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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 
 
 
This course is designed to provide an overview of the principles, products and systems used in 
modern small system air conditioning for individuals having little or no prior knowledge about 
comfort cooling. 
 
Specifically, upon successful completion of all assignments and tests in this course, the student 
should be able to: 
 

1) Describe what is required to keep people comfortable. 
 

2) List the building characteristics and weather conditions that affect building cooling 
loads. 

 
3) Identify the components in ordinary unitary cooling systems and understand the 

function they perform. 
 

4) List and understand the meaning of select technical terms encountered in the industry. 
 
You will demonstrate accomplishing these objectives by successfully completing two written 
examinations 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. 
 
 
 
 

 
 
 

Get Started Right Away. 
Turn to Lesson 1. 
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Lesson 1 Overview 
 
 
Where do you start a course like this? We decided to start with a discussion of how air 
conditioning has altered the way we live in North America. In doing so, we hope to stress the 
importance of air conditioning on modern life. We can live where we want, when we want, in 
comfort and health. So, this is an important industry that is doing an important service. 
 
When you finish studying Lesson 1 and complete the self-check quiz following the lesson, you 
should be able to explain to others just how dramatically air conditioning has changed the way 
we live today. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Now read Lesson 1 which begins on the next page. 
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Lesson 1: Cool Times 

 
People say — “It's not the heat, it's the humidity.” What does that mean? When you finish this 
training course, you'll be able to judge the accuracy of that statement and explain its true 
meaning. 
 
Air conditioning has literally revolutionized the way we live and where we live. Because air 
conditioning has evolved, the dramatic changes brought about have rarely been noticed by the 
general public. 
 
One university economist said “air conditioning was the most profound technology 
advancement of the 20th century.” What about the automobile, airplane, TV, or the computer? 
Before you agree or disagree with the professor, let's consider life without air conditioning. 
 
Air conditioning has redrawn the map of commerce in North America by opening the hot, 
humid regions of the country to business development. Once air conditioning made living in the 
South and Southwest tolerable, individuals and business came in droves to populate the area. 
In the 1970s, the population in Florida grew by 44 percent and in Texas, by 27 percent. This was 
essentially repeated in the 1980s. Without air conditioning, Arizona would surely be sparsely 
populated today rather than a destination for retirement couples. 
 
It has changed architecture, increased productivity, and created its own important industry 
where some 5 million central air-conditioning units are manufactured and installed each year. 
 
Government and other private studies have proven that air-conditioning improves the 
efficiency of both office and factory workers and sharply reduces absenteeism. 
 
Lighting and other electrical loads have increased to a point where cooling is often needed in a 
building’s interior spaces even on cold winter days. 
 
Air conditioning also makes year-round education possible. 
 
It has even changed government. Before air conditioning, the U.S. Congress used to adjourn for 
the entire summer, as Washington DC was far too hot to deliberate and conduct the 
government's business. 
 
Other industries could not survive without air conditioning as well. Consider the computer chip 
industry and the pharmaceutical industry where clean, climate-controlled rooms are required. 
Refrigeration, while related, is another story entirely — food preservation, textile processing, 
printing plants, petrochemicals, etc. 
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An Evolving Technology 
 
Modern mechanical air conditioning dates back to 1902, when Willis Carrier invented a 
mechanical system and installed it in a Brooklyn printing plant (Sackett-Wilheim) to reduce 
humidity that caused images to blur. 
 
Dr. Carrier's called for his new system was an “Apparatus for Treating Air.” It was an engineer 
named Stuart Cramer who was credited with first coining the term “air conditioning” back in 
1906. He had designed a system for controlling humidity in textile mills. 
 
The first exposure to an air conditioned building for the 
largest segment of the population was the motion picture 
theater.  Grauman's Metropolitan Theater in Los Angeles 
became the first air conditioned theater in 1922. From then 
on, movie houses became the place to escape the summer 
heat if only for a few hours. “20 degrees cooler inside” was 
often featured on a banner hanging from a theater's 
marquee. 
 
Residential air conditioning was unusual before the 1960s. 
However, during the 60s, new installations grew at an 
exponential rate. Previously, people dealt with the heat by 
wearing light clothing or sleeping on the floor or outside 
their homes or apartments. Even meal preparation was 
altered in the summer. 
 
Opened doors and windows, while screened, allowed 
insects, pollen, dirt and street noise to enter the home with associated discomfort. The wealthy 
spent their summers away from the city. 
 
Most churches were not air conditioned, and people would be carried out during services 
because of the oppressive heat inside. Personal hygiene was challenged and clothing was often 
soiled by excessive perspiration. Almost everyone had a portable electric fan in an attempt to 
accomplish some type of relief from the heat. 
 
Public and private vehicles were also without air conditioning, with patrons opening windows 
to catch the breeze — along with the debris carried about by the wind. Sooty faces were not 
uncommon among disembarking commuters. 
 
Notable note: The first mass produced room air conditioner was marketed in 1929 by a 
household refrigerator manufacturer — Frigidaire. 
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Notable note: Cities are hotter than surrounding areas because of the “heat island effect.” 
Glass windows and metal building materials reflect heat onto other buildings; streets and 
sidewalks absorb heat which then radiates heat into the air. Auto exhaust and other pollution 
trap heat. Lack of surface water in a city means more of the sun's energy raises air 
temperature rather than evaporates water. It is cooler in the country. 
 
Today, people expect air conditioned buses and automobiles. And how many shoppers will visit 
non-air conditioned stores? Even the shopping malls themselves are enclosed and air 
conditioned so people can move from store to store in absolute comfort. And how about 
modern sports arenas — spectators even watch football and baseball in air conditioned 
comfort. 
 
Personal Benefits of Air Conditioning 
 
People spend 95% of their time in an indoor environment. Is it any wonder why maintaining a 
healthy environment is so important? 
 
We are all well aware of the role that temperature extremes have in producing discomfort, 
illness and at times, even death. The very young and very old can succumb to excessive 
temperature and humidity. (Air conditioners have literally been rushed to areas of the country 
to help save lives during a heat wave.) 
 
The health and well-being of individuals are definitely improved with summer cooling. For 
example, infants will not suffer as much from heat rash. They will also eat better and sleep 
better. Persons who suffer from hay fever and other allergies due to airborne pollen will 
experience significant relief (relief - not cure). Victims of asthma and heart trouble also find life 
much easier with comfort cooling. 
 
Air conditioning in a building is important, not only for simple enjoyment, but for occupant 
harmony, work, and leisure activities.  It is not an understatement to say our lifestyle has been 
permanently altered by air conditioning. 
 
There are secondary benefits to air conditioning as well. Neighborhood noises are minimized 
because windows can be kept closed. Security is also increased because the building can be 
“buttoned up.” 
 
Is it possible that the economist might be right about air conditioning being the most profound 
advance of the 20th century? 
 
The Anatomy of a Central System 
 
Air conditioning systems are many and varied — as we'll learn as we progress through this 
course. For starters, let's take a quick look at one very common central residential system to 
launch our understanding of equipment and components as well as start to develop an 
understanding of the language of the industry. 
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What we have here is a 
central residential 
system featuring a 
unitary split-system air 
conditioning unit 
matched with a gas 
(burning) furnace and 
connecting metal duct 
system to channel 
conditioned air to all 
rooms. This is typical of 
what might be found in 
a Midwestern home 
with a basement. 
 
The unitary split-system 
consists of two 
components, the cold 
“cooling” 
coil (A) placed above the furnace, and the outdoor condensing unit (B) which consists of the 
compressor or “pump” and a warm condenser coil. The two components are connected 
together by two copper pipes or lines that contain a special fluid called a refrigerant. One pipe 
carries liquid refrigerant to the cooling coil and the other carries gaseous refrigerant to the 
condenser. The compressor is the refrigerant mover — pumping refrigerant around and around 
between the two components. 
 
The furnace is equipped with a fan called a blower that pushes air through the cooling coil to 
chill the air as it begins to move through the duct system — ultimately discharging into each 
room to cool the spaces and the occupants. Room air is at the same time drawn into the return 
air duct to be filtered, re-cooled and re-circulated through the house. 
 
The compressor and the blower are powered by electric motors. 
 
We will explore the split-system components in greater detail in later assignments, and cover 
other popular types of air conditioning units as well. 
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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 Air conditioning has not revolutionized the way we live in North America. 
 
2. T F Air conditioning opened up the humid regions of the United States to allow            
  year-round living. 
 
3. T F Air conditioning has not been proven to improve the efficiency of workers. 
 
4. T F Cooling is often needed in a building on cold days because of heat produced by  
   different electrical loads. 
 
5. T F The computer chip industry is not dependent on air conditioning technology to  
   provide clean room atmospheres. 
 
 
In the following multiple-choice questions, choose the phrase that most correctly completes 
the statement and check the appropriate box for the corresponding letter in front of the 
phrase. 
 
 
6.  Modern mechanical air conditioning dates back to 1902 when Willis Carrier invented a 
system to: 
   A. air condition a movie theater in California. 
   B. reduce humidity in a printing plant in Brooklyn. 
   C. protect rare documents in Washington DC. 
   D. cool an office building in New York. 
 
7.  People first experienced the effects of air conditioning in: 
 
   A. supermarkets. 
   B. department stores. 
   C. motion picture theaters. 
   D. public transportation. 
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8.  The rapid growth of residential air conditioning began in the: 
 
   A. 1950s.     B. 1960s. 
   C. 1970s.     D. 1930s. 
 
9.  A unitary split-system mounted on a furnace consists of two components, the cold cooling 
coil inside and the: 
 
   A. compressor outside. 
   B. condensing unit outside. 
   C. condenser outside. 
   D. blower cabinet outside. 
 
10.  The components in a unitary split system are interconnected by two: 
  
   A. copper pipes carrying refrigerant. 
   B. steel pipe carrying refrigerant. 
   C. plastic pipes carrying refrigerant. 
   D. aluminum pipes carrying refrigerant. 
 
 
For the completion-type questions, fill in the blanks with the word (or words) that most 
accurately completes the thought. 
 

Key Words 
 
colds cooling coil relief indoor noise 
music humidity sun refrigerant outdoor 
 
11.  People spend approximately 95 percent of their time in a/an ____________________ 
environment. 
 
12.  Very young and very old persons can succumb to the effects of excessive temperature 
and_____________________. 
 
13.  People with allergies can experience significant _______________ as a result of living in an 
air conditioned building. 
 
14.  A secondary benefit attributed to an air conditioned home is a reduction in neighborhood 
________________ entering the home. 
 
15.  The fluid pumped by the compressor in an air conditioning unit is called a/an 
____________________. 
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Check Your Answers!  
  
Now compare your answers with those given in the answer key at the back of this book.   
 
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 
 
 
It is not our intention in this lesson to teach engineering-level heat transfer. What we intend to 
do is explain in practical terms what energy is, how we measure energy in air conditioning and 
the three modes of transferring heat between two substances. Most important, you'll learn the 
difference between temperature and heat. 
 
So, don’t worry if your high school science is a bit rusty. You won’t need it to get the benefit of 
this short lesson. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Now read Lesson 2 which begins on the next page. 
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Lesson 2: Back to High School Science 
 
Before we talk about compressors, condensers, and the other elements making up air 
conditioning equipment, we need to review a few fundamentals about energy and the physics 
of solids, liquids, and gases — particularly air. 
 
What exactly is energy? What is heat? Quite simply, energy is the ability to do work and heat is 
one form of energy. Other forms of energy include electrical energy, chemical energy, solar energy, 
atomic energy, and mechanical energy. 
 
Heat is thought of as a 
“lower” form of energy 
since the other forms of 
energy can readily be 
converted to heat, but it is 
almost impossible to 
efficiently convert heat 
back into other “higher” 
energy forms directly. For 
example, when you strike a 
match, you convert the 
chemical energy in the 
match tip into heat along 
with some light. It is not 
possible to do the reverse 
— convert the heat back 
into the chemicals. 
 
Today, scientists use 
molecular activity to 
explain heat. The greater 
the molecular activity in a 
substance, the greater the 
heat energy contained in 
the substance. 
 

What we call the 
“temperature” of a 
substance is an indicator of 
heat intensity (but not heat 
quantity), and we usually 
measure temperature in degrees Fahrenheit (F) or in degrees Celsius (C). The higher the 
temperature, the greater the molecular activity. For the record, all molecular motion stops at 
minus 460 degrees Fahrenheit (-273 Celsius*). 
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* To convert Fahrenheit to Celsius use the formula C = (F-32) x .555 
   To convert Celsius to Fahrenheit use the formula F = (1.8 x C) + 32 
 
Notable Note:  The thermometer was devised in 1720 by a Hollander named Gabriel 
Fahrenheit. 
 

At this temperature, the substance can be said to contain 
no heat energy. But a substance at any higher 
temperature contains some heat energy — even at 0° F. 
Temperature doesn't tell the whole story. Common 
sense tells us that 100 gallons of water at 100° F contains 
more heat than a thimble of water at the same 
temperature. So, heat quantity also depends on the 
amount (and type) of substance as well as its 
temperature. 

             
        A Btu is the amount of heat required        
        to raise 1 lb of water 1 degree. This        
        is also an example of sensible heat. 

  
To measure heat quantity, we have developed the Btu — British thermal unit. A Btu is simply 
the amount of heat required to increase the temperature of one pound of water one degree. If 
it were 2 pounds of water, it would take 2 Btus. If the substance wasn't water — air for example 
— it would take about 1/4 Btu to raise a pound of air 1°F. 

 
This is important to understand — heat only flows from a substance at a higher temperature to 
one at a lower temperature. In physical terms, heat cannot travel up hill. There must be a 
temperature difference between two substances to move heat energy — just like there must be 
a voltage difference to move electrical current in a circuit. No voltage difference, no current 
flow. No temperature difference, no heat flow. 
 

