information on duct sealing. (See Useful Websites #1 at end of 
lesson.) 
 
Supply ducts must be securely supported by metal hangers, straps, lugs, or brackets. Nails must 
not be driven through duct walls and no unnecessary holes should be cut in the ductwork. 
 
Joining metal duct sections using drive slip and plain “S” slip connectors usually meets most 
local requirements. 
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6.  Sizing tables for gas piping are  
necessary and are found in the Fuel Gas Code NFPA 54/ANSI Z223.1. 
 
A frequent requirement is that all ductwork exposed to outdoor weather must have 2 inches or 
more insulation applied. This may vary in some localities depending upon the severity of the 
weather.  Ductwork which passes through unconditioned spaces (but not exposed directly to 
the weather) must also be insulated under most code requirements. For ducts routed in attics, 
an R12 level of insulation is often recommended. 
 
Gas Lines 
 
It may not fall upon the installer to size a complete gas piping system inside a building. There is 
help from various sources should the situation arise or if an existing system must be checked 
for adequate capacity.  
 
Gas-fired installations must meet requirements found in NFPA Standard 54 the National Fuel 
Gas Code. This standard specifies gas pipe sizing to supply natural or LP gas to equipment. 
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7.  General layout of gas piping near furnace. 
 
Presently, gas piping is typically black iron pipe, copper tubing or corrugated stainless steel 
tubing (CSST).  Local code may or may not approve all three. Natural gas having a high sulfur 
content (hydrogen sulfide) may preclude the use of certain materials. In some instances, a 
combination of rigid and corrugated tubing may be used to minimize pressure loss in rather 
large networks. Natural gas sizing tables are based on type of piping and allowable pressure 
drop – usually 0.3 or 0.5 inches of water column with the higher loss usually assigned to 
corrugated tubing. Equipment manufacturers often include condensed capacity tables in their 
installation instructions. 
 
There are basic rules that you should adhere to regarding gas piping.  Don’t use the piping for 
an electrical grounding connection, protect piping from damage using steel “striker plates,” 
protect piping routed through masonry walls and include a sediment drip leg at the equipment 
connection.  Use of flexible gas connectors between piping and equipment may be strictly 
governed by local code, but most often, the connector cannot pass through to inside the 
furnace.  All gas systems must be tested for leaks. Leaks can be detected using a gas detector, a 
non-corrosive leak test solution, or simply the time honored soap and water mixture. 
 
Corrugated stainless steel tubing manufacturers provide excellent training to plan, size and 
safely install these systems, most of which use unique fittings and other components. (See 
Useful Websites #2 at end of lesson.) 
 
Oil-fired equipment usually must meet the standards set forth in NFPA31.  This standard 
specifies combustion air and ventilation requirements, oil storage tank construction and 
installation as well as clearance requirements and pipe materials to use. 
 
Unlike NFPA 54, the NFPA 31 standard on oil does not list oil pipe sizing procedures. Most oil 
pump or oil burner manufacturers supply pipe sizing information for each model of pump. This 
information is usually included with the general instructions provided by the manufacturer of 
the equipment. 
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8.  One pipe fuel oil service are typically confined to above ground tank installations. 
 
A typical residential oil storage tank holds 275 gallons. Some communities allow two tanks to 
be installed in parallel, thus doubling the fuel holding capacity. 
 
There are two basic piping systems – a one-pipe gravity feed with a single stage fuel pump and 
a two-pipe system using a two-stage fuel pump. 
 
A one-pipe system is used when the oil storage tank is above ground, usually in the basement 
and slightly above the level of the oil burner (Figure 8).  A two-pipe system is used with buried 
tanks and with large elevated oil tanks. 
 
Continuous copper supply and return lines usually 3/8 inch outside diameter or larger are 
recommended. Fitting connections for underground pipe is discouraged (because of air leaking 
into the pipe) and many recommend a safety shut off in the line in case of an oil leak 
developing over time. 

 
Locating Equipment 
 
Modern up-flow furnaces are normally tested and approved to be installed level on a 
combustible floor. A counter-flow furnace normally requires a special base when installed on a 
wood floor.  Where moisture is a possible concern say on a slab, or basement floor, the furnace 
should be raised off the floor using a fabricated support or 4 inch high hollow core blocks.  In 
the case of a furnace located in a residential attached garage, the furnace must be elevated so 
that the burners is at least 18 inches above the floor and the unit is protected (or located) from 
possible damage from vehicles.  

 
 
 
 
 
 
 
 
 
 
 
 

9.  Furnace may at times have to be “raised” off the floor, such as in basements or in garage 
installations. 

 
The exact location for a unit in a house or building is often highly dependent on venting needs 
as well as how the duct system must be routed. To repeat---minimum clearances from 
combustibles must meet the NFPA 90A or 90B requirements. Typical for a gas furnace 
installation located in a large space, means minimums of 2 inches above the top and sides of 
the plenum, and maintaining the same clearance for at least 3 feet of supply duct. Sides and 
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rear must clear by 6 inches. For closet installations, clearances are listed per test and approval 
and may apply to both combustible and non-combustible surfaces. 
 

 
10.  One example of a manufacturer’s 
recommended clearances to combustibles for a 
furnace.  Equipment must be tested to allow less 
than standard clearances. 
 
In almost all cases, greater clearances must be 
provided for adequate servicing and inspection of 
equipment – such as removing blower, filters, 
access to cooling coil, etc., as was illustrated at the 
start of this lesson. 
 
Always remember to understand and follow 
manufacturer’s installation instructions.  
 

Chimney/Venting Systems 
 
Vent and chimney requirements are also covered by a code (NFPA 211) relative to materials, 
size of vent connectors, clearances, and general arrangements. Again, the manufacturer's 
instructions will provide the precise vent size requirements for specific models. This is based on 
tests for which the specific models have been approved for installation and safe operation. 
 
Heat is produced most often by the burning of a fossil fuel. This requires the combination of 
the fuel with oxygen (air).  For example, a 100,000 Btu/h furnace requires more than 1,000 
cubic foot (per hour) of air to support combustion. 
 
The burning process results in the production of heat, water vapor, some light and waste gases 
– all referred to as the products of combustion. Again, a typical 100,000 Btu/h furnace 
produces from 125 to 160 pounds of flue gases for each hour of continuous operation. 
 
Thus, a furnace requires both a supply of combustion air, primary air, and secondary air and a 
means to discard these products of combustion. 
 
Combustion Air 
 
NFPA 54 and 211 standards describe methods to assure an adequate supply of combustion air 
needed for furnaces. 
 
Furnaces installed in a full-size basement usually obtain sufficient combustion air from natural 
air leakage into the basement. When furnaces are installed in closets or small utility rooms, 
specific openings must be made to supply combustion air – especially true for tight modern 
homes and buildings. 
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(Note:  The inlet and outlet openings shall each have a free area of not less than one square 
inch per 4,000 Btu/h of the total input rating of all appliances in the enclosure.) 
 
11.  One example of assuring an adequate supply of combustion air from NFPA 54. 
 
How can you anticipate that natural infiltration should be adequate? By using the 1:20 rule. For 
every cubic foot of space, you can install 20 Btu/h. Thus, a 100,000 Btu/h furnace would need 
5,000 cubic foot of unconfined space about the size of a 2 1/2 car garage.  Anything smaller 
would be considered a confined space and combustion air would have to be supplied to the 
furnace in accordance with NFPA Standards. This requires two permanent air openings near 
the top and bottom of the confined space. Sizing is based on 1 square inch of opening per 
1,000, 2,000 or 4,000 Btu/h of equipment input, depending on how the combustion air is 
accessed. Minimum size is 100 square inches per opening.  No furnace or water heater should 
be installed without a thorough understanding of how local combustion air requirements are 
to be met. 
 
Purging Flue Gases   
 
Combustion gases that could be harmful to a building's occupants are discharged to the out-of-
doors by means of a chimney or special venting system. A chimney is simply a vertical 
passageway to carry away the gases.  It may be made of masonry or insulated metal. 
 
In the distant past, many chimneys were constructed on-site. Today, factory-built chimneys are 
used more often. These units are tested by Underwriters Laboratories and must be installed to 
precise specifications. Most factory-built chimneys are approved for use with all fuels – solids, 
oil and gas. 
 
Special venting systems have been developed for gas fired furnaces to lower cost and improve 
safety and performance. 
 
“B” vent systems are used with any gas furnace that does not produce a positive pressure in 
the vent system. These furnaces are called Category I furnaces. 
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A “B” vent consists of two concentric metal pipes. The inner pipe is aluminum and the outer 
pipe is made of galvanized steel. The air space between the two pipes acts as an insulator and 
permits close installation to combustible building materials. 
 
Joints need not be airtight. Standardized vent sizing tables are used for Category I furnaces and 
are a part of the installation instructions and also included in the National Fuel Gas Code. 
 
Furnaces that do produce a positive pressure in the vent system are either Category III furnaces 
or Category IV condensing furnaces.  Special materials, sizing information, and airtight joints 
are required. 
 
At one time, Category III furnaces were approved for use with special high temperature plastic. 
This is no longer the case. When vented horizontally, these furnaces may be connected to 
separate power vent units or special stainless steel vent systems. Condensation occurring in 
the vent system is of particular concern when venting this class of furnace. 
 
Category IV condensing gas furnaces may use Polyvinyl Chloride (PVC) plastic for venting 
systems that will not exceed about 140° F, while Chlorinated Polyvinyl Chloride (CPVC) plastic 
may be necessary for furnace venting gases up to 180° F. 

 
 
 
 
 
 
 
 
 
 
 
 

 
12. At the present time, around 40% of all new furnaces are high efficiency condensing type 
furnaces, but market share is increasing.   
 
All joints must be sealed and made air-tight since the pressure inside the vent is greater than 
outside and vent gases could escape. 
 
Special Draft Devices 
 
The draft or upward push of a chimney or venting system varies with temperature and wind 
conditions. If extremes of draft were permitted to occur, it could affect the combustion process 
in the equipment. To minimize the effect of varying draft on the performance of equipment, a 
couple of special devices are used. 
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Until the advent of the vent fan-assisted furnace, the typical gas-fired furnace used 
atmospheric type burners and was fitted with a draft hood (sometimes called a draft diverter).  
The hood permits additional air from the basement, or utility room to enter the flue passage of 
the vent and join the combustion gases thereby diluting the effect of increasing draft. The 
additional air is referred to as “dilution air.” The combustion chamber of the furnace is in a 
sense “uncoupled” and unaffected by any excessive draft that may occur. 
 
The draft hood also prevents downdrafts from affecting the performance of the 
equipment. The vent hood is usually made part of the furnace, but in some cases a 
separate vent hood may be fitted to the appliance. 
 
An oil-fired (and coal) furnace is usually equipped with a barometric draft control to 
regulate the draft just above the combustion chamber.  Some large power gas burners 
may also use a barometric damper in lieu of a draft hood in a vent system. 
 
Vent Damper 
 
Vent dampers are automatic devices (either thermal or mechanical) installed on older heating 
equipment equipped with draft diverters.  The damper closes the vent passage during the off 
cycle of the equipment. This device 
minimizes the loss of heat up the flue during 
the furnace off cycle and improves the 
overall operating efficiency of a standard 
draft hood furnace. 
 
Sealed Combustion 
 
Some gas-fired furnaces (and even space 
heaters) employ sealed combustion 
chambers.  All combustion air is drawn from 
outside the building into these combustion 
chambers. These units are not fitted with a 
draft hood and are “air-isolated” from the 
space they are installed.  Furnaces are power 
vented. 
 
In addition to the venting of combustion 
products found in the NFPA standards, NFPA 
Standard 211 covers chimney construction, 
fireplaces and venting systems. 
 
Electric Equipment 
 
The installation of electric furnaces and heat 
pump systems are covered in NFPA 90A and 90B, but additional requirements are detailed in 
NFPA 70 or 70A -- the National Electrical Code. 
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Quite obviously, the electric code establishes minimum requirements for wiring the furnace or 
heat pump. As with piping fuel to fossil-fired furnaces, electric furnaces and heat pumps must 
have adequately sized electrical conductors to provide adequate electrical energy to the 
equipment. Procedures to provide this energy safely are detailed in the electric code. 
 

Generally, one or more fused disconnect 
switches are required at the equipment. 
The number required depends upon the 
electrical rating of the furnace.  
 
Most furnaces will also provide a ground 
connection since the electric code requires that 
circuits to the furnace be grounded. 
 
Power to the compressor in outdoor sections 
must also be fitted with an adjacent fused 
disconnect switch. 
 
No Temporary Heat 
 
A furnace should not be used as a temporary 
heater for buildings under construction. 
Construction dust, construction chemicals and 
low ambient air temperatures through the heat 
exchanger all may cause serious damage to the 
equipment. Manufacturers usually void any 
warranty when equipment is operated under 
these conditions. 
 
Inspection 
 
Designers of heating systems and field 
supervisors of heating installations must be 
familiar with local requirements which are 
generally based on the national standards just 
reviewed. In some instances, these individuals 
must be licensed to design and install systems. 
Many localities also use heating inspectors to 
visit each installation and they must approve 
the installation. If the installation does not 
meet local requirements, the designer/installer 
will be compelled to make changes before 
receiving approval. 

 
Many times licensing is achieved through a written examination supervised by a heating board 
established by local ordinance. 
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Self-Check, Lesson 2 Quiz 
 
You should have read all the material in Lesson 2 before attempting this review. Answer all the 
questions to the best of your ability before looking up the answers provided in the answer key.   
 
 
Please indicate whether the following statements are true or false by drawing a circle around 
T (to indicate TRUE) or F (to indicate FALSE). 
 
   True         False 
 

 1.  T F A counter-flow furnace is intended for application in a single story ranch  
   house with a full basement. 

 
 2.  T F Over sizing equipment is not detrimental to operating efficiency. 

 
3.  T F Duct material type and thicknesses are usually found in the NFPA 90A or  
  90B. 
 

 4.  T F According to NFPA 90A and 90B, sheet metal duct up to 14” wide must be  
   made of 28 gauge galvanized material. 

 
 5.  T F Category IV furnaces may be vented with an approved type “B” venting 
   system. 

 
 
In the following multiple choice questions, choose the phrase that most correctly completes 
the statement and circle the corresponding letter in front of the phrase. 
 
6.   Joining metal duct sections together is usually accomplished by using: 
 
a. drive slips only.     b. Pittsburgh lock. 
C. “S” slip connectors.    d. drive and “S” connectors. 
 
7.   An unconfined space for a furnace installation is defined as meeting this requirement, 
providing – 
 
a. one cu ft of space per 20 Btu/h installed capacity. 
b. one sq ft of space per 20 Btu/h installed capacity 
c. 20 cu ft of space per one Btu/hr installed capacity. 
d. 20 sq ft of space per one Btu/h installed capacity. 
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8.  A double wall vent system limited to venting negative pressure Category I gas 
furnaces is a: 
 

a. Type W vent system.  b. Type L vent system. 
c. Type G vent system.  D. Type B vent system. 
 
9.  Sizing tables for gas piping is found in the NFPA: 
 

a. 90A.   b 90B. 
c. UL181.   d. 54. 
 

10.  Ductwork that is exposed to outdoor weather conditions should be insulated with ____ 
inches or more of insulation. 
 
a. 1.   b. 2. 
c. 3.   D. 4. 
 
 
For the completion-type questions, fill in the blanks with the word (or words) that most 
accurately completes the thought. 
 

Key Words 
 

Servicing     Regulated     Hazard     Approved     Cleaning     Smooth     Air tight 
Temporary     Standard     Combustion     Negative     Type “B” 

 

11.  Local building departments may stipulate than only AGA/UL or AHRI _____________ 
equipment can be installed in their jurisdictions. 
 

12. Furnace placement must meet code clearances from combustible materials and allow 
adequate room for __________________ . 
 

13. Furnaces installed in closets must be provided with openings to supply adequate 
_______________ air. 
 

14. Condensing furnaces must be vented through a system with ___________ 
connections. 
 

15. Because of the dangers of dust, corrosive construction chemicals and low ambient 
temperatures, furnaces should not be used for ________________ heat during building 
construction. 
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Check Your Answers!  
  
Now compare your answers with those given in the answer key at the back of this book.  The 
answer key also directs you to a page in the lesson to review the text for any questions you 
may have missed. 
 
When you are satisfied you understand the questions missed, proceed to your next assignment 
which starts on the next page. 

 
Do you have any unresolved questions on this lesson? 

 
Fax your questions to 614-345-9161 or email to 

Hardimail@hardinet.org. 
 

mailto:Hardimail@hardinet.org�
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Lesson 3 Overview 
 
 
The purpose of Lesson 3, “Installation of Cooling Equipment,” is to familiarize the reader with 
the practices for installing residential air conditioning equipment.   
 
This lesson provides a general overview of the requirements for installing cooling units.  The 
requirements for a quality installation starts with the selection of proper piping materials, 
brazing materials and procedures, proper placement of equipment components, and properly 
operating condensate drains 
 
 
After studying this lesson, you should be able to: 
 

1. Identify different types of copper tubing. 
 

2. Name the different system components. 
 

3. Determine correct refrigerant line sizes per application. 
 

4. Explain how equipment placement affects system performance. 
 

5. Select correct brazing material. 
 

6. Adopt correct handling procedure for refrigerant line sets. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Now read Lesson 3 which begins on the next page. 
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Lesson 3: Installing Cooling Units 
 
Much of what was presented in the previous lessons on system installation also applies to 
cooling. 
 
Once again, the vital first step in any design is obviously to study the building plans very 
carefully and to be certain that the plans accurately describe the actual building --- whether it’s 
new or old. The designer should also confer with the builder or owner, if possible, to learn of 
any special needs or demands of the conditioning system. Then, of course, the heating and 
cooling loads must be determined. (Load calculations are detailed in another course.) 

 
Before you can plan the duct system, you must, of course, determine the best locations for the 
year-round air conditioning unit and for the supply outlets. A central location would help to 
keep variations in delivered air temperature to a minimum, and a central location simplifies the 
air balancing problem. 

 
 
Figure 1 -- Split-system, central cooling installations 
are matched to the furnace blower and ductwork. 
 
 
There are, of course, other factors that determine 
conditioner location, not the least of which is simply 
enough physical space. The installer should not 
accept an unreasonably restricted space that might 
be offered by a builder of a new house. After all, 

when the house is sold, the builder can forget his problem, but the servicing dealer must live 
with the installation for its life. Attic, crawl space, tight closet or restricted utility room 
locations should be considered very carefully, not only from the standpoint of initial 
placement, but for the long service run and maintenance problems as well.  Modern thinking is 
to keep both furnace or air handler and duct system within the conditioned spaces whenever 
possible.  Other factors having to do with unit location are proximity to electric power and 
drain facilities, noise and vibration annoyance, type of outdoor condensing unit and unit 
arrangement. 
 
It is obvious that any cooling unit must be connected to a power line (covered in Lesson 5) and 
must have a drain for the cooling coil water condensate. Where a drain is not convenient, a 
small condensate pump may be used. 
 
Noise and vibration must be kept out of the portions of the house normally occupied.  An air 
conditioner would not, therefore, normally be placed directly over a bedroom, nor would it be 
placed in a closet off the living room (unless special sound treatment methods were employed 
to reduce noise).  Customers cannot be expected to anticipate noise problems.  Therefore, the 
installer must be alert for such possibilities or he may find himself equipment that has already 
been installed. 
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Assuming most installations involve split-systems, the outdoor condensing unit is preferably 
located as close as possible to the indoor cooling coil in order to keep refrigerant lines as short 
as possible. This arrangement requires that the outside as well as the inside locations lend 
themselves to the placement of equipment. If the cooling unit is used in conjunction with a 
furnace, the vent system location will of course influence the general location of equipment. 

 
In general, the outdoor unit must have manufacturer specified clearance from the building for 
ambient air to flow through the condenser coil and for air discharge, and, of course, service 
access. Shrubs should not be planted close to the unit, as they may restrict airflow. A typical 
ground level specification might be 12 inches clearance on sides and rear of unit with 48 inches 
overhead, and perhaps 24 inches or more for service access. The condensing unit should be 
installed on a solid base, perhaps a concrete or a pre-fabricated pad. A roof installation may 
require additional support and more vibration isolation. Residential units may range in weight 
from 120 to 250 pounds and the roofing contractor or builder may have to be consulted on 
“spreading” the load on the roof. 
 
Refrigerant Piping 
 
For split-systems, good piping practice is critical to performance and operating efficiency. There 
are two fundamental requirements: Correct sizing and proper physical layout. 
 
Materials – ACR Tubing 
 
Copper tubing and fittings are used on unitary air-conditioning systems. As noted in the box 
below, there are two principle classes of copper tube: plumbing and ACR (Air Conditioning and 
Refrigeration) tubing for air-conditioning and refrigeration application. ACR tube is designated 
by its actual outside diameter and is available in soft-annealed coils or straight lengths of hard 
drawn sections. ACR tube is also dehydrated, pressurized with nitrogen, and plugged to keep 
out dirt and moisture. 
 

 
Pre-packaged Line Sets 
 
Refrigerant piping is accomplished using pre-cut 
and insulated line sets that may be precharged or 
not.  Precharged line sets (lines factory filled with 
refrigerant and complete with special sealed 
connectors) are often used with small units. 
Dehydrated or “holding charge” line sets that are 
fully charged with refrigerant in the field are 
frequently used when installing larger capacity 
equipment. Often it may be the installer’s option, 
as he may be able to order the same A/C 
equipment suitable for either type of line set 
application. Line sets are typically available in 15, 
25, 35, and 50 ft kits. 
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As an alternative, long lengths of refrigerant tubing may be cut and insulated in the field. 
Use of precharged lines in conjunction with precharged evaporators and condensing units 
reduces installation time and eliminates soldering, brazing, evacuation and charging on new 
installations. 
 
With that notable exception, precharged lines must be properly sized, routed, supported and 
otherwise meet the rules of good piping practices. Once a precharged system is opened for 
repair, standard evacuation and charging procedures must be followed. Thus, the information 
in this lesson can be meaningful for both field charged and precharged installations. 

 
 
 
 
 

Figure 2 -- Pre-Packaged Insulated Line Set. 
 
 
 
 
 
 
Condenser Evaporator Placement Issues 
 
Because of the basic nature of the refrigeration cycle, compressor lubricating oil capacity and 
pipe friction loss, spilt-systems have piping limitations in both length of line and height of lift. 
Here’s why. 
 
Refrigerant piping is needed to connect split-system equipment in several configurations.  
 
First of all, the evaporator and condensing unit may be at or near the same elevation.  
This type of arrangement is the simplest and poses no special problems regarding refrigerant 
pipe sizing. 

 
The simplified refrigerant line sizing table shown in Table 1 is designed to eliminate the use of 
complicated calculations concerning the equivalent length of all fittings in the piping system. 
This table and others similar to it are provided by each manufacturer.  
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The chart is based upon certain maximum pressure losses in the piping system, and the 
number of fittings used. In this example, the manufacturer assumed eight elbows in each line. 
If an unusually large number of elbows or fittings are required for a given application, most 
manufacturers will allow a change in pipe sizes and usually provide an expanded table. 
 
When the evaporator is above or below the condensing unit, special issues arise involving 
liquid and suction lines that must be addressed. 
 
 

 
 
Table 2 - Static pressure loss for selected liquid line elevations for HCFC-22, when evaporator 
is above condensing unit.  A static gain occurs when condenser is above the evaporator.  
Total loss includes pipe friction. 



Small HVAC Systems: Installation 
Lesson 3 Page 6 

 

 
 
Figure 3 -- Liquid line lift to evaporator adds to pressure loss in piping. 
 
With the evaporator above the condensing unit, liquid line design limitations must be 
considered. With the evaporator below the condensing unit, suction line design limitations 
must be taken into account in this configuration. 
 
 
Evaporator above condensing unit & liquid line sizing 
 
When the evaporator and metering device are located above the condensing unit, there is an 
additional pressure loss in the liquid line to be added to the pipe friction loss. This is due to the 
weight of the column of liquid refrigerant in the vertical liquid line. Consider this example.  
 
Table 2 illustrates the weight of the refrigerant column in terms of pressure loss (in psi) for 
HCFC-22. In round numbers, about 1 psi is lost for every 2 feet of liquid line rise (e.g. from the 
table, a 10 ft rise between evaporator and condenser, results in a 5 psi pressure loss due to 
static head).  If the pressure loss is great enough, vapor will start to form in the liquid line 
before reaching the metering device. 
 
(Note: This static loss becomes a gain and subtracts from the total liquid line loss when the coil 
is above the compressor. Excessive gain could result in overfeeding the metering device.) 
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Condensing units might provide around 10° F of subcooling as the liquid refrigerant leaves the 
condenser – although subcooling can and does vary with operating conditions. Pressure losses 
in the liquid line due to “static head” and friction could be relatively high without loss of 
system capacity with lost of subcooling. However, with a decline in subcooling, or an increase 
in liquid line temperature, the capacity of the system will be reduced with excessive pressure 
loss in the liquid line. As a rule of thumb, for every 3 psi of liquid line pressure loss, about 1° F 
of subcooling is lost. Thus, a system with 10° F subcooling would suggest a maximum pressure 
loss of 30 psi (static plus friction) in an HCFC-22 system. 
 
When refrigerant in the liquid line begins to boil because of either a decrease in pressure (or an 
increase in temperature due to high ambient conditions), the boiling refrigerant is referred to 
as vapor or “flash gas.” This “flash gas” may increase the pressure drop due to friction and 
thereby cause more flashing. The “flash gas” may damage the metering device. It may also 
cause erratic control of the liquid refrigerant entering the evaporator and “starve” the 
evaporator, resulting in reduced system capacity. 
 
When an appreciable vertical lift is unavoidable, precautions should be taken to prevent the 
accompanying pressure loss from producing liquid line vapor. Subcooling is determined by 
subtracting the measure liquid temperature leaving the condenser from the condensing 
temperature corresponding to the saturated condensing pressure. The required amount of 
subcooling that would be necessary to prevent vapor formation in the liquid line is shown in 
Table 3 for refrigerant HCFC-22. In Table 3, at a condensing temperature of 115° F and with 10° 
F of subcooling, the pressure loss in an HCFC-22 refrigeration system again could be a high as 
30 psi. The pressure losses shown are total pressure losses caused by both friction and vertical 
lift.  
 
It is important that subcooling not be lost to high ambient temperatures. If high ambient losses 
are realized, the total allowable pressure drop due to friction and static head is greatly 
reduced. Remember that heat moves from a high temperature region to a low temperature 
region. If the liquid line at 120° F. passes through an area (such as an unvented attic or a flat 
roof) in which the temperature is above 120° F, heat will be added to the liquid line. 
 
For the convenience of the installer, manufacturers usually provide an easy to use table 
specifying maximum liquid line rise in feet for a specific total length and liquid line size rather 
than specifying pressure loss data.  See Table 4. 
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Table 3 -- Subcooling required to overcome 
various liquid line total pressure (static & 
friction) loss for HCFC-22.  Thirty (30) psi is 
usually established as a maximum 
recommended loss. 
 
 
 
 
 
 
 

 
To avoid capacity losses due to high ambient temperature, the installer may consider the 
following: 
 

1. Insulate the liquid line when lines are routed through a hot unconditioned space such 
as an attic or exposed to direct sunlight. 

 
2. (This technique should only be attempted with manufacturer’s approval.) Provide a 

liquid suction line heat exchanger by soldering the suction line to the liquid line for a 
length sufficient to achieve the required subcooling. (In most cases, 20 to 30 inches.) 
The heat transferred from the liquid line to the suction line is greater than the capacity 
reduction at the compressor. The heat exchanger should be installed near the 
condensing unit before the vertical lift begins. 

 
Another practical heat exchanger can be made by clamping and insulating the suction and 
liquid lines together for a length sufficient to provide the desired subcooling. 
 
Evaporator below condensing unit & suction line sizing (Figure 4) 

 
Design of the suction line is more critical than the liquid line because pressure losses of even a 
very low magnitude have a dramatic effect upon system capacity.  Also, the movement of 
refrigerant oil through the suction line is more difficult than through the liquid line. Whereas 
refrigerant oil mixes easily with liquid refrigerant and is easily carried to the evaporator, return 
of the refrigerant oil through the suction line is much more difficult, sensitive to gas velocity 
and requires that the line be sized and installed carefully. Thus, both too big and too small 
suction lines pose an issue. 
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To insure proper oil return to the compressor, the following 
design considerations should be kept in mind: 
 

1. Pitch all horizontal lines toward the compressor one 
inch for each ten feet of line. This will permit gravity 
drain of the oil toward the compressor. (May not be 
recommended for heat pumps.) 

 
2. When the evaporator is say, more than 20 feet below 

the condensing unit, install a trap of the type shown 
in Figure 5 at the mid-point of the line. This will 
insure return of the oil to the compressor. Note: 
Manufacturers have varying height versus trap/no 
trap recommendations. 

 
Figure 4 -- Oil return is important when evaporator is below compressor. 
 

3. When the evaporator is below the condensing unit and the 
suction line rises after it leaves the evaporator, and the 
evaporator is equipped with a thermostatic expansion valve, 
use of a “P” trap may be recommended. The “P” trap is not 
required on fixed metering type evaporators. The “P” trap 
will enable the oil to drain away from the expansion valve 
thermal sensing bulb during shutdown and permit proper 

valve operation when the unit is started. (A trap is not 
required when the suction line drops to a condensing 
unit below the evaporator.) 

 
The length of the liquid and suction lines also affects the 
amount of refrigerant required for the system. (More on this in 
the next lesson) 
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Heat Pumps & Line Sizing 
 
When the indoor and outdoor sections of a heat pump are at different elevations, the 
orientation between the “evaporator” and “condenser” changes as the heat pump switches 
from heating to cooling cycle and back again. 
 
With the outdoor unit above the indoor section, on the cooling cycle, the pressure in the liquid 
line due to the weight of the column of refrigerant in the line becomes a static pressure gain. 
This is not usually a serious problem, but it might require a change in the metering device. (A 
static gain would also be true for a cooling only unit with the condensing unit above the 
evaporator coil.) 

 
Assuming the same configuration (outdoor unit above indoor unit), on the heating cycle, the 
liquid line static pressure now becomes a pressure loss. Manufacturers usually impose tighter 
limits on the elevation separation allowed for heat pumps. 

 
Insulation 

 
It is recommended that the suction line be insulated its entire length with one of the closed cell 
materials to prevent sweating and heat gain (the latter you may recall can reduce system 
capacity). The insulation should be the thickness recommended by the insulation manufacturer 
for each type of application. Usually insulation of 3/8 to one inch thick is used. The correct 
thickness is that amount which will raise the surface temperature of the insulation above the 
ambient dew point. 
 
As mentioned, there is limited need for liquid line insulation, since the temperature of the line 
is higher than the ambient temperature. However, liquid lines should be insulated if they pass 
through high temperature areas where subcooling may be lost. This includes attics, flat roofs, 
boiler rooms, crawl spaces, and similar high temperature areas. 

 
Insulation exposed to extremes of weather should be covered by a vapor barrier. Many types 
of commercial insulation are available with an integral vapor barrier. All fittings used in the line 
should also be covered with insulation after the system has been thoroughly leak tested. 

 
If lines must be routed underground, say under a sidewalk, large plastic pipe should be used as 
a “tunnel” to insert the line sets. Refrigerant lines should not be buried directly in the ground. 
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Figure 6 -- PVC pipe can be used to route copper 
tubing underground. 
 
 

 
 
 
 
 
 
 
 
Figure 7 -- Tubing must be well supported 
 
 
 
 

Table 5 -- Typical support spacing for copper tubing. 
 
Piping Supports 
 
Piping supports for vertical or horizontal use are designed to support the weight of the pipe, 
fluid, insulation, valves, and fittings. Typical methods of support are shown in Figure 7.  Piping 
supports must have sufficient bearing surfaces to avoid cutting the piping or insulation. The 
support spacing for copper tubing is relatively simple and should be as noted in Table 5. 
 
Joining Refrigerant Lines 

 
The physical skills associated with soldering and brazing must be practiced. What follows is 
information on recommended materials and procedures. 

 
Soldering is a process of joining copper tubing and fittings using a third filler metal (solder 
alloy) which melts at a relatively low temperature. When melted, the solder flows by capillary 
action in the voids between the two pieces to be joined. Upon cooling, the once molten solder 
forms a firm, leak-tight bond.  
 
Soft Solders: The most common solder is a mixture of tin and lead. The tin-lead solders are soft 
solders. If the solder is one-half tin and one-half lead, it is called “50-50” solder. 
These tin-lead solders are made in various proportions depending upon the purpose for which 
they are to be used. They are not recommended for air-conditioning as their pressure ratings 
would be too low, nor can it be use for domestic water service because of the lead content. 
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Another form of solder which is somewhat harder than the tin-lead solders is composed of 95% 
tin and 5% antimony and is commonly referred to as “95-5.” It starts to melt at 450° F and is 
fully liquidus at 465° F, the range of which is higher than for 50/50 solder at roughly 360° F to 
420° F. It is easily worked with an air/gas torch. The 95-5 solder is somewhat harder and, if 
properly applied using a non-corrosive paste flux, may be satisfactory for many refrigerant 
tubing applications. As an example: the recommended operating pressure for a 50/50 solder 
joint at a service temperature of 200° F is 100 psi for up to one inch tubing. When using the 95-
5 solder, the recommended pressure is 300 psi. 

 
Brazing 

 
Some local building and construction codes may require that brazing alloys be used rather than 
soft solder. Be certain to check your local code to determine what procedure and alloys must 
be used to join refrigerant tubing. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 8 -- Temperature ranges to accomplish various joining techniques. 
 
The method of applying brazing alloys is essentially the same as for soft solders. The only 
practical difference is that the brazing alloys require a higher temperature source to melt the 
filler material – about 1200° F and higher depending on the brazing alloy. Brazing filler 
materials are either silver bearing or phosphorous bearing alloys. 
 
To make sound leak-tight joints, the brazing alloy, when heated to the brazing temperature, 
must melt and flow freely over the entire surface of the joint. To assure this, the surface of the 
joint must be free of all dirt, grease, oil, and oxides. A heavy coating of oxide can be removed 
by using wire brushes or abrasive pads, making sure that all abrasive particles are completely 
swabbed from the tubing. Any grease or oil should be removed with a solvent. Be sure all burrs 
are removed. 
 
Brazing alloys containing phosphorous are self-fluxing on copper-to-copper joints since the 
phosphorus in the alloy prevents oxidation of the copper surfaces being joined. Generally, a 5% 
or 6% silver alloy solder will be found satisfactory for copper-to-copper joints but high silver 
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content, non-phosphorus bearing alloys require the use of flux to remove any oxide on the 
tubing. In air conditioning and refrigeration work, never apply flux to both the tube end and 
the fitting. Insert the end of the tube part way into the fitting then brush the flux around the 
outside of the joint. Flux residue inside the piping can cause contamination.  Make sure that 
you clean the fitting after the brazing process is done. 

 
On copper to brass, or copper to steel joints, it is advisable to use a high quality flux, applied 
sparingly, in conjunction with 45% silver alloy non-phosphorus brazing material. Producers of 
soldering and brazing materials provide details on accomplishing successful joining using their 
products. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 9 -- Air-acetylene, or for higher temperatures, oxy-acetylene torch systems are 
typically used for soldering and brazing in ACR work. 
 
 
Brazing alloys that contain cadmium can produce cadmium oxide fumes during application. 
Inhaling these fumes can prompt health problems both short term and long term. Most 
manufacturers of solders and fluxes offer a cadmium-free brazing alloy. In any case, soldering 
and brazing should be conducted in a well-ventilated environment and technicians should 
avoid inhaling fumes while brazing or soldering. 

 
Effect of Heat on Tubing  

 
When heat is applied to copper, in the presence of air, copper oxide forms on both the exterior 
and interior surfaces of the tubing. If a refrigeration system is put into operation, this oxide 
starts immediately to “wash” from the tubing interior and mix with the oil and refrigerant as it 
circulates through the system. Eventually these oil-borne oxides are exposed to high 
temperatures at the compressor discharge valves and crankshaft bearings where they cause 
decomposition of the oil and refrigerant. 
 
The oxide formations can be minimized by sweeping dry nitrogen through the tubing during 
the soldering or brazing operation. The flow of nitrogen during brazing should be just enough 
to displace the air in the tubing probably at a pressure of up to 3 psig. Caution --- always use a 
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pressure-reducing valve in the line connecting the nitrogen cylinder to the lines of the system 
being brazed. 
 
In servicing air conditioning equipment, it is often 
necessary to disconnect refrigerant piping to repair an 
evaporator or condenser coil, to replace an expansion 
valve, or to repair a leaking joint. During an installation, 
it may be necessary to disconnect piping as well as a 
consequence of an error. 
 

Figure 10 -- Mechanical fittings 
used in A/C piping applications. 

 
The following should be observed: 

 
• Never apply heat to a joint or line in a refrigerant system that is under refrigerant pressure. 
There is danger of the line rupturing and/or molten metal blowing out. 

 
• Avoid unbrazing a joint in a line that is under vacuum to prevent air and moisture from 
entering and contaminating the system. 

 
• Where possible, pressurize the system slightly 
before disconnecting the lines. This will keep the 
air and moisture from entering the system. 
 
•  Always cap all service access fittings 
immediately. 

Figure 11 - Diaphragm fitting for pre-charged line set.   
 
• Avoid overheating when brazing joints to minimize oxidation of the copper. 
 
Mechanical Connections 

 
An alternative to soldering or brazing refrigerant lines on-site is to use mechanical connections 
– especially with the smaller diameter lines used in small residential equipment. 
 
Flared or compression fittings may be used (Figure 10). Line sets may be charged with the exact 
amount of refrigerant needed for the tubing volume, or simply contain a small “holding 
charge” of gas to keep air and moisture from entering the lines. Lines with a holding charge are 
fitted with end plugs which are not removed until the mechanical connection is being 
completed.  Diaphragm fittings are used with pre-charged line sets. 
 
Assembling Quick-connect Diaphragm Fittings 

 
One manufacturer of pre-charged line sets offers the following approach: 
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Carefully wipe coupling seals and threaded surfaces with a clean cloth to prevent the inclusion 
of dirt or any foreign material in the system. 
 