If we keep adding heat to our pound 
of water, we, of course, see the 
water increase in temperature and 
ultimately boil and turn into steam. If 
we had started with ice, we would 
add heat, melt the ice, and then turn 
the water into steam. Adding heat 
can change the “state” of the 
substance from a solid (ice) to a 
liquid (water) and then to steam (a gas). 
 
There is a very interesting phenomenon that occurs when ice melts and water turns to steam. 
During the conversion process, the temperature of the substance stays the same. Adding heat 
doesn't increase the temperature during a phase change. Adding heat before or after the 
transformation increases the temperature of the substance but not during the conversion. Heat 
added to a substance that changes phase and does not cause a temperature change is called 
latent (Latin for hidden) heat. Heat that does increase the temperature of a substance has a 
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name too — sensible heat. 
 
Latent heat can represent a great deal of heat too! It takes almost 1,000 Btus to convert a 
pound of water into steam at the “normal” boiling temperature of 212° F. It only takes about 
140 Btus to heat the same amount of water from room temperature to 212° F. 
 
 
 
 
 
 
 
 
 
 
 

Converting water to steam requires plenty of Btus. 
 

 
Aluminum soda cans in contact with ice is an example of heat transfer by conduction. 
We'll be referring to sensible and latent heat again in later lessons. 
 
We already mentioned that heat flows or transfers only from a higher temperature substance 
to one at a lower temperature, not the other way around. The mechanisms — how heat is 
transferred from one substance to another — is also of interest. 
 
There are three modes or methods of heat transfer — conduction, radiation, and convection. 
 
Conduction is the transfer of heat by actual contact between two substances at different 
temperatures. A good example of conduction is the ice chest. In this instance, warm beverage 
cans are cooled by actually being in contact with the cold ice. Another example would be a 
silver spoon placed in hot coffee. Very quickly, the handle becomes hot as the heat conducts 
rapidly along the length of the spoon. 
 
Radiation is the transfer of heat from one surface to another that are not in contact with each 
other. Also, the air space between the surfaces is not a factor. One common example is 
radiation from the sun striking the roof surface of a home. The radiation is absorbed by the 
shingles and converted to heat, raising the roof surface temperature to perhaps 140° F, even 
though the air temperature around the roof may be only 80 degrees or less. Another example is 
standing in front of a roaring fireplace --- one can feel the heat directly from the hot surfaces. 
 
For radiation exchange to occur, the surfaces must “see” each other. Ducking into a shady spot 
to escape the hot sun on one's face is an example of blocking the exchange — the sun no longer 
“sees” your face. Thermal radiation is just one example of a whole family of electromagnetic 
waves emitted by surfaces. A microwave oven involves a form of radiation transfer generated 
electronically. 
 
Radiation takes place between surfaces at any temperature, not just elevated temperatures. 
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We use the sun and fireplace as dramatic examples, but even walls and windows in an ordinary 
room undergo radiation heat exchange between other surfaces and with people, again, 
whenever there is a temperature difference. 
 
Convection is the 
transfer of heat by the 
currents in a gas or 
liquid — air or water is 
of prime interest to us. 
Example: the cool air 
blowing from a window 
air conditioner reduces 
the air temperature in 
a room by convection 
heat transfer as room 
air circulates with the 
cool cooling unit air. 
Soup contained in a 
sauce pan on a burner 
is heated by convection. When you stir the soup, you increase convection currents and the 
soup heats up faster. 
 
Quite often, all three modes of heat transfer may be involved between two surfaces. 
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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 The greater the molecular activity in a substance, the greater the heat energy  
   contained in the substance. 
 
2. T F Temperature is an indication of heat intensity, not the quantity of heat. 
 
3. T F All molecular motion stops at a temperature of plus 460° Fahrenheit. 
 
4. T F A Btu is the amount of heat required to increase the temperature of air one  
   degree Fahrenheit. 
 
5. T F Heat can flow between two substances at the same temperature. 
 
 
In the following multiple-choice questions, choose the phrase that most correctly completes 
the statement and check the appropriate box for the corresponding letter in front of the 
phrase. 
 
6.  Using the formula F = (1.8 x C) + 32, convert 20° Celsius to Fahrenheit.  
 
  A.  4.0° Fahrenheit.    B.  53.6° Fahrenheit. 
  C.  68.0° Fahrenheit.    D.  93.6° Fahrenheit. 
 
7.  The quantity of heat in a substance is dependent on its temperature and: 
 
  A.  the amount of substance.    B.  the shape of the substance. 
  C.  the type of substance.     D.  the amount and type of substance. 
 
8.  Raising the temperature of 20 pounds of water one degree Fahrenheit would require: 
 
  A.  5.0 Btus.    B.  50 Btus. 
  C.  2.0 Btus.    D.  20 Btus. 
 
9.  Converting one pound of water into steam at normal room conditions would require almost: 
  A. 10 Btus.    B. 100 Btus. 
  C. 1,000 Btus.    D. 10,000 Btus. 
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10.  Under normal conditions, two pounds of water would boil at a temperature of: 
 
  A. 32° Fahrenheit.    B. 64° Fahrenheit. 
  C. 212° Fahrenheit.    D. 424° Fahrenheit. 
 
 
For the completion-type questions, fill in the blanks with the word (or words) that most 
accurately completes the thought. 

 
Key Words 

 
dry conduction boiling convection  decrease 
sensible radiation circulation evaporation change 
 
11.  Latent heat changes the state of a substance during which time the temperature does not 
___________________________. 
 
12.  Heat that changes the temperature of a substance, but not its state is called 
_________________ heat. 
 
13.  Heat moving from one substance to another that are touching is termed heat transfer by 
______________________. 
 
14.  Heat that travels to a substance through the air without affecting the temperature of the 
air is called _____________________ heat transfer. 
 
15.  Movement in a gas or liquid that carry heat is referred to as ________________ heat 
transfer. 
 
 
 
 

Check Your Answers!  
  
Now compare your answers with those given in the answer key at the back of this book.   
 
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 
 
 
We usually take air for granted —until it is in short supply or polluted. If we are going to treat 
air to make ourselves comfortable, then we should know a bit more about it. 
 
Lesson 3 continues our scientific investigation by examining the air we breathe and what it is —
especially the water vapor in it that we call humidity. We’ll also use basic arithmetic to delve 
deeper into basic air properties. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Now turn to Lesson 3 which begins on the next page. 
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Lesson 3: The Air We Breathe 
 
That precious substance air is important to our life and to our comfort. Typically, we breathe in 
about 35 pounds of air per day to sustain life. The temperature of the air surrounding our 
bodies obviously influences our level of comfort. 
 
What we call air is really a mixture of many gases — principally nitrogen, oxygen, argon, carbon 
dioxide, and water vapor. It also contains small traces of neon, krypton, xenon, helium, and 
hydrogen. Fortunately in air conditioning, we can neglect all of the rare gases and assume that 
the air to 
be processed by air conditioning equipment consists solely of nitrogen, oxygen, and water vapor. 
 
 

 
 
Conveniently, oxygen and nitrogen are always found in the same proportions — approximately 
79% nitrogen and 21% oxygen by volume — so we consider these two ingredients a single gas 
and call it dry air. However, the possible proportions between dry air and water vapor vary 
enormously. What we call humidity is simply water vapor mixed in air. 
 
For instance, the weight of water vapor may be as low as 0.000005 lb per pound of dry air 
during cold winter weather in Alaska. In the hot summer, it can exceed 0.02 lb per pound of dry 
air in many parts of North America. 
 
As air temperature goes up, the air can “hold” more water vapor. In fact, decreasing the air 
temperature is one way we remove moisture from the air. The beads of water on the glass 
surface of a cool summer drink is an example of humid air contacting a cool surface causing 
water vapor in the air to condense on the glass.
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We might pause here and ask, “What’s the difference between a vapor and a gas?” 
 
In basic terms, vapors are substances in the gaseous state but are usually thought of as liquids 
at normal pressure and temperature — water is a good example. Gases are already in the gas 
phase at normal pressure and temperature — helium, for example, or air itself. 
 
 

 
 

Water vapor in air condenses  
and appears on a cool surface. 

 
 
Problem:  How much air is there in a 5 cubic foot tank at a temperature of 150° F and a 
pressure of 100 psig? 

 
 
 
Most of us, if we scratch our heads vigorously enough, will probably recall the terms Boyle's 
Law and Charles' Law from our high school science class. These laws govern the basic 
relationships of a gas. And while we are not going to use “higher mathematics” in this course, 
we should walk through a few simple examples. The weight, volume, temperature, or pressure 
of a gas can be calculated from the following expression:  
 

PV = MRT 
where P is the pressure exerted by the gas; 
V is the volume of the gas;  
M is the weight of the gas;  
R is a constant (a number) depending on the type of gas;  
and T is the temperature of the gas. 
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From this formula, we can find any one property of dry air if we know the other three. 
However, we must use scientific or absolute values of each property in the formula. Let's use a 
simple example. 
 
Suppose we wish to find out how many pounds of dry air are in a five cubic foot tank. The 
thermometer in the tank reads 150° F and the pressure gauge on the tanks indicates 100 
pounds per square inch. The local atmospheric pressure — the pressure exerted by the weight 
of the air column on the earth's surface — is 14.48 pounds per square inch — or 29.57 inches of 
mercury as reported on TV. 
 
Here is how we proceed — 
 
P in the formula must be the gauge pressure plus the atmospheric pressure and in units of 
pounds per square foot. 
 
Hence, 100 +14.48 = 114.48 lb/sq. in. x 144 sq in/sq ft = 16,485 lb per sq/ft. 
 
The temperature of 150° F must be changed to absolute temperature by adding 460° or 150 + 
460 = 610° F absolute. 
 
R for air is 53.35. Thus,  
 
 16,485 x 5 (vol. of tank) 
M = ----------------------------------- 
 53.35 x (460 + 150) 
 
M = 2.53 lb of dry air in tank 
 
The same formula would apply for water vapor, only R is now equal to 85.7. For instance, let's 
find the water vapor pressure for these conditions — 800 cubic feet of air in a 10 foot x 10 foot 
room with an 8 foot ceiling. Air/vapor temperature is 70° F and there is 0.5 pound of water 
vapor in the air. 
 
 0.5 x 85.7 x (460 +70) 
P = --------------------------------- 
 144 x 800  
 
= 0.197 or roughly 0.2 psia 
 
(Note: again, 144 converts square inches to sq ft.) 
 
 
If the barometric pressure in the room was 14.7 psi, this would indicate total pressure which is 
the sum of the dry air pressure and the water vapor pressure. This is Dalton's Law of Partial  
Pressures which simply states air and water vapor each occupy space as though the other is not 
there. 
 



 Comfort Cooling: Introduction 
Lesson 3 Page 5 

Thus the total pressure in this example is: 
0.2 (vapor) + 14.5 (dry air) =14.7 psia (a is for absolute pressure) 
 
Humidity 
 
The water vapor in air is, as you probably already know, termed humidity. 
 
High humidity means, of course, a high amount of water vapor and a corresponding high vapor 
pressure. Low humidity means the air is “dry” with a low vapor pressure. 
 
Notable Note: Evaporation versus Boiling 
 
How can water in the form of “steam” be present in room air that's at 70° F? We all know that water 
boils at 212 °F. We also know that if we place an open pan of water in a 70 °F room, eventually the 
water disappears — it evaporates, it vaporizes. Boiling turns out to be a special case of rapid 
vaporization — so fast we can observe it. But vaporization is always taking place. Boiling occurs 
whenever the water vapor pressure just above the surface of the water equals or slightly exceeds the 
existing atmospheric pressure. 

 
What affects the rate of vaporization?  For one thing, the temperature of the water. Warmer water 
evaporates faster than cooler water. The surface area of the water exposed to the air also affects 
evaporation rate. Expose more water to the air and the evaporation rate goes up. 
 
If we reduce the atmospheric pressure, evaporation increases. This, of course, is the principle behind 
the traditional pressure cooker only in reverse. By increasing the pressure inside the cooker, we increase 
the temperature that water begins rapid evaporation (boiling). This speeds up cooking time. 
 

 
 

As might be expected, as more and more water evaporates into the air, we eventually arrive at a 
point when the air is saturated and in effect no more water evaporates. 
 
If we place a large glass cover over the water pan, we would soon discover that the pressure inside the 
glass cover was higher than the atmospheric pressure outside. The difference is the pressure of the 
water vapor. In other words, the total pressure of the air/vapor mixture is equal to the sum of the air 
pressure and water vapor pressure. 
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Measuring Humidity 
 
One method of 
measuring humidity is to 
use a sling psychrometer 
and a table. 
 
A sling psychrometer 
consists of two accurate 
thermometers mounted 
side by side on a base 
that has a handle and 
pivot at one end. The 
bulb at the bottom of one 
thermometer is covered 
by a cloth “wick” coming 
from a small container 
filled with water. This 
thermometer is the wet 
bulb thermometer. The other is the dry bulb thermometer. 
 
Holding the psychrometer by the handle, one whirls it in the air several times and then quickly 
notes the temperature readings on both the dry and wet bulb thermometers. It is usually 
necessary to repeat this several times until consistent (and therefore accurate) readings are 
obtained. Whirling the psychrometer causes water to evaporate from the wick of the wet bulb 
thermometer. Such evaporation cools the bulb of the thermometer. The amount of water 
vapor in the air controls the amount of evaporation. The more water vapor in the air, the less 
will be evaporated from the wick. Reducing the rate or amount of evaporation from the wick 
means there will be less difference in temperature readings between the dry bulb and the wet 
bulb thermometers, which indicates higher relative humidity. 
 
For example, using the table on this page, if the readings obtained with the psychrometer are  
75° F dry bulb (on the dry bulb thermometer) and 65° F wet bulb, the humidity is approximately 
60%. What does this mean? 
 
This means the relative humidity is 60%. We can define relative humidity as the amount of 
moisture actually in the air when compared to the maximum amount of moisture the air could 
hold at the same temperature (and barometric pressure). Thus, in our example, the air contains 
60% of the water vapor it could hold. Air at 100% relative humidity is said to be saturated. 
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Dry Bulb 
Temperature 

º F 
 

 
Relative Humidity – Percentage 

 
 

40% 
 

 
45% 

 
50% 

 
55% 

 
60% 

 
Wet Bulb Temperature º F 

 
 

83 
 

 
66 

 
68 

 
69 

 
71 

 
73 

 
82 

 

 
65 

 
67 

 
68 

 
70 

 
72 

 
81 

 

 
64 

 
66 

 
67 

 
69 

 
71 

 
80 

 

 
63 

 
65 

 
66 

 
68 

 
70 

 
79 

 

 
62 

 
64 

 
65 

 
67 

 
69 

 
78 

 

 
61 

 
63 

 
64 

 
66 

 
68 

 
77 

 

 
60 

 
62 

 
63 

 
65 

 
67 

 
76 

 

 
59 

 
61 

 
62 

 
64 

 
66 

 
75 

 

 
58 

 
60 

 
61 

 
63 

 
65 

 
 
 

Note: For illustrative purposes, the relative humidity  
percentages in this table are approximate values. 

 
 

In the next lesson, we'll talk more about humidity — and its effect on human comfort. 
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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 The air we breathe is really a mixture of many gases. 
 
2. T F Oxygen is the largest gas found in air in percent by volume. 
 
3. T F Water vapor is always found in the same proportion to oxygen and nitrogen in  
   atmospheric air. 
 
4. T F As the temperature of air decreases, its ability to hold water vapor increases. 
 
5. T F Atmospheric pressure is the pressure exerted by the weight of water on the  
   Earth's surface. 
 
 
In the following multiple-choice questions, choose the phrase that most correctly completes 
the statement and check the appropriate box for the corresponding letter in front of the 
phrase. 
 
6.  In the formula PV = MRT, P is pressure, V is volume and, M is weight. T is temperature of the 
gas and R is the: 
 
  A. gas resistance.    B. gas constant. 
  C. gas density.    D. gas purity. 
 
7.  Dalton's Law of Partial Pressures means that the pressure exerted by a mixture of gases is 
equal to: 
 
  A. the difference in the pressure exerted by each gas. 
  B. the pressure exerted by the predominant gas. 
  C. the sum of the individual gas pressures. 
  D. the average pressure of the individual gases. 
 
8.  One device to determine the relative humidity in the air is called the: 
 
  A. sling humidity meter.    B. sling hydrostat. 
  C. sling hydrometer.    D. sling psychrometer. 
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9. The wet bulb temperature is 65° F and the dry bulb temperature is 79° F.  Using the Relative 
Humidity Percentage table, determine the % of relative humidity. 
 
  45%.     50%. 
  55%.     60%. 
 

 
10. The pressure exerted by dry air is 14.3 psi and the vapor pressure is 0.15 psi; the total 
air/mixture pressure is: 
 
  A. 14.3 psi.    B. 14.15 psi 
  C. 14.45 psi.    D. 29.3 psi. 
 
 
For the completion-type questions, fill in the blanks with the word (or words) that most 
accurately completes the thought. 
 

Key Words 
 
gas high boils condenses low 
saturated vapor superheated proportion combines 
 
11.  Oxygen and nitrogen are always found in the same _______________ in atmospheric air. 
 
12.  A substance in the gaseous state, but is liquid at normal pressure and temperature, is said 
to be in the _________________________ state. 
 
13.  Water vapor in air that __________________ on the surface of a cool glass appears as 
beads of water. 
 
14.  An air vapor mixture indicating 100% relative humidity is termed _________________air. 
 
15.  A large difference between wet bulb and dry bulb readings indicates ____________ relative 
humidity. 
 

Check Your Answers!  
  
Now compare your answers with those given in the answer key at the back of this book. 
 
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 
 
 
People can exclaim “I'm comfortable” while lying in a hammock with a cool summer breeze 
blowing, or in the grandstand watching a horse race in autumn. But Lesson 4 is about what it 
takes to make people comfortable indoors. 
 
Lesson 4 is going to combine what we know about air and heat transfer and add new 
information about how the human body creates heat and needs to reject heat to stay at a 
nearly fixed internal body temperature. We will also establish the temperature and humidity 
indoors that is necessary to keep people comfortable under “normal” homelike activities. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Now read Lesson 4 which begins on the next page. 



 Comfort Cooling: Introduction 
Lesson 4 Page 2 

Lesson 4: What Makes People Comfortable? 
 
In Lesson 2, we talked about sensible and latent heat and methods of heat transfer. In Lesson 3, 
we considered the makeup of air — most importantly that air almost always contains water in 
the form of a vapor. Now we are going to build on what we have learned to understand what 
makes people comfortable. 
 
For purposes of our discussion, “comfort” might well be described as the absence of 
“discomfort.” Ideally a person should be unaware of an air conditioning system — summer or 
winter. True, when a person comes into an air-conditioned space from a hot and stuffy out-of-
doors, he or she will immediately notice that it is cooler, maybe even cold. However, after a 
person's body has made adjustments to these changed conditions, which is usually done in a 
matter of minutes, no one should be aware of the temperature, humidity or air movement, in 
the room. 
 
Another factor that has become more important, especially in residential air conditioning, is 
noise. 
 
The ideal system should be so quiet that a person is not aware that it is operating. 
 
What are the conditions that interfere with thermal comfort? Several variables influence 
comfort or discomfort experienced by an individual — namely air temperature, humidity, and 
air motion. If we extend comfort to include a healthy environment, then air cleanliness or 
indoor air quality is critically important as well. 
 
Human Metabolism 
 
As anyone who has been sick and taken his own temperature knows, the human body 
maintains an internal temperature between 98.2° and 98.6° F.  Heat is developed by the 
chemical processes involved in eating, drinking, and breathing. These chemical reactions, 
however, usually develop more heat than the body needs to sustain life and perform normal 
activities. Therefore, the excess heat must be rejected by the body. 
 
Skin surface temperature is typically around 86° F.  If heat from the body is dissipated at too 
slow a rate, we feel uncomfortably warm. If the heat is given off too fast, we feel cold and 
shiver. Thus, the purpose of a cooling system (and a heating system for that matter) is to 
sustain an indoor environment so an individual loses heat at a rate that feels comfortable, that 
is, a person is unaware of losing body heat. 
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Scientists have actually measured the heat generated by people participating in various 
activities.  
 
A person sleeping generates about 260 Btu/hr; when walking — about 800 Btu/ hr; and for 
heavy work such as swimming, a person could generate more than 2,000 Btu/hr. A person's 
size, weight, age, and gender all affect heat production as well. 
 
The heat energy which is generated internally must be dissipated — otherwise body 
temperature will rise and people will become ill. The body loses heat almost entirely by 
radiation, convection, and evaporation and, for all practical purposes, no conduction. (Feet on a 
hot or cold surface would contribute little to the overall heat gain or rejection process, but 
could affect the sensation of comfort.) 
 
Loss or gain of heat due to radiation, you may recall, does not depend on the temperature of 
the air surrounding the body, but rather on the temperature of the surfaces the body “sees.” 
The surface of the body will radiate (lose) heat to a colder surface, while a hotter surface will 
radiate (send) heat to the body. A common example is that of the body receiving heat from the 
surface of a sunny picture window in summer. A room with lots of glass poses a difficult 
challenge to maintain occupant comfort. 
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Air Motion 
 
Air motion (convection) is one of the important ways a body 
loses heat, whenever the temperature of the air is below the 
skin surface temperature. Air motion not only carries away 
heat from the body, but it also has an extremely important 
influence on the rate of evaporation of perspiration from the 
body. This, in itself, is a most important factor in controlling 
the rate of heat loss from the body. 
 
Excessive air motion, however, can cause uncomfortable 
“drafts” in an air-conditioned space. A draft is simply a 
combination of temperature and air motion that a person finds objectionable.  
 
Laboratory studies have shown that air velocities in the range of 25 to 35 feet per minute at 
normal room temperatures are usually most satisfactory for the occupants of the space. If the 
velocity exceeds 50 feet per minute, the cooling effect is likely to be excessive for most people 
and they will complain of “drafts.” 
 
Humidity 
 
The body loses heat by evaporation of perspiration from the skin. Evaporation of perspiration is 
a latent heat process and absorbs a great deal of heat, thereby cooling the body. The body is 
actually perspiring most of the time. Normally one is not aware this is taking place.  When 
conditions of the air surrounding the body do not let perspiration evaporate as it is formed, 
visible droplets will appear on the skin. 
 

1 Cubic Foot of Air at 70º F 
 

 
 
Absolute Humidity = 4 Grains per Ft3    Absolute Humidity = 8 Grains per Ft3 
Relative Humidity = 50%    Relative Humidity = 100% 
 
The rate of evaporation is primarily due to the amount of water vapor in the air. As we learned 
in Lesson 3, we can report the level of moisture in the air in terms of relative humidity, in 
percent. Air with a low relative humidity (little water vapor) can absorb body moisture at a 
much faster rate than air with a high humidity. Thus, one might feel comfortable more in a hot, 
dry climate than in a humid climate where the local temperature is the same or even somewhat 
lower. Thus, the frequent summer complaint — “it's not the heat; it's the humidity” — has 
considerable scientific truth, but should be more correctly stated it's not just the temperature; 
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it's the humidity.  One of the jobs of an air conditioning unit is to remove excessive moisture 
from the air. 
 
Notable note: The ratio of how much moisture exists in the air compared to the maximum amount 
it could hold is really percent humidity. Relative humidity is actually the ratio of vapor pressure 
exerted by the water vapor actually in the air divided by the vapor pressure exerted when the air is 
fully saturated for the same temperature. However, there is little practical difference in the numbers. 
You may also encounter the term Absolute Humidity. This is the term used to describe how much 
water vapor is in the air in pounds or grains per cubic foot of air. It takes 7000 grains to equal one 
pound. 
 
In the previous lesson, we offered this simple definition of relative humidity --- the percent of 
water vapor actually in the air compared with the maximum amount of water vapor the air 
could hold at the same temperature and barometric pressure.  Thus, if the air holds half as 
much moisture as it possibly could, the relative humidity is 50%. If the air holds all the moisture 
it can, the relative humidity is 100%. Air movement also has an effect on the rate of 
evaporation. The greater the air movement, the greater the rate of evaporation of moisture 
from the skin. For example: the increased air movement produced by oscillating fans 
contributes to the comfort cooling effect by increasing the rate of evaporation. 
 
Simultaneous Action 
 
All three factors influencing body heat loss (radiation, convection, and evaporation), can, and 
usually do, occur at the same time. For example, a person can be sitting outdoors in the hot sun 
during the summer gaining considerable heat by radiation from the sun, while at the same time 
giving off heat to the surrounding air by convection and losing additional heat by evaporation 
of perspiration. If enough heat is given off by convection and evaporation, the person will feel 
comfortable even though the radiation from the sun is quite intense. 
 
We can describe this with a simple formula:  M + E + R + C+/-S 
 
Where: 
M = metabolic rate, Btu/hr 
E = evaporative heat loss, 

Btu/hr R = radiation heat loss, 
Btu/hr C = convection heat loss, 
Btu/hr S = heat storage (rise or fall in body temperature) 

 
On the next page, we have created a picture (graph) of this relationship for a person sitting 
down in a normal environment.  The scale along the bottom is air temperature — ranging from 
50° at left to 110° at right. The vertical scale is heat energy — ranging from bottom to top from 
-100 to 500 Btu/hr. The curve marked E for evaporation heat loss moves up from left to right, 
while the curve marked R & C for combined radiation and convection heat loss moves down 
from left to right. The curve at the top marked M is the heat generated by the person sitting 
down (metabolism). 
 
Let's first look at the situation when the air is at 70°. Move up from the bottom (dotted line) 
and you reach evaporative heat loss at 100 Btu/hr. Continue up and you reach radiation and 



 Comfort Cooling: Introduction 
Lesson 4 Page 6 

convection loss at 300 Btu/hr. Total body loss equals 100 + 300 or 400 Btu/hr. 
 
Notable note:  In this example, the body loses 0.1 pound of moisture per hour at 70° but this 
increases to 0.3 pounds per hour at 90°. 

 
 

How You Lose Heat 
 
Now at an air temperature of 90°, the situation is reversed. Moving up at 90°,one reaches the 
radiation-convection curve at 100 Btu/hr and the evaporation loss at 300 Btu/hr. Thus, as the 
hotter air causes a reduction in radiation and convection heat loss, the body reacts by 
perspiring more and increasing heat loss by evaporation. 
 
Body metabolism also increases with physical activity which in turn, increases heat loss by 
evaporation. When bowling, 70% of the total heat rejected by the body is by evaporation; 30% 
by radiation and convection even though the room air temperature may be in the 70s. 
 
Comfort Range 
 
What range of air temperatures and indoor humidity levels can people successfully tolerate and 
say they are comfortable? The American Society of Heating, Refrigerating and Air-Conditioning 
Engineers (ASHRAE) has researched occupant comfort for many years and has established a 
range of temperatures and humidities that would provide acceptable comfort (by vote) of 80% 
of all the occupants. 
 
For cooling, people cannot be comfortable in a high humidity environment, so conditioned 
spaces in a residential or commercial building should be kept at a humidity level not to exceed 
60% RH. Air temperatures at this upper humidity could range from 72° to 77° F for occupant 
comfort. At a lower humidity, say 45% RH, temperatures could be a bit warmer, say, between 
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74° and 79° F. Most designers assume an indoor temperature of 75° F and 50% relative 
humidity to estimate the cooling load and size equipment, which we will talk about later. 
 