Lubricate male half diaphragm and synthetic rubber seal with refrigeration oil. Thread coupling 
halves together by hand to insure proper mating of threads. Use proper size wrenches (on 
coupling body hex and on union nut) and tighten until coupling bodies “bottom” or a definite 
resistance is felt. 
 
Using a marker or ink pen, mark a line lengthwise from the coupling union nut to the bulk-
head. Then tighten an additional 1/4 turn, the misalignment of the line will show the amount 
the coupling has been tightened. This final 1/4 turn is necessary to insure the formation of a 
leak-proof joint. 
 
Figure 12 

 
Copper tubing can easily be kinked. A preferred 
method of uncoiling tubing is to hold the coil 
upright, place your foot on one end and then 
unroll the coil by rotating the coil with both 
hands (See Figure 13). 
 
A summary of good piping practices is on the 
next page. 
 

 
 

 
 
 
 
 
 
Figure 13 -- Carefully unroll 
soft tubing to avoid kinks. 

 
A Summary of Good Piping Practice 

 
The installer should keep in mind certain basic rules when designing and installing field charged 
refrigerant piping. These rules are summarized as follows: 
 

1. Always use refrigerant line sizes specified by the equipment manufacturer. 
 

2. Use the very best Air Conditioning and Refrigeration (ACR) copper tubing and fittings 
available. Never use water tubing or cast fittings. 

 
3. When cutting refrigerant tubing, use a tubing cutter. Do not use a hacksaw which 

permits copper particles to enter the refrigerant system 
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4. In completing flare fittings, use a precision flaring tool. 

 
5. Run refrigerant piping as direct as possible with as few turns and fittings in the line as is 

practical. Avoid unnecessary bends and traps. 
 

6. Seal ends of tubing after cutting to prevent dirt and moisture from entering the 
refrigerant system. 

 
7. If the equipment is not shipped with a filter-drier, install a filter-drier in the liquid line 

near the evaporator. Installing a moisture indicator in the liquid line between the filter-
drier and the evaporator may also be recommended by the manufacturer. 

 
8. When brazing refrigerant lines, follow the general instructions noted in this lesson and 

those of the brazing torch manufacturer and the equipment manufacturer 
 

9. Exercise care in the use of soft copper tubing so as not to kink or puncture it. Use a 
tubing bender when forming small radius bends. 

 
10. Avoid unnecessary turns and bends which may collect refrigerant oil and deprive the 

compressor of proper lubrication. Loop excess line set piping horizontally. 
 

11. For air conditioning units, pitch horizontal suction lines in the direction of the refrigerant 
flow one inch for each ten feet of line length. 

 
12. Insulate liquid and suction line piping from external sources of heat. 

 
13. Design refrigerant piping system in accordance with local codes and regulations. 

 
14. Place oil traps in suction line risers only in accordance with equipment manufacturer’s 

specific recommendations and trap design. 
 
Condensate Drains 
 
Evaporators are generally equipped with a 3/4 inch male or female pipe thread fitting for the 
condensate drain. The installer may attach a pipe fitting (ABS or PVC), hose fitting, or sweat 
fitting adapter to this fitting and pipe the condensate water to a drain in accordance with local 
codes. In general, the pipe should be full size to the drain. 

 
 
 
 
Figure 14 -- Trap in line helps drainage. 
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A trap must be formed in the condensate line (See Figure 14). If the evaporator is on the 
discharge side of the blower, the trap will prevent loss of air through the  
condensate drain. If the evaporator is on the return side of the blower, the trap will permit the 
condensate to drain properly. Without a trap, air will flow up the condensate drain line, 
prevent proper drainage, and may cause the drain pan to overflow into the furnace or into the 
conditioned area. Do not operate unit without this condensate trap. 
 
In some situations, a normal gravity flow drain may not be possible. In this case, a condensate 
pump may be added so that liquid can be elevated before discharging into a drain. See Figure 
15. 
 
In attic applications, a secondary drain pan is placed beneath the evaporator cabinet to provide 
added protection against overflow.  Drain line from this drain pan must be run separate from 
the primary condensate line. 
 
Never tee these two lines together because possible damage to the ceiling of the building 
could occur. 

 
 
 
 
 
 
Figure 15 -- Add condensate pump when gravity flow is 
not possible. 
 
 
 
 
 
 

 
 

Figure 16 -- Secondary drain pan used in attics. 
 
In Lesson 7, we’ll cover charging and equipment start up. 
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Self-Check, Lesson 3 Quiz 
 
You should have read all the material in Lesson 3 before attempting this review. Answer all the 
questions to the best of your ability before looking up the answers provided in the answer key.   
 
 
Please indicate whether the following statements are true or false by drawing a circle around 
T (to indicate TRUE) or F (to indicate FALSE). 
 
   True     False 

 
 

1.  T F A centrally positioned indoor air handler is to be preferred over other locations. 
 
2.  T F Equipment noise is not an important consideration when determining system  

  layout. 
 
3.  T F Providing too little space for equipment can pose long term service problems. 
 
4.  T F Refrigerant line sizing is not important in small systems. 
 
5.  T F Excessive pressure loss in the liquid line could cause vapor to form in the liquid  

  line. 
 
6.  T F The basic difference between soldering and brazing is the temperature required  

  to melt the filler material. 
 
7.  T F Precharged refrigerant line sets contain a holding charge. 
 
8.  T F Horizontal refrigerant lines should be pitched. 
 
9.  T F When joining copper pipe to steel pipe a flux is not required. 
 
10.  T F All soldering and brazing procedures should be done in well ventilated spaces. 
 
11.  T F Type K tubing has thicker walls than Type L. 
 
12.  T F Copper tubing cannot be kinked. 
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In the following multiple choice questions, choose the phrase that most correctly completes 
the statement and circle the corresponding letter in front of the phrase. 
 
13.  The correct copper tubing to be used in air conditioning installations is termed: 
 
a.  Type K. 
b.  Type DWV. 
c.  Type ACR. 
d.  Type REF. 
 
14.  Suction line traps are used when the evaporator is below the compressor to: 
 
a.  prevent liquid slugging of the compressor. 
b.  reduce the pressure loss in the suction line. 
c.  trap vapor in the suction line. 
d.  assist oil return to the compressor. 
 
15.  The pitch of horizontal refrigerant lines should be one inch per: 
 
a.  10 feet. 
b.  15 feet. 
c.  20 feet. 
d.  24 feet. 
 
16.  You are installing a copper refrigerant line 5/8” OD in size.  What is the correct support 
spacing needed for this installation? 
 
a.  4 feet 
b.  5 feet 
c.  6 feet 
d.  7 feet 
 
17.  Copper oxide formation can be minimized during brazing by: 
 
a.  using an oxide reducing flux. 
b.  blowing dry nitrogen through the tubing during brazing. 
c.  avoiding overheating tubing during brazing. 
d.  b and c above. 
 
 
For the completion-type questions, fill in the blanks with the word (or words) that most 
accurately completes the thought. 
 
18.  The _________ line is always insulated to prevent sweating and heat gain with a resulting 
loss in capacity. 
 
19.  Using Table 5, the support spacing for a ¾” refrigerant line would be at _______ foot 
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intervals. 
 
20.  In attic installations a ____________ ___________ pan is used to provide added protection 
against condensate overflow. 
 
21.  Brazing alloys that are _______ free are available to reduce the dangers brought on by 
inhaling fumes from melting filler material. 
 
22.  The first step in any designing any refrigerant system is to study the _______________.  
 
23.  ____________ and _____________ must be kept out of those portions of the home 
normally occupied. 
 
24.  ACR stands for ____________________________________________. 
 
25.  Insulate the __________________ line when lines are routed through hot uninsulated 
spaces such as attics, boiler rooms or exposed to direct sunlight. 
 
 
 
 
 
 
 
 
 
 
 
 
  

Check Your Answers!  
  
Now compare your answers with those given in the answer key at the back of this book.  The 
answer key also directs you to a page in the lesson to review the text for any questions you 
may have missed. 
 
When you are satisfied you understand the questions missed, proceed to your next assignment 
which starts on the next page. 

 
Do you have any unresolved questions on this lesson? 

 
Fax your questions to 614-345-9161 or email to 

Hardimail@hardinet.org. 
 

mailto:Hardimail@hardinet.org�
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Lesson 4 Overview 
 
 
Lesson four is written primarily to help you calculate the proper size motor, duct system, and 
other components required when comfort cooling is added onto an existing heating system or 
an old unit is being replaced. 
 
After studying “Installation of Cooling Equipment,” you should be able to do the following: 
 
 

1. Estimate the CFM and duct sizes required when adding cooling to an existing warm air 
heating system. 

 
2. Determine blower speed, CFM and current draw as a result of increased loading caused 

by adding cooling. 
 

3. List the steps in determining CFM using furnace temperature rise measurements. 
 

4. Calculate external static pressure using manometers. 
 

5. Estimate the increase in duct static pressure when adding cooling. 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Now read Lesson 4 which begins on the next page. 
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Lesson 4: Air Side Analysis of Existing Systems 
 
Structures served by warm air heating systems that are converted to central air-conditioning 
for the first time require as much pre-planning as a new installation. Replacements also require 
careful analysis as many buildings could have been modified since the original cooling units 
were installed. The existing duct system may have been less than perfect during the first 
application as well. 
 

Figure 1 -- Adding cooling to an existing furnace 
requires positioning the cooling coil above the heat 
exchanger to achieve good air flow. 
 
One more time, the first step is of course to make a 
survey of the existing system and building. On the plan, 
one must make notes of construction materials used 
and type and amount of insulation.  (Both cooling and 
heating loads – room by room – should be calculated.)  
The entire duct system should be sketched – noting 
duct, register and grille sizes and indicating damper 
locations (if any).  Complete data  
on the existing furnace should be recorded and a 
detailed sketch of the ductwork at the furnace could be 
helpful in planning how to add the cooling coil and 
other accessories. (See the sample survey form on next 

page.) 
 
It is important to check plenum dimensions to 
assure adequate space to install cooling.  This is 
essential to achieve rated performance.  
Manufacturer’s instructions regarding the proximity 
of coil to heat exchangers should be followed. When 
no manufacturer information is available, and older 
style heat exchangers are encountered, consider 
placing “A” type coils between 4 ½ and 6 ¾ inches 
above the heat exchanger.  
 
Slant or flat coils should be 9 ¾ inches above the 
top of the heat exchanger, again in lieu of other 
more specific information. 
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Figure 2 -- Sample Existing System Survey form.  This job aid can help assure adequate 
information is gathered on-site. 
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Figure 3 -- Inadequate return air in an existing system can starve a new cooling unit for 
supply air. 
 
Ducts originally sized for a warm air heating system may not be adequate for cooling, especially 
in multi-story dwellings, since the upper floors usually have a large cooling requirement due to 
roof and window solar heat gain. 

 
A frequent problem may be an inadequate volume of return air. A common solution is to 
provide additional returns, often installing high returns if the supply outlets are in the floor or 
baseboard. Modern thinking is don’t use floor joists and wall cavities for return air routes. New 
returns should be ducted and existing returns that use joists and wall spaces should be 
inspected and sealed. 
 
Providing an extra return or two may not solve any strictly supply side air distribution problem. 
First, look at the supply outlets. A good installer will always make sure the supply outlets are of 
the correct type and adequate in number and size to assure successful operation. Low sidewall 
registers that project air horizontally from an inside wall, for example, are not very good for 
cooling. If existing registers are not suitable for cooling, they should be replaced with  
modern outlets to improve air circulation. 
 
They should be multi-vane type, adjustable for vertical and horizontal directional airflow. Some 
registers may have to be relocated as well to avoid cool air drafts on occupants. 
 
Field Checking Duct Sizes 

 
Table 1 is a quick guide for duct sizing for residential cooling. Here’s how it could work. 

 
 
 
 
 
Figure 4 -- Heating only supply outlets such as this 
inside wall register may not be effective for 
cooling. 
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One ton of cooling is 12,000 Btu/h. One ton of cooling requires around 400 CFM (cubic foot per 
minute) of airflow. Therefore, there are approximately 30 Btu/h per CFM. (Remember, this is a 
“first cut” guide.) 
 
Thus, a room with a heat gain of 6,000 Btu/h would require roughly 6,000/30 or 200 CFM. 

 
Table 1 -- Quick Guide to field check existing residential duct systems.  Assumption: System 
not over 60 ft. long between unit and furthest register.  Static pressure split 0.1 IWC 
between supply and return. 
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According to the residential duct-sizing guide in Table 
1, an 8 inch sheet metal duct could carry 210 CFM or 
6,360 Btu/h. Hence, one 8 inch duct would be 
necessary. If the existing duct is 6 inches, there could 
be a problem. (If an 8 inch flex duct is installed, this 
may also be inadequate because of higher pressure 
loss.) Perhaps a second duct run would be necessary 
to serve the room. 
 

It is essential to note that this table (or other short cut tables) should not be used as design 
tools, but simply as a quick “field check” of an existing system. More detailed duct sizing 
procedures as described in ACCA’s Manual “D” should be used to perform actual design work. 
 
Again, it may be useful to determine if any remodeling work was undertaken since the original 
system was first installed. Room additions or added insulation could mean the duct system 
must be modified and re-balanced to adjust airflow to the various spaces. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Is Blower Adequate? 
 
The use of the furnace blower for summer air conditioning is advantageous in that equipment 
and installation costs are reduced. However, in the case of older furnaces, blower capacity may 
be inadequate for cooling. 
 
Why? When an evaporator is added to the system, the “resistance” to the flow of air through 
the system increases markedly. In fact, the resistance of the coil is very often the same or even 
more than the resistance of the original duct system. So, the resistance to air flow may be 
doubled, say from 0.2 to 0.4 IWC (inches of water column). 

 
Another reason why blower capacity might be inadequate is that more air must be circulated 
for cooling than for heating. This depends on the size of the heating load relative to the cooling 
load, but in many areas of the country, it develops that more cooling CFM is required. 
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Typical furnace blowers can be belt driven or most often direct drive forward curved (wheel 
blades) centrifugal air moving device (See Figure 5). 
 

Table 2 (A) -- Comparison of blower motor sizes (belt-driven) for heating only furnaces. 
 
Shaded-pole, permanent split-capacitor (PSC) and split-phase electric motors are used to 
power blowers requiring fractional horsepower motors. 
 
A shaded-pole motor has a low starting torque, only fair running torque, and its speed varies 
with load. This type motor is used on direct drive blowers requiring less than ¼ hp. 
 

 
A PSC motor has a higher starting torque, its speed varies 
less with load and it provides a higher efficiency of 
operation. PSC motors are normally used with direct drive 
blowers. 
 
A split-phase motor runs at relatively constant speed and 
has good starting torque characteristics. Many belt-driven 
blowers are powered by split-phase motors. 
 
Large blowers for commercial equipment requiring integral 

hp motors may be powered by both single phase and poly-phase induction motors depending 
on specific application. 

 
Table 2 (A) shows some typical belt driven blower sizes, motor hp and pulley sizes for what was 
once termed heating only furnaces. 
 
Table 2 (B) shows these same furnace sizes equipped to handle cooling. Note the increase in 
motor hp and pulley configurations required. 
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Table 2 (B) -- Comparison of blower motor sizes (belt-driven) for heating cooling furnaces 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
A.G.A. Rating BTUH 

INPUT BONNET 
CAPACITY 

BLOWER DRIVE MOTOR H.P. 

58,000 46,400 9x7 Direct 1/12 
80,000 64,000 9x7 Direct 1/12 

105,000 84,000 9x9 Direct 1/8 
130,000 104,000 9x9 Direct 1/6 
160,000 128,000 10x10 Direct 1/3 

 
Table 3 (A) 
 
For example: the heating only 80,000 Btu/h input furnace has a 10 inch diameter, 6 inch wide 
blower (wheel) powered by a 1/8 hp motor with a 3 ¼ x 7 inch pulley set. (3¼ inch diameter on 
motor and a 7 inch diameter on blower.) To handle 2-tons of air conditioning, a ¼ hp motor 
and 3¼ x 5 pulley set is required.   
 
In Tables 3(A) and 3(B), a similar comparison can be made for direct drive furnaces. Note here 
in some instances both the blower and motor are increased in size. 
 
Different furnace lines may have slightly larger or perhaps occasionally smaller blowers and 
motors than indicated in Tables 2 and 3. A general rule is to never run a blower at a speed that 
produces a “tip speed” in excess of 3,000 feet per minute (fpm). 
 
Here’s a simple check: If the revolution per minute (rpm) times the wheel diameter exceeds a 
value of 11,450 then the revolutions per minute must be reduced by increasing the blower size 
or changing the duct system. 
 
Checking the Existing System 
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The “blower rpm” and motor size required when cooling is added to existing heating systems 
depends on the CFM required, duct static, and the evaporator pressure drop.  
 
The following information and that in Table 4 (Fan Laws) will help the designer-installer 
anticipate the adequacy of an existing motor and blower. 
 
Table 3 (B) 
 

 
To check a gas-fired furnace Btu/h input, 
“clock” the gas meter. The following formula 
may be used: 
 
                        3600 x Gas Heating Value  
Btu/h input = --------------------------------- 
               # of seconds per cu ft of gas flow 
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Gas flow can be read from the gas meter by timing the rotation of either the ½ cu. ft. or 1 cu. 
ft. dial using a stopwatch. Let’s say it takes 60 seconds for the 1 cu. ft. dial to make one 
revolution and the heat content of the natural gas is 1050 Btu/cu ft.  The Btu input is: 
 
                    3600 x 1050 
 Btu/h = ─────────   = 63,000 
      60 
 
To approximate an existing gas furnace’s CFM on the heating cycle use: 
 
              Btu/h input x SS Eff. x 0.926 
 CFM = ───────────────── 
          Temperature Rise 
 
Where SS Eff. is the furnaces steady state efficiency (not AFUE). SS Eff. may be found by 
dividing heating capacity by heat input. 
 
Let’s assume we have a furnace Btu/h input of 85,000 and a temperature rise of 90° and a SS 
Efficiency of 80%. 
 
“Plugging in” the formula:  

 
       85,000 x 0.8 x 0.926 

CFM = ───────────  = 700 CFM 
              90 

 
It is also possible to use the DOE heating capacity in the formula, if known. 
 
In the service field, the temperature rise method can be used.  Place a thermometer in the 
center of the return duct and another thermometer in the center of the supply duct. Place it 
in such a location that you could not draw a straight line from the thermometer bulb to the 
heat exchanger, otherwise it would be affected by radiant heat and give a higher temperature 
reading (See Figure 6). Let the furnace “run” for 15 minutes then check the thermometers. 
The difference between these temperatures is the temperature rise. 
 

 
Figure 6 -- Measuring air temperature  
rise through furnace.  Supply  
temperature sensor must not “see”  
furnace heat exchanger. 
 
In order to prevent condensation of the products of 
combustion, the temperature rise through the furnace should 
never be less than the minimum shown on the furnace rating 
plate. It is also frequently recommended that the temperature 
rise through a furnace with clean filters should not exceed this 
minimum AGA approved temperature rise, plus 30° F. Thus, the 
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maximum temperature rise through a furnace approved for a 50° F minimum rise should not 
exceed 80° F. 
 
To approximate the cooling CFM required, use 300 CFM/ton in humid areas, 360 CFM /ton in 
medium areas, and 420 CFM/ton in dry areas times the soon to be installed cooling capacity. 
A 3 ton unit in a medium area would be 3 x 360 or 1080 CFM. 
 

 
Table 4 -- Fan Laws and blower operating characteristics are presented in a practical format 
above.  Examples: At top left, blower speed increases 5%, motor current increases by 16%; 
CFM requirement increases 50%. At bottom left, blower RPM must also increase 50% -- and 
duct static pressure increases 125%! 
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Duct static (external pressure drop) may be determined as follows: 
 
While not always practical, place a draft gauge in the center of the return duct close to the 
furnace and another draft gauge in the center of the supply duct again close to the furnace. 
Operate the blower on high speed. 
 
Add numerically the two draft gauge readings, even though the pressure on the supply duct is 
a plus reading and the pressure on the return duct is a minus reading. The result of this 
combination of values is the duct static. 
 

 
 
Figure 7 -- Measuring existing static pressure. 
 
 
Example: Supply duct pressure = + 0.14 IWC. Return 
duct pressure = - 0.06 IWC. Duct Static   = 0.20 IWC 
(Figure 7). 
 
When this cannot be accomplished and if the duct 
system is small and uses streamlined fittings assume 
a static of 0.2 IWC. If the system has long runs and 
uses many “butt joint” fittings, assume 0.25 or even 
0.30 IWC. 
 
To estimate total pressure with the new cooling coil, 
the coil pressure drop can be determined from 
manufacturer’s data. (Rough rule of thumb 0.25 IWC 
for a wet coil.) 

 
Example of a System Check 

 
The following illustrates how the electrical and mechanical needs could be determined when a 
cooling unit is to be added to an existing system. 
 
Conditions: Existing 100,000 Btu/h input furnace. A 3-ton cooling unit is to be installed. 
Geographic area is considered medium humidity range. The furnace steady state efficiency is 
80%.  
 
Here are the measurements and calculations: 
 

Measured temperature rise during heating is 75.6° F. 

Heating air flow rate using the CFM heating formula: 

         100,000 x 0.8 x .926  

CFM = ────────   = 980  
                   75.6      
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Measured external static pressure = 0.2 IWC  

 

CFM required for cooling (360 x 3) = 1080 CFM 

 

Percent increase in CFM due to cooling (1080-980)/980 = 10%  

 

Duct static % increase (read from bottom row in Table 4) = 21%. 

 

New duct static 0.2 + (.21 x 0.2) due to increase CFM = 0.24 IWC 

 
Pressure loss through coil (manufacturer's data) = 0.21 IWC 
 
New system pressure drop (0.21 + 0.24) = 0.45 IWC 
 
Increase in system pressure drop (0.45 - 0.2)/0.2 = 125%  
 
Percent increase in blower rpm (from middle row in Table 4) = 50% 
 
Percent increase in motor current draw (from middle row in Table 4) = 238%. 

 
Armed with the calculated percent increases, the technician can apply them to the existing 
motor performance data, and electric service, to determine if the existing blower and wiring 
can handle the increased demand or if a furnace replacement with a larger motor/blower is 
necessary.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 5 – Estimated life expectancy of major home appliances. 
 

Appliance Low High Average 
Electronic air cleaner 5 10 8 
Room air conditioners 6 12 9 
Unitary air-conditioning 9 17 13 
Fans (except ceiling) 9 23 16 
Furnaces, wall, gas-fired 14 25 20 
Furnaces, warm air, electric 10 20 16 
Furnaces, warm-air, gas 14 25 20 
Heat pumps 9 15 12 
Humidifiers 7 17 12 
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For example: Assume an existing blower is 10 x 8 driven by a 1/6 hp motor drawing 4.5 amps 
at 977 rpm. Blower rpm would increase 977 + (0.5 x 977) to 1465 rpm. (Check: 10 x 1465 = 
14,650 that is greater than the limit of 11,450). Amp draw would increase to 4.5 + (4.5 x 2.38) 
or 15.2 amps. Looks like a new furnace or motor/blower set is needed. 

 
Obviously, the actual age of an existing furnace enters into real world deliberations regarding 
replacement. Table 5 shows the life expectancy of several HVAC products. Note that this survey 
(Appliance Manufacturer magazine) indicates that a gas-fired furnace has an average life 
expectancy of 20 years. (ASHRAE handbook lists a median of 18 years). 
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Self-Check, Lesson 4 Quiz 
 
You should have read all the material in Lesson 4 before attempting this review. Answer all the 
questions to the best of your ability before looking up the answers provided in the answer key.   
 
 
Please indicate whether the following statements are true or false by drawing a circle around 
T (to indicate TRUE) or F (to indicate FALSE). 
 
   True     False 
 
1.  T F Add-on-cooling is a term applied to the task of installing air conditioning into an  
  existing heating system. 
 
2.  T F Heating ductwork is at times inadequate for cooling in some geographic areas. 
 
3.  T F Cooling coils can be installed flush with the furnace heat exchanger. 
 
4.  T F A critical need is for a plenum of adequate dimensions to accommodate the  
  cooling coil above the furnace. 
 
5.  T F Remodeling undertaken in older homes must be carefully evaluated when  
  modernizing the conditioning system. 
 
6.  T F Adequate furnace blower performance is not a critical factor when adding  
  cooling. 
 
7.  T F The resistance to airflow of a cooling coil can equal or exceed the resistance of a  
  heating only duct system. 
 
8.  T F Low sidewall registers that project airflow horizontally from an inside wall are 

adequate for air conditioning applications. 
 
9.  T F More airflow is required for air conditioning applications. 
 
 
In the following multiple choice questions, choose the phrase that most correctly completes 
the statement and circle the corresponding letter in front of the phrase. 

 
10.  When adding cooling to an existing furnace, it’s necessary: 
 
a.  to check electric service to building. 
b.  to calculate heating and cooling loads. 
c.  to check adequacy of ductwork to handle extra CFM. 
d.  all of the above. 



Small HVAC Systems: Installation 
Lesson 4 Page 16 

For the completion-type questions, fill in the blanks with the word (or words) that most 
accurately completes the thought. 
 
11.  Using Table 1, from your workbook, determine if a six inch round branch duct serving a  
room with a 4,500 Btu/h heat gain would be adequate for the job. 
 
  Yes     No 
 
12.  A rule of thumb guide for cooling CFM per ton of capacity in humid areas is _______ per  
ton. 
 
13.  If the static pressure on the supply side of the system is measured to be 0.15 in. W.C. and 
the return side -.10 in. W.C., what is the total system static pressure the blower must operate 
against? 
 
____________ + _____________ =  ____________ in. W.C. 
 
14.  Determine the temperature rise through a furnace if the thermometer in the supply 
plenum reads 122º F and the thermometer in the return reads 69º F. 
 
___________ - ____________ =  ____________  º F. 
 
15.  Using the CFM formula determine the CFM through a furnace for the following conditions. 
Btu/h input 100,000 with a steady state efficiency of 76%.  Measured supply temperature is 
130º and measured return air temperature is 72º F. 
 
                                                                  x 0.926= ______________ CFM 
 
16.  Using the Btu/h input formula, determine the furnace heat input rate if the ½ cubic foot 
gas meter dial takes 30 seconds to complete one revolution.  Heat content of the gas is 1,050 
Btu per cubic foot. 
 
 3,600 x = ________________ Btu/h input. 
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17-20.  Heating airflow rate is 1,000 CFM.  Cooling requirements is 1,200 CFM.  Determine the  
following using Table 4. 
 

a. Increase in CFM requirement in percent. 
 

b. ------------------------- = __________________ percent 
 

c. Increase in blower RPM _______ percent 
 

d. Increase in blower current draw ________ percent 
 

e. D.)  Increase in duct static pressure ________ percent 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Check Your Answers!  
  
Now compare your answers with those given in the answer key at the back of this book.  The 
answer key also directs you to a page in the lesson to review the text for any questions you 
may have missed. 
 
When you are satisfied you understand the questions missed, proceed to your next assignment 
which starts on the next page. 

 
Do you have any unresolved questions on this lesson? 

 
Fax your questions to 614-345-9161 or email to 

Hardimail@hardinet.org. 

mailto:Hardimail@hardinet.org�
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YOU ARE NOW READY TO TAKE 

YOUR ONLINE UNIT 

EXAMINATION, EXAM #1. 

GOOD LUCK! 
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Unit 2 Preview 
 
Your second learning module - Unit 2 - is made up of Lessons 5 through 7.  These lessons will 
cover the electrical and start-up procedures needed for this newly installed equipment. 
 
Lesson 5 covers the stages of power transmission, ground protection, and how to identify 
single and three phase electrical power. 
 
Lesson 6 will explain how to analyze electrical wiring diagrams, understand the differences 
between series and parallel circuits along with following the “rules of the road” when dealing 
with control circuits. 
 
Lesson 7 discusses the global impact of refrigerants containing chlorine and fluorine 
compounds.  This lesson will show you how to determine correct refrigerant charge, correct 
airflow (CFM), and leak testing procedures. 
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Lesson 5 Overview 
 
 
This lesson, “Power Supply Systems,” discusses the distribution of electricity through various 
service entrances.  The purpose of the chapter is to acquaint you with additional electrical 
terms and to expand your knowledge about three-phase service. 
 
After studying this lesson, you should be able to: 
 
 

1. Identify the various stages of power transmission. 
 

2. Explain how ground protection can be accomplished. 
 

3. How to test for hot and grounded conductors. 
 

4. Identify single and three-phase service. 
 

5. How to “read” an electric meter. 
 

6. Checking for “seriesing” due to a blown fuse or faulty switch. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Now read Lesson 5 which begins on the next page. 
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Lesson 5: Electric Power Supply 
 
Most of the electrical energy used today is still created by mechanical generation at a central 
station. A typical process might be as follows.  Electricity is produced by turbine driven 
generators in a power plant, say at 18,000 volts.  Voltage is increased by step-up transformers to 
perhaps 220,000 volts or higher before high line transmission cables carry the electrical energy 
into the general geographical areas to be served. This voltage step-up is to reduce transmission 
losses.  At substations, voltage is stepped down to 4,800 volts – not yet to the levels useful to 
the consumer. This relatively “high” voltage electrical power is transmitted closer to the point of 
use before it is ultimately reduced by nearby “pole” transformers to the usable voltages we use 
directly in our buildings.  
 
There are many ways to deliver electrical power to a user. The electrical configurations are of 
minor interest to the installer. However, it is often necessary for the installer (or service person) 
to identify a single-phase service from a three-phase service and even to identify one conductor 
from the other. Since this information is needed almost daily in our work, a basic overview of 
the most common electrical services will be offered in this lesson. 

 
Single-phase Domestic Power 

 
While electrical power is generated and distributed as three-phase, alternating current, it is 
single-phase power that is perhaps the most common electrical service at the point of use. 
Single phase power is used in homes and many small buildings.  
 
Figure 1 shows the most conventional methods of supplying single phase electrical service to a 
building – from a pole service drop or via an underground feed from a pad-mounted 
transformer. 
 
 
Figure 1 - Single phase service may be supplied from a pole (left) or from a pad-mounted 
underground feed (right). 
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Figure 2 - Schematic of a single phase meter box indicating voltage readings between 
conductors, neutral, and ground. 
 
Note:  Same as hot to neutral reading only when measured to as good low resistance ground 
source. 
 
At the meter box (Figure 2), there is generally a nominal 120/240 volt combination. Sometimes 
in the field this is referred to as 110/220 or 115/230 based on older distribution practices, or 
these voltages levels may actually be encountered because of practical variations in the supply 
voltage provided by the utility company. For lighting and general utility, 120 volts is used. For 
large appliances such as a (electric) water heater, dryer, electric range and, of course, air 
conditioning, 240 volt power is used. 

 
(Note: Not very common, but some very old houses undergoing renovation might still be 
encountered that have only a 2-wire 115 volt service and need a new electrical service if central 
air conditioning is to be installed.) 

 
Building service entrance panels (Figure 3) are rated by ampere (current) capacity, such as 60 
amperes (obsolete), 100 amperes or 200 amperes.  A vital first step in any application is to 
determine if the service is (or will be) adequate to handle, air conditioning. 



Small HVAC Systems: Installation 
Lesson 5 Page 5 

 

 
 
Facts about reading an electric meter:  The power company’s wattmeter has four dials that 
look like clocks.  Each dial has a hand.  Note that two dials read clockwise and two read 
counter-clockwise.  To read, write down the number that the hand has just passed on each of 
the dials in the top row.  Suppose the reading on dials is 3456 (kWhr) kilowatt hours as shown.  
Let’s assume the figures represent the reading at the beginning of the month.  Suppose at the 
end of the month the readings appear as on dials in lower row.  Reading as before, we obtain 
3592 kWhr.  The difference is 136 kWhr or one month’s usage. 
 

 
 
 
Figure 3 - Basic elements of a service entrance with circuit breakers.  Note neutral and 
grounding conductor connections. 
 
 
 
Ground Protection 

 
We should be clear about a few terms. Ground is a conducting connection between an 
electrical circuit and the earth or something that serves as the earth. A grounding wire is a 
green or bare wire used to make a connection between equipment (or other device; e.g. light 
fixture) and the earth. Under normal conditions, a grounding wire does not carry current. On 
the other hand, a grounded conductor is a wire intentionally connected to earth and does carry 
current as it completes a circuit between the hot conductor and power source. The white wire 
of a three wire system is a grounded conductor and is often called the neutral. 
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Figure 4 - Three-wire single phase service from a pole shows how the neutral wire is grounded 
at the pole and at the service entrance. 
 
Electrical ground protection for the system is accomplished by a metallic connection between 
the neutral conductor and quite often a city water pipe. In other cases, the connection is made 
to a metal ground rod (stake) driven into the ground outside the building – or both, as a 
secondary (back up) ground may be required by code. This is illustrated in Figure 4 using the 
electrical symbol for ground. 

 
With few exceptions, the neutral wire is also grounded to the metal enclosure of the main 
distribution panel. If branch circuits from the main distribution panel are carried in rigid metal 
conduit or flexible metal (BX) cable, ground protection, when properly installed, is extended 
throughout the entire system. Nonmetallic sheathed cable (such as Romex) does not provide 
automatic grounding. However, the cable is usually available with a bare wire to serve as 
means of grounding to a remote junction box, appliance frame, or water pipe. 

 
Since water pipe, conduit, junction boxes, and the like are equivalent to the neutral conductor, 
we can actually measure voltage between any one of these items and a hot wire. (*See Note in 
Figure 2.) However, the grounding network in some buildings and for some equipment may not 
be continuous. Thus, if a hot wire comes in contact with an ungrounded metal surface (such as 
the casing of an appliance), current does not flow but the appliance surface is now “hot” and 
becomes a personal hazard if touched while some other part of one’s body is in contact with a 
ground source. 

 
Therefore, it is necessary to ground the casing of appliances, such as the furnace and 
condensing unit, to prevent unnecessary injury from electric shock. This can be accomplished 
using a green colored grounding wire. A good equipment ground also assures electronic control 
components will perform as designed. 

 
Ground Fault Circuit Interrupters (GFCI), sense differences in current flow between hot and 
neutral wires caused by a ground fault and disconnect power to circuit. Swift sensing provides 
another method of life safety. This is illustrated in Figure 5. (For more on this subject, refer to 
HARDI Tech Tip # 39.) 
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Differential transformer continuously monitors circuit to ensure that all current that flows out 
to motor or appliance returns to the source via the circuit conductors.  If any current leaks to 
a fault, the sensing circuit opens the circuit breaker and stops all current flow. 
Figure 5 - GFCI (Ground Fault Circuit Interrupter) functions by sensing differences in current 
flow when a ground fault occurs, say a hot wire touches a motor housing. 
 
 
As branch circuit loads are added, they should be balanced between the two 120 volt legs as 
evenly as possible. A meter attached to each of the 120 volt circuits may not indicate the same 
readings, since most current consuming devices are not in constant use and a balance does not 
exist at all times.  It is possible to improve operation of a 120 volt device by simply switching 
circuits to draw from the hot leg of the service which provides the better voltage. Be sure all 
appliances are drawing power when checking for the best leg. (It is also possible that loads 
imposed by adjacent buildings can affect the voltages of service drops originating from the same 
pole transformer.) 
 
With all the loads “on-the-line,” the balance can be read by measuring the amperage flow in the 
main neutral conductor. A perfect balance will give a reading of zero (0) amps. Though it may 
seem strange, it is characteristic of a neutral conductor whether grounded or not. The main 
neutral carries only the difference between the two circuit loads. 
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Figure 6A - Current flows with two neutral wires. 
 
Let’s examine why. In Figure 6A we show two electric heaters circuits (L1 to N and L2 to N).  Each 
of two neutral branch circuit conductors would carry the same current (20 amp) as their 
corresponding hot conductors. Yet when joined together as in Figure 6B with the main neutral, 
the amperage of one neutral branch circuit has a canceling effect on the other. Any current 
reading in the main neutral is therefore the amount of unbalance. For example: If one of the 20 
amp loads was only 15 amp, then a difference of 20 minus 15, or 5 amps would be measured 
unbalance in the main neutral. 

 

 
 
Figure 6B - Current cancels; no amp reading in neutral wire. 
 
In a sense, a smaller load goes into series with an equal amount of the larger load and the 
neutral conductor is there to carry the difference and maintain voltage. The installer or service 
person should never interrupt the main neutral. Fuses and switches should be installed always 
and only in the hot lines. 
 
Identifying Hot and Grounded Conductors 

 
There are a number of devices and test instruments that can be used to identify hot and 
grounded conductors. If you are concerned with only a grounded single-phase supply system, 
essentially most devices will suffice. But, if your work includes three-phase service, it is wise to 
be more selective in a choice and quality of test meters. 

 
The most common meters are the AC clamp-on meter and the multimeter. The multimeter is a 
volt-ohm-milliammeter (VOM). There are many configurations, and some single purpose, but 
many “high end” meters can read AC volts, amps, and ohms (resistance). 
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Let’s go back to the meter box in Figure 2. This is a schematic representation of a 240 volt, 
three-wire service entrance. From the service drop, there are two black insulated hot wires and 
one neutral. 

 
The neutral conductor is purposely grounded at the pole transformer for safety (as first shown 
in Figure 4) and is also carried into the building. It may enter as a separate insulated conductor, 
a laced shielding of bare wire, or as a supporting cable for the other two conductors. A 
voltmeter reading between any one of the black “hot” wires and the neutral will read around 
115-120 volts. A meter placed between the two hot black wires will indicate around 230-240 
volts. No voltage will be indicated between the neutral wire and ground. 

 
Moving out into a branch circuit, let’s use the common duplex receptacle in Figure 7 to 
demonstrate how to determine hot and neutral wires and to determine if the outlet has proper 
polarity. 

 
Make should multimeter is set on the highest AC volt scale. 
 

 
 
Figure 7 - Meter checks to determine proper polarity. 
 
Check 1: Prove there is “power” to the outlet.  Insert voltmeter probes into adjacent slot 
openings. Voltmeter should read 115-120 volts. 
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Check 2: Prove that the receptacle is grounded. Obtaining a line voltage reading between either 
the left or right slot and the center screw proves receptacle is grounded. 
 

 
 
Figure 8 - Proper wiring of a duplex outlet to assure correct polarity. 
 
Check 3: Prove proper polarity. If you obtain a line voltage reading between the right (small) slot 
and center screw, the receptacle is wired correctly. Line voltage between left (large) slot and the 
center screw indicates hot and neutral wires are reversed. Figure 8 shows the correct wiring 
behind the cover plate of a duplex receptacle. 
 