Indoor Air Quality 
 
In addition to the thermal conditions just reviewed, there are also health and other sensory 
factors to consider under the broader banner of occupant comfort. There is often a need to 
introduce “fresh” (outdoor) air for odor control and to assist in reducing any buildup of indoor 
pollutants that may irritate, or in some cases, be quite harmful to the occupants. 
 
Traditionally, larger air-conditioning systems serving commercial or institutional establishments 
— stores, restaurants, office buildings, hotels, and other public buildings — are required by 
local code to blend a percentage of outdoor air with air recirculated through a building. Today, 
many communities make it mandatory for residential systems to provide a fixed amount of 
outdoor ventilation air as well. 
 
In addition to providing outdoor air, it may be important to “treat” the air in a building using air 
cleaning devices to be discussed in a later chapter. 
 
Today's occupants — at home or at work — are particularly health and fitness conscious and 
perhaps more aware of their indoor environment than previous generations. As noted in Lesson 
1, air conditioning has become essential to living indoors in a modern society. 
 
 
Notable note: Heating design conditions are slightly different — 70°F and 30% RH humidity indoors 
due to the fact that we dress differently in winter than summer and clothing is obviously a factor in 
heat rejection and overall comfort. 
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Self-Check, Lesson 4 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 Comfort is the absence of discomfort. 
 
2. T F Noise is a part of a person's thermal comfort. 
 
3. T F Air temperature, humidity, and air motion influence a person's thermal comfort. 
 
4. T F The amount of heat generated by people working, swimming, or sitting at rest is  

a constant value of 260 Btu/hr. 
 
5. T F Normal human deep body temperature ranges from 96.2° F to 93.6° F. 
 
 
In the following multiple-choice questions, choose the phrase that most correctly completes 
the statement and check the appropriate box for the corresponding letter in front of the 
phrase. 
 
 
6.  If waste heat from the human body is dissipated too slowly, a person will: 
 
  A.  feel cold and shiver.    B.  feel warm and perspire. 
  C.  feel comfortable.   D.  feel cold and then warm. 
 
7.  The actual role of a cooling system (or heating system) is to sustain an indoor environment 
that: 
 
  A. adds heat to the occupants. 
  B. removes heat from the occupants. 
  C. keeps occupants from losing heat. 
  D. allows occupants to lose heat at a proper rate. 
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8.  Air motion over the skin not only helps to carry away sensible heat from the body; it: 
 
  A. aids heat loss by evaporation. 
  B. raises deep body temperature. 
  C. increases heat gain at higher velocities. 
  D. decreases blood supply to the skin. 
 
9.  The body loses heat predominately through three heat transfer processes, radiation plus: 
 
  A. convection and conduction.    B. convection and evaporation. 
  C. convection and thermal.    D. convection and metabolism. 
 
10.  The chemical process by which the human body converts food and drink into energy is 
called: 
 
  A. calories.       B. digestion. 
  C. metabolism.      D. fermentation. 
 
 
For the completion-type questions, fill in the blanks with the word (or words) that most 
accurately completes the thought. 

 
Key Words 

 
faster  draft  sensible  slower  50  
75   latent   pollutants   breeze wind 
 
11.  A combination of air motion and air temperature that a person finds objectionable is called 
a: _________________________. 
 
12.  Evaporation of perspiration on the surface of the skin is a/an ___________ heat process. 
 
13.  Air with a low relative humidity can absorb body moisture at a much _____________ rate 
than air at high humidity. 
 
14.  The introduction of (fresh) outdoor air is necessary in some cases to reduce indoor that 
may irritate occupants. 
 
15.  For cooling, most designers assume an Indoor design air temperature of _____________ °F 
and an indoor relative humidity of _______________ %. 
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Check Your Answers!  
  
Now compare your answers with those given in the answer key at the back of this book. 
  
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 5 Preview 
 
 
What makes the air coming out the air conditioning unit so cold? Once again, in practical rather 
than highly technical terms, we will learn how the various pieces of an air conditioning unit 
produce cold at one end and heat at the other. (Ever stand next to the back of a window air 
conditioner outside? Hot - isn't it?) 
 
We will examine the cooling coil, compressor, metering device, and condenser coil up close. 
And, in a special notable note, we offer the simplest explanation of air conditioning that you'll 
likely encounter. To wrap it all up, we review the relationship between some refrigerants and 
the ozone layer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Now read Lesson 5 which begins on the next page. 
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Lesson 5: How Cooling Units Cool 
 
One of the earliest methods of providing comfort cooling was by means of an evaporative cooler. 
Use of evaporative coolers for comfort cooling was largely confined to areas having a hot/ dry 
climate, such as the Southwestern section of the United States. They have application in 
commercial installations even today where traditional air conditioning equipment may be too 
costly. 
 
In its basic form, an evaporative cooler consists of a metal or plastic pad over which water is 
distributed by means of a small pump. A fan forces air through the wetted pad and then into 
the rooms to be cooled. 
 
The air and water come in contact and the water evaporates by taking sensible heat from the 
air, thus cooling the air.  In the process, the relative humidity of the air increases as the water 
evaporates (latent heat) and is carried along with the moving air.  As an example of possible 
performance, if outdoor air at 100º F and a low 22% relative humidity entered the cooler, the 
air would leave the unit cooled to about 80º --- a drop of 20º --- but now with a 61% relative 
humidity. 
 
Obviously, if the outdoor humidity is quite high, comparatively little water will be evaporated 
and, consequently, little cooling effect will be achieved. Under the same circumstances, the 
relative humidity within the cooled space 
would also be too high to provide adequate 
residential comfort. 
 
A properly designed evaporative cooler 
correctly installed under the right conditions 
can do a good job of sensible cooling. 
However, it does not “air-condition” because 
no latent heat is removed — in fact, moisture 
is added. Even so, this basic equipment can 
also provide economical relief cooling in coin-
operated laundries, greenhouses, animal 
shelters ,and industrial spot cooling 
applications. 
 
Notable note: An air washer is a form of 
evaporative cooler designed to clean the air by 
“washing” away airborne impurities. First 
patent dates back to 1897.  
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Mechanical Refrigeration 
 
The most common method used to provide cooling for comfort conditioning is an electrically 
driven compression-type refrigeration system. There are four basic components in a mechanical 
refrigeration system (refer to figure below): 
1. Evaporator Coil 
2. Compressor 
3. Condenser Coil 
4. Metering device (Capillary tube shown) 
 

 
 
All of these components are connected by piping through which a special fluid called a 
refrigerant is circulated. The refrigerant changes from a liquid to a gas and back to a liquid again 
as it moves through the various components. 
 
Let's start with the refrigerant. Refrigerant is a fluid that boils at a conveniently low 
temperature at a reasonable pressure. Water, you may recall, boils at 212° F at atmospheric 
pressure while one specific type of refrigerant boils at -41° F.  That's too cold for comfort 
cooling, but if we keep the refrigerant under pressure, we raise the boiling temperature to any 
convenient temperature we want, say to +40° F. 
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Notable note: If we kept water under a vacuum, we would lower its boiling temperature and perhaps 
use it as a refrigerant as well 
 
Considerable heat is required to make a liquid refrigerant boil and turn into a vapor. It is this 
absorption of heat from other substances in the process of boiling which results in cooling the 
substance. 
 
Where Cooling Takes Place 
 
Cold liquid refrigerant is heated in the evaporator. In the process, the liquid refrigerant boils 
and becomes a gas. In air conditioning, the evaporating refrigerant is heated by the room air 
flowing through the evaporator. As the air gives up heat to the refrigerant, the air temperature 
decreases, perhaps from 75° to 55° F. 
 
Notable note: The evaporator is often called the cooling coil in air conditioning applications. 
 
An evaporator design commonly used in air conditioning consists of a coil of copper or 
aluminum tubes through which cold refrigerant flows and evaporates. Fixed on the outside of 
the tubes are closely spaced aluminum fins. The purpose of the fins is to increase the rate of 
heat transfer from the air to the refrigerant by increasing the area of the chilled surfaces in 
contact with the air. 

 
A drain pan is provided in the compartment that 
houses the finned evaporator coil.  When air is 
cooled by passing through the evaporator coil, much 
of the water vapor in the air condenses into a liquid 
on the fins and tubes of the coil.  Most of the liquid 
water formed on the fins and tubes of the 
evaporator drips down into the drain pan.  It is 
usually disposed of through a condensate line 
leading to a floor drain or to the outdoors. 
 
If refrigerant cost little or nothing, a refrigeration 

system could consist simply of a never-ending supply of refrigerant and an evaporator. The 
refrigerant gas would be allowed to escape to the atmosphere after it has performed its task of 
cooling the evaporator and the surrounding air or water. (See Notable Note). But refrigerant 
does cost money, and today it is actually illegal to vent refrigerant into the atmosphere. 
Therefore, a compressor and condenser are employed to recover the refrigerant gas as it comes 
out of the evaporator and to “recycle” it so that it can be used over and over again. 
 
The Compressor 
 
Two functions are performed by the compressor. First, it pulls the refrigerant gas out of the 
evaporator.  Second, it compresses the gas to a higher pressure and, in the process, raises the 
temperature of the refrigerant gas. The refrigerant might enter the compressor at, say 61° F 
and at a gauge pressure of 75 psi. The compressor squeezes the vapor and increases its 
pressure to perhaps 295 psi with an accompanying increase in temperature to 195° F. 
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A traditional compressor consists of one or more cylinders containing pistons connected to a 
crankshaft rotated by an electric motor. There are also intake and exhaust valves at the top of 
the cylinder — in many respects not unlike an automobile engine. As the piston moves down, it 
pulls refrigerant gas in through the intake valve (suction valve). On the upstroke, the piston 
compresses the gas and discharges it through the exhaust (discharge) valve. 
 

 
There are other compressor designs in use. The “scroll” compressor in particular has gained in 
popularity. Two spiral shaped members — one fixed, the other movable — intermesh to form 
pockets. The movable scroll moves in an orbital path forcing entering gas to move from the 
outer pockets toward the center where the gas is reduced in volume and pressure increased. 
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If the motor that drives the compressor is entirely outside the compressor housing, it is called 
an open compressor. If the motor is sealed inside the compressor housing, it is called a hermetic 
or sealed unit. 
 
Notable Note: A Really Simple Explanation of Air Conditioning. 
 
Ever use a computer keyboard cleaner in a pressure spray can? After a few seconds, the can surface feels 
cold. The propellant inside has started vaporizing because the pressure drops when you press the 
trigger. Vaporization, as we know, absorbs heat. 
 
Suppose we have a large, closed drum half filled with liquid 
refrigerant and vapor under pressure and suspend it in a 
room with an air temperature of 80° F. Assume the 
refrigerant has a very low boiling temperature at 
atmospheric pressure, say -41.4° F (which HCFC-22 
actually does). 
 
Now let’s open the drum and vent the refrigerant vapor 
out the top of the drum and out of the room. This will 
reduce the pressure inside and the refrigerant will start to 
vaporize (boil) since the refrigerant is above -41.4°. The 
drum will become cold as the refrigerant continues absorbing heat from the 80°air in contact with 
the drum. Eventually, the air temperature in the room will begin to decrease — given enough 
refrigerant in the drum. The heat taken from the room air is carried outside by the refrigerant vapor 
being vented. 
 
If we added a second drum outside and captured the vapor rather than let it escape, we could refill the 
drum inside the room and continue the process. 
 
Most residential and small commercial air conditioners employ hermetic compressors. 
Hermetic systems have several advantages over open systems. The possibility of leaks is held to 
a minimum, and the motor windings are kept cool by being in contact with the cold refrigerant 
suction gas entering the compressor compartment. This improves motor performance. 
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Condenser 
 
The hot, compressed refrigerant gas leaving the compressor moves into the condenser. Here, 
the hot refrigerant gas now gives up heat and condenses back into a liquid with little change in 
pressure. Outdoor air is usually used to “cool off” the hot refrigerant. If that is the case, it is 
called an air-cooled condenser. 
 
Outdoor air, even at a 
temperature of 100° F, is much 
cooler than the refrigerant gas, 
which might be at 130° F inside 
the condenser. The air removes 
enough heat from the gas to 
make it condense back into a 
liquid state. Now the hot, liquid 
refrigerant can begin its trip back 
to the evaporator to start the 
cycle all over again. 
 
The All Important Restrictor 
 
The high pressure liquid refrigerant is too hot to accomplish any cooling, so a vapor-
compression type refrigeration cycle must have a device to impose a critical pressure drop and 
also regulate the flow of refrigerant into the evaporator. 
 
When the hot, high pressure 
liquid passes through a small 
opening, there is a dramatic drop 
in pressure and some of the 
refrigerant flashes into a vapor. 
The vaporizing refrigerant picks 
up heat from the liquid refrigerant 
which in turn is cooled. Thus, on 
the leaving side of the restriction, 
we now have a low pressure, low 
temperature refrigerant 
liquid/vapor mixture. 
 
There are three common 
metering devices. A capillary tube 
is a length of tubing with a tiny internal diameter held to extremely close tolerances. It is used 
as a fixed restriction to separate the high and low pressure sides of the system, and meter the 
proper feed of liquid refrigerant. Since there are no moving parts, it is simple and trouble free if 
kept free of foreign material, and the refrigerant charge is critical in capillary tube systems. 
 
In place of the capillary tube, there is also the restrictor or orifice plate device to regulate flow. 
Both the “capillary tube” and orifice plate are sized to match the size of the cooling unit. The 
“cap tube” is sized by the lengthening or shortening the section of tubing and for the orifice, 
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the diameter of the inside diameter of the hole is increased or decreased.  
 