Three-phase Power 

 
Three-phase power is often delivered to a building with single-phase power available for lighting 
and utility tapped from the three-phase service. Three phase can be thought of as three 
separate single phase circuits connected together in such a way that only four (or 3) wires are 
needed rather than six to complete the necessary circuits and loads. Connecting three hot wires 
provides three phase to equipment; any two hot wires provide single phase. 

 
It is not difficult to determine whether three black conductors at a service panel represent 
three-phase power supply. Take three voltage measurements between sets of conductors. If 
these readings differ by just a few volts, it is evidence of a three-phase power supply. 
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What follows is a brief overview of two basic three-phase delivery options.  
 

Three-phase power is available in a variety of rated voltages. Regardless of the method of 
connection, they all provide a three-phase supply that can be used by any three-phase 
equipment having matched voltage and 60 cycle rating. 
 
Two popular transformer wiring configurations used to create different three-phase service 
from the three-phase high voltage supply are called Delta and Wye connections. The primary 
side is usually a Delta and the secondary can be either Delta or Wye. Each has its advantages 
and disadvantages from the perspective of the utility company and to industrial customers. 
 
Three-phase, Four-wire Delta 

 
Three-wire Delta connected sources may be encountered when providing three phase only 
loads.  
 

 
 
Figure 9 - Three phase, four-wire Delta service from transformer secondary. 
 
To provide single phase lighting loads, for example, a fourth wire is added.  The system in Figure 
9 has what is sometimes referred to as a “wild-leg,” “stinger-leg” or “high leg” due to the odd 
voltage between one phase leg and the grounded connection. This is a clear indication of a 
Delta service. This leg is usually identified with an orange conductor. This system provides two 
120 volt single-phase circuits, one 240 volt three-phase circuit, and three 240 volt single-phase 
circuits. When all of these circuits are utilized, one may find the three-phase voltages 
unbalanced. With this system it is almost impossible to balance the three-phase circuit when 
the two 120 volt circuits are loaded. 
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In checking a three-phase motor that is connected to this type of service, it is not unusual to 
find that amperage in the “wild-leg” is higher than the other two. When motor protectors and 
fuses are found in two legs, one generally finds the unprotected leg to be the “wild-leg.” This is 
especially true if nuisance tripping has been experienced in the past. The practice of connecting 
in this manner does not correct the basic problem. However, it does afford immediate relief in 
many instances. If amperage in the “wild-leg” is considerably higher (3 amperes or more) than 
the others, motor operation may be affected. Also, there is a chance of overheating and 
damage to motor windings. The installer may be the first to discover this bad condition or poor 
balance and should take steps to protect the equipment. It is wise to turn the equipment off 
and advise the customer and the utility company of this condition. 

 
Three-phase, Four-wire “Y” System 

 
The four wire Wye (Y) system in Figure 10 is commonly found with the 208/120 volt rating, 
though it could have other ratings such as 480/277, etc. Instead of two low voltage single-phase 
circuits, it provides three circuits and the transformer windings can be loaded evenly to 
maintain balance. The fourth conductor is neutral and usually grounded and not protected by a 
fuse. This is the most common service for commercial buildings. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10 - Three-phase, four wire Wye (Y) service from transformer secondary. 
 
 
The neutral conductor plays the same part as previously described for “Single-phase power.” It 
can be combined with two of the three-phase legs to furnish 208/120 single-phase, 60 cycle 
power. 
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Loads “Seriesing” Due to Blown Fuse 
 

It is important to know how load devices on several branch circuits can go into series even 
though each circuit is correct. Figure 11 shows a 115 volt branch circuit connected to the main 
fuses with each branch circuit separately fused. If one main fuse blows when the two loads are 
operating, the load circuits still remain complete by going into series through 115 volt branch 
circuits. This may be seen by tracing the circuit from the good main fuse to the neutral wire. 

 
This sort of thing does occur once in a while and in some cases is not detected immediately.  
However, when air-conditioning equipment is involved, the symptoms are usually obvious.  The 
use of two pole or companion trip circuit breakers instead of individual main fuses eliminates 
this potential problem. Note that the circuit interruption could even be outside and still affect 
all electrical services to a building supplied by one transformer. 
 

 
 
Figure 11 - Two branch loads go into series configuration when main fuse blows under this 
single phase arrangement. 
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“Seriesing” in Three-phase Supply 

 
The situation just described could also occur on a three-phase service that has a fourth (neutral) 
conductor to supply circuits in the 115-120 volt range. However, all three-phase services can 
present similar problems or worse. 

 
For example, if every load connected to the three-phase supply used all three phases, there 
would be no complication. But multiple single-phase loads might be connected. 
 
Figure 12 shows three single-phase loads connected to a three-phase supply in a balanced 
manner. All three phases are utilized but not by each individual load device. Look at Figure 12 
and visualize this as part of one complete control system. Note that when the switch on the left 
side is opened, # 2 load still receives 220 volts, but loads # 1 and # 3 go into series and divide 

the 220 volts accordingly.  
 
Figure 12 - Individual single phase loads using 3-phase 
service may shift into series flow when a switch opens or 
fuse blows. 
 
This means that one load device serves as a conductor for 
the other, and thus its operation is not under control. If 
certain types of magnetic relays, starters or contactors are 
the loads, it could result in chattering and possibly welded 
contacts, or the solenoids might burn out. 
 
This may be repeated by opening either of the other two 
switches, and in each case, two loads go into series. The 
conclusion is that in one complete control system, single-
phase loading should be limited to only one of three 

Facts About Cycles 
 

Cycle refers to the frequency of 
alternations in an alternating 
current (AC) power supply. 
 
1.  Alternations are the reason there 
is no “positive” and “negative” 
polarity in AC. 
 
2.  Frequency affects the speed of 
motors and the pull of magnetic 
coils. 
 
3.  Frequency is not changed by 
transformers. 
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phases. Remember, keeping all single-phase loads on one phase does not promote good line 
balance. When these loads become great enough, they unbalance the three-phase supply and 
create problems with three-phase motors. 

 
Examine Figure 12 once more and visualize it as the way in which three single-phase loads are 
connected to the same building service. Picture the contacts closed. The fuses shown would be 
the mains, of course; each load would be separately fused. 

 
The same series circuiting would occur if a main fuse blew. Companion trip circuit breakers 
could be used to prevent such an occurrence: however, they would not be of any value if the 
system were single-phased by a broken wire. Also, a transformer fuse can blow as they 
sometimes do in an electrical storm. If an installer could assure component protection by using 
companion circuit breakers all the way back to the service entrance, it would not eliminate the 
possibility of damage due to a service fault outside the building. Component failures could still 
result. 

 
Service people have found three-phase motors burned out as a result of single-phasing. Using 
magnetic starters and contactors that do not chatter at any coil voltage reduces the likelihood 
of such extensive damage. 
 
In some instances, the holding coil of these “snap-action” starters’ burns out, but this is far less 
costly than a burned out motor. There are also solid state motor protectors available to prevent 
single phasing. 

 
Disconnect Switches 

 
Figure 13 illustrates the application of an outside disconnect switch near a condensing unit 
which is required by most codes. 

 
This disconnect may or may not be fused depending upon manufacturer requirements. If the 
instructions specify fuses then circuit breakers cannot be substituted.  
 
A fused disconnect can be inserted between a panel with circuit breakers and meet the 
specifications. If the manufacturer offers an option, the circuit breakers must be marked HACR 
(Heating, Air Conditioning, Refrigeration) to meet 
requirements and the disconnect can be a non-
fused switch. 
 
More on wiring in the next lesson. 
 
 
 
 
Figure 13 - Disconnect rules for wiring  
condensing units. 
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Notes:  UL safety tests requires that if an equipment manufacturer specifies fuses for overcurrent 
protection, say nameplate reads “max size fuse - 40 amps,” then circuit breakers cannot be 
substituted.  However, a fused disconnect switch could be used with a panel containing circuit 
breakers.  If manufacturer specifies “40 amp fuses or 40 amp HACR circuit breakers,” then HACR 
marked circuit breakers could be used along with a non-fused disconnect and meet code. 
 

 
 

Facts About Phase 
 
Phase refers to an alternating current whose alternations have a definite time relation to the 
rotational position of the alternator.  Phases are separated by 360 electrical degrees divided 
by the number of phases. 
 

Single Phase 
 
1.  There are several voltage choices. 
 
2.  Single phase power can be taken from a three phase supply. 
 
3.  Single phase motors require starting equipment such as capacitors except for very small 

motors. 
 
4.  Single phase power is available when a fuse blows in a three phase supply circuit. 
 

Three Phase 
 

A three phase power supply is made up of three single phase “out of step” (by 120 
mechanical and electrical degrees) power supplies. 
 
1.  There are several voltage choices. 
 
2.  The efficiency of this current is good. 
 
3.  Three phase current can be used to supply single phase current. 
 
4.  No starting components are required by three phase motors. 
 
5.  If you interrupt one conductor, only a single phase remains. 
 
6.  You must protect three phase motors from “single phasing.” 
 
7.  Voltage balance is important to the operation of three phase motors. 
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Self-Check, Lesson 5 Quiz 
 
You should have read all the material in Lesson 5 before attempting this review. Answer all the 
questions to the best of your ability before looking up the answers provided in the answer key.   
 
 
Please indicate whether the following statements are true or false by drawing a circle around 
T (to indicate TRUE) or F (to indicate FALSE). 
 
   True     False 

 
1.  T F Voltage is increased by transformers prior to sending electricity over 

transmission lines. 
 
2.  T F Three-phase power is most often provided to homes and small businesses. 
 
3.  T F Central air conditioning can be added to older homes with only 115 volt, 30 amp 
  service. 
 
4.  T F A “grounding” wire is either green or bare. 
 
5.  T F Balancing electrical loads is not important in residential work. 
 
6.  T F A three-phase, three wire Delta supply may not be grounded, but it should be 

for safety reasons. 
 
7.  T F Electrical ground protection cannot be provided by making a metallic connection  
  to a stake driven in the ground. 
 
8.  T F If one probe of a voltmeter is touched to the grounded or neutral conductor 

  and the other probe to a ground source, a potential difference (voltage) should 
not appear in a properly connected system. 

 
9.  T F Single-phase service cannot be part of a three-phase electrical supply. 
 
10. T F If the equipment manufacturer specifies fuses for over current protection, 

circuit breakers can be substituted. 
 
11.  T F An electrical system is in balance when the current in the neutral conductor is 0  
  amps with all loads powered up. 
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In the following multiple choice questions, choose the phrase that most correctly completes 
the statement and circle the corresponding letter in front of the phrase. 

 
12.  GFCI’s disconnect power to a circuit by sensing: 
 
a.  current in hot line. 
b.  current in neutral wire. 
c.  differences in current between the hot and neutral wires. 
d.  differences in current between two hot lines. 
 
13.  Applied voltage must stay within: 
 
a.  +/- 2%.  . b.  +/- 5%. 
c.  +/- 10%.  d.  +/- 15%. 
 
14.  In a grounded three-phase service, the grounded leg: 
 
a.  does carry current. b.  does not carry current. 
c.  is white in color. d.  is bare. 
 
15.  A wild-leg or stinger-leg is characteristic of a three-phase: 
 
a.  four wire Delta system. b.  three wire Delta grounded system. 
c.  three wire ungrounded system. d.  four wire “Wye” system. 
 
 
For the completion-type questions, fill in the blanks with the word (or words) that most 
accurately completes the thought. 

 
16.  Building service entrances panels are rated in __________. 
 
 
 
 
 
 
 
17.  The reading on the meter face indicated above is __________________ kilowatt hours. 
 
18.  The two most popular transformer wiring configurations are the _____________ and the  
_________________. 
 
19.  The initials GFCI stand for ___________  ___________  ___________  _____________. 
 
20.  The black wire (hot) get connected to the ____________ colored terminal of a duplex  
receptacle. 
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Check Your Answers!  
  
Now compare your answers with those given in the answer key at the back of this book.  The 
answer key also directs you to a page in the lesson to review the text for any questions you 
may have missed. 
 
When you are satisfied you understand the questions missed, proceed to your next assignment 
which starts on the next page. 

 
Do you have any unresolved questions on this lesson? 

 
Fax your questions to 614-345-9161 or email to 

Hardimail@hardinet.org. 
 

mailto:Hardimail@hardinet.org�
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Lesson 6 Overview 
 
 

This lesson, “Wiring and Control Sequence,” is to familiarize you with the functions and 
operation of the various controls encountered by the air conditioning service technician. 
 
After studying this lesson, you should be able to do the following: 
 

1. Distinguish between series and parallel control circuits. 
 

2. Explain the purpose of three types of control diagrams. 
 

3. Use the “rules of the road” to analyze simple control circuits. 
 

4. Describe the function/purpose for specific control devices in basic air conditioning 
control circuits. 

 
5. State precautions to follow when testing solid-state devices. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Now read Lesson 6 which begins on the next page. 
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Lesson 6: System Writing and Control Sequence 
 
The building’s power supply was covered in Lesson 5. The focus here will be on connecting 
power to the equipment and the low voltage controls to operate the system. 
 
Both 240 volt power to the air conditioning unit and 120 volt power to the furnace are 
obtained from separate circuit breakers at the building service panel. These are “dedicated” 
circuits and nothing else can be served by these circuits. In both instances, a disconnect switch 
must be provided at each piece of equipment. For the air conditioning unit, this means a fused 
or non-fused power disconnect mounted on the outside wall of the building. A water tight, pre-
wired flexible conduit called a “whip” is often used to connect the condensing unit to the 
outdoor disconnect box. 

 
Figure 1 - Liquid tight “whip” is most often used to 
connect condensing unit to disconnect switch. 
 

Wire size is determined by the electrical 
rating for the equipment. A furnace may 
require 8-10 amps and specify #14 or #12 
wire gauge. There may also be a limit 
specified for the maximum length of the 
branch wire from panel to equipment to  
minimize voltage drop. The same would 
apply to the air conditioning unit that may  
require larger wire gauge (#8 or #10) for  
larger units say 30,000 Btu/hr and up. Conductor type “T” for thermoplastic and variants for 
wet (TW) or hot (THW) environments must be used in environmental conditions set by the 
National Electric Code. 

 
All equipment must be grounded both for safety, and in the case of electronic controls, for 
proper polarity to assure operation. Usually, there is a ground lug for this purpose. A #14 wire 
or larger is often specified. (Recall that checking for polarity was discussed in Lesson 5.) 
 
Three common types of wiring “systems” for routing conductors would be electrical metallic 
tubing (EMT) thin wall conduit with individual conductors in the “pipe,” armored cable (BX) 
and nonmetallic sheathed (Romex) cable – the latter being the most common. NM-B cable 
can be used in dry locations and NMC-B in damp locations. Nonmetallic cable is available with 
two or three conductors and usually a ground wire. (Specifications are printed on the cable 
surface.) 
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Figure 2 - Thin wall conduit (top), armored cable 
(middle) and nonmetallic sheathed cable (bottom) are 
likely wiring choices under most authorities. 
 
 
 
 

There must be an unbroken connection at junction boxes to assure the system is properly 
grounded. Use of conduit and armored cable generally assures system grounding without the 
extra bare grounding wire. Local code requirements may dictate the proper wiring method and 
that the wiring must be done by a licensed electrician rather than a HVAC/R technician. 
 

 
 
 
 
Figure 3 - Nonmetallic sheathed cable can be routed 
through holes in wood (and metal) studs.  If near the 
surface, cable must be protected by metal plates. 
 
 
 

 
Type NM-B may be threaded through holes drilled in joists and wall studs and secured with 
staples and straps. To make a connection, a wire stripper tool set for the proper wire gauge 
must be used to remove the thermoplastic insulation without nicking the copper conductor. It 
is also recommended that solderless wire nuts should be further protected with UL approved 
plastic or friction tape. 
 
 

 
 
Figure 4 - Solderless wire screw-on connectors “wire nuts” 
are popular for joining single conductors together.  Open 
end should be taped closed. 
 
 
 

 
 
Low Voltage 
 
Low voltage power used in the control circuit is provided by means of a transformer – typically 
reducing line voltage to 24 volts. The 24 volt circuit may be separately fused. 
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Control circuits may be illustrated in manufacturer instructions using several methods – a block 
diagram, a schematic and/or pictorial diagram. 

 
 
 
Figure 5 - Block diagram 
 
 

The block diagram (Figure 5) is purposely simple, showing essential concepts and sequences 
only. Block diagrams are often used as an introductory step explaining complex control systems 
where the technician might immediately become bogged down with a myriad of details before 
understanding basic concepts and priorities. 
 
The schematic, often called a ladder diagram and sometimes an elementary diagram (Figure 6) 
shows every wiring detail and component using a code (symbols) – a kind of circuit shorthand. 

 
 
 
Figure 6 - Schematic diagram  
 
 
 
 

 
The pictorial, sometimes called a connection or “line or label” diagram Figure 7 attempts to 
show the control circuit as it really is. 
 

 
 
 
Figure 7 - Pictorial diagram 

 
 
 
 
 

 
Both of these latter methods have advantages and disadvantages – and may be presented side 
by side in instruction manuals. Each serves a particular need. Sometimes a connection diagram 
may be difficult to read because it is necessary to illustrate numerous criss-crossings of wires, 
with the resultant spaghetti bowl look that is hard to follow. On the other hand, even simple 
ladder diagrams often frighten less experienced installers and schematics supplied with new 
equipment may be redrawn in the shop as pictorial diagrams for field use – and may even be 
called field wiring diagrams. Schematics are considered more “scientific” and are regularly used 
by manufacturers.  In fact, they are often referred to as factory diagrams. 
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Interpreting schematic/ladder circuit diagrams can be simplified if the following “Rules of the 
Road” are applied: 
 
1. Review the diagram to be certain you understand the meaning of the symbols used. There is 
a great deal of symbol standardization in the industry today. 
 
2. Start your trace at the uninterrupted power source. A complete or closed circuit consists of 
an unbroken trace from the uninterrupted power source, through the wiring, switches and 
loads and back to the power source. A break in the wiring, an open switch, or an open relay 

contact will break the continuity of the circuit and 
stop the flow of electrical energy at that point. 
 
3. All circuit components are usually shown in the 
“no power” condition unless stated otherwise. 
 
4. If two traces are possible (parallel circuits, see 
sidebar), the current will divide and follow both 
paths. The amount of current flowing in a circuit will 
depend on the resistance in the circuit -- the greater 
the resistance, the less current flow in that section 
of the circuit. 
 
The thermostat location is very important to the 
operation of both the heating and cooling units. 
There are scores of different models and 
instructions are included with each model. In 
general, these guidelines apply: 
 
1. Determine that the thermostat model does apply 
to the type of equipment being installed. (Some 
models may be for heat pumps only, heating only, 
etc.) 
 
2. Typical placement is on an inside wall about 5 ft 
above the floor in a room most often occupied and 
which represents average temperature conditions in 
the home – living room, family room, dining room.  
Not in a kitchen or bathroom. 
 
3. Do not install in a draft or behind doors, in 
corners, in front or nearby ducts or radiators, near 
table lamps, floor lamps, TV or a computer that give 
off heat, in direct sunlight or in front of a fireplace 
where radiant heat could affect operation. 
 
4. Use #18 gauge copper thermostat cable – 
preferably with a minimum of five conductors (A 
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larger gauge (16) may be required for very long runs between thermostat and equipment.) 
 
5. Plug any holes in the wall where wires penetrate to eliminate drafts from the wall cavity. 
 
The following standard thermostat wiring convention is almost universally accepted. 
 
Terminal “R” and red color wire represents power from the low voltage transformer. 
 
 
 
 
 
 
 
 
 
Terminal “G” and green wire is part of the fan control.  
 
Terminal “Y” and yellow wire is the cooling control lead. (Y1 and Y2 may be included if multi-
stage equipment is used).  
 
Terminal “W” and white wire is the heating side. There may be W1 and W2 for heating stages 
as well.  
 
For heat pumps, a fifth terminal either “O” orange color or “B” blue colored wire is added to 
control the operation of the reversing valve.  “O” powers in cooling mode while the “B” is 
powered for heating operation. 
 
For example: If there is a connection made by the thermostat from R to W, the heating unit will 
start. Additional designations may be included for accessories and multiple speed equipment. 
 
Low voltage terminals to the furnace and outdoor condensing unit will carry the same 
designations and may include a C terminal for common. For example, the leads from the 
thermostat would be connected to W, G, R, and Y on the furnace electronic fan control board 
and from the contactor coil in the condensing unit, low voltage wire would be connected to Y 
and C terminals. 
 
A thermostat must also be matched to the equipment with regards to heat anticipation. 
Whatever the type of thermostat, mechanical or electronic, some means is usually provided to 
adjust heat anticipation.  Adjustable heat anticipation is built into each thermostat to reduce 
the swing in room temperature between high and low points caused by system lag in response 
to a call for heat and the on-off differential of the thermostat.  
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Figure 8 - Wiring connections often feature screw 
terminals to connect conductors such as the straight 
connection or wraparound style.  Wraparound should 
be made with the wire loop positioned so the screw 
tends to close the loop as it is being tightened. 

 
Instructions accompanying the thermostat will explain how to adjust heat anticipation or cycle 
rate.  This can be important for occupant comfort. In the case of modern induced draft 
medium efficiency furnaces, improper anticipation setting that causes short burner cycles may 
increase the amount of condensation developing in the venting system. Excessive 
condensation would in turn increase the opportunity for corrosion. (More on anticipation in 
the lesson on start-up.) 
 
Control Sequence 
 
Equipment and control manufacturer control strategies can and do vary somewhat. What 
follows should be considered typical, but not universal, for a condensing type, sealed 
combustion, gas furnace. 
 
Let's follow the operation of a furnace – first through a demand for heat. Refer to Figure 9 and 
the reference number in parenthesis.  

 
The room thermostat calls for heat closing a circuit between terminals “R” and “W.” Inside an 
integrated furnace control center (1) voltage is applied from “W” to “C” across a heating relay. 
The contacts close and supply power to the combustion blower also called an inducer (2). 
 
A pressure switch (3) proves that the combustion blower is operating and closes on a rise in 
pressure differential across the combustion blower to allow 24 volts to the normally closed 
limit switch of the combination fan and limit control (4). If the limit is closed, voltage becomes 
available to a second pressure switch (5). This switch insures that the secondary heat 
exchanger is not water logged with condensate and that the fresh air intake and vent pipes are 
not blocked. It proves air flow through the entire combustion system of the furnace. 
 
The furnace requires an external 120 volt power source of the current rating stated on the 
nameplate. A movable junction box (6) for connection to line voltage is located at a corner of 
the furnace. Line voltage is converted to 24 volt control voltage by the furnace transformer 
located in the control center (1) in the blower compartment. 
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Figure 9 - Representative furnace control system.  See text for explanation. 
 
Neither line or control voltage will be available unless the a blower door interlock switch (7) is 
closed. (This means the main air blower access door must be in place.) 
 
To operate the furnace as a heating only unit, a single pole single throw 24 volt thermostat is 
the only required external control. As noted, this thermostat would be connected to the “R” 
and “W” terminals of the terminal strip (8). Should continuous fan operation be needed or air 
conditioning added, closing the circuit between “R” to “G” will energize the blower at high 
speed. 
 
Terminal “C” is 24 volt common on the return side of the transformer: clock type thermostats 
and air conditioning units would require use of “C” terminal. The “Y” terminal is simply a 
binding post to connect the “Y” lead from the thermostat to the “Y” lead of the condensing 
unit and is not electrically connected to the furnace controls in any way. 
 
The “R” and “C” terminals should never be connected together. Such action will damage the 
transformer.  Typically for a new furnace, the factory transformer is large enough to handle all 
internal furnace functions, any recommended thermostat and any control voltage 
requirements of any matching split system air conditioning unit. This may not be the case with 
an older furnace or heat pumps. 
 
When this series of controls have all closed (the entire sequence occurs in a few seconds), 24 
volts is available to an ignition module. At this time, the module will start an ignition sequence. 
As an example the module may require a 30 second “pre-purge” from the time it receives 
power. This means that the combustion blower (2) will clear both heat exchangers (primary 
and secondary) as well as vent pipes of all gases before ignition takes place. This is extremely 
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important. Igniting residual combustible vapors in a sealed combustion system can cause 
severe equipment damage.   
 
When the pre-purge cycle is complete, the ignition module (9) closes a 120 volt circuit to (in 
our case) a hot surface (10) igniter (could be direct spark or intermittent pilot). The module will 
allow approximately 15 seconds for the igniter to warm up. As the igniter is glowing almost 
red-hot over the burner, the gas valve (11) will receive 24 volts from the module.  Combustion 
is now on. 
 
A sensor (12) located over the burner, must sense flame in 7 seconds or less; if it does not, the 
module will shut the gas valve off and retry the ignition sequence two more times before 
locking out. 
 
As the heat exchangers begin to head up, the fan switch of the Fan and Limit Control (4) will 
close, causing the main blower to run at heating speed, (selected by the normally closed 
contacts of the blower relay), bringing air from the conditioned space across the primary and 
secondary heat exchangers then returning it to the conditioned space. 
 
When the space thermostat is satisfied and the call for heat ends, the 24 volt supply will be 
interrupted between R and W.  The inducer will stop and the gas valve closes; the burner(s) will 
extinguish. The main blower will continue to run until the heat exchangers cool off and the fan 
switch of the fan and limit control (4) opens. 
 
Cooling Cycle 
 
Placing the thermostat sub-base fan switch in the “ON” position will take 24 volts from the 
furnace “R” terminal and complete the circuit to terminal “G”. This energizes the blower relay, 
causing the normally open relay contacts to close and power the blower motor at cooling 
(high) speed. 

 
If the fan switch is in the “AUTO” position the “G” terminal will only be energized when the “Y” 
terminal is energized. This occurs only if the system switch is set for “COOL” and the 
thermostat calls for cooling. This will cause the furnace blower and compressor contactor to be 
energized at the same time.  
 
Older systems may rely on temperature sensors rather than a timed sequence to start and 
stop the main blower. And some manufacturers have chosen so-called “smart” valves that 
fully integrate the ignition module and the gas valve.  
 
Refrigerant Circuit Safety Controls 
 
Depending, of course, upon the particular manufacturer – and the age of equipment – here 
are some of the special refrigerant control devices that could be encountered. 

 
High-pressure control 
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The purpose of the high-pressure control is to protect the system against excessive discharge 
(head) pressure. It is a high pressure limiting device. 

 
The high-pressure control consists of a 24 volt normally closed electrical switch that is 
actuated by a bellows connected into the discharge side of the refrigerant system. When the 
pressure exceeds the control setting, the bellows expand and cause the normally closed (N/C) 
switch contacts to open. Since the switch contacts are wired in series with the contactor or 
starter pull-in coil, the contactor or starter opens when the switch contacts open, thus 
disconnecting the power supply to the compressor. As the pressure returns to normal, the 
switch contacts will try to close. However, many high pressure controls are not allowed to 
close unless a “reset” is actuated manually or by turning the thermostat selector switch to the 
“off” position and then back to the “on” position if a lock-out relay (impedance relay) is used 
in the control circuit. 
 
Low-pressure control 
 
The purpose of the low-pressure control is used to protect the system against abnormally low 
pressure. So, it is a low pressure limiting device. The low-pressure control, like the high-
pressure control, consists of a 24 volt (normally closed in the operating position) electrical 
switch actuated by a bellows.  
 
 

Figure 10 - Pressure actuated switch 
 
 
 
However, the bellows in this case are connected into 
the suction side of the refrigerant circuit. When the 
pressure falls below a desired level, the switch 
contacts open. Since the switch contacts are wired in 
series with the contactor or starter pull-in coil, the 
contactor or starter opens when the switch contacts open, thus disconnecting the power 
supply to the compressor. As the suction pressure returns to normal, the switch contacts close 
automatically unless used with a lock-out device. The control performs two functions in 
protecting the system against abnormally low pressure. 
 
1. It shuts the compressor off if the evaporator temperature falls low enough to cause the coil 
to ice up due to insufficient liquid in the evaporator or lack of sufficient air on the evaporator. 
These conditions cause low suction pressure. 
 
2. It shuts the compressor off in the event of a loss of refrigerant charge. Hermetic and semi-
hermetic compressor motors are cooled by suction gas. If the system has lost its charge, there 
is no gas to keep the motor cool and overheating would result. 
 
To eliminate the need for both these devices, some equipment designers rely on sensitive 
thermal overload sensors in the compressor motor. Pressure conditions that overload the 



Small HVAC Systems: Installation 
Lesson 6 Page 11 

motor raise the temperature of the motor and trigger the overload to shut down the system. 
(Motor protection will also be covered in this lesson.) 

 
Impedance relay 

 
The impedance relay is also referred to as lock-out relay. The purpose of the impedance relay 
is to lock-out the circuit to the coil of the contactor or starter due to a high pressure and/or 
low pressure cut-out situation. It is generally reset after pressures have returned to normal by 
turning the room thermostat selector switch to the “off” position and back to the “on” 
position. 

 
Time delay relay 

 
Some control circuits include a time delay relay (TDR) to protect the compressor from short 
cycling as a result of thermostat contacts chattering. This can be a result of vibrations or 
manual manipulation of the thermostat. Typically, when the thermostat contacts close, a 
small heater is energized which in several seconds warps bimetal, which in turn closes 
contacts and powers the contactor coil to start the compressor. 

 
Figure 11 - Low voltage integration of hi/lo pressure controls and a delay relay.  Equipment 
manufacturers may approach compressor safety in a variety of ways with a goal of 
simplification and greater protection. 
 
Another “delay” device is a minimum off timer. In this case, the purpose is to allow refrigerant 
pressures to equalize before the compressor is started. Without this delay, the compressor 
might continue to short cycle as it fails to start against excessive pressure in the system. 

 
Low ambient temperature control 

 
Although air conditioning systems are designed primarily for summer operation (outdoor 
temperatures of 65 degrees or above), there are times when the unit must be operated 
during low outdoor temperatures when there are large internal heat gains in a building. 
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Typically, R-22 systems should be operated to maintain condensing temperature of not less 
than 90° F. 

 
Air conditioning systems operated in low ambient temperatures are susceptible to damage 
due to abnormally low head pressure. Unless means of maintaining normal head pressure are 
provided, the compressor may be irreparably damaged. 
 
The metering capacity of refrigerant control devices (expansion valves, cap tubes and orifice 
plates) is dependent upon the pressure difference across the device. Abnormally low head 
pressure reduces the pressure difference across the expansion device, resulting in insufficient 
refrigeration flow. The lower refrigerant velocity and possible lower evaporator pressure 
permits oil to settle out and trap in the evaporator, sometimes causing shortage of oil in the 
compressor crankcase. Operating a compressor with insufficient oil, even for a short amount of 
time, causes some damage to rods, crankshaft, pistons, and bearings. 

 
It’s not uncommon for a damaged compressor to operate satisfactorily in winter and then fail 
in spring when subjected to heavier loads. Operation of a compressor that is low of oil for long 
period of time, or repeated short periods, is certain to result in failure of the compressor. 

 
To prevent below 90° F condensing temperatures in the wintertime, either the refrigerant side 
or the air side of the condensing section can be controlled. Air side control will be reviewed 
here. 
 
Low ambient control of airflow can be accomplished by cycling condenser fans on and off by 
using solid state fan speed controllers or by using modulating dampers across the face of the 
condenser to restrict air flow through the condenser. 

 
Fan cycling can be accomplished by sensing either the ambient air or refrigerant temperature 
in the condenser. Either sensor can then be connected to a relay that controls fan operational 
mode. 

 
Solid-state fan motor speed control usually involves the use of a thermistor.  This is a solid 
state semi-conductor whose resistance changes with temperature that senses refrigerant 
temperature.  This sensor is coupled to an electronic circuit that modulates voltage to vary 
condenser motor speed from 0 to full operating rpm. 

 
The use of modulating dampers finds limited use in air conditioning work, but may be 
encountered in refrigeration applications. 

 
Most low ambient kits are unique and each manufacturer’s data should be consulted for 
specific service details. 

 
If the unit is required to operate in low ambient conditions, and a low ambient control is not 
provided by the manufacturer: 

 
1. Install a crankcase heater on the compressor. 
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2. Install a low-range, reverse-acting high pressure switch on the discharge side of the 
compressor and wire it in series with the condenser fan. Adjust it to open its contacts when the 
discharge pressure drops to 150 to 200 lb. Low ambient control is required to provide sufficient 
discharge pressure on a properly charged circuit to force enough liquid refrigerant into the 
evaporator to prevent excessively low suction pressure, thus causing the evaporator to freeze 
up. The reverse acting high-pressure switch may easily be installed on the liquid line service 
valve or other means without losing any of the refrigerant charge. 

 
Motor Protection 

 
Whenever an electric motor is overloaded or stalled, the motor draws current many times its 
full load rating. If this condition is allowed to continue, the motor windings overheat and a 
burnout may result. 

 
A motor may be protected from over current damage by an external or an internal protector. 
Each device protects the motor by disconnecting it from the power supply when the motor 
temperature and/or current drawn by the motor become excessive. 
 
External Protector  

 
Hermetic and many semi-hermetic compressors are equipped with external motor overload 
protectors. This device may be mounted on the compressor shell by a removable bracket. 

 
The overload protector consists of a small round backbite casing containing a heater wire and a 
bimetal disc. This overload protector is wired in series with the compressor power supply so 
that the power going to the compressor motor must pass through lt. 
 
The overload protector is designed to carry normal starting and operating currents. If for any 
reason the current increases to an abnormal amount, the excessive heat from the heater wire 
will cause the bimetal disc to snap open, disconnecting the compressor from the power, 
causing it to stop. The bimetal disc is also affected by heat from the compressor shell. As the 
shell temperature increases, the overload protector will allow less current to flow before 
tripping out. 
 
The overload protector is therefore affected by both shell temperature and heat generated in 
the heater wire within the protector. 
 
If the overload protector trips for any reason, the circuit remains open until the shell cools to 
the proper temperature, at which time the bimetal disc snaps and the compressor motor again 
starts. In normal operation overload trip-outs seldom occur. The overload protector is non-
adjustable and, if it fails to function properly, it must be replaced with a factory approved 
assembly. External protectors are used mainly with small compressors, for refrigerators, 
through-the- wall and room air conditioners.  
 
Internal Protector 
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An improvement to the shell mounted line break protector is to mount a device directly inside 
the compressor adjacent to the motor windings or embedded in the windings. (Figure 12) This 
is called an internal line break protector. It is often placed in series with the common terminal 
on the compressor to break the line voltage when compressor temperature or motor current 
exceed design limits. 

 
 
 
 
 
Figure 12 - One example of an internal motor protector. 
 
 
 
 
 
 

 
Excessive current draw may be caused by: 

 
• Excessive high or low voltage. 
• Defective starting or running capacitors on single-phase motors. 
• Excessive discharge pressure. 
• Internal motor ground or short. 
• Failure of start or potential relay on single-phase motors. 
 
Excessive motor temperature may be 
caused by: 
 
• Low refrigerant charge. 
• Too much superheat, causing suction vapor to return to the compressor at excessive 
temperature. 
• Excessive ambient temperature. 
• Suction and liquid line bonded together for too great a distance. This may increase the 
temperature of the suction vapor too much. 
 
Pilot duty thermostat motor protector 

 
The pilot duty motor protector is a small temperature sensitive thermostat that is mounted 
inside a compressor on the motor windings.  This thermostat provides temperature protection 
of the motor windings. The pilot duty thermostat breaks the circuit to the compressor control 
circuit if the compressor motor windings become overheated; and it is automatic recycling. The 
thermostat is usually wired in the 24 volt circuit; this can be accomplished by interrupting the 
transformer secondary of the control circuit. This device could be used in series with an 
external overload that senses motor current. 

 
Remote Reset Systems (Impedance relay) 
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The reset system is designed to re-establish an electrical circuit that permits starting of the 
compressor from a remote location, such as a room thermostat, after a safety shutdown. The 
remote reset is used as a convenience to the user. 
 
Overload Relay (quick-trip) 

 
Air conditioning compressors use some form of an integral protector. If for some reason there 
is no “built-in” protection, then an overload relay may be used. An overload relay consists of a 
bimetal contact in series with the motor starter pull-in coil and a heater in series with the 
compressor motor winding. When the compressor is overloaded, the high continuous current 
through the heater warps the bimetal contact until it opens the compressor starter pull-in coil 
circuit. Since no current is flowing through the pull-in coil circuit, the starter contacts open to 
stop the flow of current to the compressor motor. 

 
The heater used in an overload relay must be accurately matched to the compressor motor 
current. With a properly sized heater, the motor will be fully protected against over-current 
damage but will not shut down the system 
unnecessarily. Again, the ordinary compressor 
contactor does not include this feature. 

 
Capacitors 

 
Single phase hermetic motor compressors are 
very often Permanent Split Capacitor (PSC) units 
in residential sizes. This means a run capacitor is 
always in the motor electrical circuit when the 
unit is in operation.  A Capacitor Start  Capacitor 
Run (CSR) arrangement is also used in similar sizes 
and larger units. The start capacitor improves 
starting torque and the run capacitor improves 
motor operating efficiency. The “electrical size” of 
a capacitor is defined by its voltage rating and 
storage capacitance measured in microfarads 
(mfds). 

 
Run capacitor 

 
The purpose of the run capacitor is to improve electrical power factor, thus reducing current 
draw on PSC and CSR compressors. Its purpose on permanent split capacitor (PSC) compressors 
is to provide some starting torque and reduce current draw. It is an oil-filled type and designed 
for continuous operation. It remains in the electric circuit and is wired to the compressors run 
and start terminals. Motors may run under light load if the run capacitor is defective, but the 
current draw will be excessive. They vary in capacitance (mfd rating) and voltage value 
depending on motor requirements.  
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Start capacitor 
 
The purpose of the start capacitor is to create a much greater starting torque (turning power) 
on the motor. Its function is similar to the low gear of an automobile, permitting it to get 
started while under a relatively heavy load. It is an electrolytic type, designed for intermittent 
use. It is wired in series with the start winding and must be removed from the circuit before 
the compressor reaches running speed. Because it is not oil-filled, it must be removed from the 
circuit by a start relay or a centrifugal switch. Many start capacitors are equipped with a bleed 
resister across its terminals to speed the device’s discharge of electrical voltage. 
 