The third metering device — the thermostatic expansion valve is not a fixed restrictor.  It 
maintains high evaporator efficiency by varying refrigerant flow to the evaporator in proportion 
to changes in the Btu/hr load on the cooling coil — let’s say as the room air increases and/or 
decreases in temperature and humidity. 
 
A thermal sensor bulb attached to the refrigerant suction line near the evaporator outlet 
detects changes in the refrigerant temperature. The sensor opens or closes the expansion valve 
slightly in an attempt to keep the refrigerant temperature nearly constant by increasing or 
decreasing the amount of refrigerant flowing. 
 
Refrigerant and Ozone 
 
We mentioned the importance of the refrigerant in the typical vapor-compression refrigeration 
cycle. There are over 80 recognized refrigerants. The most common ones used in residential 
and light commercial air conditioning have been from the halocarbon family of refrigerants. A 
chemical compound of carbon and one or more halogens — fluorine, chlorine, bromine, and 
iodine — are among the most active elements in chemistry. 
 
A CFC refrigerant is one with chlorine, fluorine, and carbon as part of its structure. CFC means 
Chloro-Fluoro-Carbon. A Hydro-Chloro-Fluoro-Carbon is an HCFC refrigerant with a hydrogen 
atom in the chemical composition and less chlorine. And, a Hydro-Fluoro-Carbon is a HFC 
refrigerant with no chlorine atom. 
 
In 1990, the Clean Air Act made it a federal 
requirement to capture and recycle CFC and HCFC 
refrigerants. Why? The ozone layer is a protective 
shield around the earth that helps screen many 
harmful ultraviolet rays coming from the sun. The 
chlorine in these refrigerants, when allowed to escape 
into the atmosphere, is believed to ultimately react 
vigorously with ozone and reduce the size of the 
protective screen. CFC refrigerants are no longer 
manufactured and less harmful HCFC refrigerants are 
none-the-less being phased out and replaced with non-
chlorine-based refrigerants. However, millions of air 
conditioners still rely on HCFC-22. 
 
How Cooling Is Measured 
 
Cooling capacity of equipment is measured in terms of 
the amount of sensible and latent heat extracted over 
a certain period of time. This could be described in 
terms of Btu per minute, per hour, or per 24 hours. 
The cooling capacity of an air conditioner, however, is usually reported in terms of a “per hour” 
basis, such as 24,000 Btu/hr. 
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The term “ton of cooling” is still widely used as a measure of cooling capacity. A ton of cooling is 
the number of Btu required to change a ton (2,000 pounds) of ice at 32° F to water at 32° F in a 
period of 24 hours. It turns out that 12,000 Btu/hr equals one ton of refrigeration effect. 
 
 

 
 

Actually, the term “ton” is largely used in a nominal sense. For example, an air conditioner of 
22,000 Btu/hr capacity is still often described as being a “2-ton” unit when actually 2 tons 
would equal 24,000 Btu/hr. For this reason, the actual capacity in Btu/hr of an air conditioner is 
usually a much more precise figure than its rating in tons. 
 
Notable note: The latent heat of ice is 144 Btu/lb; times 2,000 pounds divided by 24 hours equals 
12,000 Btu/hr. 
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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 Air moving through an evaporative cooler decreases in humidity and increases in  
   air temperature. 
 
2. T F Refrigerant in an evaporator boils and removes heat from air. 
 
3. T F Fins on the outside of a cooling coil decrease heat transfer. 
 
4. T F It is illegal to vent refrigerant into the atmosphere. 
 
5. T F Refrigerant in a condenser cools, becomes liquid, and in the process rejects heat  
   to outdoor air. 
 
 
In the following multiple-choice questions, choose the phrase that most correctly completes 
the statement and check the appropriate box for the corresponding letter in front of the 
phrase. 
 
6.  Moving through the compressor causes the refrigerant pressure: 
 
  A.  to increase and temperature to decrease. 
  B.  to decrease and temperature to increase. 
  C.  and temperature to decrease. 
  D.  and temperature to increase 
 
7.  The state of the refrigerant after leaving the condenser and entering the metering device is 
a: 
 
  A.  high pressure, high temperature liquid. 
  B.  low pressure, low temperature liquid. 
  C.  low pressure, high temperature liquid. 
  D.  high pressure, low temperature liquid. 
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8.  CFC refrigerants are harmful to the ozone layer above the earth because of the: 
 
  A.  carbon in their chemical structure. 
  B.  chlorine in their chemical structure. 
  C.  bromine in their chemical structure. 
  D.  fluorine in their chemical structure. 
 
9.  Refrigerant R-22, widely used in residential equipment over the years, is a: 
 
  A.  CFC refrigerant.     B.  HFC refrigerant. 
  C.  HCFC refrigerant.    D.  PFC refrigerant. 
 
10.  Actual cooling capacity of air conditioning equipment is usually specified in terms of so 
many: 
 
  A.  tons.     B.  Btus per minute. 
  C.  Btus per hour.    D.  Btus per day. 
 
 
For the completion-type questions, fill in the blanks with the word (or words) that most 
accurately completes the thought. 

 
Key Words 

 
condenser  capillary tube 24,000 scroll 4,000 
high  evaporator draft sensible low 
evaporator tube metering device compressor coil latent 
 
11.  A restrictor is one example of a/an ___________________ _____________ used in air 
conditioning refrigerant circuits. 
 
12.  Besides the reciprocating compressor, the ______________ compressor has been 
developed for air conditioning equipment. 
 
13.  A nominal two “ton” cooling unit has a Btu capacity of approximately __________ Btu/hr. 
 
14.  In the diagram on the following page, identify the system components by writing in the 
name in the spaces provided. 
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15.  Briefly describe what is happening to the refrigerant as it moves through components 1, 2, 
3 and 4 in the diagram from question 14. 
 
1.  
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
 
2.  
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
 
3.  
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
 
4.  
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
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Check Your Answers!  
  
Now compare your answers with those given in the answer key at the back of this book.  
 
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 
 
 
We now know that an air conditioning unit consists of a compressor, condenser, cooling coil, 
and metering device. Fortunately — or unfortunately — those basic parts can be configured in 
many ways to serve specific applications. This is not unlike an automobile engine, transmission, 
and wheels which can be configured into different forms of transportation --- from a luxury 
sedan to an off-road 4 x 4 to an SUV. 
 
In this lesson, we’ll review self-contained units, split-systems, rooftops, and mini-splits. We'll 
consider the energy ratings of equipment and conclude with an overview of filters used to 
protect equipment from dust and dirt and those air cleaning devices that do even better. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Now read Lesson 6 which begins on the next page. 
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Lesson 6: Many Models to Choose From 
 
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, a space shuttle assembly building, aircraft factories, and many more facilities 
require carefully — often uniquely — assembled air conditioning components to provide a 
proper thermal environment inside. 

However, there are other building applications — small 
business offices, stores, supermarkets, garden apartments, 
schools, neighborhood shopping centers, light duty 
factories, restaurants, homes, condos, etc. — where 
“standardized” air conditioning units can provide quality 
cooling at a favorable price. 

The term “Unitary” equipment has been applied to a 
family of complete cooling units that are produced in large 
quantities using automated production facilities. Through 
an effective manufacturer-distributor-dealer network, 
these economical, highly versatile cooling machines are 
available everywhere for installation. 

Residential unitary equipment includes equipment with cooling capacities of 65,000 Btu/hr or 
less. Light commercial is equipment requiring three-phase electric service and in sizes up to 
135,000 Btu/hr. Anything over 135,000 Btu/hr is considered commercial unitary equipment. 
 
Self-contained Units 

The most common example 
of a completely self-
contained unit is a room air 
conditioner — although it is 
not really considered a 
unitary product. It is usually 
marketed through appliance 
dealers and home centers.  
These units are intended to 
install through a window, 
although some mount 
through a sleeve in a wall, often in small apartments.                            

 

Packaged Terminal A/C Units 

 

Combined in a single package are the motor-compressor, condenser, evaporator, controls, a 
blower for circulating room air through the evaporator, and a fan assembly for circulating 
outdoor air through the condenser. Ductwork is rarely connected to a window unit. 
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Through-the-wall units designed for commercial application such as air conditioning motel 
rooms are called Packaged 
Terminal Air Conditioners 
(PTAC’s). Capacities range 
from 6,000 to 18,000 Btu/hr. 
This equipment is designed 
for more rugged duty and 
may feature a heating 
capability that uses central 
steam or hot water and, at 
times, even electric heaters. 
 
Considerably larger single package unitary air conditioners are also manufactured. These, too, 
house all the major components in a single cabinet. However, they are usually connected to 
ductwork to distribute conditioned air to one or more spaces being cooled. Some designs are 
intended for rooftop installation (Some, too, can provide heating). Self-contained equipment 
arrives fully factory-charged with refrigerant. 
 

 
 

Large single package unitary equipment feature 
compressor/condenser/evaporator in one cabinet; 

often configured for rooftop installation.  
 
 
Split Systems 
 
The split-system air conditioner is widely used for residential application. It consists of two 
packages: the evaporator section mounted indoors, and the compressor-condenser section, 
mounted outdoors.
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It is necessary to connect the two sections with refrigerant lines 
and to run electric power supply and control circuits to both 
sections. 
 
Split systems can be supplied with “precharged” refrigerant lines 
which makes installation easy. Both sections and the refrigerant 
lines are charged with the correct refrigerant at the factory. 
However, most split systems are installed using line sets that are 
filled with a holding charge of refrigerant or nitrogen. This requires the installing technician to 
check and adjust the refrigerant charge. 

 
 
 
Split-system unitary air conditioning system installed in basement with a warm air furnace. 
 
A common method to provide cooling in a residence having a forced warm air heating system is 
to install a cooling coil in the plenum of the furnace. The existing furnace blower is then used 
for both heating and cooling. The condensing section is installed outdoors. 

 
Very often, more air must be circulated for cooling than for 
heating. Therefore, it is important that duct sizes, blower 
motor speed, and register location be adequate for cooling 
when installing a first-time cooling unit in an older heating 
system. These same checks should be made even for 
replacement cooling in existing systems. 
 
Manufacturers provide furnace models listed to “handle” 
specific sizes of cooling coils. Sometimes an oversized furnace 
may be necessary to accommodate a specific size of cooling 
unit. That is; the cooling load is unusually large, while heating 
load is small. 
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Typical condensing section featuring scroll  
compressor and wrap around condenser coil. 
 
A split system can also be 
made up of an indoor 
cabinet complete with a 
blower, cooling coil, and 
filter. A separate duct 
system can be fitted to the 
indoor blower unit. 
 
There are also ductless 
split-systems. As the name 
implies, no ductwork is 
involved. Rather, one or 
more wall-hung 
evaporators are served by a 
single condensing unit. Each 
evaporator has its own 
blower and thermostat 
control. 
 
Heat Pumps 
 
A heat pump makes use 
of the same basic 
operating principles as an 
air conditioner, but it is 
designed to supply 
cooling and heating. 

The function of any 
refrigeration circuit, as 
previously explained, is to 
transfer or move heat. A 
conventional air 
conditioner transfers the 
heat of indoor air to the 
outdoor air. A heat pump 
reverses this process — it 
brings heat extracted 
from the outdoor air 
inside to warm room air. 

The most common way of 
switching the heat 
transfer process from 
cooling to heating is to 
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change the flow of refrigerant with respect to the evaporator and condenser coils. When 
heating, rerouted refrigerant flow makes the indoor coil become the hot condenser and the 
outdoor condenser becomes the evaporator or heat absorber. 

The change from 
cooling to heating and 
vice versa is 
accomplished by an 
automatic “reversing” 
valve which directs the 
flow of refrigerant 
leaving the compressor 
between the two coils. 
Because the function 
of each coil changes 
between heating and 
cooling, it is customary 
to refer to the coils as 
the indoor coil (or 
section) and outdoor 
coil (or section) rather 
than simply an 
evaporator or 
condenser. 
 
As with air conditioning 
units, heat pumps are 
available in single 
package and split-
system configurations. 
Split system heat pumps 
feature an outdoor 
section containing the 
compressor, and an 
indoor blower/coil 
section often including 
optional electric 
heaters. However, split 
system heat pumps can 
also be teamed with 
conventional furnaces using just an indoor coil above the furnace. 
 
Rating of Unitary Air Conditioners  
 
As mentioned previously, the cooling capacity of air conditioning units is rated roughly in tons 
and specifically in Btu/hr. Capacity ratings of most unitary air conditioners are now certified 
under programs sponsored and administered by Air-conditioning, Heating & Refrigeration 
Institute (formerly ARI).  This means that manufacturers who participate have their published 
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cooling capacities verified by a third party.  Updated directories of Certified Unitary Equipment 
can be downloaded at www.AHRInet.org. 
 
The listed and advertised capacity of an air conditioner is determined at standard rating 
conditions of the certification test. The actual installed cooling capacity of an air conditioner will vary 
somewhat with changes in the dry bulb and wet bulb temperature of both the indoor air being 
cooled and the outdoor air circulating through the condenser. 
 
In 1975, the air conditioning industry introduced the 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/hr divided by the watts input to power the equipment. A unit with a 
standard rating of 23,000 Btu/hr 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 U.S. Department of Energy 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 testing program is an “Energy-Guide” label that is affixed to some types of 
equipment. The Energy Guide provides consumers with operating cost information so that the 
consumer can make a rational selection among the various products. 



 Comfort Cooling: Introduction 
Lesson 6 Page 8 

 
As a result of product improvements, equipment listed in the AHRI directories has shown a 
striking improvement in efficiency over the past few years. In 1981, only 23 percent of the 
central units listed had SEER ratings of 8.5 or higher.  By 1985 that figure had already increased 
to 66 percent. Presently, no equipment with an SEER less than 13 can even be manufactured. 
 
Filter Equipment 
 
An air filter is an essential part of all air conditioning equipment. 
In many cases, the removable filter is an integral part of the 
equipment cabinet. In other cases, the filter may be inserted in 
the return duct system. In an earlier time, the important 
purpose of the filter was to protect the blower and cooling coil 
from dirt accumulation and reduced performance. 
 
As Indoor Air Quality (IAQ) has become an important factor in 
overall comfort and health, more attention is being paid to 
higher quality filtration. 
 
 
The wet surfaces of 
the cooling coil are 
very effective filters 
in trapping 
summertime 
airborne particles 
such as pollen to 
which many people 
suffer allergies. To 
do a more effective 
job of cleaning the 
air, and still 
continue to protect 
equipment, 
manufacturers can 
provide various 
filtering materials and entire filtering units which can capture small particles that are often 
most trouble- some to the human condition. 
 
 
Notable Note: Small particles are more difficult to capture and often can reach deep inside the lungs. 
Large particles do not stay suspended in the air very long and settle out on room surfaces. 
 
 
First of all, there are disposable type and permanent type panel filters. Some disposable filters 
are made of glass fibers with a cardboard frame and are usually about one inch thick — 
although some may be thicker. These filters should be replaced several times during the 
heating or cooling season for optimal results. A permanent filter is made of foam, metal mesh, 
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or plastic and may be washed clean and reused. Typically, panel filters provide minimal 
effectiveness against small particles. 
 
A denser material is used in the dry type extended 
surface filter. This can be a simple upgrade for the 
one-inch panel filter or be made several inches wide 
and compete in performance with high efficiency 
electronic air cleaners or EACs. 
 
The EAC and high efficiency extended surface filter are 
capable of removing up to 95% of airborne dirt and 
irritants, odors, and tobacco smoke, and up to 99% of 
the airborne pollen present in the home. 
 
The technical operation of the EAC is quite simple and 
the device uses very little energy. Basically, the 
electronic cleaner puts an electrical charge on the dust 
particles that enter the front of the unit. These 
particles are then attracted to alternately charged 
plates called cells. 
 
The electronic air cleaner may have a control which 
monitors the unit's performance. The control 
automatically indicates when the filter is dirty and is in 
need of cleaning. Residential size cells can be washed 
in a household dishwasher.  
 
Filter performance is reported in terms of the weight 
of dust removed in percent and called arrestance. This 
is useful in evaluating large particle performance. A 
dust spot efficiency is an indication of small particle 
cleaning. A filter might have an arrestance of 60% but 
a dust spot efficiency of only 15%. Obviously, the 
higher the dust spot efficiency, the cleaner the air that 
passes through the filter equipment. 
 
Odors which are in the gaseous state cannot be 
effectively filtered with either EACs or extended 
surface filters. Charcoal filters have been used 
successfully to remove selective gaseous contaminants 
— especially cooking odors. 
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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 Unitary refers to equipment components that are assembled in the field one at a  
   time. 
 
2. T F A window air conditioner is an example of a split-system. 
 
3. T F PTACs are typically connected to ductwork for air distribution throughout the  
   spaces served by the equipment. 
 
4. T F A furnace blower cannot be used to circulate cool air because of the low supply  
   air temperature involved in air conditioning. 
 
5. T F Equipment cooling capacity can be certified under a program sponsored by  
   ASHRAE. 
 
 
In the following multiple-choice questions, choose the phrase that most correctly completes 
the statement and check the appropriate box for the corresponding letter in front of the 
phrase. 
 
6.  In the outdoor section of a split system air conditioning unit, you will normally find: 
 
  A. only the compressor. 
  B. only the condenser. 
  C. the compressor and condenser. 
  D. the compressor, condenser and air handler. 
 
7.  Self-contained (single package) unitary equipment comes from the factory with: 
 
  A. line sets with a holding charge. 
  B. pre-charged line sets. 
  C. fully charged components and tubing. 
  D. partially charged components and tubing. 
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8.  Equipment that can provide both heating and cooling by reversing the refrigerant flow is 
called a: 
 
  A. sump pump. 
  B. heat pump. 
  C. dual pump. 
  D. reverse pump. 
 
9.  The cooling provided by a unit over a normal usage period divided by the Watt-hours input is 
the units: 
 
  A. EER. 
  B. SEER. 
  C. APF. 
  D. HSPF. 
 
10.  The intent of the one-inch disposable or “throw-away” filter is to: 
 
  A. filter out small particles that enters the lungs. 
  B. trap large particles that cause dust on furniture. 
  C. clean the air of odors. 
  D. protect equipment from dirt accumulation. 
 
 
For the completion-type questions, fill in the blanks with the word (or words) that most 
accurately completes the thought. 

 
Key Words 

 
condenser  spot staining efficiency  PTAC split  carbon 
arrestance  evaporator electrical   charcoal dust spot 
ductless split  high  compressor  magnetic resistance 
 
11.  Filter performance that measures the weight of dust removed from the air is called filter 
__________________. 
 
12.  An indication of a filter’s small particle performance is termed a filter’s ___________ 
___________ efficiency. 
 
13.  Selective odors can be removed by means of ________________ filters. 
 
14.  An electronic air cleaner imposes an ________________ charge on dust particles as a 
means to effectively collect small particles. 
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15.  The cooling equipment shown below is an example of ________________ ______________ 
system. 
 

 
 
 
 
 
 
 

Check Your Answers!  
  
Now compare your answers with those given in the answer key at the back of this book. 
 
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 
 
 
 
We know from everyday experience that the sun can bleach paint and warp building materials in 
short order. Those same rays cause great quantities of heat to penetrate a building. We must, of 
course, get rid of this heat if we are going to keep people cool. 
 
Lesson 7 points out some important building characteristics that are essential to practical 
cooling. 
 
In addition, Lesson 7 talks about the importance of insulation: good glass - properly located - 
use of shading and landscaping and, very important, proper roof ventilation to keep heat and 
humidity out. We’ll also discover some unintended side effects of exhaust fans and heat 
recovery ventilators. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Now read Lesson 7 which begins on the next page. 
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Lesson 7: A Building’s Thermal Problems 
 
A building loses heat in 
winter and gains heat in 
summer. Who hasn't 
opened the door of a 
closed-up summer 
home in August and felt 
the blast of heat when 
entering inside? 
 
Sun & Temperature 
Combine 
 
Heat penetrates inside 
a building by 
conduction through the 
structure since there is 
often a temperature 
difference between 
outdoor air and the air 
inside and, as we know, 
heat flows from a 
higher temperature to a 
lower temperature. 
But a powerful multiplier is the sun. Radiant heat from the sun is what really heats up the walls 
and makes a roof so hot to the touch. This solar heat increases the effective temperature 
difference across the wall or roof which substantially increases heat gain. The sun beating on a 
wall may make a 20 degree outside air to indoor air temperature difference equivalent to a 25 
or 30 degree temperature difference, with a resulting increase in heat flow into the house. 
 
Other Heat Drivers 
 
Infiltration of hot outdoor air through the cracks around windows and doors also contributes 
significantly to the heat gain, causing both a rise in temperature and indoor humidity. 
 
In summer, the moisture content of outdoor air is usually higher than indoors --- certainly 
higher than desired inside.  Infiltration of this moisture laden air raises the relative humidity of 
indoor air. 
 
Indoor humidity is also elevated by cooking, washing, bathing, and by the occupants 
themselves. You may recall, if the relative humidity of indoor air exceeds 60%, the occupants 
begin to feel uncomfortable. 
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The sensible heat produced by electric lights and motors, by cooking, by heating of water, etc., 
increases the heat gain in summer. People in the conditioned space also generate sensible heat 
as we already learned. 
 
Considering the number and variety of drivers that contribute to building heat gain, just the 
physical size of the structure is not an accurate indication of the total heat gain occurring. 
 
Insulation 
 
Certain materials retard the flow of heat better than others. We call the good heat retarders 
insulation. Insufficient insulation in a building can require a larger and more expensive air 
conditioning unit than would otherwise be needed. Operating costs are also affected by the 
level of insulation installed. 
 
In the past, the recommended 
level of thermal insulation 
(blankets, batts and loose fill) was 
stated in terms of “so many” 
inches (thick) in walls, ceiling, and 
floor. Today, insulation 
manufacturers refer to 
recommended “R” numbers. The R 
value reflects the resistance to the 
flow of heat offered by the 
insulation. The higher the number, 
the greater the resistance or 
insulating quality. R-19 is better 
than R-11, for instance. 
 
Specifying inches has been 
abandoned because of the variety 
of insulation materials available 
today and the fact that materials 
vary in heat conductivity per inch 
thickness.  Thus, 3 inches of one type may not provide the same insulating effect as 3 inches of 
another. 
 
Reflective Insulation  
 
One or more sheets of reflective foil each separated from touching one another by an air space 
can also act as a barrier to heat flow.  The reflective foil reduces heat transferred by radiation. 
Reflective foil is often used in conjunction with batt type insulation in attic spaces. Insufficient 
insulation or complete lack of insulation in the walls, ceilings, and sometimes the floor of a 
building will not only affect the cost of air conditioning equipment and operating expense, but 
also affect occupant comfort. Insulated walls and ceilings will have “cooler” inside surfaces, 
causing less heat to be radiated between the occupants and these surfaces. 
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Materials in wall construction and the amount and type of insulation can have a dramatic 
impact on the heat conducted through the building component. Consider, for example, typical 
frame construction which consists of siding material over sheathing attached to 2 by 4-inch 
wood or steel studs. The interior side of the wall may be plaster or some form of paneling, but 
most likely drywall. These materials and the air space between the inner and outer walls 
(without reflective foil) offer minimal resistance to the flow of heat. If all the stud space is filled 
with insulation, however, the heat transmission through the wall may be as little as one-third as 
much as when no insulation is used. 

 
This does not necessarily mean 
that use of insulation will 
reduce the size of equipment 
needed by one-third. However, 
the added insulation will 
definitely improve the efficient 
operation of the cooling 
system and help reduce their 
cost of operation. 
 
Insulation installed in interior 
walls, while not affecting or 
reducing heat gain, may help 
reduce sound transmission.  
To insulate a house for thermal 

protection, read Notable Note                   
on next page. 
 
Dealing With Solar Heat 

A roof that is light colored will considerably reduce 
the amount of heat gain by direct sunlight. White or 
light-colored roofing materials reflect much of the 
heat from the sun. Dark roofs — like a blacktop 
driveway — absorb much of the sun's heat and 
transmit it into the attic, which ultimately enters the 
rooms below. A really major source of heat gain is 
direct solar radiation through windows. The design 
trend over the years towards more extensive glass 
areas in homes and small commercial buildings poses 
a great challenge for the air conditioning specialist. 
 
Under some conditions, single pane glass transmits 
up to 88% of the direct solar radiation that strikes its 
surface. Once inside, the solar radiation warms all 
the surfaces and eventually room air. Consider your 
automobile parked in the sun! 
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Notable Note:  Where to insulate a home for thermal protection.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.  Exterior walls. Sections sometimes overlooked are the wall between the living space and an 
unheated garage or storage room, dormer walls, and the portion of wall above the ceiling of an 
adjacent section of a split-level home. Pack insulation in narrow spaces between jambs and 
framing. 
 
2.  Ceilings with cold spaces above and dormer ceilings. An attic access panel can be insulated 
by stapling a piece of mineral wool blanket to its top. 
 
3.  Knee walls when attic space is finished as living quarters. 
 
4.  Between collar beams, leaving open space above for ventilation. 
 
5.  Around the perimeter of a slab on grade. 
 
6.  Floors above vented crawl spaces. When a crawl space is used as a plenum, insulation is 
applied to crawl space walls instead of the floor above. 
 
7.  Floors over an unheated or open space such as over a garage or a porch. The cantilevered 
portion of a floor. 
 
8.  Basement walls when below-grade space is finished for living purposes. Mineral fiber sill 
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sealer between sill and foundation provides an effective wind infiltration barrier. 
 
9.  In back of band or header joists. 
 
General Guidelines 
 
1.  Install insulation so the vapor barrier side faces the interior of the home — that is, the area 
heated in winter. 
 
2.  Insulate all large and small spaces of the building section. 
 
3.  Place insulation on the cold side (in winter) of pipes and ducts. 
 
4.  Staple flanges snugly against the sides of framing members. 
 
5.  Repair major rips or tears in the vapor barrier by stapling vapor barrier material over the 
tear or by taping the torn barrier back into place. 
 

 
 
Ceiling Insulation Guidelines 
 
Blowing wool should be installed by an experienced contractor so that proper density, 
coverage, and thickness will be provided and all hollow spaces will be filled. Pouring wool may 
be applied in unfinished attic areas by emptying the bags evenly between ceiling joists, paying 
particular attention to the manufacturer's recommendations as to proper thickness and 
coverage per bag. The wool may be leveled with a wood slat or garden rake. Be sure that eaves 
ventilation openings are not blocked. A method of protecting these openings is shown in figure 
above. 
Small openings, such as those around a chimney, should be hand-packed with mineral wool. 
Cavities, drops, or scuttles should be covered with insulation or the sides and bottom areas 
should be insulated. 
 
Be sure that recessed lighting fixtures and exhaust fan motors protruding into the ceiling are 
not covered with insulation. 
 
In floored attics, floor boards may be removed as required for access to the space to be 
insulated.  
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Check for obstructions such as bridging and conduit between openings. 
 
So far as direct solar radiation is concerned, using double glazing (storm windows, or normal 
double pane windows) is of comparatively little benefit. Normal insulated glass (a double sheet 
of regular glass separated by a 1/4 inch air space in a common frame) cuts transmitted direct 
solar radiation only a little — from 88% down to perhaps 70%. 
 