Motors requiring start capacitors will not get up to running speed if the start capacitor is 
defective, unless the motor is starting “unloaded.” Start capacitors vary in capacitance (mfd) 
and voltage values depending on motor requirements. Since they are installed in series with a 
start relay, they are removed from the start winding when the contacts of the start relay 
open. 
 
Start (potential) relay 
 
Start relays are required 
on single-phase 
compressor motors to 
remove the start capacitor 
from the circuit when the 
motor approaches normal 
speed to prevent motor 
overheating. The contacts 
of the relay are in series 
with the start winding, 
and they are closed when 
the motor starts. 
 
The coil of the relay is 
connected in parallel with the start winding. As the motor comes up to speed, the voltage 
across the start winding and the relay coil increase in proportion to the motor speed. When 
the motor reaches approximately 85% of running speed, there is sufficient voltage induced 
into the relay coil from the start windings (back electromotive force BEMF) to operate the 
relay and open its normally closed contacts, thereby opening the start winding circuit.  
 
The relay contacts remain open as long as the motor is running and close when the motor 
stops. Due to the starting momentum, the running winding will keep the motor running. 
 
A dual capacitor may also be encountered. In this application, a single capacitor with three 
terminals (hermetic, common, and fan) serves the condenser fan motor as well as the 
compressor motor.  These devices can be found in the control panel inside the condensing 
unit (Figure 13). 
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Figure 13 - Inside condensing unit control panel.  Note dual capacitor and contactor coil 
used to start and stop compressor under thermostat demand (through the R and Y 
terminals of thermostat). 
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Self-Check, Lesson 6 Quiz 
 
You should have read all the material in Lesson 6 before attempting this review. Answer all the 
questions to the best of your ability before looking up the answers provided in the answer key.   
 
 
Please indicate whether the following statements are true or false by drawing a circle around 
T (to indicate TRUE) or F (to indicate FALSE). 
 
   True     False 
 
1.  T F A “dedicated” circuit may serve two or more circuits. 
 
2.  T F Disconnect switches are an option when installing equipment. 
 
3.  T F The conductor type THW wire is for wet applications only. 
 
4.  T F “Romex” cable is nonmetallic cable. 
 
5.  T F “Wire nuts” are used to connect single conductors together. 
 
6.  T F Low voltage is normally 48 volts. 
 
7.  T F Another name for a “schematic” wiring diagram is a ladder diagram. 
 
8.  T F Always start your troubleshooting procedure at the uninterrupted power 

source. 
 
9.  T F A “typical” thermostat installation is about 60 inches above the floor. 
 
10.  T F Use #22 gauge thermostat wire for proper operation of controls. 
 
11.  T F When the thermostat calls for heating, an electrical connection is made  

  between “R” and “Y”. 
 
12.  T F The four low voltage wiring connections that are made at the standard  

  thermostat subbase are the W, G, R, and Y terminals. 
 
13.  T F Heat anticipation is provided with every low voltage thermostat. 
 
14.  T F The pre-purge cycle clears the heat exchanger(s) and vent pipes of all  

  combustible gases. 
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In the following multiple choice questions, choose the phrase that most correctly completes 
the statement and circle the corresponding letter in front of the phrase. 
 
15.  When the thermostat calls for cooling the connections at the thermostat/subbase are 
made between the: 
 
a.  R and Y.  b.  R and G. 
c.  R and W. d.  a and b. 
 
16.  A high pressure switch is a normally _________ switch and wired in _________ with the 
contactor coil. 
 
a.  closed/series. b.  open/parallel. 
c.  open/series. d.  closed/parallel. 
 
 
For the completion-type questions, fill in the blanks with the word (or words) that most 
accurately completes the thought. 
 
17.  NEC stands for ___________ _________ _____________ . 
 
18.  UL stands for __________________ ___________________. 
 
19.  EMT stands for ___________ ____________ _______________. 
 
20.  The purpose of a run capacitor is to improve the _______ efficiency of the motor. 
 
21.  The purpose of the start capacitor is to create greater starting ___________ of the motor. 
 
Draw the symbol for the following items: 
 
22.  Normally open contacts  ____________________ 
 
23.  Normally closed contacts  ____________________ 
 
24.  Earth ground connection   ____________________   
 
Color coded thermostat wire is fairly standardized in the industry.  Refer to appendix in your 
text and identify the color for the following functions. 
 
25.  Power from the transformer _________________ 
 
26.  Heating (single stage) _________________ 
 
27.  Cooling (single stage) _________________ 
 
28.  Fan circuit  _________________ 



Small HVAC Systems: Installation 
Lesson 6 Page 21 

 
29.  Heating (changeover) circuit _________________ 
 
30.  Cooling (changeover) circuit _________________ 
 
 
Based on the above color code, indicate what circuits are completed for the various modes of 
operation noted below. 
 
MODE OF OPERATION THERMOSTAT MAKES 
 
31.  Heating  ____________________ 
 
32.  Cooling  ____________________ 
 
33.  Fan ON  ____________________ 
 
34.  Heat (Function switch)  ____________________ 
 
35.  Cool (Function switch)  ____________________ 
 
 
 
 
 
 
 
 
 
 
 
 
 

Check Your Answers!  
  
Now compare your answers with those given in the answer key at the back of this book.  The 
answer key also directs you to a page in the lesson to review the text for any questions you 
may have missed. 
 
When you are satisfied you understand the questions missed, proceed to your next assignment 
which starts on the next page. 

 
Do you have any unresolved questions on this lesson? 

 
Fax your questions to 614-345-9161 or email to 

Hardimail@hardinet.org. 

mailto:Hardimail@hardinet.org�
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Lesson 7 Overview 
 
 

This lesson, “System Start-up & Balancing,” is designed to familiarize you with the 
environmental impact of ozone depletion, refrigerant recovery, evacuation and equipment 
charging.  Also of importance is the need for proper air flow throughout the system.  Knowing 
these necessary items allows the installer to extract the most benefit and performance out of 
this newly installed equipment.   
 
After studying this lesson, you should be able to do the following: 
 

1. Understand the impact of global warming. 
 

2. State the procedures for refrigerant recovery. 
 

3. Distinguish differences between recovered, recycled ,and reclaimed refrigerant. 
 

4. Understand how to determine correct refrigerant charge. 
 

5. List the different methods for “leak” testing. 
 

6. Determine the required CFM of air flow through the system. 
 

7. Establish the correct procedure for setting the thermostat heat anticipator. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Now read Lesson 7 which begins on the next page. 
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Lesson 7: System Start-up & Balancing 
 
Before considering start up procedures in detail, let’s review regulations regarding the 
handling refrigerants. 
 
The Clean Air Act of 1990 made it a federal requirement to recover and recycle CFC and HCFC 
(R-22 for example) refrigerants. This includes a “no venting” regulation which went into effect 
in 1992. The Act is part of an international effort to reduce the amount of chlorine that reaches 
the atmosphere and eventually interacts with ozone in the stratosphere. The ozone layer is a 
protective shield around the earth that helps screen many harmful ultraviolet rays coming 
from the sun. 
 
Most chemicals are removed from the atmosphere by photo dissociation, rainout and 
oxidation. Because CFCs are so stable, these processes are not effective. Here’s what happens. 
Through the process of diffusion (mixing of gases without regard to weight), CFCs “float” up to 
the mid-stratosphere above the ozone layer and at this point, CFCs finally break down. The 
chlorine in their chemical formulation is released. This active chlorine descends back through 
the ozone layer and in a chain reaction “attacks” the ozone, thereby depleting the 
stratospheric ozone layer. 
 
This environmental problem and resulting regulations have caused a dramatic change in air 
conditioning and heat pump installation (and servicing) procedures. 
 
Let’s start with a few basic definitions as published in the Industry Recycling  
Guide – “Handling and Reuse of Refrigerants in the United States.” 
 
Recovery - to remove refrigerant in any condition from an A/C or heat pump unit and store it 
in an external container without necessarily testing or processing it in any way. 
 
Recycle - to reduce contaminants in used refrigerant by oil separation, non-condensable 
removal and single or multiple passes through devices which reduce moisture, acidity and 
particulate matter, such as replaceable core filter-driers. This term usually applies to 
procedures implemented at the field job site or in a local service shop. 
 
Reclaim - to reprocess refrigerant to new product specifications by means that may include 
distillation. Chemical analysis of the refrigerant is required to determine that appropriate 
product specifications are met. The identification of contaminants, required chemical analysis, 
and acceptable contaminant levels will be established in the latest edition of AHRI Standard 
700, “Specifications for Fluorocarbons and Other Refrigerants.” 
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This term usually applies to the use of processes 
or procedures available only at a reprocessing or 
manufacturing facility. 
 
In many instances, opening the refrigerant side of 
the system will involve only recovery of 
refrigerant - that is, removing it from the unit and 
storing the refrigerant until the work is 
completed. 
 
Recovery Procedures 
 
Along with a vacuum pump and electronic micron 
vacuum gauge, there is a need for a service 
manifold and some type of approved recovery 
machine with an accompanying storage tank. The 

machine may recycle as well as simply recover refrigerant. 
 
Equipment performance is certified through a program operated by the Air-Conditioning, 
Heating & Refrigeration Institute (AHRI) or Underwriters Laboratories (UL). Such factors as 
liquid recovery rate in pounds per minute, vapor recovery rate and vapor recovery efficiency 
are tested and certified for recovery units. For recycling equipment, contaminants levels - 
moisture content, acidity, particulate and others - may be listed. 
 
There are a variety of designs. A typical machine contains a small, specialized refrigeration unit 
with suitable filters, oil traps and valving to process the refrigerant and deliver it to a storage 
tank. 
 
The procedure to recover refrigerant from an A/C unit could be vapor recovery only, liquid 
recovery only and more typically liquid/vapor recovery.  Here’s one example: 
 
• The liquid line and vapor line service valves of the A/C unit are connected to the recovery 
machine through a service manifold. (Figure 1) 
 
• The recovery machine is turned on and usually the compressor first draws liquid refrigerant 
from the A/C unit, then switches over to vapor recovery to complete the extraction. 
(Simultaneous extraction is also possible.) 
 
• The refrigerant passes through the recovery unit and is delivered as a liquid to a previously 
evacuated and approved external storage tank. 
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Figure 1 - Liquid/vapor recovery connections. 
 
The storage tank must be a Department of 
Transportation (DOT) approved refillable tank 
(Figure 2). They are easily identified with a gray body 
and a yellow top, or a yellow top on a tank in the 
industry accepted color code for the type of 
refrigerant in question.  For example: R-22 would be 

green with a yellow top, R-410A would be rose with a yellow top. 
 

 
 
 
 
 
 
 
 
 
 

 
Figure 2 - Department of Transportation (DOT) 
approved refillable tanks must be used. 
 
Recovery might typically progress at a rate 
around 4 to 8 pounds per minute (some 
machines are faster, others slower). Vapor 
recovery may be but 0.3 pounds per minute.  
 
Using a “push/pull” hookup (Figure 3) can speed 
up the recovery process in larger machines 
when the damaged unit’s refrigerant circuit is 
compatible with building a column of liquid 
refrigerant. Vapor recovery may still be required 
as a final step. 
 

 
Figure 3 - Push-pull recovery configuration may be used to speed up recovery process.
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Do not mix recovery units.  And, if the refrigerant is R-410A, the recovery unit, hoses, and 
storage tank must all be approved for use with this higher pressure refrigerant. 
 
Liquid Overfilling 
 
When filling standard DOT recovery cylinders, it is important not to exceed the maximum gross 
weight specified for the cylinder. Gross weight refers to the combined weight of the empty 
cylinder plus its contents. A “20 pound” refrigerant cylinder, for example, may have a gross 
weight of 34.6 pounds. 
 
It is critically important not to overfill the cylinder. Refrigerant expands when exposed to 
higher and higher temperatures. Some space must be left inside the cylinder to allow for this 
expansion. If not, pressure inside the cylinder will rise dramatically. 
 
In Figure 4, the lower curve shows the pressure-temperature relationship for  
CFC-12 as one would obtain from a standard refrigerant table or chart. 
 
This, of course, assumes room for expansion inside the cylinder. 
 
At the point where no additional room for expansion is available, hydrostatic pressure 
develops along the nearly vertical line in the graph. Thus, pressure in the cylinder rises quickly 
with small increases in temperature. At some point, the cylinder will rupture when design 
pressure is exceeded.  The trend is the same for today’s newer refrigerants. 
 
Obviously, a sensitive scale should be used to accurately weight the cylinder as it is being filled. 
Some recovery cylinders are modified to include a float switch that automatically stops 
recovery when the cylinder is correctly filled, approximately 80%. Others may also include 
temperature sensors to warn of excessive temperatures.  
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Figure 4 - Graph illustrates how quickly the pressure inside a refrigerant cylinder of CFC-12 
may rise when it becomes liquid filled.  Newer refrigerants behave in a similar manner. 
 
Charging Refrigerant 
 
The vast majority of residential and small commercial air-conditioning systems use HCFC-22 
with some newer units using HFC-410A. 
 
Note: Always adjust for the correct airflow rate as the first step. 
 
Refrigerant 22 may be added to the system in liquid or vapor form. When adding a small 
amount of refrigerant to a unit, vapor charging is often preferred, since it can be more 
precisely controlled and added easier while the unit is operating. Liquid refrigerant is often 
added with the unit off, evacuated, and when a full charge is required. Because R-410A is a 
zeotrope (does not behave exactly like a single component refrigerant), it must be charged as a 
liquid. 
 
The amount of refrigerant in a system can also be quite critical, especially smaller units 
employing a capillary tube, the refrigerant charge must be exact if the system is to operate 
correctly. Even a slight overcharge or undercharge of refrigerant will interfere with system 
operation. The correct charge must also be maintained in larger systems using a thermostatic 
expansion valve, but the charge may vary by as much as several ounces and still give 
satisfactory results. 
 
For example, a capillary system requiring 55 ounces of refrigerant that is just 3 ounces short 
will experience a drop in capacity from 26,000 Btu/h down to 24,000 Btu/h. And interestingly, a 
3 ounce overcharge will also reduce capacity by the same amount. This represents a mere 5 
percent change in the charge. Operating efficiency would also decrease. Thus, when charging a 
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system, do not follow the common practice of adding just a little more “for good measure.” 
Charge the system with the correct amount only. 
 
Three common and very practical ways to determine the correct charge for small unitary 
systems are: 
 

 • weighing refrigerant 
 • checking subcooling 
 • checking superheat 
 

A fourth method sometimes used is the “head pressure” technique. This requires comparing 
field operating pressures with manufacturers supplied charts for various conditions. 
 
Many rule of thumb methods are not accurate enough for small systems. Procedures based on 
frost on the suction lines, charging until the compressor reaches rated amps, adding 25-35 to 
the existing outdoor temperature and then charging to match the head pressure - are all 
unreliable. 
 
Always refer first to the recommendations of the equipment manufacturer as published in 
installation instructions and/or service bulletins. What is described here is a summary of the 
general steps to correctly charge small systems. 
 
New Installations 
 
For new installations, residential split system units often come factory charged for a specific 
length and size of connecting tubing - typically 25 feet. (May also be on the unit nameplate.) 
Then for other sizes and lengths of tubing, the factory charge held in the condensing unit must 
be adjusted by adding or deleting charge. Usually, manufacturers provide a table of ounces to 
be added or deleted for piping in their installation instructions. One example for R-22 is Table 
1. For instance, according to this table, a 3/8 inch liquid line longer than 25 ft would require 
0.54 ounces of additional refrigerant to be added to the basic charge per extra foot. 
 

 
Table 1 - Shows ounces of refrigerant per foot of 
tubing for HCFC-22 that must be added or 
subtracted from factory charge based on the 
installed length and size of connecting refrigerant 
tubing.  Tables must be refrigerant and 
equipment specific. 
 
A 3/4 inch suction line would require a tiny 0.057 
ounces per extra foot.  Information such as this is 

usually included in the installation instructions for the type of refrigerant used. 
 
Where service valves and field installed tubing are used, a new installation would typically be 
started up as follows: 
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(Service valves are shipped front-seated and would remain that way until the refrigerant tubing 
is added.) 
 
Refrigerant tubing would more than likely be brazed on to the service valves - properly 
protecting the valves from excessive heat using a heat sink or wet cloth. 
 
Using a good quality vacuum pump, (See Figure 5) tubing would then be subjected to a 500 - 
l,000 micron deep vacuum and checked for leaks. 
 

 
 
Figure 5 - Vacuum pump used to evacuate system of moisture and undesirable 
noncondensable gases. 
 
If a crankcase heater is used, it should be energized 24 hours before starting the unit. 
 
The service valves are then back-seated and the factory charged distributed throughout the 
system. 
 
The charge would be checked using subcooling or superheat techniques as described in 
succeeding paragraphs. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6 - Typical arrangement for liquid-charging an evacuated system.  Some refrigerant 
cylinders may not have to be inverted (as shown) to supply liquid. 
 
Using a pre-charged line-set would eliminate the need to pull a deep vacuum, but a leak check 
would still be necessary and the charge checked as described in the next section. 
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No Refrigerant in System 
 
If a unit has been shipped with no refrigerant in the system, then the weighing method to 
charge the system can readily be used. The basic steps are as follows: 
 
First the entire system is evacuated. 
 
A charging manifold and refrigerant cylinder would be connected as shown in Figure 6.  (Note: 
some cylinders do not have to be inverted to supply liquid). 
 
To determine the correct refrigerant charge, it is necessary to add the basic charge specified by 
the manufacturer to the line charge from Table 1 or similar table for other refrigerants. 
 
For example, assume the basic charge is 4 pounds, 8 ounces of R-22. Assume also that 25 feet 
of 3/8 inch liquid line and 7/8 inch suction line is installed. 
 
From Table 1, the liquid line holds 25 ft times 0.54 oz. or 13.5 oz. total of R-22. The suction line 
holds 25 ft times 0.090 oz. or 2.25 ounces. The total charge adds up to 5 pounds, 7.75 ounces. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7 - Special scale to accurately measure weight of refrigerant charged into system. 
 
A charging drum would be placed on an accurate scale. It would then be necessary to record 
the existing weight of the cylinder. Next, the amount of the required charge is subtracted. 
 
For this example: 
 
Recorded weight    32 lbs 10.00 oz 
Charge required    -5 lbs    7.75 oz 
New scale reading    27 lbs    2.25 oz 
 
Both the suction and liquid line service valves would be opened a couple of turns. Also, the unit 
is not started. 
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Next, the service manifold high side (discharge) valve is opened along with the cylinder valve 
and liquid is allowed to flow into the system until the complete charge has been added. 
 
If the entire charge would not enter the system because of pressure equalization, it may at 
times be necessary to raise the pressure in the cylinder by placing it in a pan of water or using a 
cylinder heating blanket. This should increase pressure sufficiently to complete the charge. 
 
An alternate approach: after the system equalizes and no additional liquid refrigerant will 
enter, the high side manifold valve can be closed and the refrigerant cylinder arranged to 
deliver vapor (stand upright or connect to vapor valve). The unit is started and the remaining 
charge is fed through the suction service valve. 
 
Liquid refrigerant should always be charged into the system upstream of the metering device 
and never introduced at the suction service valve. Liquid slugging of the compressor could 
occur. Some proprietary charging devices may allow liquid charging at the suction service valve 
by vaporizing the liquid before it reaches the compressor. 
 
Checking Subcooling and Superheat 
 
The amount of liquid subcooling is an excellent check on refrigerant charge when using 
thermostatic expansion valve metering devices. Subcooling ranges from 10° F to 20° F on most 
equipment. This means the temperature of the liquid refrigerant leaving the condenser is 10° F 
to 20° F lower than the condensing temperature of the refrigerant at the condensing pressure 
at or near design operating conditions. Here’s the procedure. 
 

1. Attach a digital thermometer on the liquid line near the liquid line service valve. 
 

2. Operate the unit for at least 20 minutes. 
 

3. Read the discharge pressure and get the corresponding temperature from an 
appropriate refrigerant pressure-temperature chart. 

 
(Note: The small temperature glide of R-410A allows for the use of a traditional 
temperature/pressure chart with little error. For more detail, read assignment 9.) 

 
4. Read the temperature of the thermometer attached to liquid line. 

 
5. The temperature corresponding to the discharge pressure should exceed the liquid line 

temperature by approximately 10 to 20° F.  For example: consider an R-22 system with 
a condensing pressure of 260 psig.  This corresponds to a temperature of 120° F. (See 
Table 2.) 
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Table 2 - Condensing pressure of 260 psig for R-22 
results in a saturated temperature of 120°.  Any 
refrigerant temperature less than 120° leaving the 
condenser would indicate degrees of subcooling. 

 
If the liquid line temperature measurement was 100° F, then there would be 120 minus 100 or 
20° of subcooling. 
  
A lesser degree of subcooling indicates an undercharge, say less than 10°. A greater degree of 
subcooling indicates an over charge, say over 20°.  
 
Refrigerant can be added or removed to obtain the correct subcooling as specified by the 
manufacturer, not exceeding the maximum allowable charge. 
 
The following procedure may be used to check the superheat on a fixed orifice type expansion 
valve system: 
 

Figure 8 - Checking superheat.  For a capillary tube 
system measure suction line temperature close to 
the compressor; for an expansion valve system 
measure close to the evaporator. 
 
1. Attach a thermometer to the top of the suction 
line near the outlet of the evaporator. 
 
2. Read the suction pressure and from an 
appropriate refrigerant pressure-temperature 
chart obtain the corresponding temperature. 
 
3. Read the temperature of the thermometer 

attached to the suction line. 
 
4. The suction line temperature should exceed the temperature corresponding to the suction 
pressure by approximately 10° or as specified by the manufacturer. 
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If an adjustment of the TEV is necessary,most expansion valves have an external superheat 
adjustment (some may have an internal adjustment.)  Turning the adjustment stem or screw to 
the left (counter clockwise) lowers superheat, whereas turning it to right increases superheat. 
 
Although a capillary tube or fixed metering device has no adjustment, superheat is also 
necessary on these systems to insure that no liquid refrigerant is returning to the compressor. 
The amount of superheat on a capillary tube system depends on the amount of refrigerant 
charge, ambient temperature and load on the evaporator. 
 
 

 
 
Table 3 - Sample charging chart for a capillary tube system.  Example: at 85° F outside, and 
suction pressure of 68 psig, suction temperature should be 64° F for proper superheat.  65° F 
and higher, system short of charge, 63° F and lower system overcharged. 
 
Superheat could range from 5° F to 25° F as ambient temperatures range from 105° F to 75° F. 
Manufacturers often provide a table of acceptable suction line temperatures for varying 
outdoor temperatures and suction pressures which indicate an appropriate charge. Table 3 is 
one example using R-22. In this case, the suction line temperature is taken close to the 
compressor inlet. If the suction line temperature is higher than recommended, the system is 
short of refrigerant.  Conversely, if the suction line temperature is lower than recommended, 
the system is overcharged with refrigerant. 
 
Evacuate an Open System 
 
Whenever a refrigerant circuit is field installed or a pre-charged installation is opened, the part 
of the circuit that was opened to air must be thoroughly evacuated. 
 
Evacuation is a must because: 
 
• Moisture in a refrigerant system is the major contributor to burned out motors. All air 
contains some moisture. (Air may get into a remote circuit when the circuit is installed. It also 
enters when the circuit is opened to replace a compressor or another refrigerant containing 
component.) 
 
• The contamination effect of moisture in the circuit increases rapidly as the discharge 
pressure increases due to increased heat. 
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• Since it is almost impossible to remove all moisture from a circuit in the field, driers must be 
installed in the liquid line on all installations with field fabricated piping, and they must be 
replaced or installed whenever the circuit is opened. 
 
Leak Testing a System 
 
Leaks are one of the major causes of trouble in an air conditioning system. A substantial loss of 
refrigerant can obviously reduce the cooling capacity of a unit, and in addition, air and 
moisture may enter the system. 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 9 - Above, an electronic leak detector; below, an ultraviolet detector  
kit. 
 

Leaks are most likely to be found at brazed or 
soldered joints, at flared connections or where 
gaskets and other seals are used. Cracks in 
refrigerant lines as a result of vibration and metal 
fatigue may also be a source of leakage. 
 
In refrigeration work, electronic, ultrasonic and UV 
leak detector are basic instruments used to pinpoint 
leaks in refrigerant lines. 
 
The electronic device uses a solid-state diode with an 
ionization rate that changes in an atmosphere 
containing refrigerant vapor.  UV units inject a dye in 

the refrigerant circuit and detect the leak using ultraviolet light. 
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Ultrasonic devices depend on the noise escaping refrigeration makes through openings. 
 
In times past, a halide torch was used.  The torch relies on a change in color of an open flame in 
the presence of refrigerant gas to alert the operator to the existence of a leak. 
 
A good operator using a halide torch could detect leaks as low as 2 or 3 ounces per year; an 
electronic detector in the hands of an average operator can pinpoint a leak as low as ½ ounce 
per year. 
 
(Since we are weighing performance of the operator as well as instrument sensitivity to arrive at 
a practical detection capability, assigned leakage rates are subject to varying opinions.) 
 
“Soap” solution still Popular 
 
But despite all the modern instrumentation, the traditional soap solution - or a commercially 
obtainable equivalent - is still a widely used field technique to locate leaks in piping carrying 
air, or other gases and refrigerant vapors. While not as sensitive as modern electronic 
instruments, liquid detectors offer an inexpensive test method that when properly applied, can 
locate leaks equivalent to a loss of about 1½ oz of R-12 per year. In fact, high sensitivity can 
sometimes prove to be a handicap - a large leak can mask smaller ones and make sensitive 
instruments ineffective when operated in a refrigerant “polluted” atmosphere. 
 
For this reason, large leaks should be identified and repaired first. Since refrigerant is heavier 
than air and tends to collect at low points, it is good procedure to start at the highest points in 
the system and work down. 
 
Leak testing can be accomplished a couple of ways: 
 
The system or part of the system that was opened (line sets, for example) can be pressurized 
using nitrogen and a small amount of refrigerant. Then use the leak testers as just described. 
(The leak testing charge can be vented under current regulations.) 
 
Another method is to put the system or part of the system under vacuum. If the line set or coils 
are leak tight, the vacuum gauge pressure reading will hold and not rise when the vacuum 
pump is shut off. (Note: if the gauge rises and levels off, the system may be leak tight but may 
contain moisture which has to be removed by pulling another deep vacuum.) 
 
System Adjustments 
 
After fossil-fuel fired equipment is installed, a combustion test should be made. This consists of 
measuring the carbon dioxide in the flue gases and the temperature of the flue gases. With 
these two measurements, the combustion efficiency of the gas or oil burner can be 
determined. 
 
Adjustments to combustion air supply, fuel input rate and gas manifold pressure may be 
required to provide best efficiency operation. 
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Air Balancing 
 
Ideally, a properly designed air distribution system would be self-balancing. That is the actual 
airflow rates to each space would be precisely as calculated.  Because of necessary design 
assumptions and the use of available duct sizes, each system must be “fine tuned” to provide 
uniform temperatures in the building. 
 
Balancing the system is nothing more than reducing the volume of air from one room that is 
overheating (or overcooling), and forcing it to another room that needs more CFM. 
 
This is accomplished by moving a volume damper installed in each branch run or (less 
desirable) by the volume damper right at the supply outlet. Because of this need to balance a 
system, volume dampers should be placed in all branch runs of the air conditioning system. 
 
There are two basic approaches to balancing a forced air system. 
 

 
 
Figure 10 - Despite accurate duct sizing, adjustable dampers are required in each branch to 
fine tune the airflow delivered to each room. 
 
In large commercial systems, the airflow discharging out each register is measured using any 
number of different types of air flow and air velocity instruments. 
 
The measured airflow is then compared to the design values and air volume dampers are 
adjusted to increase or decrease the airflow accordingly. 
 
Accurately measuring air discharging from an outlet is difficult and time consuming. Also, 
changes to one register can affect air leaving another, which requires a systematic approach to 
balancing a large system.  Certified balancing contractors and technicians are often called upon 
to balance large systems. Personnel attend special schools to learn how to balance systems and 
are certified when they complete their training. 
 
For small systems, no attempt is usually made to measure the airflow from each individual 
outlet. The system is balanced by simply measuring the air temperature in each space and then 
adjusting the airflow up or down to bring all spaces to within one or two degrees of the 
thermostat setting. 
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To measure the temperature simultaneously in each space, accurate thermometers are usually 
placed in the center of the space at table height. Balancing is normally undertaken on overcast 
days to minimize any effect of the sun, when the space is unoccupied or there is minimum 
internal occupancy load. 
 
Once the system is balanced, then the total system air flow is measured and adjusted by 
speeding up or slowing down the blower to comply with the temperature rise specified for the 
heating equipment and the temperature drop for cooling. This is the difference between the 
return air entering the unit and the supply air leaving. 
 
Continuous Circulation 
 
Building heat loss is always occurring in cold weather. When the furnace blower is operated 
intermittently, exposed windows, walls and ceilings will cool the air in the room. This cooled air 
moves to the floor and builds up a layer of cold air. This is called stratification or the stagnant 
layer. When the blower is started after being off for a long period, the cool air moves across 
the floor creating a very noticeable draft. 
 
When the blower is operated continuously, you have the advantage of moving air throughout 
the building. This assists in maintaining a closer room to room temperature balance and 
smaller temperature gradients from floor to ceiling. 
 
Figure 11 - Natural convection air currents can be partially offset by using continuous air 
circulation. 
 

 
While it is difficult to measure, studies indicated a 
trade off between increased electric energy 
required to operate a standard blower 
continuously (or near continuously) and the 
reduced fuel required to heat the building 
because of more uniform temperatures in the 
structure. (Lower temperatures near the ceiling, 
for example, reduced the heat loss through the 
ceiling.) 
 
Others contend there may not be an equal trade 
off and operating a blower continuously will cost 
the owner more money. This does not include the 

possibility that more frequent on/off cycles may reduce the expected useful life of a standard 
motor. 
 
In any event, costs involved are likely to be small compared to the improved comfort provided 
by continuous blower. Furthermore, the performance of accessories such as a humidifier and 
high efficiency filter would also be affected by intermittent blower operation. 
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Continuous blower operation can be accomplished in a number of ways.For those temperature 
sensing fan controls that are field adjustable, an off setting near 80° F is suggested for a start.  
With this setting, or near this value, the blower will operate intermittently in very mild 
weather, but as the weather becomes colder continuous or near continuous operation will 
occur. This is assuming that equipment is not seriously oversized and airflow in the system is 
not excessive.  It is possible to install a thermostat with a fan switch option that allows the 
operator to choose “continuous” or “intermittent” fan operation. This is almost universally 
used for all heating units including electric furnaces and heat pumps. 
 
System CFM 
 
While much more critical for cooling, the amount of air being circulated is a factor in heating as 
well. Too little air and people will complain about “being stuffy”; too much and complaints 
about drafts will be heard. 
 
Heat pumps in particular are sensitive to airflow. All equipment is usually certified to operate 
between a maximum and minimum airflow rate. Operating within this range must be 
accomplished and still meet the needs of the cooling unit as well. 
 
Cooling performance is affected by the amount of air circulated through the coil as illustrated 
in Figure 12. Decreasing the CFM flowing tends to increase latent capacity (moisture removal) 
at the expense of sensible capacity. Increasing CFM increases sensible output and decreases 
moisture removal performance. Thus, in dry areas, perhaps 400 to 420 CFM per ton (12,000 
Btu/h) of cooling capacity might be circulated whereas in humid areas something like 300 to 
320 CFM per ton might be preferred. 
 
Most residential equipment today features direct-drive blowers. The electric motor is directly 
connected to the rotating wheel of the blower. 

 
Figure 12 - Cooling performance is affected by the 
amount of airflow through the coil.  Graph shows 
how latent capacity (bottom curve) decreases 
with increasing system airflow and sensible 
capacity rises, as does the total Btu/h capacity of 
the unit. 
 
You may encounter on some older units and large 
commercial size equipment belt driven blowers. 
The electric motor transmits power through a “V” 
belt to the rotating wheel of the blower. 
 
Here’s how total system airflow can be adjusted: 
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Direct Drive Blowers 
 
For direct drive blowers with conventional motors, speed taps are usually provided. By 
connecting electric power to the appropriate motor tap, blower motor speed can be increased 
or decreased. This of course increases or decreases blower CFM. 
Belt Driven Blowers 
 
Belt driven blowers can be speeded up or slowed down by making changes to the motor and 
blower pulley sizes. Equal size pulleys on motor and blower and both motor and blower run at 
the same speed. Increase the size of the motor pulley and the blower will run faster. For 
reasonable changes in blower speeds, most motor pulleys are adjustable to change their 
effective size relative to the blower pulley. 
 
But always check the motor full load amps when adjusting pulleys. 
 
 

 
Figure 13 - Electronically Commutated Motor (ECM) 
provides variable CFM delivery. 
 
Deluxe models of some heating and cooling units feature 
automatic variable speed motors that provide continuous 
and variable CFM blower operation.  One popular motor is 
the ECM or Electronically Commutated Motor. 

 
Thermostat Anticipator Setting 
 
Effective  control of the indoor temperature can only be achieved if the thermostat is 
calibrated to the heating and/or cooling application. 
 
Anticipators for the cooling operation are generally preset by the thermostat manufacturer 
and require no adjustment. Typically, they provide for 2-3 cycles per hour and the same for a 
heat pump. 
 
On the heating cycle, most thermostats feature an adjustment to “anticipate” in advance the 
space temperature and stopping the furnace before system “inertia” overheats the room. 
 
Heat anticipation is designed to minimize room temperature swing (highest temperature minus 
lowest temperature) during on and off cycles of the thermostat. This is accomplished by adding 
artificial heat inside the thermostat and “fooling” the sensing element. 
 
The proper thermostat heat anticipator setting is specified by the manufacturer and is usually 
equal to the current draw of the thermostat circuit between the R and W terminals on the 
heating cycle. 
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The adjustable heat anticipator can also be used to slightly modify burner “on” times. Longer 
burner on times would result in fewer cycles per hour; conversely, a reduced anticipator 
setting would increase the number of cycles per hour. Typical furnace cycle rates are 5-6 per 
hour at a 50% heating load. 
 

 
 
Figure 14 - Digital thermostats may feature a cycle 
rate adjustment in the back of the thermostat.  
Cooling cycle rate is fixed at 3 cycles per hour. 
 
Digital thermostats may use a “cycle rate” 
adjustment for both heating and cooling.  See Figure 
14. Again, generally the rate is factory set for the 
forced air gas furnace. Always consult the separate 
thermostat instruction sheet for details. 
 
Some mechanical thermostat models have a scale as 

shown in Figure 15 and must be adjusted to each heating application. 
 
In many cases, this adjustment setting can be found in the thermostat instruction sheet. If this 
information is not available, or if the correct setting is questioned, the following procedures 
should be undertaken.   
 
Use a low scale ammeter such as an amp check or milliammeter. Connect the meter across 
terminals “R” and “W” on the subbase (“RH” & “W” on multistage thermostat subbase). 
 
Step 1. Wrap 10 loops of single strand insulated thermostat wire around the prongs of the 
ammeter. Set the scale to the 1 to 5 or 1 to 6 amp scale. 
 
Step 2. Connect the uninsulated ends of this wire jumper across terminals “R” and “W” on the 
subbase (“RH” and “W” on multi-stage thermostat subbase). This test must be performed 
without the thermostat attached to the subbase. 
 
Step 3. Let the heating system operate in this position for about one minute. Read the 
ammeter scale. Whatever reading is indicated must be divided by 10 (for 10 loops of wire).  
See Figure 15. 
 
This is the setting at which the adjustable heat anticipator should be set. 
 

 
Figure 15 - Mechanical thermostats typically feature 
some type of an adjustable heat anticipator to fine tune 
a system for the heating cycle. 
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Step 4. If a slightly longer cycle is desired, the pointer should be moved to a higher setting. 
Slightly shorter cycles can be achieved by moving to a lower setting. 
 
Step 5. Remove the meter jumper wire and reconnect the thermostat. Check the thermostat in 
the heating mode for proper operation. 
 
Note: The length of the heating cycle can also be affected by the fan limit control settings (if 
applicable). The fan “ON” and “OFF” settings should be checked at this point. 
 
For thermostats having 2-stage heat, Step 1, 2, and 3 must be repeated. Second stage heat is 
controlled through terminals “RH” and “W2” on the subbase. 
 
Thermostat manufacturers may provide other options not described here to account for 
temperature swing and cycle rate. The important thing is that the installer/start-up personnel 
follow these instructions and fine-tune the control device. 
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Self-Check, Lesson 7 Quiz 
 
You should have read all the material in Lesson 7 before attempting this review. Answer all the 
questions to the best of your ability before looking up the answers provided in the answer key.   
 
 
Please indicate whether the following statements are true or false by drawing a circle around 
T (to indicate TRUE) or F (to indicate FALSE). 
 
   True     False 

 
1.  T F The Clean Air Act of 1990 is a federal requirement. 

 
2.  T F The “no venting” requirement of the Clean Air Act went into effect in 1990. 
 
3.  T F To “recover” is to remove refrigerant from equipment in any condition. 
 
4.  T F Recycled refrigerant is reprocessed refrigerant. 
 
5.  T F Gross weight of a refrigerant cylinder is the combined weight of the cylinder and  
  its contents. 
 
6.  T F Before charging a refrigeration unit, always adjust and verify correct airflow. 
 
7.  T F Liquid refrigerant should always be added into the system downstream of the  
  metering device. 
 
8.  T F Leaks are one of the major causes of trouble in an air conditioning system. 
 
9.  T F “Balancing” a system means to adjust airflow from one room into another. 
 
10.  T  F Cooling anticipators are adjustable. 
 
11.  T  F R-410A has a higher pressure than R-22 at 80 degrees. 
 
In the following multiple choice questions, choose the phrase that most correctly completes 
the statement and circle the corresponding letter in front of the phrase. 

 
12.  DOT approved refillable tanks shall be marked with: 

 
a.  yellow top-gray body. b.  gray top-yellow body. 
c.  green top-gray body. d.  gray top-green body. 
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13.  Using Table 2 determine the saturated temperature of R-22 at 196 psig. 
 
 a.  196 b.  317  

c.  120  d.  100 
 
14.  The heat anticipator: 
 
 a.  fools the sensing element. b.  adjusts with the outside temperature. 
 c.  maximizes room temperature. d.  is measured between R and Y terminals. 
 