But if one of the sheets of the double 
glass is special heat absorbing glass 
(usually the outer sheet), then the 
direct solar radiation transmitted can 
be reduced to perhaps 64% or so. And 
special low emissivity coated (low-E) 
glass on the inner sheet can be effective 
in turning back almost half the direct 
solar radiation — only about 55% 
getting through. 
 
Low E glass is illustrated to the left.  
The inner pane is coated with a special 
material that effectively blocks long 

wave infrared heat radiation will have little effect on short wave visible light.  Heat absorbing 
and reflective glass are also effective, but reduce light transmission to a greater extent than 
low E glass. 
 
Remember now, we are talking only about direct and unshaded rays from the sun. Double 
glazing of any type reduces conduction heat gain with equal effectiveness as conduction heat 
loss. So, it still benefits the homeowner to keep his storm windows in place during the cooling 
season. 
 
Start With Good Design 
 
Direct radiation from the sun through windows should be minimized as much as possible for 
best results in summer air-conditioning. In designing a new home, this can be accomplished in 
several ways. 
 
First, consider how the house is “oriented,” on 
the property. Can the building be turned so 
any large glass areas face in a northerly 
direction to avoid the sun's rays? If, not, 
perhaps the floor plan can be rearranged. The 
builder should be aware of the importance of 
orientation on cooling and occupant comfort. 
 
Large glass areas facing east permit lots of 
strong summer morning sun to enter the 
house until perhaps 11:00 a.m. Even worse: A 
hot sun entering large west facing windows 
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starting around 2:00 p.m. would no doubt be greatest at the same time as the peak daytime 
temperature and rising internal loads. West rooms may become warm several hours after 
sunset. 
 
The sun’s position in the sky (at right) affects the amount of heat absorbed on building 
surfaces.  Winter sun is actually closer and hotter, but lower in the sky than the summer sun.  
Diagram shows the noontime altitude angle for 40º North latitude.  Columbus, Ohio is 40º 
North. 
 
The diagram to the right makes a 
comparison between the sun’s hourly 
position in December and in June.  
Note that with the sun higher in the 
sky in summer, there are more 
daylight hours.  From the observer’s 
perspective, the sun rises in the 
northeast in June rather than the 
southeast as in December.  Graph is 
representative of standard time, not 
daylight saving time. 
 
South glass, too, is exposed to direct solar radiation from late morning to early afternoon — but 
can be easily shaded by adequate roof overhang. East and west glass cannot be effectively 
blocked by roof overhang because of the low sun angle in the morning and evening. 
 
Because the sun is lower in the sky in 
winter, a roof overhang does not 
completely block the rays of the sun from 
entering through south glass (December 
21 illustrated).  However, in summer the 
sun is higher and blocked at noon on June 
21. 
 
So the general rule is put the largest glass 
areas facing north (or south protected by 
overhang), to use minimal glass areas facing 
east and west whenever possible. 
 
Use of Shading 
 
In existing homes, with or without the benefit of 
good orientation and protective roof overhang, 
the effects of direct solar transmission through 
glass can be reduced by use of exterior awnings 
or solar screens, inside draperies, Venetian 
blinds, or roller shades. 
 
It is obvious that inside shades, draperies, and 
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blinds are not as effective as outside devices in reducing direct solar gain, because some of the 
heat from the sun will have already penetrated the glass to the conditioned space before 
encountering the shading device. 
These same add-on solutions can, of course, be added to even new, well-oriented homes. 
 
Landscaping Helps 
 
Optimum building orientation is not always 
possible, even with new construction. 
Designers may then call upon the landscape 
expert to plan shade trees and shrubbery to 
block direct solar radiation from falling on 
east and west portions of the building. 
 
Fencing, too, can be helpful in blocking the 
sun when it is low in the sky. Dense trees 
and fencing also make good windbreaks. 
 
 
 
Moisture in Construction 
 
 

Recall that it takes about 1,000 Btu to boil a pound of water 
and conversely, it would take about 1,000 Btu to condense 
a pound of steam into water. Thus, excess moisture is an 
energy issue as well as a physical problem. At this point, 
let’s consider the physical effect of excessive moisture. 
Many homes have moisture problems in both winter and 
summer. In winter, hidden moisture condensation damages 
building materials, such as peeling and blistering exterior 
paint. Damp materials can become an ideal breeding 
ground for harmful bacteria, fungi, and spores (mold on 
basement walls, for example) .Use of vapor retarders to 
keep moisture contained plus adequate ventilation to let 
the building “breathe” are both critically important to keep 
a house structurally sound and a healthy environment for 

the occupants. 
 
Insulation installed in the walls and other building 
components should be fitted with a vapor  
retarder (also called vapor barrier) facing toward the 
inside. This is a material that substantially reduces the 
amount of water vapor than can pass through the material 
and condense inside walls and attics. 
 
The effectiveness of materials to resist moisture 
penetration is given in perms, which is the amount of 
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moisture in grains per hour that can penetrate through the material. Ordinary homes and 
buildings use vapor retarding materials having a perm of 1.0 or less. 
 
Ventilated Crawl Space 
 
A crawl space must be properly insulated and have a 
good groundcover membrane over the earth floor to 
restrict evaporation of moisture traveling upward from 
lower layers of soil. In summer, it may be necessary to 
ventilate the crawl space even with the ground cover. 
Thus, any ductwork and pipes in the crawl space must 
be insulated to prevent heat gain and possible 
condensation of moisture on the ducts. 
 
Slab floors must be well insulated at the edges and 
water-proofed below to avoid moisture problems. 
 
Notable Note: As much as 18 gallons of moisture per day have been measured in a crawl space under 
a small home without ground cover 
 
An unoccupied basement is seldom cooled directly. 
Ductwork running through a basement should be insulated 
for summer cooling. Air in the average basement tends to be 
humid. Basement moisture could condense on uninsulated 
ducts and cause water damage. Again, the insulation must 
be fitted with a vapor retarder on the outside surface. 
 
Attic Ventilation 
 
Circulation of ventilation air through spaces above ceiling 
insulation in an attic or roof/ceiling combination is useful in 
lowering air temperatures in these spaces and thereby 
reducing ceiling heat gain. In winter, ventilation serves to 
reduce the danger of condensation by purging moisture that 
migrates through the ceiling from spaces below. 
 
As we'll learn in Lesson 8, all cooling load calculation guides are based on the assumption that 
correct ventilation openings are provided by the builder. If minimum openings are not provided, 
heat gain rates through ceilings will be higher than estimated, with resulting poor cooling 
operation. 
 
Consider this example: A gable roof with gable vents 
only and without a vapor retarder in the ceiling should 
have 1/2 sq ft of vent opening per 150 sq ft of ceiling 
on each end of the structure. A 1,000 sq ft ceiling 
would need 3.34 sq ft of vent opening on each end. If a 
vapor retarder is placed in the ceiling, the openings 
can be reduced to less than 1 sq ft on each end of the 
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structure. 
 
There are a variety of roof vent products used by builders, such as the roof vent, soffit vent, and 
the gable end louver just mentioned. 
 
Occupant Ventilation 
 
Forced ventilation has traditionally been required 
in commercial applications by code. In ordinary 
homes, there has been enough “natural” 
infiltration around windows and doors to provide 
sufficient ventilation for the occupants. 
 
Exhaust fans to remove smoke, odors, and 
moisture resulting from cooking or bathing, can 
be most helpful and are usually required by code. 
But, it was rarely necessary to provide a ducted 
source of outside air to replace this exhausted air 
during the cooling season. In fact, if there was a 
ventilation system for winter use, it would be 
closed during cooling, as a general rule. 
 
The modern well-insulated home often presents 
quite a different problem. There may be 
inadequate “natural” air leakage to purge odors 
and provide makeup air for the air discharged by 
exhaust fans. Local codes may require some level 
of forced ventilation for single-family homes and 
apartments. 
 
As a result, some designers specify air-to-air heat recovery ventilators (HRVs). 
HRVs feature sensible and perhaps latent heat transfer between incoming warm outside air and 

room air being exhausted. This provides positive ventilation 
with a minimum impact on the building load and energy 
consumption. The HRV can reduce the temperature of the 
incoming summer air and certain models can also reduce 
the moisture in the incoming air. 
 
The air discharged by exhaust fans (at left) is usually 
replenished by natural air infiltration.  
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Tight homes require Heat Recovery 
Ventilators (shown at right) to bring in 
make-up air and save energy at the same 
time. 
 
If a house has a fireplace, it should have a 
tightly fitting manual damper.  This is 
important in heating and cooling, as an 
open flue can upset the normal air 
circulation of the house and be a source 
of heat gain in summer and loss in winter. 
Glass fireplace doors are equally 
effective. 
 
Constructing a home or building to 
successfully withstand the rigors of 
weather, and people living inside is no 
easy task. In this lesson, we have merely 
touched the surface. New studies on the thermal and moisture problems and solutions are 
reported constantly. Keep informed. 
 
Notable Note: HRV performance can be certified through a program offered by the 
Home Ventilating Institute division of the Air Movement and Control Association. 
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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 sun is an important contributor to heat penetration through a building’s  
   roof, exterior wall, and glass. 
 
2. T F Infiltration is the forced introduction of outside air into a house or other  
   building. 
 
3. T F Humid outdoor air leaking into a house lowers the humidity level indoors caused  
   by cooking and bathing. 
 
4. T F The physical size of a house is a good indicator of the actual heat gain likely to  
   occur on a hot day. 
 
5. T F Building insulation requirements are specified in inches. 
 
 
In the following multiple-choice questions, choose the phrase that most correctly completes 
the statement and check the appropriate box for the corresponding letter in front of the 
phrase. 
 
6.  Single pane glass can conduct up to: 
 
  A. 0.0% of direct solar radiation.     B. 0.8% of direct solar radiation. 
  C. 8.8% of direct solar radiation.    D. 88% of direct solar radiation. 
 
7.  Double pane glass substantially reduces direct solar heat gain if one sheet is: 
 
  A. high E coated glass.     B. low E coated glass. 
  C. high white coated glass.    D. low white coated glass. 
 
8.  In the northern hemisphere, the least desirable location for glass windows or sliding glass 
doors is: 
 
  A. facing north.      B. facing south. 
  C. facing East.    D. facing west. 
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9.  In addition to installing a vapor retarder (barrier), damage caused by excessive moisture can 
be reduced by: 
 
  A. adding insulation.      B. installing metal stops in walls. 
  C. providing adequate ventilation openings.   D. sealing windows and doors. 
 
10.  To operate properly, the air discharged by kitchen and bath exhaust fans must be 
replenished with: 
 
  A. outside air.      B. indoor air. 
  C. basement air.      D. air from the cooling unit. 
 
For the completion-type questions, fill in the blanks with the word (or words) that most 
accurately completes the thought. 

 
Key Words 

 
Inside  spot staining  codes  heat recovery tree 
soffit ground cover  landscape dampered vents dust spot 
outside heat exchanger pump  register  
 inspectors 
 
11.  One device to transfer heat between exhaust air and incoming outdoor air is called a/an 
______  _______________ ventilator. 
 
12.  Outside ventilation may be required by local building _________. 
 
13.  Roof, gable and ____________________ vents are openings to provide attic ventilation to 
reduce heat gain and avoid moisture condensation. 
 
14.  A crawl space must always be provided with a good _______________  _____________ to 
reduce moisture migration into the floor and house. 
 
15.  Shading devices placed on the _______________ of windows provide the best protection 
against solar heat gain.  
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Check Your Answers!  

  
Now compare your answers with those given in the answer key at the back of this book. 
 
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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Lesson 8 Overview 
 
 
We learned in Lesson 7 that buildings experience different rates of heat penetrations depending 
on the amount of insulation, glass type, and other characteristics. We also learned the 
importance of cooling load calculation. 
 
Lesson 8 will discuss designing a method to calculate the cooling load. There are several accepted 
cooling load procedures that are used in industry, each with its own set of rules. 
 
We will also cover some important factors to consider when calculating cooling load.  Finally, 
we’ll cover the best industry tools currently being used to calculate load. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Now read Lesson 8 which begins on the next page. 
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Lesson 8: What’s a Cooling Load? 
 
To accurately determine the size and layout of an 
air conditioning system, it is essential that a load 
calculation be made. 
 
A cooling load is a mathematically determined 
Btu/hr heat removal requirement for a building 
under specified outdoor weather conditions and 
desired indoor temperature and humidity levels. 
The cooling load must be determined on a room-
by-room basis in order to size and locate all the 
components that make up a central air 
conditioning system. 
 
Match Unit to Load 
 
A cooling system of inadequate capacity will 
prove most disappointing to its purchasers. An 
oversized system — one with too much cooling 
capacity — not only will cost considerably more 
than necessary, but it will also give poor comfort 
performance. 

By computer or by hand, a load calculation  
is the vital first step in sizing. 

 
Ideally, an air conditioning system should run with some frequency. If the system has too much 
capacity, it will be off for long periods of time. During the time a unit is off, the humidity may 
increase in the conditioned space, thus defeating one of the chief benefits that air conditioning 
can provide — lower humidity. 
 
The contractor trying to sell an oversized system will also find that his price probably will be 
considerably higher than that offered by the contractor who has accurately calculated the load 
and sized the system accordingly. 
 
Simplified Methods 
 
As we learned in the previous lesson on building thermal problems, many factors are involved 
in the heat gain of a building. As a result, the calculation of cooling load for summer air 
conditioning is somewhat more complicated than calculating heat loss. Simplified methods of 
making a cooling load calculation for residential and light commercial air conditioning have 
been developed.  However, even simplified methods involve measurements and calculations — 
so much so, that software for computers has been written to speed the process and ease the 
drudgery. 
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Notable note: Heat gain is not exactly the same as a cooling load. The cooling load procedure involves 
a method of averaging the various heat gains occurring in the house at different times of the day to 
arrive at a maximum heat removal requirement on the cooling unit for the specified design 
conditions. 
 