15.  When adjusting the motor pulley for correct airflow the motor: 
 
 a.  full load amps should not be exceeded. 
 b.  full load amps should be exceeded. 
 c.  run load amps should not be exceeded. 
 d.  run load amps should be exceeded. 
 
16.  The proper heat anticipator setting for a furnace is specified by the ______________. 
 
 a.  equipment supplier. b.  wholesaler. 
 c.  installer. d.  manufacturer. 
 
 
For the completion-type questions, fill in the blanks with the word (or words) that most 
accurately completes the thought. 
 
17.  ECM stands for ________________________________________________. 
 
18.  To properly set the heat anticipator setting the current draw between _____ and _____ 
terminals of the thermostat should be measured. 
 
19.  The superheat method of checking refrigerant charge is appropriate for the 
_____________ type of metering device. 
 
20.  ______________ in a refrigeration system is the major contributor to burnt out motors. 
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Check Your Answers!  
  
Now compare your answers with those given in the answer key at the back of this book.  The 
answer key also directs you to a page in the lesson to review the text for any questions you 
may have missed. 
 
When you are satisfied you understand the questions missed, proceed to your next assignment 
which starts on the next page. 

 
Do you have any unresolved questions on this lesson? 

 
Fax your questions to 614-345-9161 or email to 

Hardimail@hardinet.org. 

mailto:Hardimail@hardinet.org�
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YOU ARE NOW READY TO TAKE 

YOUR ONLINE UNIT 

EXAMINATION, EXAM #2. 

GOOD LUCK! 
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Unit 3 Preview 
 
 
Your third learning module - Unit 3 - is made up of Lessons 8 through 11.  These lessons will 
cover the installation of the basic refrigeration cycle (including heat pump), how alternating 
current is made and transformed, and how this energy can best be put to use in the home. 
 
Lesson 8 covers the application of heat pump installations, operation, electrical and defrost 
methods. 
 
Lesson 9 covers the components of the refrigeration cycle, refrigerants and their applications, 
and identifies the types of compressors used in this field.  It also includes the global impact of 
refrigerants containing chlorine and fluorine compounds.  Lesson 9 will show you how to 
determine correct refrigerant charge, correct airflow (CFM) and leak testing procedures. 
 
Lesson 10 discusses the differences between direct and alternating current, the relationship 
between voltage, amperage, and resistance and describes the effect of power factor. 
 
Lesson 11 allows the user to calculate the cost of operation using the SEER rating and shows 
the effects of building construction orientation on the operating costs of the structure. 
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Lesson 8 Overview 
 
 

This lesson is written with the purpose of acquainting you with the application and operation 
of heat pumps. 
 
After studying “Heat Pumps,” you should be able to do the following: 
 

1. Describe the operation of a heat pump. 
 

2. Trace refrigerant flow and refrigerant state in a heat pump. 
 

3. Describe the defrost cycle of a heat pump. 
 

4. Determine the heating and cooling capacity of a heat pump under varying conditions. 
 

5. State the types and functions of heat pump controls. 
 

6. Trace the heating, cooling, and defrost cycles of a heat pump on schematic drawings. 
 

7. Describe the operation of auxiliary heat in a heat pump. 
 

8. Explain the operation of the emergency heat pump control. 
 

9. Select the correct size heat pump. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Now read Lesson 8 which begins on the next page. 
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Lesson 8: Heat Pumps 
 
An air-to-air heat pump (HP) differs from other types equipment used for heating 
because its Btu/h output changes with changes in outdoor temperature. 
 
Sizing Air to Air Heat Pumps 
 
As most of us are aware, a heat pump is a refrigeration device which extracts heat from 
outdoor air to warm a house. Naturally, as the outdoor air temperature decreases it becomes 
harder for the heat pump to extract heat from the air, and the unit’s capacity falls off. So, while 
a building’s heat loss is increasing (getting worse), a heat pump’s output is decreasing (getting 
weaker). When we need the most heat, it provides the least heat. 
 
With this changing heat output how do we properly size a heat pump for the job? While this 
may not be the primary job of the installer or 
technician, an understanding of what’s 
involved is important. 
 
To start off, a heat pump is usually selected to 
match the home cooling load. Then, the 
heating capacity is compared to the heat loss 
of the house, and if any additional heat is 
needed, supplemental electric resistance 
heaters can be added or the heat pump could 
be part of a dual fuel application using a fossil 
fuel furnace. 
 
Assume a house to be conditioned has a heat 
loss of 54,000 Btu/h at a 3° F design outdoor 
temperature (comparable to Terre Haute, 
Indiana or Buffalo, New York). The design cooling load is estimated to be 34,000 Btu/h. 
 
Based on the 34,000 Btu/h cooling load we would pick a nominal 3 ton heat pump. 
 
The first step is to plot the heat loss of the house versus the outdoor temperature on a graph. 
This can be done simply by drawing a straight line between the design heat loss of 54,000 
Btu/h at 3° F, and zero loss at 70° F - the assumed indoor conditions. (See Step 1, below) Some 
designers may attempt to account for indoor heat and assume the zero loss intersects at 65° F 
not 70° F outdoors. 
 
The next step is the heating performance, as provided by the manufacturer, is plotted on the 
same graph. We show this in Step 2. 
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After the performance data has been plotted, 
the points should be connected by a smooth 
curve. Where this heat pump output curve 
intersects, the house heat loss curve is called the 
thermal balance point. At this point, the heat 
pump’s capacity just matches the heating 
requirements of the house. Step 3 shows that, 
for our example, the balance point occurs at 32° 
F when the heat loss and output each equal 
30,500 Btu/h. This means, below an outdoor 
temperature of 32° F, our heat pump will not 
have sufficient capacity to offset the heat loss of 
the home. Below this balance point outdoor 
temperature, supplemental heat will be needed. 

 
 

 
The final step is to find out how much 
additional heat is needed. We are going to 
assume electric resistance heat will be 
added and also at what outdoor 
temperatures (new balance points) 
succeeding stages must be energized. 
 
(Special Note: In an appliance where a gas 
or oil furnace is used in conjunction with an 
air-to-air heat pump, there is an economic 
balance point.  This is the outdoor 
temperature where the cost to deliver 
required heating Btu/h is exactly even 
between operating the heat pump and 
operating the furnace.  The economic balance point is influence by the cost of energy -- gas/oil 
versus electricity -- and the efficiency of the furnace.) 
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Step 4 shows curves of heat pump output with the addition of resistance heat -- in our case, 
in 3 kW increments. Each of these new curves intersects the house heat loss curve at a 
different outdoor temperature forming a completely new balance point each time. For 
instance: with 3 kW of supplemental heat added to the heat pump output, the balance point 
occurs at 24° F instead of 32° F; with 6 kW added, at 17° F; etc. 
 
In this particular example, 12 kW (40,956 Btu/h) of supplemental heat must be added to satisfy 
the design heat loss of the house. However, very often supplemental heat in itself is not 
sufficient to satisfy the total heat loss may be installed because of the need for emergency heat 
should the heat pump fail. 
 
All this may seem like a lot of trouble, and the first time a specific heat pump is chosen, the 
construction of the sizing chart will, no doubt, be a bit time consuming. But, it can be used over 
again on a new job. All that has to be changed is the house heat loss curve --- just draw in the 
appropriate one and pick off the balance points. Of course, you must have a graph for each 
model of heat pump that you may install. 
 
Also, in actual practice, the outdoor thermostats used to activate the supplemental heaters are 
set 2 to 5 degrees higher than the values indicated on the graph. The reason is to provide some 
reserve capacity to offset a higher heat loss, say, due to strong winds blowing just when we are 
near a balance point temperature or control settings may be imprecise. 
 
Night Setback Issues 
 
Lowering a thermostat at night saves energy in a furnace based heating system. However, tests 
with heat pumps have shown that in some cases energy consumption increased with the 
addition of night setback. This apparent paradox resulted when the outdoor temperature was 
near the balance point for the system. When the thermostat was reset to the higher daytime 
temperature setting,  
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the resistance heaters were energized along with the heat pump compressor until the room 
thermostat setting was satisfied. The saving in energy at night was overshadowed by the 
increased energy used to recover in the morning. 
 
There were additional concerns about using night setback with heat pumps as well. What 
about the effect of electric demand in the early morning when the electric heaters would add 
to the utility load right at the time of day when electrical demand was already quite high? 
 
What about the problem of possible equipment stress? When the heat pump goes into a long 
off period at night due to thermostat setback, the compressor can become thoroughly chilled. 
Restarting a very cold compressor can put quite a strain on the unit. 
 
This particular concern is not as serious as in the past because crankcase heaters are used on 
practically every heat pump. The addition of the heaters partially offsets the effects of the cold 
outdoor air during the night. It is also true that heat pump compressors are better built to 
withstand the colder northern climates. 
 
Smart Thermostats 
 
The introduction of the microprocessor based thermostats now permits innovative recovery 
modes that eliminate the problems associated with night setback for heat pumps. 
 

 
 
 
 
Figure 5 Electronic Thermostat 
 
Instead of instantly changing the room temperature 
setting back to the normal daytime setting, it is now 
possible to “program” the thermostat to make the 
change back to the higher setting gradually over a 
period of time. In this way, under some conditions no 
auxiliary heat is required during the morning recovery 
phase. In “worse case” situations, auxiliary heaters 

will not be on as long as under a more conventional setback approach. Fitted with the right 
thermostat, heat pumps can feature energy-saving night setback. 
 
Typical Components of Heat Pumps 
 
Among the most significant differences between a heat pump of one manufacturer and 
another manufacturer are the methods of defrost control and other control devices. The 
following information should provide a general background of technical information about the 
operation and function of common heat pumps as it relates to most manufacturers. 
 
The refrigeration system 
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A heat pump is frequently referred to as a “reverse cycle” unit, and this is literally a true 
statement. 
 
Heat pumps, like air conditioning units, include a compressor, condenser (or outdoor) coil, 
evaporator (or indoor) coil, expansion device and necessary interconnecting refrigerant tubing. 
 
During the summer, it performs as a typical air conditioning unit. Heat is removed from the 
indoor space by the evaporator (indoor) coil and rejected outdoors by the condenser (outdoor) 
coil. 
 
During the winter, refrigerant flow is reversed and heat is absorbed by the outdoor coil (now 
an evaporator) and rejected by the indoor coil (now a condenser), thereby warming the home 
or building. 
 
Figure 6 (on next page) show typical refrigerant flow paths during the heating (top) and cooling 
(bottom) cycles. 
 
To provide the combined functions of heating and cooling, several additional controls are 
required. Reversal of refrigerant flow is accomplished by a device known as either a “reversing 
valve” or at times a “four-way” valve. This is a pressure actuated “slide” valve, operated by a 
pilot solenoid valve. When the valve is electrically de-energized on the heating cycle, high 
temperature discharge gas from the compressor is directed to the indoor coil and low 
temperature suction gas is directed from the outdoor coil to the compressor.  
 
 
 
 
 
 
 
 
 
 
When the valve is energized in the cooling cycle, high temperature discharge gas is directed to 
the outdoor coil and low temperature suction gas is directed from the indoor coil to the 
compressor.  
 
(Note: it is most common to energize the reversing valve for the cooling mode, but either 
approach may be encountered). 
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Because both the indoor coil and outdoor coil function as “evaporators,” an additional 
expansion device may be added to the outdoor coil, or refrigerant piping may be routed such 
that only one metering device is still used. Check valves are added to assure correct 
refrigerant flow along with a filter-drier and a 
strainer. 
 
Accumulator 
 
An additional and important device added to 
protect the compressor is a liquid refrigerant 
accumulator. During the heating cycle, and at low 
outside temperatures, there may be insufficient 
temperature difference between the liquid 
refrigerant and the outdoor air to “evaporate” all 
of the liquid.  The accumulator is placed in the 
suction line ahead of the compressor serves to 
“store” this excess liquid refrigerant and thereby protect the compressor from “slugging” or 
serious dilution of the lubricating oil. 
 
 

During the heating cycle, the outdoor coil is at a lower 
temperature than outdoor air, and therefore the coil 
temperature (and refrigerant) is well below freezing. 
Moisture in the outside air will condense on the coil and frost 
will build up on the coil much as within a household freezer. 
As the ice build up increases, heat transfer decreases, and in 
order to maintain a proper airflow (and heat transfer), a “de-
ice or defrost control” is required. Timed defrost or demand 
defrost strategies may be used. In either case, the heat pump 
is switched to the cooling mode and the iced up outdoor coil 
now becomes a hot condenser coil and warms enough to melt 
the accumulated ice. 
 
Timed defrost is initiated using a clock and pre-selected time 

intervals of compressor run time (30, 45 or 90 minutes typically), provided the outdoor coil is 
below a preset “trigger” temperature. The interval is determined by local conditions of high or 
low humidity. (The higher the wintertime outdoor humidity, the more frequent the time 

interval should be initiated.) 
 
Defrosting is terminated as soon as the liquid line 
temperature rises above a preset value or after a preset 
length of time (approximately ten minutes). 
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The defrost control includes a timer motor, which is energized and runs constantly, and a single 
pole double throw (SPDT) switch actuated by the timer cam. 
 
The indoor blower may operate automatically on either the heating or cooling cycle, or 
continuously. Provisions are often made to stop the indoor blower during a defrost cycle – 
especially if there are no supplemental resistance heaters to energize – to keep indoor air from 
“cooling” the occupants. 
 

Demand defrost can be accomplished by 
sensing either the temperature difference 
between the outdoor air and the outdoor coil 
surface or the air pressure drop through the 
coil. 
 
Heating Capacity 
 
As noted in the start of this lesson, the heating 
capacity of a heat pump will decrease as the 
outdoor temperature falls. This is the result of a 
smaller temperature difference between the 

refrigerant in the outdoor coil and the outdoor air. As the refrigerant temperature decreases, 
there is also less heat transfer between room air and the indoor coil, and the temperature of 
the air delivered indoors will decrease as well. 
 
Figure 12 shows the relationship of the air temperature leaving the indoor coil of a typical air-
to-air heat pump. Outdoor conditions are such that frost is building up on the outdoor coil. 
Line A to A’ is the leaving or heating supply air temperature (at 90° F for this example) and the 
line at 70° F is the room return air temperature entering the indoor unit. 
 
As frost and ice progressively build up on the 
outdoor coil, the capacity of the indoor coil to 
supply heat decreases, and this is reflected as 
the leaving air temperature decreases, as 
shown from A to B. 
 
At point B, the heat pump goes into “defrost,” 
and refrigerant flow reverses. The indoor coil 
becomes the evaporator, now absorbing heat 
from indoor return air and the leaving air 
temperature drops dramatically below return 
air temperature as shown in line B to C. 
 
At point ,C defrost is terminated.  The refrigerant flow reverses and the indoor coil becomes a 
condenser again, now supplying heat to the circulating indoor air, and leaving air temperature 
rises, following line C to A.’ The cycle is now ready to repeat. 
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What is termed the “integrated” heating capacity of the unit is represented by the 
crosshatched area, less the shaded area represented by A-B-C-A'. This is the net heating 
capacity available to condition the house. 
 
Both the decrease in leaving indoor air temperature during outdoor coil frosting (A-B) and the 
time required for defrosting (B-C-A') will depend upon outdoor air conditions. 
 
Frost buildup is most severe at the highest outdoor condition that will produce frost, say 
between 30° F and 40° F outside. As outdoor temperatures decrease, there is less moisture 
present in the air and not as much frost forms on the outdoor coil. However, as outdoor 
temperatures decrease, capacity will continue to decrease, but the difference between the 
instantaneous capacity and integrated capacity will be less. 
 
Figure 13 shows the relationship between instantaneous capacity, integrated capacity, and 
outdoor dry bulb temperatures at 85% RH. Note that the greatest difference in capacity occurs 
at approximately 40° F and that the difference is less at lower temperatures. Conversely, when 
there is no frost being formed on the outdoor coil, the integrated and instantaneous capacities 
are equal. 
 
The “instantaneous” heating capacities are ratings that ignore the effect of outdoor coil 
frosting, whereas “integrated” capacities are net heating capacities that take into account the 
effect of frost buildup and the time to remove it. 
 
The AHRI (Air-Conditioning, Heating and Refrigeration Institute) requires that the published 
ratings for air-to-air heat pumps be shown at the following conditions: 
 
Cooling – Air temperature entering: 
Indoor conditions - 80° F DB & 67° F WB 
Outside air temperature --95° F DB 
 
High Temperature Heating: Air temperature entering: 
Indoor side -- 70° F DB (60° F WB max.) 
Outside air temperatures - 47° F DB &  
43° WB 
 
Low Temperature Heating – Air temperature entering: 
Indoor side -- 70° F DB (60° F WB max.) 
Outside air temperatures -- 17° F DB &  
15° F WB 
 

The U.S. Department of Energy (DOE) prescribes a uniform 
test method to determine the seasonal energy consumption 
of heat pumps with cooling capacities of 65,000 Btu/h or less 
which use single phase power. The Heating Seasonal 
Performance Factor (HSPF) may range from 7.7 and go higher 
and the Cooling Seasonal Energy Ratio (SEER) may range from 
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13 and go higher for split systems. This data may be used by consumers to compare equipment 
based on energy efficiency. 
 
Electrical Control System 
 
Heat pump controls are similar to those described previously for cooling units with some 
modifications and additions. 
 
Thermostat:  
 
The room thermostat provided is most often a 2-stage heating, 1 stage cooling control. A 
“system” switch provides for either selection of “Heat,” “Cool,” “Auto” (automatic 
changeover) or “Off,” and the fan selector switch either “On” or “Auto.” 
 
This thermostat (or an equivalent model) must be used. “First stage” heat operates the unit on 
heating; “second stage” heat operates supplementary heat. Both contacts close (in sequence) 
as room temperature falls. “Cool” operates the unit on cooling, and the contact closes as 
temperature rises. 

 
Transformer: Reduces line voltage (240v) to low 
voltage (24v) for thermostat and other control 
purposes. 
 
Indoor Fan Relay: Operates indoor fan. 
 
Control Relay: Provides control for crankcase 
heater, compressor contactor, and outdoor fan 
motor. 
 
Contactor: Starts and stops compressor. 
 
Defrost Relay: Controls indoor fan and 
supplemental heat at defrost. 
 
Reversing Valve Relay: Controls reversing valve 
solenoid and provides supplemental low voltage 
control for heating cycle. 
 
Reversing Valve Solenoid: Controls pilot valve on 

four-way changeover valve. 
 

Low Pressure Control: Protects system against loss of refrigerant charge. 
 

High Pressure Control: Protects system against abnormally high operating pressures. 
 

Defrost Control: Provides automatic deicing of outdoor unit and controls defrost relay. Also 
stops outdoor fan and may energize supplemental heat. 
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The following may sometimes be furnished: 
 

Low Ambient Thermostat: Controls low ambient relay. Opens on temperature fall for cooling 
cycle. 
 

Outdoor Ambient Thermostat: Designed to shut off compressor when outdoor temperature is 
around 10° F. 
 

Low Ambient Relay: Controls high and low speed of two speed condenser fan motors. 
 

Impedance Reset Relay: Stops unit if either the high pressure switch, internal thermostat or 
overload on compressor “opens.” If energized, power to relay must be interrupted to reset 
relay to normally closed position. 
 

Frost Control: Protects indoor coil from icing on cooling cycle. 
 

Single-phase compressors may include a start relay and start capacitors.  In addition, all 
compressors will include a run capacitor, an internal thermostat and may have one or more 
external overloads as accessories. 
 
Auxiliary Electric Heat 
 
Auxiliary electric heat is provided to supplement the heating capacity of the compressor on a 
heat pump application. The heaters are also energized automatically on the heat pump 
“defrost cycle.” 
 
Basic models of auxiliary heaters are approved with specific models of heat pumps. Each 
heater, and heat pump, will be marked on the wiring labels to indicate specific approvals. Use 
only those heaters that are approved, and follow appropriate wiring diagrams in the 
installation instructions. 
 

 
 
 
 
 
 
 
 

 
Figure 15 Electric strip heater with fuse block 
 
Outdoor Thermostat 
 
Basic control of the heaters is from the second stage heat switch in the room thermostat, and 
each heater should operate only when necessary to meet demand. To insure that all 
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supplemental heaters will not be energized each time the room thermostat calls for this 
additional heat, outdoor thermostats may be utilized and set at pre-determined outdoor 
temperatures (See Figure 16). Without sequencing large kW loads, the occupants could 
experience observable large temperature swings in indoor temperature. 
 
The temperature setting for each thermostat depends upon the heat loss of the structure and 
the outdoor temperature at which the additional amount of electrical heat is required. This 
point must be determined from the heat loss calculation of the structure and the 
corresponding “balance point” of each heater, and the heating capacity of the heat pump.  
(Refer back to sizing charts at start of lesson.) 
 

Generally, the first 5 kW increment will be energized 
automatically by the room thermostat regardless of 
the outdoor temperature. However, if it is necessary 
to use an outdoor thermostat on the initial 5 kW 
increment, the “first” outdoor thermostat should be 
installed between “W2” on the room thermostat and 
“X” on the auxiliary heat panel, and set at the 
“balance point” of the heat pump. 
 

The outdoor thermostat package includes a 
weatherproof box and either 1, 2 or 3 remote bulb-
type, adjustable thermostats (0° F to 50° F). The bulbs, 
which sense outdoor temperature, are attached to the 
box to minimize sun effect. Provisions for necessary 

low voltage (#18 AWG wire recommended) connections are in the box. The box could be 
mounted under a protected eave, or in the supply ductwork, adjacent to the auxiliary electric 
heat package. 
 
Emergency Heat Switch 
 

In the event the compressor is inoperative in the heat pump, the emergency heat switch will 
provide for emergency use of the auxiliary heat.  This could either be a natural gas, propane, 
fuel oil, or an electric furnace. When turned “on,” it will “lock-out” the compressor control 
circuit; close a circuit to the fan relay so that the indoor blower will operate automatically; and 
by-pass outdoor thermostats.  A “red” indicator light is also turned “on” when the switch is on. 
 
This function can also be included with an appropriate thermostat rather than as a separate 
switch. 
 
If a separate emergency switch is used, the switch should be installed in a location readily 
accessible to the owner. Instruct the owner to use the switch only in an “emergency” heating 
requirement. To insure control of the auxiliary heat by the room thermostat, place the room 
thermostat “SYSTEM” selector switch to the HEAT position, and the FAN selector switch in the 
AUTO position. (Do not place the system selector switch in AUTO or COOL when emergency heat 
is used.) “W1” will control the indoor fan, and “W2” will control the electric heaters. 
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The emergency heat switch can be a four-pole, double-throw switch (4PDT) and include an 
indicator light. One design must be installed in, a 4” x 4” junction box. 
 
Installation 
 
The information on installing cooling in Lesson 3 also applies to a heat pump.  As noted in the 
assignment, limits on elevation (height) differences between indoor and outdoor sections are 
more restrictive than in cooling only equipment.  Also, in cold climates outdoor sections are 
installed on pedestals of appropriate height to offset typical snow accumulation. 
 
Air Flow Importance 
 
A special concern for a heat pump application is assuring the correct system airflow through 
the indoor coil.  Since the indoor coil acts as a condenser in the heating mode, deviations from 
desired system airflow could seriously affect the head pressure and compressor performance.  
Installer/start-up technician must determine that the system airflow is correct. 
 
Heat Pump System Charge 
 
Because an air-to-air heat pump in the heating mode operates over a wide range of load 
conditions, the correct refrigerant charge is perhaps even more critical for a heat pump than 
a straight air conditioning unit. 
 
Besides the weighing method which was discussed in detail in Lesson 7, it is also possible to 
charge a heat pump system based on a desired level of subcooling leaving the indoor section 
and by the use of manufacturer performance charts. 
 
Manufacturers may recommend a liquid subcooling of 20° F or so leaving the indoor section 
in the heating mode. This means the refrigerant leaving the indoor air handler should be 20° 
F cooler than the saturation temperature for the refrigerant at the operating discharge 
pressure. (Specific recommendations may vary from manufacturer to manufacturer.) 
 
For example, a heat pump using R-22 and operating at a discharge pressure of 280 psi gauge 
would have a saturated refrigerant temperature of 125° F. (See P/T Table in Appendix.)  
Assuming 20° F degrees of subcooling is recommended, the temperature of the refrigerant 
leaving the indoor section should be 105° F when there is a correct charge. 
 
If the subcooling is greater than 20° F (or greater than manufacturer’s specific 
recommendations), then refrigerant should be removed. If there is less subcooling than 
recommended, refrigerant should be added. 
 
Manufacturers also provide performance charts for each model of equipment that relate 
operating pressures for varying outdoor conditions with a proper charge. Figure 17 shows one 
type of performance chart for a specific piece of equipment. 
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By checking actual suction and discharge pressures and then comparing them to the 
performance chart for a specific unit and the same indoor/outdoor conditions, refrigerant can 
be adjusted until the system's pressures are very close to those in the performance chart. 
 
Using Figure 17 as an example, assume the indoor temperature is 70° F degrees (we’re in 
heating mode) and the outdoor wet bulb temperature is 41° F. Locate the point where the 
indoor temperature (solid line) and the outdoor wet bulb (dotted line) intersect. From this 
point, follow vertically down and read 31 psig suction pressure for this unit. From the same 
point of intersection move horizontally to the left and read 190 psi discharge pressure. 
 
If this were the actual performance chart for your unit, you would compare actual system 
pressures with these values and then adjust refrigerant charge to bring actual pressures into 
compliance. 
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Self-Check, Lesson 8 Quiz 
 
You should have read all the material in Lesson 8 before attempting this review. Answer all the 
questions to the best of your ability before looking up the answers provided in the answer key.   
 
 
Please indicate whether the following statements are true or false by drawing a circle around 
T (to indicate TRUE) or F (to indicate FALSE). 
 
   True     False 

 
1.  T  F A heat pump is also referred to as a reverse cycle refrigeration unit. 
 
2.  T  F In the heating mode, the indoor coil functions as an evaporator coil. 
 
3.  T  F The reversing valve reverses the flow of refrigerant through the compressor. 
 
4.  T  F During the defrost or de-ice cycle, the outdoor fan is not running. 
 
5.  T  F The reversing valve is activated by a pilot solenoid. 
 
6.  T  F Terminating a defrost cycle may be accomplished by sensing coil temperature  
  and/or elapsed time. 
 
7.  T  F The heating output of an air-source heat pump increases with a decrease in  
  outdoor temperature. 
 
8.  T  F  Integrated heating capacity deducts for the loss of heat during a defrost cycle. 

 
9.  T  F  Demand defrost strategy depends on a timer motor to initiate a defrost cycle on 

a specific frequency -- every 30 minutes, 45 minutes, etc. 
 

10. T  F  An air-source heat pump is usually selected based on its cooling capacity 
matching the heat gain of the structure rather than its heating capacity. 

 
11. T  F  The correct refrigerant charge for a heat pump is less critical than a conventional 

air conditioning unit since a heat pump operates over a wider range of load 
conditions. 

 
12. T  F Heat pumps cannot take advantage of night setback to achieve energy savings. 
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In the following multiple choice questions, choose the phrase that most correctly completes 
the statement and circle the corresponding letter in front of the phrase. 

 
13.  The conditions under which frost and ice will build up on the outdoor coil during and 
heating cycle are when the outdoor temperature is: 
 
a.  below 32° F with low relative humidity.  
b.  below 40° F with high relative humidity.  
c.  above 40° F with high relative humidity.  
d.  only below 32° F with high relative humidity. 
 
14.  When a heat pump is on the defrost cycle, the hot gas from the compressor is directed to 
the: 
 
a.  indoor coil.   b.  accumulator. 
c.  outdoor coil.  d.  filter drier. 
 
15.  Unitary heat pump performance is certified under a program operated by: 
 
a.  Air-Conditioning Contractors of America (ACCA). 
b.  Air-Conditioning. Heating & Refrigeration Institute (AHRI). 
c.  Air-Conditioning & Refrigeration Wholesalers (ARW). 
d.  Air Distribution Institute (ADI). 
 
16.  Heating performance is certified at outdoor dry bulb conditions of: 
 
a.  0 and 20° F.  b.  15 and 43° F. 
c.  17 and 47° F.  d.  -5 and -10° F. 
 
17.  The U.S. Department of Energy prescribes a test method to determine: 
 
a.  energy consumption of a heat pump. 
b.  heating capacity of a heat pump. 
c.  cooling capacity of a heat pump. 
d.  heating and cooling capacity of a heat pump. 
 
18.  The thermal balance point is the point at which the: 
 
a.  heating capacity of the heat pump equals the heat loss of the structure. 
b.  cooling capacity of the heat pump equals the heat gain of the structure. 
c.  heating capacity of the heat pump exceeds the heat loss of the structure. 
d.  cooling capacity of the heat pump exceeds the heat gain of the structure. 
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19.  The accumulator is a device which protects the: 
 
a.  distributor.   b.  check valve. 
c.  muffler.   d.  compressor. 
 
 
For the completion-type questions, fill in the blanks with the word (or words) that most 
accurately completes the thought. 
 
20.  In the event of a heat pump failure, the __________________ heat switch can be used to 
turn on auxiliary electric heaters. 
 
21.  A heat pump may be charged based on a specific degree of __________________ leaving 
the indoor coil in the heating mode. 
 
22.  Outdoor thermostats used to energize auxiliary heaters are set several degrees 
__________ (higher/lower) than the system balance points to account for unusual wind loads. 
 
23.  During the heating cycle the indoor coil of a heat pump _______________ heat to the 
conditioned space. 
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24. Using the diagrams below, indicate the correct direction of refrigerant flow for the cooling 
and defrost cycle by crossing out incorrect arrowhead. 
 
25.  Using the bottom diagram, indicate the correct direction of refrigerant flow for the heating 
cycle by crossing out incorrect arrowhead. 
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Check Your Answers! 
  
Now compare your answers with those given in the answer key at the back of this book.  The 
answer key also directs you to a page in the lesson to review the text for any questions you 
may have missed. 
 
When you are satisfied you understand the questions missed, proceed to your next assignment 
which starts on the next page. 

 
Do you have any unresolved questions on this lesson? 

 
Fax your questions to 614-345-9161 or email to 

Hardimail@hardinet.org. 
 

mailto:Hardimail@hardinet.org�
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Lesson 9 Overview 
 

 
The purpose of Lesson 9, “A Review of the Refrigeration Cycle,” is to reacquaint you with the 
basic theory behind the vapor compression refrigeration cycle and the function of the key 
components in the system. 
 
After studying this lesson, you should be able to: 
 

1. Explain how a refrigerant absorbs heat. 
 

2. Identify the different refrigerants by color code. 
 

3. List the components in an air conditioning unit. 
 

4. Identify the various types of compressors used in air conditioning and heat pump 
equipment. 

 
5. Describe the function of the metering device in the circuit and list the popular types. 

 
6. Recognize industry notation to identify refrigerants. 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Now read Lesson 9 which begins on the next page.
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Lesson 9: A Review of the Refrigeration Cycle 
 
The term refrigerant is applied to a substance that produces heat transfer by absorption of 
heat while vaporizing (changing from liquid to vapor). All refrigerants have the common 
characteristic of boiling (evaporating) at a low temperature at atmospheric pressure. Boiling 
temperature of course changes with pressure.  Increasing the pressure increases the 
temperature at which boiling occurs. 

 
Refrigerant 12 (dichlorodifluoromethane) introduced in 1930 and refrigerant 22 
(monochlorodifluoromethane) introduced in 1936 are only two of many recognized 
refrigerants. They are part of the “halo-carbon” family of refrigerants that means a chemical 
compound of carbon and one or more halogens. Halogens are among the most active 
elements in chemistry and include fluorine and chlorine (important), plus bromine and iodine.  
The family of halocarbons soon supplanted older inorganic refrigerants, such as ammonia, 
carbon dioxide and sulfur dioxide for more effective small system air conditioning. 
 
A CFC refrigerant would be a compound that includes chlorine, fluorine and carbon. Thus, CFC 
means Chloro-Fluoro-Carbon. R-12 is a CFC refrigerant. A refrigerant containing these 
ingredients plus hydrogen is called a HCFC (Hydro-Chloro-Fluoro-Carbon). One type is R-22. 

 
Both 12 and 22 are examples of methane based compounds. Ethane-based refrigerants are 
classified as 100-series compounds. R-134a is one example. This refrigerant contains no 
chlorine atom and is called a hydro-fluoro-carbon – HFC-134a. The lower case “a” in the 
identifier indicates a specific arrangement of the basic atoms. 
 
“Plain” R-134 would have the same “ingredients” but differently and each refrigerant has 
different properties. 

 
The 500-series such as R-502 identifies azeotrope compounds. These are refrigerant blends 
that behave essentially like a single component. That is they boil and condense at constant 
temperatures. 

 
The 400-series of refrigerants are zeotropes. One example is R-410A. These blends do not 
behave exactly like a single refrigerant. They do not boil and condense at a constant 
temperature. (More on this in a moment.) The capital “A” in this case relates to the 
percentage of each substance in the blend. Thus R-410B has the same “ingredients” as R-
410A but in different proportions. R-410A is a 50/50 blend of R-32 and R-125 while R-410B is 
a 45/55 blend. 
 
A few of the more common small system refrigerants and their accompanying container color 
code identifier are: 

 
R-12  White 
R-22  Green 
R-502  Orchid 
R-134a Sky Blue 
R-410A  Rose 
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. 
The use of CFCs and HCFC’s is rapidly being phased out as a result of environmental concerns. 
(Depletion of the ozone layer.)  R-12 is no longer manufactured in North America. R-22 is 
being phased out. After 2010, new equipment must use another refrigerant (probably 410A 
or other blend.). 
 
After 2020, chemical manufacturers will no longer be 
able to produce new R-22 to service existing equipment, 
although any existing supplies of R-22 can still be used 
for service work. 
 
A Specific Need 

 
What’s desired of a refrigerant is, of course, to boil at 
low temperatures and absorb lots of heat; then, reject 
this heat at a convenient higher pressure and 
temperature. This heat transfer should be done with a 
minimum of power input to yield a high coefficient of 
performance (ratio of refrigeration effect to work of 
compressor). These are thermodynamic properties. 
Additionally, chemical characteristics, i.e. toxicity, 
reaction with metals, flammability, etc., and physical 
characteristics – cost, action with oil, lead tendency and 
ease of detection – must be taken into account. 
 
Figure 1 - Temperature versus heat content for water at atmospheric pressure (14.7 psia or 0 
psig).  This graph shows vaporization (boiling) at constant temperature (points d to e).  This is 
valid for pure substances and azeotropic blends.  Lower the pressure below atmospheric and 
water would boil at a lower temperature.  Water is in fact a recognized refrigerant (R-718). 

 
All liquids have a boiling temperature corresponding to a specific pressure. For instance, water 
at atmospheric pressure at sea level (14.7 psia) boils at 212° F, whereas it will boil at 201° F at 
6,000 feet above sea level (that’s 11.8 psia atmospheric pressure). 
 
Consider Figure 1 which is a graph of water temperature (vertical scale) versus heat input 
(horizontal scale).  The figure shows how the temperature of water changes with the addition 
of heat at atmospheric pressure.  Note that there are two instances when adding heat does 
not result in an increase in temperature --- from (b) to (c) when ice is melting and from (d) to 
(e) when water is changing into steam.  Only when all the ice has melted or all the water has 
changed to steam does the addition of heat cause a rise in temperature. 
 
Liquid at point (d) is termed “saturated” liquid because any additional heat initiates boiling or 
changing from liquid to vapor. Vapor at point (e) is called “saturated” vapor because all the 
liquid has been converted to vapor and additional heat will once again cause a rise in 
temperature. 
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Liquid between (c) and (d) is referred to as “subcooled” liquid because it must be heated more 
before it will boil. Vapor from (e) to (f) is called “superheated” vapor because it is at a 
temperature higher than the boiling temperature. 

 
Refrigerants display the same temperature versus heat characteristics as water.  The boiling 
temperature of a refrigerant is referred to as evaporating temperature (the temperature at 
which the liquid changes to vapor).  For example: R-22 evaporates at approximately minus 41° 
F at atmospheric pressure at sea level (14.7 psia) as compared to 212° for water. 
 
Refrigerants are developed to provide suitable evaporating temperatures at practical 
pressures.  Table 1 is a pressure-temperature chart for a selected list of refrigerants.  (And by 
the way, water is a refrigerant with the number R-718.) 
 

 
 
Figure 2 - When pressure inside a cooling coil is increased, the temperature at which a 
refrigerant boils goes up.  Three paths (A, B, & C) above show the vaporization temperature 
for R-12 when subjected to 0 psig (-21° F), 9.2 psig (0° F) and 37 psig (40° F).  To achieve the 
same evaporating temperatures using R-410A would require pressures of 26 psig, 48 psig 
and 118 psig. 
 
Choosing Evaporating Temperature 
 
As noted before, we can increase the temperature at which a refrigerant vaporizes by 
increasing the pressure in the evaporating vessel -- say the cooling coil.  Figure 2 shows the 
temperature and latent heat of vaporization for R-12 at three different pressures. 
 
First, there is Path A at 0 psig and vaporization occurs at -21.6° F.  If we increase the pressure 
to 9.2 psig, vaporization occurs at 0° F (Path B).  Finally, if we increase the pressure to 37 psig 
(Path C), vaporization of R-12 occurs at 40 ° F.  Thus, to freeze items, we might regulate the 
pressure of R-12 at 9.2 psig.  To air condition a home, we might control the pressure at 37 psig.  
Referring back to Table 1, we can find the required coil pressures for other refrigerants such as 
R-22 and R-410A; say to maintain a coil evaporating temperature of 45° F which is suitable for 
air conditioning. 
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Exceptions 
 
Until now, we have been describing the vaporization of a pure substance or an azeotropic 
blend that acts like a single substance.  Refrigerant blends in the 400-series are termed 
zeotropes.  As noted earlier, these refrigerants do not behave exactly like a single refrigerant 
compound.  Zeotropes experience glide during boiling -- evaporation from a liquid to a vapor 
does not occur at a constant temperature.  Glide is the difference between temperatures at 
the start of evaporation and at the end of evaporation.  Bubble point temperature is the start 
of boiling and dew point temperature is when all liquid turns to vapor.  Glide can range from a 
low of just 1° F to 14° F or more depending on the specific refrigerant blend.  Refer to Figures 
3 and 4. 
 
In general, 400-series blends would behave as follows: The sub-cooled liquid mixture is 
heated until one of the refrigerants in the blend starts to vaporize. (Could be two or three 
refrigerants in the blend.) This is shown as the bubble point. As more heat is added, the other 
refrigerants begin to vaporize at higher and higher temperatures (because of their individual 
characteristics) until finally all the refrigerants are vaporized. This is identified as the dew 
point. The difference between bubble and dew point temperatures is the glide. 

 
 
 
Temperature-
Pressure Chart - 
pressures above 
the lines are in 
inches of 
mercury.  Below 
the line 
pressures are in 
psig.  Example 
shows required 
pressures to 
maintain 45° F 
evaporating 
temperature for 
selected 
refrigerants. 
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Figure 3 - Vaporization at constant 
temperature applies to pure substances and 
azeotropic blends. 
 
 

 
Figure 4 - Zeotropic blends vaporize while 
experiencing a temperature change called 
glide. 
 
Unlike standard refrigerant pressure/temperature tables, 400 series blends with large glides 
will show two pressure columns versus temperature – one for liquid (bubble point) and one for 
vapor (dew point). R-410A has a very small glide that is typically ignored. Two column P/T 
charts will be encountered most often in refrigeration applications. 
 
Components 

 
The most common way to regulate the pressure at which the refrigerant evaporates is by 
means of the vapor-compression mechanical cycle. 

 
The vapor compression refrigeration cycle consists of (1) Compressor, (2) Condenser, (3) 
Metering Device, and (4) Evaporator and Interconnecting Tubing, as shown in Figure 5.  
 

 
Figure 5 - The vapor compression refrigeration 
cycle features four key components: 
Compressor (1), Condenser (2), Evaporator (3), 
and Metering device (4) plus interconnecting 
tubing.  
 
The reciprocating or piston-type compressor 
(Figures 6 and 7) --has been widely used in 

residential and small commercial air conditioning installations. The operation of the 
compressor is somewhat similar to an automobile engine. That is, the suction is on the 
downward stroke, and the compression is on the upward stroke of the piston. 
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Figure 6 - Reciprocating semi-hermetic compressor. 
 
As the piston moves downward, the suction pressure forces the refrigerant into the cylinder 
through the suction valve. As soon as the piston starts the upward stroke, the pressure in the 
cylinder increases and forces the suction valve to close. The discharge valve is also closed, due 
to pressure on the condenser side of the discharge valve. Thus, the refrigerant vapor is trapped 
in the cylinder. As the piston moves upward, the vapor is compressed, thus increasing its 
pressure, and at the same time decreasing its volume. As the volume decreases, the 
temperature of the vapor rises due to heat of compression. When the pressure in the cylinder 
exceeds the pressure in the condenser, the discharge valve will open. The vapor will continue 
to be forced out until the piston reaches the top of its stroke. The vapor leaving the 
compressor is usually called “hot gas.” As the piston starts its downward stroke, the pressure of 
the hot gas in the condenser will cause the discharge valve to close. As the piston continues 
downward, the pressure in the cylinder is reduced below the suction line pressure. Therefore, 
the suction line pressure forces the suction valve open and vapor refrigerant is again forced 
into the cylinder. 
 
In hermetic compressors (compressor and electric motor completely sealed in the same 
housing) (Figure 7) and semi-hermetic compressors, (Figure 6) (compressor, except 
compressor service valves, and electric motor completely sealed in the same housing), the 
electric motors are cooled by the refrigerant vapor passing over the windings immediately 
after the vapor enters the compressor housing. Thus, the motor heat absorbed by the 
suction vapor is discharged into the condenser. These compressors are commonly called 
“suction gas cooled” compressors. 
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Figure 7 - Hermetic compressor.  
 
Since the refrigerant vapor is used to cool the motor windings in both hermetic and semi-
hermetic compressors, a motor of a given size can be made to operate on a greater running 
current without overheating and produce greater output, provided the suction gas entering 
the compressor housing has not been superheated too much. The compressor is the division 
point from the low side to the high side of the refrigerant circuit. 
 
The fundamental purpose of a compressor is to raise the temperature/pressure of the 
refrigerant vapor in the condenser high enough to get the temperature of the vapor high 
enough above the cooling medium (air or water) in order for the vapor to be condensed – 
returned to the liquid phase.  Heat always flow from a higher to a lower temperature body. 
 
Rotary and Scroll Compressors 

 
There are two basic types of rotary compressors – roller and vane. In the roller design, a fixed 
spring-loaded “divider” blade separates the suction and discharge chambers. 
 

Figure 8 - Rotary compressor. 
 
In the vane type, the rotor has two or more 
sliding vanes that are held against the cylinder by 
centrifugal force. 

 
In any case, rotary motion squeezes incoming gas 
between cylinder and rotor, thus raising its 
pressure and temperature. 

 
The rotary compressor has been used in domestic 
refrigerators and room air conditioners for a 
number of years.  
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Chief advantages claimed are fewer moving parts and less noise. 
 

In the scroll compressor, there are two intermeshing involute scrolls -- one is the mirror image 
of the other. One scroll is fixed, the other orbits. Suction gas enters from outside the scrolls. As 
the moving scroll orbits, compression chambers are formed. The compressed refrigerant is 
discharged from a port in the center of the fixed scroll. No valves are required. 
 

Figure 9 - Scroll compressor. 
 
Refrigerant Oil  
 
Compressors as with other machinery require 
lubrication oil to reduce friction and wear between 
moving parts. High quality mineral oil and synthetic 
oils are present in use in air conditioning machinery. Mineral oils are refined from naturally 
occurring crude oil. Synthetic oils such as – Polyol Ester (POEs) and Alkylbenzene (AB) oils – are 
synthesized from selected chemicals. 
 
Selecting a proper oil is difficult because oil in an air conditioning system is not changed 
regularly (as with an automobile) and it is mixed with refrigerant in the system.  It is also 
subjected to both high and low temperatures and pressures. How well refrigerant and oil stay 
mixed on the high and low side of the system is critical as pockets of oil impede heat transfer, 
may plug the system, and reduce the oil available to lubricate the compressor. Oil must not 
react with the materials used in the compressor, evaporator, piping and other components. 
 
Mineral oils have traditionally been used with CFC and HCFC refrigerants. Newer refrigerants 
such as R-134a and R-410A usually require POE oil. 
 
Condenser 

 
The function of the condenser is to condense 
refrigerant vapor into liquid. When the 
refrigerant vapor enters the condenser, it 
contains the heat picked up by the evaporator 
(heat from the space being cooled), plus the 
heat of the compression (compressor work 
heat, which is approximately 25% of the heat 
picked up by the evaporator). Thus, the air 
cooled condenser must transfer approximately 
15,000 But/h to the outdoor air forced across 
the condenser for each ton (12,000 But/h) of 
heat picked up by the evaporator. 

 
When heat is removed from the refrigerant vapor, the vapor is condensed into liquid 
refrigerant. The liquid refrigerant is then subcooled near the outlet of the condenser by the air 
forced across the outlet section of air cooled condensers. Subcooling reduces flash gas 
(changing back to vapor) of the liquid in the liquid line before it reaches the metering device 
and increases the net refrigerating effect. Although subcooling reduces temperature of the 
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liquid refrigerant in the condenser, it does not decrease pressure in the condenser. However, 
too much subcooling is an indication of an overcharge, whereas no subcooling is an indication 
of an undercharge. 
 
Condensers may be air cooled or water cooled. The more commonly used is the air cooled type. 
In order for a condenser to transfer heat from the refrigerant to the air (or water), the 
temperature of the air (or water) must be lower than the temperature of the refrigerant gas in 
the condenser. For instance, if the ambient air temperature is 90° F, the condensing 
temperature inside the condenser will be approximately 30° F higher or 120° F. 
The corresponding discharge pressure would then be approximately 262 psig if R-22 was the 
refrigerant. 
 
Metering Device 

 
There are three popular metering devices for direct expansion of liquid refrigerant into the 
evaporator – thermostatic expansion valve, capillary tube and orifice plate. They are used to 
regulate the flow of liquid refrigerant into the evaporator coil.  
 
The metering device receives the liquid refrigerant from the condenser at high pressure and 
high temperature and throttles it into the evaporator. Since the pressure of the evaporator is 
lower than the pressure of the liquid in the liquid line, the liquid begins to evaporate (boil) as 
soon as it passes through the metering device. When the liquid evaporates, the remaining 
liquid becomes very cold, thus the evaporator becomes cold. The metering device is the 
division point from the high side to the low side of the refrigerant circuit. 
 
Capillary Tube 

 
Capillary tubes once used only on package type equipment can be found on smaller split-
system equipment (evaporator is separate from the compressor/condenser).  A “cap tube” is a 
fixed restriction, with size of bore and length of tube based on capacity of equipment.  
However, as a fixed restriction, cap tubes cannot modulate liquid refrigerant to adjust to 
varying loads on the coil. 
 
The amount of liquid refrigerant passing through a capillary tube depends on the difference 
maintained between compressor discharge pressure and suction pressure. 
 
When the compressor stops, the pressures equalize in the system because the liquid 
refrigerant continues to flow into the evaporator until the high side and low side pressures are 
equal. 
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Orifice plate 
 

A popular metering device is the orifice plate or restrictor (Figure 10).  The restrictor is inserted 
between a refrigerant line connector and the distributor that directs refrigerant to the various 
circuits inside the evaporator coil. 

 
 
Figure 10 - “Bullet type” orifice plate 
 
The restrictor is easily removed in the field and can 
be replaced with other sizes to provide for different 
flow rates and pressure drops. This allows the indoor 

coil to be matched to different condensing units to fine-tune performance. 
 
Thermostatic Expansion Valve 
 
The thermostatic expansion valve (TEV or TXV) is connected to the evaporator with a 
distributor to feed liquid refrigerant into the various circuits in the evaporator.  This process 
insures the adequate distribution of liquid refrigerant throughout the evaporator and reduces 
pressure drop through the evaporator. It is used on both package-type and split system type 
cooling units.  Since it is a modulating control, it is effective in achieving 13 SEER minimum 
efficiency performance with split systems.   
 

 
Figure 11 - Thermostatic Expansion Valve (TEV) 
 
A TEV consists of a valve pin, pin seat, superheat spring, 
superheat adjustment, equalizer (internal or external), 
and a temperature feeler bulb connected to a 
diaphragm case and is strapped securely to the suction 
line. 
 
The TEV functions to provide sufficient liquid 
refrigerant flow into the evaporator to prevent the 
liquid from becoming completely vaporized until it 
reaches almost to the outlet of the evaporator.  
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This prevents the evaporator from being 
“starved,” keeps it as near 100% capacity as 
possible, and also prevents “flooding” the 
evaporator.  
 
The pressures and temperature that actuate the 
TXV are as follows: 
 

Figure 12 - Pressure balance in a R-22 system 
with 10° superheat. 

 
1. Superheat spring pressure: This pressure tends to close the valve. It is generally 

adjusted to maintain 10° F superheat but will modulate between 5° F and 15° F 
superheat. If the superheat is not within this range, the adjustment nut should be 
turned to the left to lower, or to the right to increase superheat. 

 
2. External equalizer pressure: One end of the external equalizer tube is connected to the 

suction line of the evaporator. The other end is connected to the underside of the 
valve’s diaphragm. This pressure tends also to close the valve. 

 
3. Feeler bulb pressure: The feeler bulb is attached to the evaporator suction line near the 

external equalizer connection. The bulb senses the temperature of the suction vapor. It 
contains a charge of both liquid and vapor refrigerant. It is connected to the upper side 
of the valve’s diaphragm. Thus, it exerts pressure to open the valve. 

 
The pressure exerted by the charge in the bulb depends upon the temperature of the suction 
line. The temperature of the suction line depends upon the amount of liquid refrigerant 
entering the evaporator in relation to the amount being evaporated. Both the superheat spring 
and the external equalizer are exerting pressures to close the valve. Therefore, the pressure of 
the bulb (which depends on suction line temperature) must be greater than the spring 
pressure plus the external equalizer pressure in order for the valve to open. 
 
When the compressor is not operating and the suction line is warm, the refrigerant in the bulb 
will exert pressure on the top of the diaphragm and will attempt to keep the valve in an open 
position. However, in the “off” periods of the compressor, the pressure exerted below the 
diaphragm through the external equalizer line will be greater than during “on” periods. As a 
result, it will exert an equal pressure below the diaphragm and will attempt to keep the valve 
closed. Since these pressures are equal in the “off” period, the remaining pressure (spring 
pressure) will close the valve and keep it closed in “off” periods. 

 
When the compressor starts, the suction line pressure is lowered and the external equalizer 
pressure below the diaphragm is lowered. Since the suction line pressure is lowered, the 
suction line temperature will be lowered, thus lowering bulb temperature. However, since the 
bulb pressure does not change as quickly as the suction pressure, the bulb pressure will be 
greater than the external equalizer pressure plus the spring pressures. This will open the valve 
and release liquid refrigerant into the evaporator. 
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As the compressor continues to operate, the suction line will become colder, causing the vapor 
refrigerant in the bulb to condense. This reduces the pressure above the diaphragm and allows 
the valve to “hunt” a satisfactory throttling position. As the compressor continues to operate, 
the bulb pressure and the external equalizer pressure, plus the spring pressure, tend to 
balance. This allows the valve to modulate the liquid refrigerant flow and maintain the proper 
amount of liquid in the coil to prevent it from becoming “starved” or “flooded.” 
 
When the compressor stops, the suction pressure rises immediately thus the external equalizer 
pressure below the diaphragm rises. Since the bulb pressure is slower in changing, the valve 
closes, thus preventing liquid refrigerant from continuing to flow into the evaporator. 
 
Evaporator 

 
An evaporator (cooling coil) is any device in which refrigerant is evaporated (boiled) for the 
purpose of extracting heat from the surrounding medium. In residential and small commercial 
applications, the most commonly used evaporator is the direct expansion (DX) type. As we 
have described, high pressure liquid refrigerant passes through the metering device to reduce 
pressure and control the flow of refrigerant. 
 
Inside the coil there is a mixture of cold liquid and boiling refrigerant.  As the refrigerant moves 
along towards the coil exit, more of the refrigerant becomes vapor and less is in liquid form.  
Ideally, the refrigerant is completely vaporized at the exit. 
 
The cooling and moisture removal effect of an evaporator is dependent upon (1) the amount of 
liquid refrigerant entering the evaporator, (2) the amount of air across evaporator and its 
temperature and moisture content, and (3) the surface area and temperature of the 
evaporator.The moisture removed from the air (condensate) is collected in a condensate drain 
pan and piped to an open drain. 
 

 
 
Figure 13 - An “A” type DX coil with a thermostatic expansion valve. 
 
If the quantity of air across the evaporator is increased, or if the temperature difference of the 
air and temperature of the refrigerant in the evaporator coil is increased, the evaporator coil 
capacity is increased. That is, more liquid refrigerant will be evaporated in the coll. 
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Here are key points to remember: 
 
1. The only part of the evaporator coil that does any effective cooling is that part of the 

coil in which liquid refrigerant is evaporating. 
 

2. The part of the coil beyond the point where the liquid refrigerant is completely 
evaporated contains refrigerant vapor. Refrigerant vapor has no effective cooling. The 
vapor is merely being superheated 

 
3. Too much superheat is an indication that the liquid refrigerant evaporates too quickly in 

the coil. The lower the superheat, the greater the coil capacity. 
 

However, some superheat must be present to insure complete vaporization of liquid 
refrigerant within the coil to prevent liquid refrigerant entering the compressor while it 
is running.  Typically superheat ranges are 5° F to 15° F for thermostatic expansion 
valves or 2° F to 5° F for fixed metering devices at unit design conditions. 

 
4. Since too much superheat is an indication of a “starved” coil, the refrigerant circuit 

must be diagnosed to determine the cause. 
 
5. Low temperature air or low air volume across the evaporator reduces total capacity, but 

increases latent capacity. 
 
6. High temperature air or high air volume across the evaporator increases total capacity, 

but reduces latent capacity. 
 
Crankcase Heater 

 
The crankcase heater is used to provide heat for the oil in the compressor and prevent 
refrigerant vapor migration.  This happens when the compressor is in a colder location than the 
evaporator and vapor migrates back to the compressor and may cause slugging on start-up.  A 
trickle heat circuit may also be employed by allowing a small current to pass through the start 
winding of the compressor motor to provide heat.  There are also 
positive temperature coefficient (PTC) thermistors crankcase heaters 
which use the resistance of the heating element to turn itself on and off.  
As the crankcase heater heats up the resistance of the element 
increases and as the resistance increases the current flow decreases 
thus eliminating the need of a thermostat.  
 
 

Figure 15 - Liquid line filter drier 
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Figure 14 - Crankcase heater 
 
Liquid Line Filter/Drier 

 
The purpose of a filter-drier is to remove particles and moisture from the refrigerant and oil – 
particles by filtering, moisture by absorbing and holding it just as a sponge absorbs and holds 
water.  
 
Some moisture in a vapor state is always present in a refrigerant system even though the 
system was thoroughly evacuated prior to charging. Acceptable limits of moisture vary from 
one unit to another and from one refrigerant to another. Moisture is harmful even if there is 
not enough present to cause “freeze up” in the metering device, because it is the most 
important factor in the formation of acids, sludge, copper plating, and corrosion. Therefore, it 
is imperative to keep the moisture level as low as possible to prevent compressor burn-outs 
due to acid and to prevent plugging of expansion valve screens or capillary tubes by sludge 
created by this acid. 
 
A filter-drier should always be installed in the liquid line just prior to the metering device of a 
cooling system for the following applications: 
 

1. For any system in which the piping is field fabricated and installed. 
 
2. Any time the system is opened in the field. 
 
3. A new filter should replace a used filter any time any part of the system is opened to 

atmosphere. 
 
4. In the case of compressor burn-out, a liquid line filter drier one size larger than 

originally required should be used. 
 

5. These may be installed vertically or horizontally, but must always be installed with the 
liquid refrigerant flowing in the direction indicated by an arrow on the drier. 

 
Suction Line Filter 

 
A filter is often installed in the suction line of field-installed piping. Some are provided with a 
“by-pass” to prevent pressure drop when the filter becomes clogged. If it is not provided with a 
“by-pass,” it should be removed after system is cleaned. The time of cleaning may require 72 to 
96 hours of compressor operation. 
 
Liquid /Moisture Indicator  

 
The purpose of the liquid indicator (sight glass) is to act as a guide in determining whether 
liquid refrigerant is being fed into the metering device. It is commonly used in expansion valve 
systems and rarely used with fixed metering devices systems. It may be installed anywhere in 
the liquid line, but preferably near the metering device and between the filter-drier and the 
metering device. Every liquid indicator should contain a moisture indicator, that is, a device 
that indicates by color whether the refrigerant system is acceptably dry or whether the 
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moisture content is excessive. Whenever the moisture indicator shows a color indication 
"caution" or "wet" the liquid line filter-drier should be replaced. 

 
A liquid indicator will show bubbles (flash gas) if: 

 
1. The system is undercharged. 
 
2. There is excessive restriction in the liquid line ahead of the indicator. 
 
3. If the liquid subcooling is not sufficient to allow for pressure drop between the 

condensing unit and the indicator. This case rarely occurs in a properly charged system 
unless the indicator is a great distance from the condensing unit or the liquid 
refrigerant “lift” is sufficient to cause enough pressure drop to allow flashing of the 
liquid. 

 
When a liquid indicator is used while charging the system to indicate when it is fully charged, 
the charging should cease as soon as the bubbles disappear in the liquid indicator. The 
subcooling should then be checked to determine if the system is overcharged. More than 15 
degrees of subcooling indicates an overcharge. If overcharge occurs, refrigerant should be 
recovered slowly to prevent removal of oil from the system. 
 
Always remember -- a liquid indicator will indicate an undercharge, but it never indicates an 
overcharge. Also, remember that if the suction pressure is abnormally low, due to causes other 
than undercharge, there may not be sufficient refrigerant vapor returning to the compressor to 
create discharge pressure high enough for the vapor in the condenser to condense into liquid. 
Thus, bubbles may appear in the indicator even when the system has sufficient charge. Thus, a 
liquid indicator is not a positive indicator of correct charge under all conditions. 
 
Charging Ports/Service Valves 

 
Central air conditioning units are often fitted with “Schrader” valve charging ports. This type 
of valve resembles an ordinary tire valve. Such valves on the liquid and suction lines allow 
access to the refrigerant circuit for servicing – adding/removing refrigerant, etc. Some 
equipment includes front seating/back seating suction and discharge service valves. These 
valves feature a gauge port to connect hoses and a manifold gauge set.  A special ratchet 
wrench is required to open and close the valve.  
 

 
Figure 16 - Schrader valve. 
 
The Complete Picture 
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The refrigerant system on the next page represents typical temperatures and pressures for R-
22 in an air-conditioning system. The conditions depicted are room air entering the cooling 
coil at 80° F and 67° F wet bulb (WB) and outdoor air entering the condenser at 95° F. These 
conditions also represent the normal conditions used to measure the cooling capacity of 
equipment for industry rating purposes. 

 
As the entering air conditions change, so too do the temperatures and pressures within the 
cooling coil and condenser. 
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Typical Refrigeration Cycle 
Cap Tube Metering Device and R-22 Refrigerant 

 
Figure 17 
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Self-Check, Lesson 9 Quiz 
 
You should have read all the material in Lesson 9 before attempting this review. Answer all the 
questions to the best of your ability before looking up the answers provided in the answer key.   
 
 
Please indicate whether the following statements are true or false by drawing a circle around 
T (to indicate TRUE) or F (to indicate FALSE). 
 
   True     False 

 
1.  T F All fluorinated hydrocarbon refrigerants are harmful to the atmosphere to the 

same degree. 
 
2.  T F HCFC notation identifies fully halogenated refrigerants. 
 
3.  T F To raise the temperature at which a refrigerant boils, say from 0° F to 40° F, it is 

necessary to raise the pressure in the evaporator coil. 
 
4.  T F The compressor increases both the temperature and pressure of the refrigerant 

vapor. 
 
5.  T F The orifice plate type metering device can be replaced with other sizes in the 

field. 
 
6.  T F The most common way to provide mechanical cooling is by means of the vapor 

compression cycle. 
 
7.  T F The function of a condenser is to change liquid refrigerant into a vapor. 
 
 
In the following multiple choice questions, choose the phrase that most correctly completes 
the statement and circle the corresponding letter in front of the phrase. 
 
8.  Subcooling liquid refrigerant at the condenser reduces the possibility of: 
 
a.  liquid slugging in the compressor. 
b.  flashing to vapor before the metering device. 
c.  reduced pressure in the condenser.   
d.  a temperature rise in the condenser.   
 
9.  Reduced air flow through a cooling coil: 
 
a.  increases latent capacity. b.  reduces total capacity. 
c.  both a and b.   d.  reduces latent capacity. 
 
10.  A crankcase heater is necessary to keep the oil in the compressor warm to: 
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a.  aid in cold weather starting.       b.  improve lubrication. 
c.  reduce vapor migration and slugging on start-up.  d.  reduce congealing. 
 
11.  A filter drier functions to: 
 
a.  remove particles in system.   b.  remove moisture in system. 
c.  prevent acid formation.   d.  all of the above. 
 
12.  A sight glass showing bubbles may indicate: 
 
a.  system is undercharged.  b.  a local restriction in liquid line. 
c.  inadequate subcooling.  d.  low suction pressure. 
e.  all of the above. 
 
 
For the completion-type questions, fill in the blanks with the word (or words) that most 
accurately completes the thought. 
 
13.  A refrigerant has three classes of performance, thermodynamic properties, chemical 
characteristics and ____________________ characteristics. 
 
14.  A/an ______________________ compressor features the electric motor and compressor in 
a common sealed housing. 
 
15.  There are two types of rotary compressors:  ______________ and _______________vane. 
 
16.  A principle advantage of rotary compressors when compared to reciprocating designs is 
___________ moving parts and __________ noise. 
 
17.  In the scroll compressor no ________________ are required. 
 
18.  The temperature of the refrigerant in an air cooled condenser must be ________________ 
(higher/lower) than the temperature of the ambient air. 
 
19.  The three most common metering devices in use are: 
 
 ___________________________________ 
 
 ___________________________________ 
 
 ___________________________________ 
 
20.  The thermostatic expansion valve (TEV) is a/an _______________________ control and 
automatically adjusts the flow of refrigerant into the evaporator according to the load. 
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21.  The amount of refrigerant passing through a “capillary” tube depends on the difference in 
pressure between the ___________________ and discharge lines. 
 
22.  An evaporator with excess superheat is referred to as a/an __________________ coil. 
 
23.  Using the pressure-temperature chart in the Appendix, determine the saturation 
temperature for HCFC-22 in the cooling coil at 68.5 psig and in the condenser at 260 psig.  Note 
those temperatures on the illustration below. 
 
68.5 psig = _______ ° F      260 psig = _______ ° F 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
24.  Using the information provided in the illustration above determine the degree of 
superheat of the refrigerant vapor leaving the evaporator coil. 
 
_________________ - _________________ =  _______________ ° F 
 
25.  Using the information provided in the illustration above determine the degree of 
subcooling of the liquid refrigerant leaving the condenser. 
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_________________ - _________________ =  _______________ ° F 
 

Check Your Answers!  
  
Now compare your answers with those given in the answer key at the back of this book.  The 
answer key also directs you to a page in the lesson to review the text for any questions you 
may have missed. 
 
When you are satisfied you understand the questions missed, proceed to your next assignment 
which starts on the next page. 

 
Do you have any unresolved questions on this lesson? 

 
Fax your questions to 614-345-9161 or email to 

Hardimail@hardinet.org. 
 

mailto:Hardimail@hardinet.org�
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Lesson 10 Overview 
 
 

Lesson Ten, “How AC Electricity Works,” is to help you understand the principles of electricity 
and how these principles affect the operation of electrical devices.  Thorough study of this 
chapter should result in the ability to do the following. 
 

1. Differentiate between direct and alternating current. 
 

2. Describe the relationship between voltage, amperage, and resistance. 
 

3. Define the term “voltage drop” and state its cause. 
 

4. Define wattage and explain its importance. 
 

5. Define impedance and reactance. 
 

6. Describe the effects of resistance, inductance, reactance, capacitance reactance, and 
impedance in a parallel circuit. 

 
7. Describe the effect of power factor. 

 
8. Describe the function of a transformer. 

 
9. Explain how single phase current may be obtained from three phase current. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Now read Lesson 10 which begins on the next page.
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Lesson 10: How AC Electricity Works 
 
There are essentially two types of electric current – direct current (DC) and alternating current 
(AC). Alternating current is quite “flexible,” in that its voltage can be so easily stepped up or 
down, which permits it to be carried long distances with small losses. Practically all lighting and 
power is by alternating current. 

 
Direct current or DC is supplied by a direct current generator, a battery or electronically. It 
flows continuously in the same direction. As long as the load is the same, current flow is 
resisted only by the material of the wire, its size, and length. Wire conductors made of copper 
offer less resistance than iron and nichrome-nickel. 

 
Alternating current, or AC, is supplied from an alternating current generator –sometimes called 
an alternator. AC flows first in one direction, and then it reverses and flows in the opposite 
direction – hence the name alternating current (Figure 1). 

 
Figure 1 - One cycle of an alternating current includes 2 alternations -- one from 0° to 180° 
and the other from 180° to 360°.   

 

However, when AC changes direction, it does not jump from full value in one direction to full 
value in the other direction. It builds up gradually in one direction to a maximum, then drops 
off gradually back to zero. Then it builds up gradually in the opposite direction of flow to 
maximum and, again, gradually drops back to zero. 

 
One of these periods of building up from zero to maximum and back to zero, all in one 
direction of flow, is called an alternation. Two alternations, one in one direction and one in the 
opposite direction, is called a cycle. So, a cycle is composed of two alternations. If the current 
alternates or changes direction 10 times, it makes 5 cycles. Thus, there are twice as many 
alternations as cycles. 
 
This changing of direction of flow is very rapid. Even if one could see electricity flowing in a 
wire, one could not follow its change of direction of flow. Very “slow” alternation of flow is 25 
cycles (or 50 alternations) per second. Ordinary alternating current in the United States is 60 
cycles (120 alternations) per second. In radio these alternations are at the rate of thousands of 
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cycles per second (kilocycles) and even at an incredible rate of millions of cycles per second 
(megacycles). The term Hertz has been assigned to identify cycle rate. Thus 60 cycles AC is 60 
Hertz AC. 
 
Electrical Characteristics 
 
Electricity features two essential characteristics: 
 
Voltage  

 
This is called the “potential” or electro-motive force (EMF), and can be considered as the 
pressure or push of electricity. Electricity does not have to be flowing to have voltage or 
pressure. Using a voltmeter, it is possible to measure voltage across a battery that is not 
connected to anything. 

 
It is much the same as in a refrigerating system; there are pressures whether the machine is 
running or not, that is, whether the refrigerant is circulating or not. So voltage is the measure 
of the pressure of the electricity. 

 
Amperage 
 
This is the “rate of flow” of the electric current, much the same as the pounds per minute of 
refrigerant circulated in a refrigerating system, or the gallons of water per hour through a 
condenser. 

 
When refrigerant flows in copper tubing, there is resistance to flow caused by the tubing and 
there is a pressure drop from one end of the line to the other. The smaller the size of the line 
and the longer it is, or the greater the amount of refrigerant flowing, the greater is the 
pressure drop. 

 
The same applies in electricity. A wire offers resistance to the flow of electricity. The smaller 
the wire, the longer it is, and the greater the amount of electricity carried, the greater will be 
the pressure drop, or as it is called in electricity --- voltage drop. 

 
Georg Simon Ohm discovered these observed characteristics could be expressed 
mathematically. He found that the pressure drop (in volts) was equal to the current (in 
amperes) multiplied by the resistance (in ohms) or – 

 
Voltage equals amperes times ohms. 

 
The international electrical symbols are E for voltage (electromotive force), I for current 
(intensity of current) and R for resistance. Therefore, the formula for this relationship is: 

 
E = I x R 

 
This is known as Ohm’s Law. 
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It can also be stated another way: The current flow (in amperes) equals the pressure (in volts) 
divided by the resistance (in ohms) or – 

 
I = E/R 

 
It is also true that the resistance (in ohms) equals the pressure (in volts) divided by the current 
(in amperes). This is:  

R = E/I 
 

As an example: if a current of 5 amperes is flowing in a length of wire, and the resistance is 10 
ohms, the voltage drop from one end of the wire to the other end will be 5 x 10 or 50 volts (E = 
I x R). 
 
If, in another wire, the voltage drop is 80 volts and the resistance is 8 ohms, the current is 80 
divided by 8 or 10 amperes. Still another example: if the voltage drop is 110 volts, and the 
current is 10 amperes, the resistance is 110 divided by 10, or 11 ohms. 

 
An easy way to remember the different forms in which Ohm’s Law can be expressed is to 
remember the illustration in Figure 2. If any one of these three letters is covered, the two 
uncovered are in the proper relationship. 

 
Thus E (if covered) equals IR or I x R  
I (if covered) equals E/R or E ÷ R  
R (if covered) equals E/I or E ÷ 1 

 
Voltage Drop 

 
For most uses, electricity is provided through wires – the two branch wires in a home provide a 
voltage of about 120 volts; the two terminals of an automobile battery provides 12 volts. These 
available voltages are called “line” voltages, and for a completed circuit, the line voltage is the 
voltage drop. 

 
For example, the line voltage to a toaster is 120 volts, the resistance offered by the nichrome-
nickel wire in the toaster (the part that gets hot) is 24 ohms, then the current is 120 ÷ 24, or 5 
amperes (Figure 3). 

 
Suppose, however, that there is a very long extension cord or one in which the wires are too 
small, running from the wall socket where the line voltage is 120 volts to the toaster and the 
resistance of this long extension cord itself is 10 ohms. 

 
The resistance of the long line is in series with the toaster, so the total resistance is the sum of 
the two resistances. 
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Figure 2 - Ohm’s Law 

 
The full resistance is therefore 24 + 10, or a total of 34 ohms. Then the current will be 120 ÷ 34 
or about 3.5 amperes. The toaster will not heat up properly, for it takes 5 amperes at 120 volts 
to heat it properly, but the toaster is getting only 3.5 amperes.  1.5 amperes is lost because of 
the voltage drop due to the long extension cord. 

 
If the resistance of the cord is 10 ohms, 5 ohms will be in one of the two wires and 5 ohms in 
the other wire. The current flowing is 3.5 amperes, so the voltage drop across one wire is 3.5 x 
5, or 17.5 volts. The total voltage drop due to the extension cord is 2 x 17.5, or 35 volts. 
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Figure 3 - Toaster circuit.  Normal 120 volts 
divided by 24 ohms resistance yields 5 amps.  
Long or undersized cord may add 10 ohms, thus 
reduce current to 3.5 amps and slow toaster 
performance. 
 
This leaves only 85 volts for the toaster. We can 
check this by multiplying the 3.5 amperes by the 
resistance of the toaster, of 24 ohms, which 
equals approximately 85 volts. Since the toaster 

requires 120 volts and 5 amperes, but gets only 85 volts and 3.5 amperes, so the toaster does 
not heat properly. 

 
If the toaster is near the wall socket and the cord has large enough wire, the cord will have very 
little resistance and there will be very little voltage drop. It is important that the line wires be 
large enough to transmit all the current necessary. If the line is long, the wires will have to be 
larger to avoid excessive voltage drop. 

 
Voltage drop should be kept to 2% or 3% if possible, and 5% is undesirable. 

 
Motor Needs 

 
Electric motors, solenoids, and most other types of electrical equipment work best at full or the 
"rated" voltage stamped on their nameplates. 

 
Appliance motors, be they split-phase shaded pole or capacitor types, are usually designed to 
the exact load requirements of the equipment they operate, with little allowance for 
substandard electric service voltage. When voltage is below normal, electrical energy flows 
through the starting windings longer than the few seconds normally required to bring the 
motor up to full speed, at which time it would automatically switch the electric energy to the 
heavier run windings.  

 
Continued start and stop operation will eventually cause motor burnout. Without a normal 
voltage supply, a motor will not provide the torque necessary to power the load. An under 
voltage of 10 % reduces torque (power to start the load) 19%; reduces running current 11%; 
and increases temperature rise 12%. The same performance deficiencies hold true with motors 
of the single-phase, repulsion-induction type, or three-phase motors of the induction type. 

 
Parallel Circuits 

 
The cord in the earlier example had a resistance of 10 ohms and it was in series with the 
toaster, which had a resistance of 24 ohms; so the total resistance was 34 ohms. If, instead of a 
long cord of 10 ohms in series there was some other resistance, also of 10 ohms, but placed in 
parallel with the toaster, there would be an entirely different story. 
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Figure 4 - Toaster-iron circuit.  Appliances are in 
parallel so combined resistance of 7 ohms is less 
than either the 24 ohm resistance for toaster and 
10 ohms for iron. 
 
In Figure 4, two appliances are in parallel, the 120 
volts is available to both of them. It would be the 
full 120 volts, if the wires were of sufficient 
capacity (big enough so that their resistance is low 

and, consequently, the voltage drop due to the wires is low). Then both the toaster and the 
electric iron could draw their full current. 

 
The toaster would get 5 amperes (120 ÷ 24) and the iron would get 12 amperes (120 ÷ 10). 
Together, they would be drawing 17 amperes, and the voltage drop across each of them is the 
same, 120 volts. Then the resistance of both (not each) of them is 120 ÷ 17, or approximately 7 
ohms, which is less than the resistance of either of them. 

 
Thus, when there is more than one appliance or other electrical load on the same line, they are 
placed in parallel. Then each has the full line voltage available, each gets the full amount of 
current that it needs, and the total current that they draw is the total current (in amperes) that 
all of the loads draw – in this example 17 amps. 

 
Wattage 

 
So far only voltage (pressure), ohms (resistance) and rate of current flow (amperes) have been 
discussed. 

 
 

But the “power” used -- the rate of electric consumption -- depends on both the voltage and 
the amperage. A current flow of 5 amperes from a 6 volt battery would only be enough for a 
small lamp; a current flow of 5 amperes from a 120 volt line would heat a toaster that would 
use almost 20 times as much power, or “amount” of electricity as the small lamp. 

 
Power is measured in watts. One watt is defined as a current flow of 1 ampere with a voltage 
of 1 volt. A kilowatt is 1,000 watts. The toaster, at 120 volts, drew 5 amperes uses 5 x 10, or 
600 watts of power. The iron uses 12 x 120, or 1,440 watts of power. 

 
The watts used are found by multiplying the voltage by the amperage.  Thus the iron and 
toaster together use 120 x 17 or 2, 040 watts. The separate wattages of the toaster and the 
iron, 600 + 1,440 equals the 2,040 total wattage. 

 
As a rule, if the wattage is less than 1,000, the term “watt” is used. If the wattage is more than 
1,000 watts, divide by 1,000 and refer to them as kilowatts. Therefore, 2,040 watts equals 2.04 
kilowatts, abbreviated kW. 
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Kilowatt-Hours 
 

The electric meter is partly a clock too, for it includes the time element. A kilowatt used for an 
hour is called a kilowatt-hour (kWh). One kWh is also 0.5 kilowatt used for 2 hours, 2.0 
kilowatts used for 30 minutes, etc. The kilowatt-hour or kWh is what is purchased from the 
electric utility company. 

 
Table 1 - Examples of materials suitable for conductors and insulators. 
 
Resistance 

 
Resistance impedes the flow of current and varies with the type of material of the conductor 
(wire) or to the size or length of the conductor. Temperature also has a modest effect. 

 
Some materials are poor conductors of electricity as they offer high resistance. 

 
On the other hand, gold and silver are excellent conductors, but they are too expensive, except 
for contacts. Copper is another good conductor (has low resistance). Fortunately, it is abundant 
and easily smelted; hence, it is the most commonly used material for wires, parts of switches, 
etc. Aluminum, although not quite as good a conductor as copper, is used for long transmission 
lines because of its lighter weight. Some metals, particularly alloys of nickel and chromium, 
have such high resistances that they get very hot when electricity passes through them and are 
used as the heating elements in toasters, irons, percolators, etc. 

 
There is still another class of materials that offer so great a resistance to the flow of electricity 
that, for practical purposes, no current can flow through them. Such materials are called 
insulators and are used for parts that separate conductors from one another, such as insulation 
on a wire, or from other parts of the machine, or from persons (See Table 1). 

 
Some good insulators are: glass, rubber, bakelite, porcelain, cotton or woolen cloth, wood, and 
air. Water with impurities is a rather good conductor, so insulators must be dry, especially 
porous materials such as wood, and cloth. 

 
Generally, materials that are good conductors of heat are also good conductors of electricity. 
Conversely, materials that insulate heat also insulate electricity. 
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Reactance 
 

There is another condition that may impede the flow of electric current much the same as 
resistance does. It is called reactance. There are two kinds of reactance. One, inductive 
reactance is caused by a coil; the other, called capacitive reactance, is caused by a capacitor. 
These two sources of reactance in a circuit are sometimes separately called inductance and 
capacitance, respectively. 

 
To understand the effect of inductance and capacitance, one must go back to the study of 
alternating current, since reactance is of interest chiefly as it affects the flow of alternating 
current. Reactance has no effect as long as the current is flowing in one direction and is not 
increasing or decreasing in value. 
 
Therefore, it does not affect DC circuits except when the current is turned on or off, or unless 
the current becomes stronger or weaker (pulsating DC). 
 
Reactance resists change in value of the current, whether the change is to increase or 
decrease. 
 

 
Figure 5 - In a pure resistive circuit, current 
(dotted line) and voltage (solid line) are in synch; 
that is, they rise and fall in value together. 
 
Pure Resistance 
 
To understand how reactance, either inductive or 
capacitive, affects the flow of current, let’s study 
the flow of electric current in a wire having 

resistance only due to the materials of which the wire is made, its diameter and its length. 
 

Figure 5 shows the voltage and current pattern in an ordinary 60 Hertz AC circuit in a wire with 
resistance only. The solid line represents the voltage (in volts) and the dotted line represents 
the current (in amperes). 

 
At point A, there is no voltage and no current flowing. From A to point B, the voltage increases 
and the current or amperage increases with it. At B, both the voltage and the amperage have 
reached maximum in one direction. 
 
From B to C, both the voltage and the amperage decrease, and at C there is no voltage or 
amperage, the same as at the start at A. 
 
From C to point D, the voltage and amperage again increase together, but this time in the 
opposite direction, until at D they have reached maximum, the same as at B, but in the 
opposite direction. 
 
From D to point E, the voltage and amperage decline in value, until at E they are both back to 
zero, the same as at A, and the cycle starts over again. 
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This is what happens if there is resistance only in the circuit; the voltage and amperage stay “in 
step.” They rise together and fall together, exactly in “sync.” 

 
Effect of Inductive Reactance 

 
Consider another circuit (Figure 6). This is a 60 Hertz circuit that only has a coil, such as a 
solenoid coil, a transformer, or the windings of a motor. A change in direction or rate of flow of 
the current causes a changing magnetism of the coil, and this changing magnetism of the coil is 
what causes the inductive reactance. 

 
The wire in the coil would offer some resistance. But let’s disregard the small resistance. 
Assume the only thing that reacts against the flow of electricity is the inductive reactance of 
the coil. 

Figure 6 - In a pure reactive circuit, current lags 
the voltage. 
 
Figure 6, like Figure 5 shows a 60 Hertz circuit, 
with the solid line representing the voltage and 
the dotted line representing the current. 
Remember that the voltage is electrical “pressure” 
and the amperage is the “rate of current flow.” 
 
The inductive reactance holds back the current, 
but does not affect the voltage. At point A the 

voltage is at zero, and at point B, 1/240 of a second later, voltage has come up to maximum. 
However, the inductive reactance of the coil is holding the current back, so that it has not yet 
come back to zero from the previous cycle. 

 
At point L, which is at the same time in the cycle as B for the voltage, the amperage is at zero, 
and from L to M it is increasing at the same time that the voltage is decreasing from B to C. 

 
By the time the voltage has returned to zero at C, the current has increased to maximum at M. 
Then at that time, which is the 1/120 of a second point, the voltage starts to increase in the 
opposite direction, but the amperage is still decreasing in the former direction, and it is not 
until at N that the amperage gets back to zero. By that time, the voltage has reached maximum 
at D in the opposite direction. 

 
This goes on all through the rest of the cycle and all the cycles following, as long as there is only 
inductive reactance in the circuit. 

 
This is often referred to as a “lagging” current, for the current (amperage) lags the voltage. If, 
as in this example, there is nothing but inductive reactance in the circuit (no resistance or 
capacitive reactance). The lag is 1/4 of a cycle. This is often called a 90° lag, for the full cycle is 
360°, so 1/4 of it is 90°.  The amperes can never lag behind the voltage more than 90°. 
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Effect of Capacitive Reactance 
 

Figure 7 shows a simple AC 60 Hertz line connected to a capacitor, and there is nothing else in 
the circuit. Also, assume that any wire resistance is negligible. Once again, the solid line is 
voltage, the dotted line is current. 

 
 
Figure 7 - In a pure capacitive circuit, current 
leads the voltage. 
 
Again starting at point A, the voltage is zero, and 
from A to B the voltage increases, coming to a 
maximum at B.  
 
At point L, which occurs in the cycle at the same 
time as A, the current amperage is at maximum, 
but at that instant voltage is at zero. At point M, 
the amperage has decreased to zero, and at this 
same time, the voltage has come to its maximum. 

 
From point B to C, the voltage is decreasing, until at C it is zero. During the same time the 
amperage is increasing from zero at M to maximum at N, but in the opposite direction. 

 
At point L, the amperage is at maximum and begins to decrease while the voltage is increasing 
from A to B; that is, the amperage is 1/4 of a cycle or 1/240 of a second (90°) ahead of the 
voltage. Amperes can never lead the voltage by more than 90 °. This is called a “leading 
current,” for the amperage “leads” the voltage. In a circuit having only capacitive reactance – 
no resistance or inductive reactance – the amperage would lead the voltage 90°. 
 
Capacitive reactance may be caused, as shown in this circuit, by an electrical capacitor having 
two sheets of some good conductor, such as aluminum foil, separated by a thin sheet of 
insulation, such as paper impregnated to make it a better insulator. Or, there may be an 
“electrolytic condenser” to make it “self-sealing” if the electricity breaks through the 
insulation. 
 
Capacitive reactance is also caused by long electric lines running in parallel. The lines act as the 
conductor part of the capacitor and the air between the lines acts as the insulator. On 
transmission lines many miles long, this is a very important effect and causes a high capacitive 
reactance. 
 
To summarize:  
 
• In an alternating current circuit with nothing but resistance in it, the voltage and the current 
are in step, or “in phase.” 

 
• If the AC circuit has inductive reactance only, due to coils of various types in solenoids, 
electromagnets, transformers and motors, the current or amperage lags the voltage 1/4 of a 
cycle, or 90°. 
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• If the AC circuit has capacitive reactance only, due to capacitors, long lines, or synchronous 
condensers, the amperage leads the voltage 1/4 of a cycle or 90°. (Pure inductive or capacitive 
circuits are possible in theory only, since all materials have some resistance.) 

 
Power in AC Circuits 

 
As noted earlier, for DC circuits, power is simply the product of voltage times current in amps. 
But in AC, as we have seen, the voltage and amperage may vary within the cycle. First they are 
zero, then up to maximum in one direction, back to zero, then to maximum in the opposite 
direction, and back to zero again. To determine power in AC is more complex. 

 
Effective voltage or effective current is defined as the AC value that will cause the same 
amount of heat as in a DC circuit. Effective values are less than the maximums. Figure 8 shows 
the maximums for a 120 volt, 60 Hertz AC supply, with a current of 10 amperes. Thus, 120 volt 
and 10 amperes are the Effective Values (also called Root-Mean-Square or RMS values), which 
are equal to 0.707 times the maximum values. The maximum values for this circuit are roughly 
170 volts and 15 amperes. 
 
The instantaneous wattage at this maximum point would be 170 x 15, or 2,550 watts. 
However, the effective wattage would be 120 x 10, or 1,200 watts, for the effective wattage 
equals the effective volts times the effective amperes. 

 
Figure 8 is for a circuit in which the voltage and the amperage are in phase, or in step, as in a 
resistance only circuit. They are both at zero and at maximum together, and they change 
direction together. 

 
 
 
Figure 8 - Effective voltage and effective current 
are used in an AC circuit for equivalency with a 
DC circuit. 
 
 

But what if the voltage and the amperage are out of step with one another, as in a circuit 
having only inductive reactance or capacitive reactance? The effective currents could be 10 
amperes, and the effective voltage 120 volts, just as in the resistance circuit. But the amperage 
is zero when the voltage is at maximum, and vice versa. 

 
It is obvious that there is not going to be as much power if the voltage and amperage are out of 
phase, that is, out of step, as if they are in phase, for their maximums never occur at the same 
time. 

 
In actual practice, some AC circuits do have essentially resistance only in them.  Then the 
voltage and amperage are in step. These are circuits with no motors, capacitors, etc., but we do 
have toasters, percolators, lights, heaters and other forms of pure resistance. Even these 
circuits have slight amounts of reactance, either inductive or capacitive, but in negligible 
amounts. 
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All circuits have some resistance, and in addition, they may have a considerable amount of 
inductive reactance, or of capacitive reactance, or both. The total effect of “holding back” the 
flow of electric current is a result of all three of these effects — resistance, inductive reactance, 
and capacitive reactance. 

 
Finding Total (net) Reactance 

 
As stated, inductive reactance causes the amperage to lag the voltage. The effect of 
capacitive reactance is for the amperage to lead the voltage. Therefore, if there are both 
inductive and capacitive reactances in the circuit, one causing the amperage to lag the 
voltage and the other to lead the voltage, they oppose each other. 

 
If there is more inductive reactance in the circuit than there is capacitive reactance, the 
amperage will still lag the voltage, but not a full 90°. 

 
The total reactance is not the inductive reactance added to the capacitive reactance. The total 
reactance is found by subtracting whichever of the two is smaller from the larger. Thus, if a 
circuit has 10 ohms of inductive reactance and 6 ohms of capacitive reactance the total 
reactance is (10 – 6) or 4 ohms. The larger of the two determines whether it is a lagging current 
or a leading current. The greater the difference between the larger and the smaller, the more 
the current lags or leads the voltage. If one is a great deal larger than the other, the lag or lead 
(as the case may be) will be large, perhaps up near 90°, but if they are almost the same in 
amount, the lag or lead may be small, perhaps down around 10, 20, or 30°. 
 
If they are equal, they offset one another, so there is no lag or lead, and the amperage and 
voltage are in phase. 

 
“Impedance” 

 
The total effect of “holding back” the current flow is due to both resistance and reactance, 
each measured in ohms. This total “holding back” effect that impedes the flow of current is 
called the “impedance.” 

 
Although the impedance is due to both resistance and reactance, it is not found by merely 
adding them. Each must be squared (multiplied by itself), then their squares are added, and 
the square root taken of the sum, thus: 

 

 

Z = R2 + (XL − XC)2  
 

where: 
Z = Impedance 
R = Resistance 
XL = Inductive Reactance 
XC = Capacitive Reactance 
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Ohm's Law for AC 
 

Ohm’s Law is also used for alternating current, but instead of resistance only, impedance is also 
considered and so Ohm’s Law for AC becomes: 

 
Amperage = Voltage ÷ Impedance 

 
Figure 9 shows the voltage and amperage in an AC circuit that has both resistance and 
reactance. In this case, the reactance is mostly inductive reactance, so the amperage is lagging 
the voltage by approximately 36°, or about l/l0 of a cycle, or l/600 of a second. 

 
Since the amperage is lagging the voltage, there is more inductive reactance in this circuit than 
capacitive reactance; that is, there is more reactance from motors and other equipment having 
coils, than there is from capacitors, line capacitance, etc., causing the voltage and amperage to 
be not quite in step. 

 
Figure 10 represents another AC circuit in which the amperage is ahead of, or leads, the 
voltage by 26°. So we know that in this circuit there was more capacitive than inductive 
reactance; that is, the effect of capacitors, etc., is greater than the effect of motors, etc. In this 
circuit, the difference between inductive and capacitive reactance was small, causing the 
amperage to lead the voltage by 26°. 

 
The amperage can be out of step either way, lagging or leading. How much they are out of 
phase depends upon the difference in inductive or capacitive reactance. 

 
Power Factor 

 
Electrical power is measured in watts and watts are equal to the voltage times the amperage in 
DC circuits and also in AC circuits if the voltage and amperage are in phase. The farther they 
are out of phase, or out of step, the smaller the wattage will be, even though the voltage and 
amperage remain the same. 

 

 
 
Figure 9 - Current lags voltage by 36° in this strong inductive reactance circuit. 
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If there is no lag nor lead (if the voltage and amperage are in phase), 100 of the volts times the 
amperes are watts. If the lag or lead is 10°, then only 98% of the volts times amperes are watts. 
If the lag or lead is 20°, only about 94% of the volts times amperes are watts; if the lag or lead 
is 30°, only about 87% of the volts times the amperes are watts. The more the degrees of lag or 
lead, the smaller is the percentage of volts times amperes that are watts. 
 

 
Figure 10 - Current leads voltage by 26° in this 
strong capacitive reactive circuit. 
 
Expressed another way, this percentage is the 
cosine of the number of degrees of lag or lead. 
This percentage is called power factor (PF). It is 
only the part of the volts times amperes that 
represents power measured in watts. If, therefore, 

only the voltage and the amperes of an AC circuit are known, the power factor must also be 
known in order to determine the wattage. 

 
Wattage = Volts x Amperes x PF 

 
If the power factor (PF) is unknown, the wattage is determined by measuring it with a 
wattmeter. 

 
If the volts are measured by a voltmeter, the amperes by an ammeter, and the watts by a 
wattmeter, the power factor can be determined by dividing the wattage by the volts times the 
amperes. 

 
 
For example, in an AC circuit, we find by meters that the voltage is 120 volts, the amperage, 15 
amperes, and the measured wattage is 1,440 watts. The power factor is therefore: 

 
PF = ___1,440 ___   = 0.8 or 80% 

          120 x 15 
 

An 80% power factor corresponds to a lag or lead of the current in respect to the voltage of 
36°. If there is more inductive reactance than capacitive reactance, the current lags the voltage 
36°, or 1/10 of a cycle, or 1/360 of a second. If there is more capacitive than inductive 
reactance in this circuit, the current leads the voltage 36°. 

 
1,440 watts divided by 120 volts equals 12 amperes. The difference of 3 amperes between 12 
amperes and the actual 15 amperes is called “wattless current.” It is current that does not go 
into producing power and is ineffective because the voltage and the current are not in phase. 

 
For some purposes the emphasis is on amperes, but mainly we are interested in watts, for they 
represent power and the amount of work the electricity does. The utility company's meter 
registers watts (actually it measures kilowatts (kW), or thousands of watts) per hour and 
people pay for kilowatt hours (kWh). 
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One does not pay for the wattless current. Power factor is of greatest interest to the electric 
utility company because their generators are rated by KVA, or kilovolt-amperes. If their power 
factor is 80%, they are getting only 80% out of a machine in which they have a big investment, 
instead of the full 100% of which it is capable. The 20% difference represents revenue that they 
lose on invested capital. 
 
Effect of Higher Line Voltages 

 
It is evident that voltage drop can be very serious when the lines are long and the amperage to 
be carried is considerable. Voltage drop or line loss is equal to the current in amperes that the 
line is carrying, multiplied by the resistance of the line in ohms. 

 
The voltage drop of the long extension cord previously discussed was 35 volts, the current was 
3.5 amperes, and the resistance was 10 ohms. On a 120 volt line this was a voltage drop of 
29.2%, and a voltage drop of more than 10% is never permissible. On a 120 volt line, a voltage 
drop of 10% would be 12 volts, leaving only 108 volts on which to operate a 120 volt motor 
placed on the line. 

 
If the motor drew 3.5 amperes, the wattage would be 3.5 x 120, or 420 watts, if a 100% power 
factor is assumed for simplicity of discussion. 

 
If a 240 volt motor is used, the wattage would have to be the same, in order for the motor to 
have the same power. But the amperage need only be 420 ÷ 240, or 1.75 amperes, just one-
half of what it was for the same size 120 volt motor. 

 
Even with the same line resistance of 10 ohms, the voltage drop is reduced to 10 x 1.75 or 17.5 
volts, which is a 7.3% voltage drop of the 240 volts. This is only one-fourth of the voltage drop 
of 29.2% with the same size motor but with 120 volts. The 240 volt motor would operate fairly 
satisfactorily with a 7.3% voltage drop, or 17.5 volts; whereas the 120 volt motor would not 
operate at all satisfactorily with a voltage drop of 29%, or 10 x 3.5, or 35 volts. 

 
Many service technicians have cured their voltage drop troubles by adding a 240 volt line 
instead of the 120 line and installing a 240 motor. 
 
Transformers 

 
If 240 volt service is not available, or too expensive to bring in, a possible solution to obtain the 
higher voltage is to install a step-up transformer. This is essentially a transformer generally 
used for stepping down voltage but with primary and secondary connections reversed (See 
Figure 11). When using a standard step-down transformer for stepping-up voltage, output 
voltage will be approximately 5% less than nameplate rating. 
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Figure 11 - Step-down transformer at left used as a step-up transformer at right.  Note 5% 
loss in voltage output. 
 
It is one of the outstanding advantages of alternating over direct current that the voltage of 
alternating current can be stepped up or down easily, with little loss, and without the use of 
moving parts. This is done by transformers that consist essentially of two coils of wire wound 
around an iron core. 

 
The voltages in and out of the transformer are in the same ratio as the number of turns of wire 
at their side of the transformer. One hundred turns is 20 times 5 turns, so the 120 volts is 
reduced to 1/20 of 120, or 6 volts (See Figure 12). 
 
If the 6-volt leg were connected to a heater coil that drew 60 amperes, the wattage used on 
the 6 volt side would be 6 x 60 or 360 watts. The 120 volt side would have to supply 360 watts, 
but the current would need to be only 360 ÷120, or 3 amperes. The current goes down in the 
same proportion, but inversely, as the voltage goes up. 

 

 
 
Figure 12 - Bell transformer reduces 120 volts to 6 volts AC. 
 
A transformer is highly efficient – as high as 98% or 99% is not uncommon. Large motors run 
from 80 to 95% efficiency; smaller motors, from 55% to 80%. The lost energy of 1% to 45% is 
converted into heat which the motor or transformer dissipates to surrounding air. 
 
Control Circuits 

 
An electrical control system consists of a circuit with at least one switch and one load 
connected together by electrical wiring – usually operating at 24 volts through a transformer 
(Figure 13). 

 
A closed or completed circuit is a system of wires, loads and switches that converts electrical 
energy into another useful form of energy such as light, heat, rotary motion (motor) or linear 
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motion (solenoid). A complete circuit is one in which the flow of electrical energy can be 
followed or “traced” from the power source, through a switch, through a load and back to the 
power source. 

 
 
Figure 13 - Basic control circuit - switch, load and power source. 
 
The switches in a control system may be either manually operated or automatic. The load in 
the circuit may be valves, relays, lights, motors, or other electrical devices. In low voltage 
systems, the power source is a transformer. The loads in the system respond to the presence 
or absence of electric current; therefore, the operation and location of the switches in the 
circuit determine the load reactions. 

 
When a power source, switches and loads are connected together to provide only one path for 
the current to flow, the wiring loop is of course a series circuit. When the thermostat closes, 
electric current can flow from the power source, through the thermostat, the coil of the 
solenoid valve, the closed limit control contacts and back to the power source. The closed 
circuit converts electrical energy into linear motion to open or close the valve. 

 
In working with series circuits, remember that: 

 
1. A break in the continuity of the circuit will stop the flow of current at all points of the circuit. 

 
2. The current flow in all parts of the circuit is the same. 
 
3. Ammeters are always connected in series with the loads when taking meter readings (Figure 
14). 

 

 
 
Figure 14 - Ammeters are connected in series with the loads to read current. 
 
4. The voltage across each load in the circuit will vary; however, the sum of the individual 
voltage drops will always equal the supply voltage. 
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Figure 15 - Voltmeters are connected in parallel with the loads to read voltage. 
 
 
5. Voltmeters are always connected across the load – or in parallel with the load – when taking 
meter readings (Figure 15). 

 
When a power source, switches and loads are connected together to provide two or more 
paths for current flow, the wiring loop is now a parallel circuit (Figure 16). 
 

 

 
Figure 16 - Manual reset valve circuit (A-B) is connected in parallel with operative valve 
circuit (C-D). 
 
If the high limit switch and the thermostat in Figure 16 are closed, current will flow from the 
power source through both legs (A to B and C to D). However, either leg will function 
independently – the operative valve is affected only by the switching action of the thermostat, 
and the manual reset valve is controlled by the action of the high limit switch. 

 
Most heating and air-conditioning control circuits are compound circuits – a combination of 
both series and parallel circuits. 
 
In working with parallel circuits remember that: 

 
1. The total current flow is the sum of the currents flowing in the individual legs. In Figure 17, 
the current in leg A to B plus the current in leg C to D is equal to the current draw for the total 
circuit which is measured between points E and A. 

 
2. The voltage across each piece of equipment in a parallel circuit will be equal to the supply 
voltage and measured between points E and F in Figure 17. 
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Figure 17 - Parallel circuit 24 volt measured at E-F is also at A-B and  
C-D.  Total current 0.3 amp (A-E) is sum of current 0.1 amp in A-B and 0.2 amp in C-D. 
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Self-Check, Lesson 10 Quiz 
 
You should have read all the material in Lesson 10 before attempting this review. Answer all 
the questions to the best of your ability before looking up the answers provided in the answer 
key.   
 
 
Please indicate whether the following statements are true or false by drawing a circle around 
T (to indicate TRUE) or F (to indicate FALSE). 
 
   True     False 

 
1.  T F Alternating current can be efficiently transported over long distances. 
 
2.  T F Only the resistance of the wire opposes electrical flow in a direct current circuit. 
 
3.  T F Ordinary alternating current in the United States is 50 cycles current. 
 
4.  T F EMF is a term sometimes used in connection with current. 
 
5.  T F Amperage is the term used to describe the flow of current in a circuit. 
 
6.  T F The smaller the diameter of the wire, the less its resistance to current flow. 
 
7.  T F In alternating current, a cycle is actually made up of two alternations. 
 
8.  T F 60 cycle current actually has 120 alternations per second. 
 
9.  T F Electrical voltage is analogous to refrigerant pressure in a pipe. 
 
10.  T F Pressure drop in a refrigerant circuit is comparable to the resistance to 

electricity imposed by electrical wires. 
 
11.  T F Insulators are materials that offer a very low resistance to electricity. 
 
12.  T F Available voltage in a system is often referred to as line voltage. 
 



 Installing Small HVAC Systems 
Lesson 10 Page 22 

Solve the following problems.  Refer to your text as required. 
 
13.  Using the Ohm’s Law diagram, solve the following problems: 
 
a) Voltage value is 110 volts; current value is 15 amps.  Find the resistance. 
 
_________________ ohms 
 
b) Current value is 60 amps; resistance value is 3.67 ohms.  Find the voltage. 
 
______________ volts 
 
c) Voltage value is 440 volts; resistance value is 20 ohms.  Find the current. 
 
__________________ amps 
 
14.  One kilowatt equals __________ watts. 
 
15.  Two devices wired in parallel impose a resistance that is (greater/less) than the resistance 
of each alone. 
 
16.  If 25 kilowatts of electricity are used for 4 hours and the cost is 7.8 cents per kilowatt hour, 
how much did the use of the electricity cost? 
 
_______________ x ______________ x ________________ =  ________________ 
 
17.  Determine the impedance in a circuit with the following conditions. 
 
Resistance is 4 ohms; inductive reactance is 6 ohms and capacitive reactance is 3 ohms. 
 
__________________ ohms 
 
18.  Would the current lag or lead the voltage given the above conditions?  _______________ 
 
19.  Compute the effective wattage for a pure resistive A.C. circuit with the following 
conditions:  311.2 volts maximum and 26.9 amps maximum. 
 
_________________ x 0.707 = ________________ effective volts 
 
_________________ x 0.707 = ________________ effective amps 
 
_________________ x _______________ = __________________ effective watts 
 
20.  Determine the wattage in an A.C. circuit with the following conditions: voltage equals 220 
volts; current equals 11 amps; power factor is 94 percent. 
 
_________________ x ________________ x _________________ = ____________ watts 
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21.  Compute the wattless current for the above conditions. 
 
__________________ = ____________ amps 
 
__________________ - _____________ = ______________ wattless current 
 
22-23.  A #14 copper wire, 100 feet long has a resistance of ¼ ohms.  If a current of 10 amps is 
carried in this conductor, compute the following: 
 
a) Voltage drop 
 
_________ x ___________ = ____________ volts 
 
b)  If the voltage is 120 volts, would this #14 gauge wire meet the 3% voltage drop limit? 
 
_____________ x __________ = ____________ maximum drop 
 
Yes _________   No __________ 
 
24.  A 120 volt induction motor draws 4 amps.  What would a 240 volt motor of the same size 
and type draw? 
 
_______________ amps 
 
25.  What would be the turn ratio --- the number of turns of wire on the primary side divided 
by the number of turns of wire on the secondary side -- for the 120 volt transformer to provide 
24 volts output? 
 
____________ = ________________ turn ratio 
 
 
 
 
 

Check Your Answers!  
  
Now compare your answers with those given in the answer key at the back of this book.  The 
answer key also directs you to a page in the lesson to review the text for any questions you 
may have missed. 
 
When you are satisfied you understand the questions missed, proceed to your next assignment 
which starts on the next page. 

 
Do you have any unresolved questions on this lesson? 

 
Fax your questions to 614-345-9161 or email to 

Hardimail@hardinet.org. 
 

mailto:Hardimail@hardinet.org�
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Lesson 11 Overview 
 
 
After studying this lesson, you should be able to: 
 

1. Review the important equipment classes. 
 

2. Calculate an estimated cost of operation using the Seasonal Energy Efficiency Ratio 
(SEER). 

 
3. Understand the important of orientation regarding heat loss and heat gain. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Now read Lesson 11 which begins on the next page. 
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Lesson 11: Energy and the Home 
 

You don’t have to be an HVAC engineer to understand what is necessary to provide a good air 
conditioning system with economical operating and maintenance costs. Too many people buy 
or build houses without ever discussing the air conditioning system. Perhaps they just don’t 
know enough to enter into even a limited discussion.  

 
Nevertheless, this apparent lack of interest has caused many builders and developers to pinch 
pennies to the extent that often only the poorest excuses for air conditioning are provided. The 
subsequent discussion will review a few of the 
important considerations one should review 
when evaluating the appropriateness of an air 
conditioning system. 

 
Let’s start with the house itself. With some 
forethought and planning, the house may be 
built so that one may appreciably reduce the 
size of the equipment required with 
proportionate savings in operating costs. These 
savings are possible without reducing the size of the house 
or increasing the cost of construction. 
 

Figure 1 - Orientation of large glass areas to the North and East is to be preferred. 
 

White or light-colored roofs and walls reduce the cooling load without appreciably affecting 
the heating load. The opposite is true of walks, drives, and patios. Light-colored surfaces near 
the house reflect the heat of the sun onto the walls and windows, thus increasing the cooling 
load. 

 
Shade is important. If possible, shade trees should be retained or planted. And of course, they 
will do more good on the south and west sides of the house. For the same reasons, wide 
overhanging eaves give shade on windows and walls during the hottest part of the day. 
Porches, breezeways, or attached garages, if compatible with the architecture, should be 
placed to give maximum protection from direct rays of the sun. 
 
Orientation of the house can have much to do with the heat loss and gain of the house. Of 
course, one will want to locate the house to take advantage of the best views and to provide 
the best pattern of traffic. However, if suitable, have greatest window areas face north or 
east. Have windbreaks to the windward side of the house and, as mentioned, trees to the 
west or south. 
 
Appropriate and sufficient insulation is a must, not only for reducing initial cost of equipment 
but for continued reduction in both cooling and heating operating costs. Not only are costs 
reduced, but comfort is increased. Remember the radiation of body heat to cooler surfaces? 

 
Ever since the original “oil embargo,” state and federal agencies as well as the private sector 
have made strenuous efforts to reduce the amount of energy used to heat and cool both new 
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and existing structures. Over the past several years, the cost of energy has fluctuated 
dramatically. 
 
As a result, the cost of utilities has become a significant part of home ownership. 
 
EPA’s Energy Star program (http://www.energystar.gov) is an important federal program to 
convince people to install energy efficiency HVAC equipment and buy energy efficient products 
– computers, refrigerators, etc., that feature the Energy Star label. 
 

 
Figure 2 - Consumers should be encouraged to 
purchase the most efficient equipment within 
the budget. 
 
For the younger person just entering the industry, 
this attention to operating costs appears quite 
normal, but in the past, concern about operating 
costs was in fact almost non-existent. Today, we 
all know that a good air conditioning system starts 
with a well insulated, thermally fit building. 
 
In 1975, the air-conditioning industry introduced 
Energy Efficiency Ratio (EER) to assist consumers 
in selecting the most energy efficient equipment. 

An EER is defined as the standard cooling capacity in Btu/h divided by the watts input to power 
the equipment. A unit with a standard rating of 23,000 Btu/h requiring 3,000 watts of 
electricity would have an EER of 7.7. The higher the EER, the greater the efficiency of the unit 
at standard rating conditions. 

 
In 1979, the US Department of Energy (DOE) established new testing procedures designed to 
provide consumers with seasonal or annual efficiencies so that a dollar and cents operating 
cost comparison could be made when selecting equipment. 

 
The Seasonal Energy Efficiency Ratio (SEER) is defined as the total cooling provided by a unit 
during a normal usage period divided by the watt-hours input required over the same period. 
Again, the greater the SEER number, the greater the seasonal operating efficiency. 

 
For heat pumps, the Heating Seasonal Performance Factor (HSPF) is used. It is defined as the 
total heating output of a unit during normal usage divided by the total electric power input for 
the same period. 

 
Finally, the Annual Performance Factor (APF) for a heat pump is defined as the total heating 
and cooling provided in one year divided by the electric power used in that same year. 

 
Allied with the DOE testing program is an “Energy Guide” label that is affixed to equipment 
such as window air conditioners, furnaces, etc. The Energy Guide is intended to provide 
consumers with operating cost information so that the consumer can make a rational selection 
among the various products. 
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The Cost of Operation 

 
Most people today are very conscious of their utility bills – the cost of gas, electricity, etc. But 
let’s be honest, there is no highly accurate way to calculate the actual cost to operate air 
conditioning or heat pump units. There are just too many variables involved -- the weather, 
people’s living habits, family size, etc. 

 
However, there are a number of procedures to ESTIMATE the likely cost of operation and to 
compare one cooling unit with another in terms of energy usage over a season. This 
comparison is very much like the published government ratings for the miles per gallon for new 
cars. Actual performance from published ratings varies considerably from driver to driver. The 
point is, don’t oversell the ability to accurately predict the cost of operation. 

 
One simple comparison that can be made is to relate the SEER of one unit to another of lesser 
efficiency to estimate the possible reduction in annual energy usage if the more efficient unit 
was installed. The formula is: 

 
SEER Unit 2 - SEER Unit 1 x 100 =  

 SEER Unit 2 
 
For example: assume A/C Unit 2 has a SEER of 13.0 (minimum standard) and Unit 1 is 10.0.  The 
reduction would be: 

 
13.0 - 10.0 x 100 = 23.1% 
     13.0 
 
This means using A/C Unit 2, the annual energy usage under the exact same conditions would 
be nearly 23% less as compared to using unit 1. 
 
It is also possible to make a rough approximation of annual operating costs for each unit and 
then determine the annual dollars that could be saved by installing the higher efficiency unit. 
 
The relationship is a bit more involved but still quite simple. 

 
Capacity Btu/hr x Cooling Load Hours x Electric Rate 

SEER  1000 
 

= Cost of Operation 
 
---- where capacity refers to the Btu/hr output of the cooling unit.  Cooling Load Hours refer to 
the local hours of running time in a cooling season (see map on next page) and electric rate is 
the local utility cost for electricity in $ per kilowatt hour. 
 
Let’s assume each of the previous units produced 36,000 Btu/h. Also, assume the house is 
located in an area requiring 1,500 hours of operation as obtained from the map. 
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Finally, the cost of electricity is $.10 per kilowatt hour. Here's the approximate annual cost for 
each unit.  

 
Less efficient unit 
 
36,000 x 1,500 x .10 = $ 540.00 
10.0        1,000 
 
More efficient unit 
 
36,000 x 1,500 x .10 = $ 415.38 
13.0        1,000 
 
The difference or savings by installing the more efficient unit would be: 
 
$540.00 - $415.38 or about $125 per cooling season 
 
While this exercise is indeed an approximation, it does allow the technician a simple approach 
to converting a very technical term such as SEER into dollars and cents that the consumer can 
better understand. 
 
A more detail estimating procedure is published in the Directory of Certified Unitary 
Equipment available on line at http://www.ahridirectory.org. Today’s technician needs to know 
more than just how to install and repair equipment. He or she is an important source of sales 
leads. 

http://www.ahridirectory.org/�
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Figure 3 - Summer Cooling-Load-Hours graph used to estimate appropriate cost to cool a 
home. 
 
Each technician must be able to explain such items as SEER and exercise good customer 
relations. A technician is the vital link between the customer and their company. In the eye of 
the customer he or she IS the company. 
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Self-Check, Lesson 11 Quiz 
 
You should have read all the material in Lesson 11 before attempting this review. Answer all 
the questions to the best of your ability before looking up the answers provided in the answer 
key.   
 
 
Please indicate whether the following statements are true or false by drawing a circle around 
T (to indicate TRUE) or F (to indicate FALSE). 
 
   True     False 

 
1.  T F Dark colored roofs increase the cooling load on a building. 
 
2.  T F It is possible to accurately predict the cost of operating air conditioning and 

heat pump equipment. 
 
3.  T F Insulation not only reduces operating costs, it improves comfort. 
 
4.  T F Trees planted on the West or South side of a building provides the greatest 

benefit. 
 
5.  T F Shading is important. 
 
 
Identify what these abbreviations mean. 
 
6.  HSPF  _______________________________________________________ 
 
7.  APF  ________________________________________________________ 
 
8.  SEER  ________________________________________________________ 
 
9.  DOE  ________________________________________________________ 
 
 
In the following multiple choice questions, choose the phrase that most correctly completes 
the statement and circle the corresponding letter in front of the phrase. 
 
10.  The standard cooling capacity in Btu/h divided by watts input to power the unit is the 
definition of: 
 
a.  SEER.  b.  EER. 
c.  HSPF.  d.  APF. 
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Check Your Answers!  

  
Now compare your answers with those given in the answer key at the back of this book.  The 
answer key also directs you to a page in the lesson to review the text for any questions you 
may have missed. 
 
When you are satisfied you understand the questions missed, proceed to your next assignment 
which starts on the next page. 

 
Do you have any unresolved questions on this lesson? 

 
Fax your questions to 614-345-9161 or email to 

Hardimail@hardinet.org. 

mailto:Hardimail@hardinet.org�
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YOU ARE NOW READY TO TAKE 

YOUR ONLINE UNIT 

EXAMINATION, EXAM #3. 

GOOD LUCK! 
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Appendix A: Wiring Symbols & Abbreviations 
 
Schematic or factory type wiring diagrams are used most often to illustrate electrical 
component functions. It is essential that the student become thoroughly familiar with the 
standard symbols and circuit abbreviations used in the heating and air conditioning 
industry. 
 
A list of standard abbreviations or circuit notations commonly used is also presented. 
 
Line Voltage 
 
Terminals    Function  
 
L1, L2, L3   Incoming power connections 
 
T1, T2, T3    Switched power load terminal connections 
 
(4), (5), (6)    Auxiliary switched load connection 
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Appendix B: Low Voltage Terminal Designations 
 
Two distinct systems of low voltage terminal designations have been used in the heating 
and air conditioning industry. One was based on the function of the specific load to which 
the terminal was connected – “F” for fan circuit, “C” for cooling circuit, etc. The other 
system was based on a color code of the wire. In this system, “G” was used for the fan 
circuit, “Y” for the cooling circuit, “W” for the heating circuit and “R” for the power supply. 
Using color coded cable – green for the fan circuit, yellow for the cooling circuit, etc. - 
simplified system hookup and troubleshooting. 
 
The existence of both systems caused some confusion, and for a period of time a 
combination terminal marking system was used. In the combination system, terminal 
designations for a fan circuit were marked “F/G” and terminals for a cooling circuit were 
marked “C/Y.” At the present time only the color code method is used for low voltage 
terminal designations. 
 
Low Voltage Code 
 
Color   Function  
 
R V Hot switched leg of 24 volt AC power used on heating only thermostats 
and heat/cool thermostats with a common power supply 
 
W  H Heating - single stage 
 
Y  C Cooling - single stage 
 
G  F Fan circuit 
 
B  Z Heating circuit - constant energy through a manual switch 
 
O  D Cooling circuit - constant energy through a manual switch 
 
RH  M Isolated power terminal for a heating circuit used on heat/cool  

thermostats with isolated circuits --- jumper supplied 
 
RC  V Isolated power terminal for a cooling circuit used on heat/cool  
   thermostats with isolated circuit --- jumper supplied 
 
W1    H1 Heating - first stage of two-stage units 
 
W2  H2 Heating - second stage of two-stage units 
 
Y1  C1 Cooling - first stage of two-stage units 
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Y2  C2 Cooling - second stage of two-stage units 
 
X  L Warning light (dirty filter, auxiliary heat, etc.) 
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Appendix C: Heating and Cooling & Defrost Cycles 
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Appendix D: Pressure Temperature Chart 
 

 
Pressure-Temperature Chart 

Saturated Conditions -- Pressure (psig) 
 

º F R-22 R-123 R-134a R-404A R-410A R-507 R-12 º C 
-70     7.0”  21.9” -56.7 
-65     3.4”  20.5” -53.9 
-60 12.4”    0.3  19.0” -51.1 
-55 9.7”    2.5  17.3” -48.3 
-50 6.6”  19.1” 0.2 5.0 0.9 15.4” -45.6 
-48 5.3”  18.4” 1.0 6.1 1.8 14.5” -44.4 
-46 3.9”  17.7” 1.8 7.2 2.7 13.6” -43.3 
-44 2.5”  16.9” 2.7 8.3 3.6 12.8” -42.2 
-42 1.0”  16.1” 3.6 9.5 4.6 11.9” -41.1 
-40 0.5”  15.2” 4.6 10.8 5.6 11.0” -40.0 
-38 1.1  14.3” 5.6 12.1 6.6 9.9” -38.9 
-36 1.9  13.4” 6.6 13.4 7.7 8.8” -37.8 
-34 2.8  12.4” 7.7 14.9 8.8 7.7” -36.7 
-32 3.7  11.3” 8.8 16.3 10.0 6.6” -35.6 
-30 4.7  10.2” 9.9 17.8 11.2 5.5” -34.4 
-28 5.7  9.1” 11.1 19.4 12.5 4.3” -33.3 
-26 6.7  7.9” 12.4 21.0 13.8 3.1” -32.2 
-24 7.8  6.6” 13.7 22.7 15.1 1.9” -31.1 
-22 8.9  5.3” 15.0 24.5 16.5 0.6” -30.0 
-20 10.0  4.0” 16.4 26.3 18.0 0.6 -28.9 
-18 11.2  2.5” 17.8 28.2 19.5 1.3 -27.8 
-16 12.4  1.1” 19.3 30.1 21.0 2.1 -26.7 
-14 13.7  0.2 20.8 32.1 22.6 2.8 -25.6 
-12 15.0  1.0 22.4 34.2 24.3 3.7 -24.4 
-10 16.4  1.9 24.0 36.4 26.0 4.5 -23.3 
-8 17.8  2.7 25.7 38.6 27.8 5.4 -22.2 
-6 19.3  3.6 27.4 40.9 29.6 6.3 -21.1 
-4 20.8  4.5 29.2 43.3 31.4 7.2 -20.0 
-2 22.4  5.5 31.1 45.7 33.4 8.2 -18.9 
0 24.0  6.5 33.0 48.2 35.4 9.2 -17.8 
2 25.7  7.5 35.0 50.8 37.4 10.2 -16.7 
4 27.4  8.6 37.0 53.5 39.5 11.2 -15.6 
6 29.2  9.7 39.1 56.3 41.7 12.3 -14.4 
8 31.0  10.8 41.3 59.2 44.0 13.5 -13.3 
10 32.9  12.0 43.5 62.1 46.3 14.6 -12.2 
12 34.8  13.2 45.8 65.2 48.6 15.8 -11.1 
14 36.8  14.5 48.2 68.3 51.1 17.1 -10.0 
16 38.9  15.8 50.6 71.5 53.6 18.4 -8.9 
18 41.0  17.2 53.1 74.8 56.2 19.7 -7.8 
20 43.2 22.8” 18.6 55.7 78.2 58.8 21.0 -6.7 
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22 45.5 22.4” 20.0 58.4 81.7 61.6 22.4 -5.6 
24 47.8 22.0” 21.5 61.1 85.3 64.4 23.9 -4.4 
26 50.2 21.6” 23.1 63.9 89.1 67.3 25.4 -3.3 
28 52.6 21.2” 24.7 66.8 92.9 70.2 26.9 -2.2 
30 55.1 20.8” 26.3 69.7 96.8 73.3 28.5 -1.1 
32 57.7 20.3” 28.0 72.8 101 76.4 30.1 0 
34 60.4 19.9” 29.7 75.9 105 79.6 31.7 1.1 
36 63.1 19.4” 31.5 79.1 109 82.9 33.4 2.0 
38 65.9 18.8” 33.4 82.4 114 86.2 35.2 3.3 
40 68.7 18.3” 35.3 85.7 118 89.7 37.0 4.4 
42 71.7 17.7” 37.3 89.2 123 93.2 38.9 5.6 
44 74.7 17.1” 39.3 92.7 127 96.9 40.9 6.7 
46 77.8 16.5” 41.4 96.4 132 100.6 42.8 7.8 
48 81.0 15.9” 43.5 100.1 137 104.4 44.8 8.9 
50 84.2 15.2” 45.7 103.9 142 108.3 46.7 10.0 
55 92.7 13.4” 51.5 114 156 119 52.2 12.8 
60 102 11.4” 57.7 124 170 129 57.7 15.6 
65 111 9.3” 64.3 136 185 141 63.8 18.3 
70 122 6.9” 71.3 148 200 153 70.2 21.1 
75 132 4.3” 78.9 160 217 166 77.0 23.9 
80 144 1.5” 86.9 174 235 180 84.2 26.7 
85 156 0.8 95.4 188 254 194 91.8 29.4 
90 168 2.4 104 203 274 210 99.8 32.2 
95 182 4.2 114 218 295 226 108.3 35.0 
100 196 6.1 124 235 317 243 117.2 37.8 
105 210 8.1 135 252 340 261 126.6 40.6 
110 226 10.3 146 270 364 280 136.4 43.3 
115 242 12.7 158 290 390 300 146.8 46.1 
120 260 15.2 171 310 417 322 157.7 48.9 
125 278 17.8 184 331 445 344 169.1 51.7 
130 296 20.7 199 353 475 368 181.0 54.4 
135 316 23.7 213 376 506 392 193.5 57.2 
140 337 27.0 229 401 538 418 206.6 60.0 
145 359 30.4 246 426 573 446 220.3 62.8 
150 381 34.0 263 453 608 475 234.6 65.6 
         
“ Denotes inches of mercury (“Hg) 
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Appendix E: Answer Key 
 

The answer to each quiz question is grouped by lesson number. For each answer, there is also a 
page number in the lesson text for reference. The student is encouraged to refer back for those 
questions missed and reread the material.  
 
 
Self-Check Lesson 1   
 
1.   True        
2.   True       
3.   False       
4. False       
5. False       
6. True       
7. False        
8. True        
9. D       
10. B         
11. B        
12. C        
13. Total heat removal, latent, sensible    
14. Power, pressure      
15. Heating Seasonal Performance Factor   
16. Self-contained       
17. Packaged Terminal Air Conditioner    
18 Induced      
19. So customers can compare different brands to each other judging best/worst models 
20. 198,814       
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Self-Check Lesson 2   
 
1.   False          
2.   False        
3.   True        
4. True        
5.   False        
6.   D        
7. A        
8. D        
9. D        
10. B        
11. Approved       
12. Servicing         
13. Combustion          
14. Air tight         
15. Temporary       
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Self-Check Lesson 3  
 
1.   True          
2.   False          
3.   True          
4. False          
5. True          
6. True          
7. True          
8. True          
9. False          
10. True          
11. True          
12. False        
13.   C          
14. D          
15. A          
16. C          
17. B          
18. Suction         
19. 6          
20. Secondary drain        
21. Cadmium         
22. Building plans         
23. Noise, vibration        
24. Air Conditioning Refrigeration      
25. Suction         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Small HVAC Systems: Installation 
Appendix E Page 4 

Self-Check Lesson 4  
 
1.   True          
2.   True          
3.   False          
4. True          
5. True          
6. False          
7. True          
8. False          
9. True          
10. D             
11. Yes (will handle up to 7400 Btu)      
12. 300          
13. 0.15 + 0.10 = 0.25” wc     
14. 122 - 69 = 53º F        
15. 100,000 x 0.76 x 0.926/58 = 1213 CFM     
16. 3600 x 1050/30 = 126,000 x .5 = 63,000 Btu/h    
17. 1200/1000 = 20%        
18. 20%          
19. 73          
20. 44          
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Self-Check Lesson 5  
 
1.   True          
2.   False          
3.   False          
4. True          
5. False          
6. True                  
7. False          
8. True          
9. False          
10. False        
11. True          
12. C          
13. C          
14. A          
15. A          
16. Amperes         
17. 2458          
18 Wye, Delta         
19. Ground Fault Interrupter Circuit      
20. Brass          
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Self-Check Lesson 6  
 
1.   False          
2.   False          
3.   False            
4. True          
5. True          
6. False          
7. True          
8. True          
9. True          
10. False          
11. False          
12. True          
13. True          
14. True             
15. A          
16. A          
17. National Electric Code       
18. Underwriters Laboratory       
19. Electrical metallic tubing       
20. Power factor       
21. Torque        
22. See page 14       
23. See page 14       
24. See page 14       
25. R          
26. W          
27. Y          
28. G           
29. B          
30. O          
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Self-Check Lesson 7  
 
1.   True          
2.   False          
3.   True          
4. False          
5. True          
6. True          
7. False          
8. True          
9. True        
10. False        
11. True          
12. A          
13. D          
14. A        
15. A        
16. D        
17. Electronically Commutated Motor    
18. R,W        
19. Fixed          
20. Moisture         
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Self-Check Lesson 8  
 
1.   True          
2.   False          
3.   False          
4. True          
5. True          
6. True          
7. True                  
8. True          
9. False          
10. True          
11. False        
12. False                  
13. B          
14. C                  
15. B          
16. C          
17. C          
18. A          
19. D          
20. Emergency       
21. Subcooling       
22. Higher          
23. Rejects          
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24.  
25. 
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Self-Check Lesson 9      
 
1.   False          
2.   False          
3.   True          
4. True          
5. True          
6. True          
7. False           
8. B          
9. C        
10. C        
11. D        
12. E        
13. Physical         
14. Hermetic         
15. Vane, roller         
16. Fewer, less         
17. Valves          
18. Higher          
19. Thermostatic, orifice plate and capillary tube  
20. Modulating         
21. Suction         
22. Starved       
23. 68.5 psig = 40º F,   260 psig = 120º F 
24. 56º F - 40º F =16º F 
25. 120º F - 113º F = 7º F 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Small HVAC Systems: Installation 
Appendix E Page 11 

Self-Check Lesson 10      
 
1.   True          
2.   False          
3.   False          
4. False          
5. True          
6. False          
7. True          
8. True          
9. True          
10. True          
11. False          
12. True          
13. (a) 110/15 = 7.333 ohms               
 (b) 60 x 3.67 = 220.2 volts               
 (c)  440/20 = 22 amps                
14. 1,000 watts         
15. Less                  
16. 25 x 4 x .078 = $7.80        
17. 5 ohms (square root of 25)     
18. Lag        
19. 311.2 x .707 = 220 effective volts    
 26.9 x .707 = 19 effective amps 
 220 x 19 = 4180 effective watts 
20. 220 x 11 x .94 = 2275 watts     
21. 2275/220 = 10.34 amps      

11 - 10.34 = .66 wattless current 
22. 10 x .25 = 2.5 volts      
23. 120 x .03 = 3.6 maximum drop (no)    
24. 120 x 4 = 480 watts 240 x 2 = 480 watts (2 amps)  
25. 120/24 = 5:1 turn ratio 
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Self-Check Lesson 11      
 
1.   True          
2.   True          
3.   True          
4. True          
5. True          
6. Heating Seasonal Performance Factor     
7. Annual Performance Factor       
8. Seasonal Energy Efficiency Ratio      
9. Department of Energy        
10. B          
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Appendix F: Glossary 
 
ABSOLUTE PRESSURE: Pressure measured from a perfect vacuum as a base. It is the sum of 
gauge pressure and atmospheric pressure. 
 
AIR CHANGES: The amount of outside air entering the structure in relation to the amount 
contained in the structure, usually expressed in air changes per hour. This is not to be confused 
with the re-circulation of air within the structure due to the operation of a furnace or 
evaporator blower. Air within the structure may recirculate three to four times per hour on the 
heating cycle and five to seven times per hour on the cooling cycle, depending on the heat loss 
in winter and heat gain in summer in relation to the volume of air within the structure. 
 
AIR IN SYSTEM: Air that has not been completely removed from the refrigerant system. 
 
AMBIENT TEMPERATURE: Dry bulb temperature of the air surrounding the equipment being 
discussed. In air conditioning, it is considered to be the temperature of the air entering the air 
cooled condenser. In order to check the temperature of the air entering the condenser, hold an 
ordinary thermometer in the entering air stream to the condenser. Do not let the bulb touch 
anything while the temperature is being taken, and be sure the bulb is not exposed to sun rays. 
Since the operating conditions of an air cooled system, such as discharge pressure, suction 
pressure and current draw, are influenced by ambient temperature, it is important to know the 
ambient temperature when checking a system for correct operation. If you are not equipped to 
check ambient temperature, let someone else check the system. 
 
ATMOSPHERIC PRESSURE: Pressure exerted on the earth by the weight of the atmosphere. At 
sea level, it is 14.7 psi (pounds per square inch). It varies slightly above or below sea level and 
decreases as altitude increases. It is equal to the pressure exerted by 30 inches of mercury in a 
vacuum. 
 
BAROMETER: An instrument for measuring atmospheric pressure. 
 
BASIC CHARGE: The amount of factory installed refrigerant in the condensing unit, evaporator 
or line set. Some factory pre-charged units have the exact amount of refrigerant to match 
components with no further adjustment at the time of field installation. Others have excess 
refrigerant in one or more components (usually the condenser) to allow for final full charge 
adjustment and compensate for line length changes. If each of the components has only a 
small amount of refrigerant, it is for the purpose of maintaining the “dryness” of the system 
and is referred to as a “holding charge” only. 
 
BRITISH THERMAL UNIT (BTU): The quantity of heat required to raise the temperature of 1 
pound (approximately 1 pint) of water one degree Fahrenheit (1º F). This is the same as the 
quantity of heat necessary to raise the temperature of approximately 55 cu. ft. of air (at sea 
level pressure) from 70º F to 71º F. 
 
BTU PER HOUR (BTU/HR): The hourly rate of heat transfer expressed in Btu’s. This can be 
either a heat loss or a heat gain. It can also be either the heat producing or the heat removal 
capacity of the equipment. 
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CAPACITOR: An electrical storage device that consists of two conductive metal plates with a 
dielectric insulator between the plates.  They are used to “boost” voltage for a single phase 
wound motor.  The two types of capacitors used primarily in the HVAC/R industry are the 
starting (electrolytic) and running (oil filled).  Capacitors are rated in microfarads and voltage.  
They are also used for power factor correction  
 
CAPILLARY TUBE: A type of refrigerant metering device. Usually consists of several feet of 
tubing having a small inside diameter.  Selection criteria are based on length and inside 
diameter.  Friction of liquid refrigerant and bubbles of vaporized refrigerant within the tube 
serve to restrict flow so that correct high and low side pressures are maintained while the 
compressor is operating.  A capillary tube refrigerant control allows high and low side pressures 
to equalize during the off cycle. 
 
CFM: Cubic feet per minute (volume of flow). The Air Conditioning Contractors Association 
recommends CFM for air-conditioning as follows: 300 CFM/ton for humid areas, 360-400 
CFM/ton for areas of medium humidity, and 450 CFM/ton for dry areas. 
 
CFM, FORMULA FOR: CFM = FPM (feet per minute velocity of air flow) x ft2 (square foot area of 
duct, or total square foot free area of register or grilles). In the colder areas, the CFM required 
for heating is generally adequate for cooling; however, in the warmer areas the CFM required 
for cooling is almost always greater than for heating. In order to handle this condition without 
changing blower motor pulley setting for faster blower speed in summer, most manufacturers 
are supplying blower motors with two or three speeds. Blower speed is controlled by a selector 
switch on a combination (heating/cooling) thermostat and fan relay. 
 
CHANGE OF STATE: The process that a substance goes through when changing from one 
physical state to another.  An example of this is when ice becomes water or steam becomes 
water.  Whenever a change of state occurs latent heat is required to be added or removed. 
 
CHARGE: The amount of refrigerant in a system. 
 
CHARGING: The act of installing or placing the correct amount of refrigerant in an air 
conditioning system or heat pump system.  May be either liquid or vapor. 
 
COMFORT AIR CONDITIONING: The process of treating air so as to control simultaneously its 
temperature, humidity, cleanliness, and distribution to meet the comfort requirements of the 
occupants of the conditioned space. 
 
COMFORT CHART:  The American Society of Heating, Refrigerating, and Air-Conditioning 
Engineers (ASHRAE) have developed a comfort standard (ASHRAE Standard 55) that shows 
winter and summer comfort zones. Temperatures are in Celsius. To convert to Fahrenheit: F = 
1.8C + 32.  Operative temperature on bottom scale is an adjusted dry bulb temperature taking 
into account the mean radiant temperature of the room. Earlier comfort charts using “Effective 
Temperature” tend to over emphasize the effects of humidity. 
 
COMPOUND GAUGE: A device used to measure pressures, both below and above atmospheric 
pressure. The compound gauge is normally used to read suction pressure in a refrigerant 
circuit. 
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COMPRESSOR: The superheat gas pump of a refrigerating mechanism that draws a vacuum or 
low pressure on the cooling side of the refrigerant cycle and squeezes or compresses the 
suction gas into the high pressure or condensing side of the cycle.  The main types of 
compressors are reciprocating, rotary, scroll and centrifugal. 
 
CONDENSATE: Water extracted from the air by condensation on the cooling (evaporator) coil. 
 
CONDENSER: A heat exchanger where the heat absorbed by the refrigerant in the evaporator is 
rejected.  This is the place where the latent heat of condensation takes place.  Typical 
condensers are air or water cooled. 
 
CONDENSER TEMPERATURE SPLIT: The condensing temperature minus inlet air dry bulb 
temperature. For air cooled condensers employing Refrigerant 22, the normal condenser 
temperature split is 30º F to 32º F provided suction pressure is 65 psig to 70 psig and 
condensers are clean and condenser air flow is unobstructed. 
 
CONDENSING: The process of giving up latent heat in order to liquefy. 
 
CONDENSING TEMPERATURE: Temperature at which the refrigerant vapor is changing from a 
gas into a liquid in the condenser. For instance, if high pressure vapor enters the condenser at 
260 psig (Refrigerant 22), it will change to a liquid at the corresponding temperature of 120º F. 
due to heat being extracted from the vapor by the lower temperature of the air entering the 
condenser. The higher the temperature of air entering the condenser, the higher the discharge 
pressure will be, the higher the condensing temperature will be, and the higher the electrical 
current required will be. The condensing temperature should normally not exceed ambient 
temperature plus 30º F with R-22 and clean air-cooled condensers of average size. 
 
CONDENSING UNIT: It consists of a compressor, condenser, and condenser fan with motor. The 
condensing unit is generally electrically wired with the required electrical components such as 
contactor or starter, starting relay, overload protection and start and run capacitors or start 
capacitor on single phase units, and in many cases, with high and low pressure cut-outs. It is 
referred to as the high side of the refrigeration cycle. 
 
CONTACTOR: An electrical device for making or breaking load carrying contacts by a pilot 
circuit through a magnetic coil.  May be single pole single throw, double pole single throw or 
triple pole single throw. 
 
CONTINUOUS AIR CIRCULATION: The adjustment of a blower for nearly continuous operation, 
thereby providing comfortably uniform conditions from floor to ceiling and from room to 
room. It is good practice to maintain air circulation within the design standards of the 
equipment manufacturer and to obtain the highest level of circulation possible without causing 
excessive drafts or noise. 
 
CRANKCASE HEATER: A heating device fastened to the crankcase or lower portion of the 
compressor housing intended to keep the oil in the compressor crankcase at a higher 
temperature than the rest of the system to reduce the migration of the refrigerant to the 
coldest point of the refrigeration system. 
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CSR: Refers to a capacitor start capacitor run motor. A compressor having both a run and start 
capacitor wired in parallel with each other and in series with the start winding. 
 
CYCLE, REFRIGERATING: The complete system of changes through which a refrigerant goes in 
making one complete circuit of a refrigerating system. 
 
DEHUMIDIFICATION: The reduction of water vapor content (moisture) in a given volume of air. 
 
DEHYDRATING: Removing all traces of moisture from the refrigeration circuit. 
 
DEW POINT: If a mixture of air and water vapor is cooled under conditions of constant 
pressure, the temperature at which the water vapor begins to condense is called the dew 
point. At the dew point temperature, the air is 100% saturated (cannot hold any more 
moisture), the dry bulb and wet bulb temperature are the same, and the relative humidity is 
100%. 
 
DIRECT EXPANSION: A system in which the evaporator is located in the material or space 
refrigerated or in air circulating passages communicating with such space. 
 
DISCHARGE, OR HOT GAS LINE: The refrigerant line from the discharge side of the compressor 
to the inlet of the condenser. 
 
DISCHARGE PRESSURE: The pressure of the refrigerant gas as it leaves the discharge side of the 
compressor (also referred to as “high side pressure” and “head pressure”). Discharge pressure 
varies depending on (1) type of refrigerant (R-22 is the more commonly used type for air 
conditioning units), (2) temperature and CFM of air across air-cooled condensers, (3 ) suction 
pressure, (4) amount of refrigerant charge, and (5) clean or dirty condenser surface. In a 
properly functioning air-cooled air conditioning system employing R-22 refrigerant, the 
discharge pressure should generally correspond to the Pressure-Temperature Scale (in this 
Appendix) value for the ambient temperature plus approximately 30° F. (For discharge 
pressure for heat pumps on the heating cycle, refer to manufacturer’s operating 
characteristics.) 
 
DRY BULB (DB): Dry bulb temperature is the temperature indicated by an ordinary 
thermometer (usually expressed in degrees Fahrenheit). 
 
DYNAMIC BALANCE: The condition under which a mass will not vibrate while in motion at any 
specific speed. 
 
EQUIVALENT LENGTH: A term used to express the combined dynamic and friction loss of ducts, 
fittings, registers, etc. in relation to loss that would occur in an equal length of similar straight 
duct. 
 
EVACUATION: Removing non-condensable gases (mostly air) and moisture from the 
refrigeration circuit by means of a vacuum pump. Air is a non-condensable gas and contains 
moisture. Whenever the high side of the refrigerant circuit is open to air, the system must be 
completely evacuated to remove all air and moisture. Air and moisture are the worst 
contaminants in a refrigerant circuit. 
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EVAPORATING TEMPERATURE: Temperature at which the refrigerant liquid is changing to a 
vapor in the evaporator. For instance if high pressure liquid R-22 enters the evaporator from 
the metering device at a pressure of 69 psig, it will change to vapor at the corresponding 
temperature of 40° F due to decreased pressure and continue to evaporate due to the higher 
temperatures of air through the evaporator until all liquid is evaporated. The liquid should be 
completely evaporated far enough ahead of the evaporator outlet to allow the vapor to be 
superheated. 

EVAPORATOR: That part of a refrigeration system in which the refrigerant absorbs heat and 
evaporates.  The evaporator is considered to be on the low side of the refrigeration system.  
Design evaporating temperature must be lower than the air passing over or through the coil. 
 
EVAPORATOR TEMPERATURE SPLIT: The evaporating temperature (temperature of liquid in 
the evaporator) minus inlet air dry bulb temperatures. The normal evaporator temperature 
split for air conditioning is 5° F to 35° F.   For instance, if suction pressure is 69 psig (R-22), the 
temperature of the liquid is 40º F. Thus, if inlet air dry bulb temperature is  
75° F, the evaporator temperature split is 35° F. 
 
EXPANSION VALVE: A device in a refrigeration system that maintains a pressure difference 
between the high side and the low side and is operated by pressure. 
 
EXTERNAL HEAT GAIN: (Required for cooling load calculation): The amount of heat that is 
absorbed or flows into an air conditioned area from the outside. 
 
EXTERNAL HEAT LOSS: (Required for Heating Load Calculation): The amount of heat that flows 
from the inside of the structure to the outside. This is due to the difference between inside and 
outside temperature, the material through which the heat flows, and entering air. 
 
EXTERNAL EQUALIZER: In a thermostatic expansion valve, a tube connection from the chamber 
containing the evaporation pressure activated element of the valve to the outlet of the 
evaporator coil. It is a device to compensate for excessive pressure drop through the coil. 
 
FILTER DRIER: Device to absorb remaining moisture and catch any foreign particles circulating 
with the refrigerant after evacuation.  Driers are filled with a desiccant which facilitates the 
moisture and acid removal. 
 
FLA (Full load amperes): The amount of current is drawn when a motor is operating at full load. 
 
FLASH GAS: Liquid refrigerant flashing into vapor. Flashing should not occur in the system 
except in the evaporator. However, it will occur in the liquid line due to an undercharge, or 
when the lift of the liquid and the frictional loss in the liquid line reduces its pressure below the 
pressure corresponding to condensing temperature less the degree of subcooling. To correct 
for flash gas, add additional refrigerant or provide additional sub-cooling. 
 
FLOODED COIL: An evaporator in which the liquid refrigerant is not completely evaporated in 
the evaporator. No superheat is an indication of a flooded coil. 
 
FLUSHING: Removing contaminates from the refrigeration circuit with liquid refrigerant. 
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FPM: Feet per minute (velocity of air flow). Recommended velocities for a quiet system in a 
residence are as follows for net free area: 
 
Main supply ducts:   700 FPM rigid/600 FPM flex 
Branch supply ducts: 600 FPM rigid and flex 
Branch riser:  500 FPM 
Supply registers:  500 - 750 FPM 
Return mains: 600 FPM rigid and flex 
Return branches: 400 FPM rigid/600 FPM flex 
Return grilles:  400 FPM filter grilles; 300 FPM 
 
FREE AREA: That area of duct, register or grille that does not restrict air flow. 
 
FRESH AIR INTAKE: Outside air duct attached to the return air of the distribution duct system. 
 
FROST BACK: Frost on the suction line. It occurs when the temperature corresponding to the 
suction pressure is at or below 32º F and there is not enough superheat to raise temperature 
above 32º F. 
 
GAUGE PRESSURE: Pressure measured from atmospheric pressure as a base. Gauge pressure 
may be indicated by a manometer which has one leg connected to the pressure source and the 
other exposed to atmospheric pressure. 
 
GAS: The vapor state of a material. 
 
GPM: Gallons per minute. 
 
HEAD PRESSURE: The pressure on the high side of the refrigeration system.  Also referred to as 
discharge pressure or high side pressure. 
 
HEAT PUMP: A compression cycle system used to supply heat or cooling to a temperature 
controlled space.  This system may also remove heat from the same place. 
 
HERMETICALLY SEALED UNIT: Refrigerating unit having no mechanical connections and no 
shaft seal. 
 
HIGH PRESSURE CONTROL: A normally closed electrical control switch operated by the high 
side refrigerant pressure that automatically opens an electrical circuit if excessive high side 
refrigerant pressure or condensing pressure is reached. 
 
HIGH SIDE: The high pressure area of the refrigerant cycle, extending from the compressor 
through the condenser to the expansion valve, or capillary tubing. That part of the refrigerating 
system containing the high pressure refrigerant. 
 
HOLDING CHARGE: Evaporators and replacement compressors are shipped with a holding 
charge to prevent entrance of air. The holding charge may be nitrogen, dry air, or refrigerant 
vapor. This charge is released at the time of installation, except in the case of evaporators that 
are equipped with “quick connect” couplings to be used with “pre-charged” refrigerant lines. 
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When condensing units are shipped with a holding charge, it generally becomes part of the 
total charge. 
 
HUMIDIFICATION: Adding moisture to the air. Generally required in winter to maintain 
satisfactory relative humidity. 
 
HUMIDITY: The water vapor in a given space. 
 
INFILTRATION: The leakage of air into a building or space. 
 
INTERNAL HEAT GAIN: The heat generated inside the air-conditioned area by people, electric 
lights, cooking and/or other heat and moisture producing factors. 
 
IMPEDANCE RELAY: A single pole single throw normally closed relay that has a high resistance 
coil that is wired to prevent compressor start-up after a safety control opens.  Equipment 
operation will not start until a manual reset is performed.  Also called a lock-out relay or 
control. 
 
KW: Kilowatt (1,000 watts). 
 
KWH: Kilowatt-hour.  The use of one kW for one hour. 
 
LATENT HEAT: A term used to express the heat energy which changes the form of a substance 
without changing its temperature; for example, changing water to vapor, water to ice, ice to 
water. 
 
LATENT HEAT OF FUSION: The quantity of heat required to change one pound of a solid into a 
liquid with no change in temperature. 
 
LATENT HEAT OF VAPORIZATION OR CONDENSATION: It requires 970.3 Btu’s to change 1 
pound (approx. 1 pt.) of water to vapor at atmospheric pressure at sea level (vaporization). It 
also requires 970.3 Btu’s to remove an equal amount of moisture from air (condensation). 
 
LEAK DETECTOR: A device used to detect refrigerant leaks in a refrigeration system. 
 
LIFT: The net height the liquid refrigerant must rise between the condenser and the 
evaporator. 
 
LINE CHARGE: Amount of refrigerant required for the refrigerant lines. 
 
LIQUID INDICATOR: A device located in the refrigeration systems liquid line that provides a 
glass window through which liquid may be viewed. 
 
LIQUID LINE: The tube or pipe which carries the refrigerant liquid from the condenser or 
receiver of a refrigerating system to a pressure reducing device. 
 
LIQUID LINE SERVICE VALVE: Valve installed in the liquid line. It has a gauge port connection 
for connecting to discharge hose of service manifold. 
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LIQUID RECEIVER: That part of the condensing unit that stores the liquid refrigerant. 
 
LOW AMBIENT TEMPERATURE CONTROL: A device for maintaining adequate head pressure 
when the temperature of an air cooled condenser falls below normal due to low ambient 
conditions. 
 
LOW PRESSURE CONTROL: A motor protection device that senses low refrigerant pressure.  
This control is wired in series with the main contactor or starter control and will shut off during 
periods of excessively low suction pressure. 
 
LOW SIDE: The low pressure area of the refrigerant cycle, extending from the expansion valve 
or capillary tubing through the evaporator and back to the compressor. 
 
LRA: Locked rotor amperes. This is the amount of current a motor will draw when it is starting, 
or when the rotor is locked. 
 
MANOMETER: An instrument for measuring pressure in inches of water column (“WC). 
 
MAXIMUM ALLOWABLE CHARGE: The amount of liquid refrigerant which the base of the 
compressor can safely contain without slugging on start-up. 
 
METERING DEVICE: A valve or small diameter tube that restricts fluid flow.  The metering 
device regulates refrigerant flow to the evaporator to match the evaporator’s capacity.  The 
metering device separates the high and low sides of the refrigeration system. 
 
MICRON: A term used in measuring extremely small particles. It is one twenty-five thousand 
four hundredths of an inch (1/25,400). 
 
MICROFARAD (MFD): Unit of measure of capacitance of capacitors. 
 
MOTOR STARTER: A high capacity electrical switching device that contains a coil, contacts and 
some means of overload protection. 
 
NON-CONDENSABLES: Foreign gases mixed with a refrigerant which cannot be condensed into 
the liquid form at the temperatures and pressures at which the refrigerant condenses. 
 
OHM: That resistance which allows a current of one ampere to flow in circuit if the impressed 
voltage is one volt. 
 
OVERLOAD:  Can be classified as an over current that exceeds the normal full load current in a 
circuit. 
 
PERFORMANCE FACTOR: Capacity of unit in Btu/hr in relation to power consumption in watts. 
 
PLENUM CHAMBER: An air compartment maintained under pressure to serve other parts of an 
air distribution system 
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POTENTIAL RELAY: A switching device used with hermetic motors that breaks the circuit to the 
start capacitor and/or start windings after the motor has reached approximately 75% of its 
running speed.  It contains a normally closed electrical switch which is operated by back EMF 
generated across the start windings.  Care must be taken in the installation process because 
this relay is position sensitive. 
 
POWER FACTOR: The ratio of consumed power to supplied power.  The ratio of watts 
consumed to the volts multiplied by amperes supplied. 
 
PSC: Refers to a permanent split capacitor motor. 
 
PSIG: Pounds per square inch gauge. 
 
PUMP DOWN: The process of removing refrigerant from the low side to the high side of the 
refrigerant circuit. It is used to avoid waste of refrigerant if it is necessary to open the low side 
to atmospheric conditions. It is also used when the required refrigerant charge exceeds the 
maximum allowable charge. 
 
PURGING: The act of blowing out refrigerant gas from a refrigerant containing vessel or hoses, 
usually for the purpose of removing noncondensables.  This practice is not allowed anymore. 
 
QUICK CONNECT FITTINGS: Some manufacturers supply condensing units and evaporators 
equipped with quick connect fittings to be used in connection with pre-charged refrigerant 
lines. In such cases, it is not necessary for the refrigerant circuit to be opened during the 
installation, as the units so supplied contain the correct amount of refrigerant. 
 
REFRIGERANT: The medium of heat transfer in a refrigerating system which picks up heat by 
evaporation at a low temperature and gives up heat by condensing at a higher temperature. 
 
REFRIGERATION CYCLE: The direct expansion refrigeration cycle consists of compressor, 
condenser, metering device (expansion valve or capillary tube), and evaporator and 
interconnecting tubing. 
 
REFRIGERATION MIGRATION: Migration of refrigerant vapor from a warmer area to a colder 
area. 
 
RELATIVE HUMIDITY: It is the percentage of water vapor contained in a given amount of air 
compared to the total amount of water vapor it could contain at a given temperature. Warm 
air can hold more moisture than cold air. 
 
REMOTE RESET SYSTEM: A system designed to re-establish an electrical circuit which permits 
starting of the compressor from a remote location, such as the room thermostat, after a safety 
shutdown. The remote reset is used as a convenience to the homeowner. 
 
RPM: Revolutions per minute. 
 
SATURATION TEMPERATURE: The boiling (evaporating) point temperature of a liquid 
corresponding to its pressure. 
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SENSIBLE HEAT: A term used to express that part of heat energy which changes the 
temperature of a substance without changing its form; for example, raising the temperature of 
water to the boiling point, reducing the temperature of air without removing moisture. 
 
SERVICE MANIFOLD: An instrument with high and low side gauges, high side hose, 
evacuation/charging and suction line hose for charging and checking refrigerant pressures and 
evacuation levels. 
 
SLING PSYCHROMETER: An instrument consisting of a dry bulb thermometer and a wet bulb 
thermometer, so arranged that they may be whirled easily through the air to determine both 
the wet and dry bulb temperatures at the same time. 
 
SLUGGING: Occurs when liquid refrigerant or oil is within the cylinder clearance space of the 
compressor.  It causes broken valves and motor burn-outs. 
 
STARVED COIL: An evaporator in which the liquid refrigerant has completely evaporated too 
far from the evaporator outlet. Too much superheat is an indication of a starved coil. 
 
STATIC BALANCE: The condition under which a mass will remain at rest or equilibrium when 
placed at any angle in its plane of rotation while supported at its center. 
 
STATIC PRESSURE: The force exerted by a fan or blower in forcing air through any system. It is 
also the resistance of the system to air flow or the pressure exerted on the side of a duct at a 
right angle to the flow of air. It is expressed in inches of water column (“WC). 
 
SUBCOOLED LIQUID: Liquid cooled below the condensing temperature corresponding to the 
existing pressure. 
 
SUCTION LINE: The refrigerant line from the outlet of the evaporator to the suction side (inlet) 
of the compressor. 
 
SUCTION LINE SERVICE VALVE: Valve installed in the suction line. It has gauge port connection 
for connecting to suction hose of service manifold. 
 
SUCTION PRESSURE: The pressure that forces the refrigerant gas to enter the suction side of 
the compressor (also referred to as “back pressure” and “low side pressure”). Suction pressure 
varies depending on (1) type of refrigerant (R-22 is the more commonly used type for air 
conditioning units), (2) temperature and moisture content and CFM of air across the 
evaporator coil, (3) amount of refrigerant charge, (4) discharge pressure, and (5) clean or dirty 
evaporator coil surface. In a properly functioning air cooled air conditioning system employing  
R-22 refrigerant, the suction pressure should generally range from 68 psig to 72 psig, thus 
providing a liquid temperature in the coil of approximately 40° F. (For suction pressure for heat 
pumps on the heating cycle, refer to manufacturer's operating characteristics.) 
 
SUPERHEAT: The sensible heat that is added to raise the temperature of a gas after 
vaporization. 
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THERMOSTATIC EXPANSION VALVE (TEV): A control valve operated by temperature and 
pressure within the evaporator coil that controls the flow of refrigerant to maintain a pre-set 
superheat value.  The power element feeler bulb is attached to the outlet of the evaporator 
coil on the suction line.  These valves may be internally or externally equalized. 
 
TIP SPEED: The peripheral speed (in feet per minute) of a fan or blower blade at any specified 
RPM. 
 
TON OF REFRIGERATION: A measure of rating the capacity of cooling equipment and is defined 
as being the cooling effect produced by the melting of 2,000 pounds (one ton) of ice in 24 
hours. This is approximately 12,000 Btu/hr. 
 
TORQUE: The force or effort applied to turning a crank or similar object. 
 
Total charge: Total refrigerant charge required for the system. It consists of the basic charge 
plus the charge required for the refrigerant lines. Some manufacturers supply condensing units 
with total charge. 
 
TOTAL COOLING CAPACITY: The capacity of an air conditioning unit in Btu/hr to reduce the 
temperature (sensible capacity) and to remove moisture or humidity (latent capacity) from the 
conditioned space at the standard rating conditions specified by American Society of 
Refrigerating Engineers. For air cooled units it is 95° F condenser inlet air, with the evaporator 
entering air value of 80° F dry bulb and 67° F wet bulb.  For water cooled units: it is 80° F dry 
bulb, 67° F wet bulb evaporator entering air and 75º F water in, 85° F water off condenser. 
 
TOTAL HEAT: The sum of latent and sensible heat.  Total heat is also known as enthalpy. 
 
TOTAL HEATING CAPACITY: The output of a furnace or winter air conditioner in Btu/hr is the 
total heating capacity. The winter air conditioner capacity must equal or exceed the heat loss 
of the space. 
 
UNIT CHARGE: Some manufacturers supply condensing units with a refrigerant charge that is 
sufficient for bleeding air from the field-installed refrigerant. Refrigerant lines and the 
evaporator while leaving enough refrigerant in the system for satisfactory operation. Be sure to 
check the manufacturer's recommendations with reference to this charge. 
 
VACUUM: A pressure below atmospheric, usually measured in inches of mercury below 
atmospheric pressure. 
 
VAPOR PRESSURE: The pressure existing at the liquid and vapor surface of a refrigerant. It 
depends upon temperature. 
 
WATT: Unit of measure of electric power. One watt equals one ampere multiplied by one volt.  
W = E x I     where W = power in watts 
    E = voltage in volts  
    I = current in amperes 
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WET BULB (WB): The lowest temperature that will be indicated by a thermometer, the bulb of 
which is enclosed in a wet wick over which the air is circulating, is referred to as a wet bulb 
temperature. 
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