 
 
Three modes of heat penetration into a building are depicted above: conduction (solid arrows), 
infiltration (broken arrows), and radiation (wavy arrows). Conduction is the heat that flows through 
the materials surrounding the conditioned space because of the temperature difference between 
inside and outside. Infiltration is the direct entry of the warm outside air through cracks around 
windows, doors, etc. Radiation is the heat from direct sunlight on a surface. 
 
As we already learned, house construction is important. A well-constructed and well-insulated 
house will have a smaller cooling load than a house of poor construction or one with little or no 
insulation. 
 
Orientation of the house and its glass area are extremely important in air conditioning, but 
usually something the air conditioning designer can do little about. Radiation of the sun directly 
through large windows can add considerably to the cooling load and disrupt occupant comfort 
as we have learned. 
 
Moisture Load 
 
People and appliances in the house add to the cooling load. They are difficult to estimate and 
can disrupt comfort even in a residential environment. 
 
The latent load is quite important in summer cooling. Moisture given off during cooking, by the 
occupants, and by outdoor air that infiltrates the house and are the chief sources of a 
residential latent load. For a typical residence, the latent load may range from 20 to 30% of the 
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sensible load. If the sensible load was 20,000 Btu/hr, the latent load might range from 4,000 to 
6,000 Btu/hr. 
 
So, the cooling load is made up of the following — 

  
• Direct solar (sensible) gain through windows 
• Conduction (sensible) gain through roof, walls and windows 
• Infiltration of warm, moist air to the inside (sensible & latent) 
• Internal gains from people and appliances (sensible & latent) 

 
Selecting Design Conditions 
 
Every cooling load begins with a decision on indoor and outdoor design conditions to satisfy. 
 
The indoor temperature used for estimating a residential cooling load is typically selected to be 
75° F and 50% RH. As we learned in Lesson 4, the combination of temperature and humidity in 
which occupants feel comfortable can range from slightly above to slightly below these 
conditions. 
 
The outside design temperature is part of the other side of the sizing equation. Almost every 
cooling load procedure recommends some temperature lower than the maximum likely to be 
experienced each year — otherwise, a system would be oversized for most of the season. The 
most recent practice was to use a local outdoor temperature that occurs or is exceeded for only 
2.5% of the hours in the summer season. Example: 95° F may be the preferred design 
temperature in a city where 95° F will likely occur or be exceeded for only 72 hours over an 
entire summer season. 
 
Providers of cooling load manuals include a table of design temperatures for most cities in the 
United States and Canada — most often based on Weather Bureau records analyzed by 
ASHRAE. (Design temperatures based on 0.4, 1% and 2% of annual hours are now published.) If 
a design temperature for a particular city or town is not listed in the table, the designer may 
use a design temperature for the nearest town in the same latitude; taking into consideration 
possible variation due to local geographical peculiarities — near a lake, in a valley — and local 
operating experiences. 
 
In addition to outdoor air temperature, the cooling load procedure must consider a reasonable 
outdoor design humidity to coincide with the design air temperature. The outdoor humidity is 
usually stipulated by a specified design wet bulb temperature. In most cases, the mean wet bulb 
temperature associated with the outdoor design temperature is chosen. For instance, for a 95° 
F design temperature, all the wet bulb temperatures that occur would be arrayed from high to 
low and the value in the middle would be the design wet bulb. 
 
Another outdoor influence is the local Outdoor Daily Temperature Range. This is simply the 
difference between the maximum and minimum daily temperatures which occur in the summer 
cooling season. A daily swing of 20 degrees would mean for a high of 80°, we'd have a low of 
60°, a high of 95° and a low of 75°, etc. A large daily temperature range reduces the daytime 
cooling load because the cool temperatures at night sub-cool the structure and reduce the heat 
build-up the next day. Some refer to this as the flywheel effect. Cooling load procedures account 
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for this effect, as we'll see in a moment. 
 
Notable Note:  On a design day, actual room temperature may rise to 78° F in some procedures. This  
3° swing permits more economically-sized installations without affecting occupant comfort. 
 

 
 
Daily temperature range refers to the average swing between highs and lows during a summer. Less 
than 16° is considered low; 16° to 25° is medium, and over 25° is a high daily swing, e.g. cool desert 
nights with hot days in Arizona. Areas with cool nights obviously help reduce the cooling load. 
 
Building “U-Factors” 
 
To consider the heat transfer (gain) conducted through exterior walls, roof, doors, and 
windows, cooling load procedures usually specify a “U-factor” for each segment.  The 
coefficient of heat transfer, called a “U” factor,” is given in units of Btu per hour per sq ft of 
surface per degree temperature difference. Different types of construction have different U 
factors. 
 
To arrive at the conduction through each building element (in Btus per hour), you must multiply 
the U-factor of the element (roof, door, etc.) by the measured area.  Next, multiply that result 
by a design temperature difference between the inside and outside of the building. 
 
Because of the effect of the hot sun on walls and roof, an equivalent temperature difference (ETD) 
is used. This combines the effect of sun and outdoor temperature on the conduction of heat 
through the building. 
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For example, the U-factor for an insulated frame wall might be 0.07 Btu/(hr sq ft °F). If the wall 
is 8 ft high and 25 ft long, its area would be (8 x 25) or 200 sq ft.  
 
For an outside temperature of 95° and for a medium daily temperature range (16° to 25° 
swing), the equivalent temperature difference across the wall is 23.6° F. The heat gain through 
the wall is: 
 

0.07 x 200 x 23.6 = 
330.4 Btu/hr 

 
If the building was in a region that experienced a high daily temperature range (over 25° swing), 
the equivalent temperature difference would be reduced to just 18.6° and the estimated heat 
conduction through the wall reduced to: 
 

0.07 x 200 x 18.6 = 
260.4 Btu/hr 

 
Heat Transfer Multipliers 
 
Most industry shortcut procedures pre-calculate U-factors and equivalent temperature 
differences and publish the results in easy to use tables of Heat Transfer Multipliers (HTM) for 
different outdoor design conditions and building construction. 
 
Thus, only the area of the wall, floor, or roof need to be determined and multiplied by the 
proper HTM. 
 
In our examples, the HTMs for the conditions stated would be 0.07 x 23.6 or 1.65 Btu/(hr sq ft) 
and 0.07 x 18.6 or 1.3 Btu/(hr sq ft) respectively. 
 
Let's review what we know so far: 
 
The heat gain by transmission through construction (other than glass) depends on a 
combination of the following: 
 
1. Outside design temperature 
2. Daily temperature range 
3. The Heat Transfer Multiplier, which is in terms of Btu/hr per square foot 
4. The wall and ceiling (maybe floor) area in each room 
 
Heat Flow Through Glass 
 
The heat gain from the intense rays of the summer sun shining through glass can be a major 
factor in determining the summer cooling load. 
 
The combination of direct and diffuse solar and temperature difference (conduction) heat gain 
through glass is affected by type of glass such as: 
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• Single, double or triple glass 
• Tinted (heat-absorbing) glass 
• Reflective coated (low-E) glass 
 

 
HEAT TRANSFER MULTIPLIERS (Cooling)  

 
 
Design Temperature 
 

 
90 

 
95 

 
100 

 
105 

 
110 

 
Daily Temperature Range 
 

 
L or M 

 
M 

 
H 

 
M 

 
H 

 
H 

 
H 

 
Walls and Partitions (Btuh per sq. ft.) 
Factors include heat gain for transmission and 
infiltration @ 7.5 mph 
 
 
No. 8 Wood Frame with Sheathing and Siding,  
Veneer or Other Exterior Finish 
 
 
(a) No insulation 
 

 
6.5 

 
8.0 

 
7.0 

 
10.0 

 
8.5 

 
10.0 

 
12.0 

 
(b) R=5.6 insulation (nominal 1½-in.) 
 

 
3.0 

 
4.0 

 
3.5 

 
5.0 

 
4.5 

 
5.5 

 
6.5 

 
(c) R-7.6 insulation (nominal 2-in.) 
 

 
3.0 

 
3.5 

 
3.5 

 
4.5 

 
4.0 

 
5.0 

 
5.0 

 
(d) R-11.1 insulation (nominal 3-in.) 
 

 
2.5 

 
3.0 

 
3.0 

 
4.0 

 
3.5 

 
4.0 

 
5.0 

 
Simplified methods for estimating a residential cooling load have been developed. Table above 
lists cooling heat Transfer Multipliers (HTM) for walls. The correct HTM is multiplied by the exterior 
wall area to estimate the sensible heat gain through the wall in Btu/hr for a specific outside 
temperature. Example: For a 95° F outdoor design temperature and a medium daily temperature 
range, a frame wall with R=11.1 insulation would have a HTM of 3.0 Btu/hr/sq ft. See circled 
values. 
 
The direction windows face — 
 
• North or in shade 
• East or West 
• South 
 
Shade offered by — 
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• Roof overhang (and latitude) 
• Exterior awnings, solar screens 
• Inside draperies, Venetian blinds, roller shades 
• Mature shrubbery, or trees 
 
And, of course, the temperature difference between indoors and outdoors. (Sometimes 
referred to as Delta T or ▲T.) 
 
Location of Shade Line From Overhang 
 
At 3:00 p.m. in mid-summer, the total heat gain through a single sheet of glass is about 93 
Btu/(hr sq ft) - 55 Btu/(hr sq ft) is due to direct solar radiation, 26 Btu/(hr sq ft) is due to diffuse 
radiation and 12 Btu/(hr sq ft) due to the temperature difference across the glass. If the glass 
was entirely shaded from the outside, the 55 Btu/9(hr sq ft) of direct gain would not occur. 
There would be a 60% reduction in heat gain. 

 
The length of shadow on a window cast by roof 
overhang depends on the hour of the day, time of year, 
and the orientation of the wall. For example, a 2 ft 
overhang would cast a shadow 3.2 ft long on a south 
facing window at 12:00 noon. By 3:00 p.m., the shadow 
would lengthen to 3.7 ft. 
 
Since the length of shadows varies depending on time 
of day and time of year, simplified residential 
procedures pick a specific date (usually August 1) and 
average the shadow lengths over a 5-hour period. 
 
Typically, the design manual will then offer simple 
factors for different window directions and latitudes 
that are multiplied by the length of overhang to find the 

average shadow length. 
 
Are Floors Involved? 
 
Heat gain from floors over a basement or enclosed crawl space or from a concrete slab on the 
ground is so small that it is most often simply disregarded. If the crawl space is open, the floor 
should be insulated and the heat gain calculated. This would also be true of a floor over a 
connected garage. Heat gains through basement floors and walls below grade are similarly not 
calculated. If the basement area is to be air conditioned, the heat gain through walls above 
grade should be calculated. 
 
Air Leakage 
 
Warm air will leak into a structure and cool air will leak out regardless of how tightly 
constructed the building appears to be. This air infiltration imposes a cooling load and must be 
included in the calculation procedure.  
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Infiltration imposes both sensible and latent (moisture) loads on cooling equipment. The hot air 
must be reduced in temperature and the high humidity must be removed by the equipment 
along with all the other building loads. 
 
Tests in existing homes have led to the preparation of tables or formulas to estimate air leakage 
rates for different sizes of homes and for different levels of construction quality. Leakage is 
usually reported in air changes per hour (ACH). A listed rate of 1.0 ACH, for example, means the 
equivalent of the entire volume of air in the house is infiltrating every hour. Summer leakage 
rates can easily range from a low of 0.2 to a high of 1.0 air changes per hour. 
 
Homes and light commercial buildings may also require positive ventilation over and above 
“natural” air leakage. This may be required by code or the desire of the designer and user. The 
impact of ventilation air on equipment can be minimized by using a Heat Recovery Ventilator. 
(See previous lesson.) 
 
Occupancy Load 
 
Heat given off by a person varies with type of activity, as we learned earlier. A person at rest 
gives off less heat than one who is performing heavy labor. For residential cooling calculations, 
however, about 300 Btus per hour per person is adopted as an average sensible heat gain. If six 
persons normally occupy the house, then 6 x 300 or 1,800 Btu/hr would be added for people. In 
some simplified procedures, the latent contribution might be averaged at 230 Btu/hr per 
person. 
 
If the family does considerable entertaining, some additional allowance could be made for the 
occupancy load resulting from guests. This should not be overestimated, however. Doing so will 
result in over sizing the equipment. 
 
The heat generated by kitchen and other appliances can be substantial. However, operation is 
usually of a short duration and appliances are seldom operated all at the same time. Exhaust 
fans adjacent to the appliances also help to quickly remove the sensible heat and any moisture 
from inside the building. For residential load calculations, a sensible appliance load of from 
1,200 to 1,600 Btu/hr is assumed to account for the heat produced. In the case of light 
commercial applications, individual appliance loads based on ASHRAE averages may be 
included. 
 
Taking Measurements 
 
From the above brief discussion, it's obvious that careful measurements must be made of each 
room and notations made of wall construction, insulation, glass area, type of glass, shading, and 
orientation. When a new house is still in the planning stage, the measurements and information 
are obtained from house plans. 
 
Estimating the cooling load on an existing home will involve actual measurements, unless 
blueprints are available. Even if the latter is the case, it would be safer to confirm these 
measurements and other details by inspecting the house itself. Your next lesson includes more 
information on making “A Comfort Survey.” 
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Duct Gain 
 
Whenever the air distribution system is routed outside the conditioned spaces, an attic or crawl 
space, even at times a basement, the rise in supply air temperature is a loss of energy and adds 
to the cooling load on the central equipment. Duct “gain” may add from 5% to 20% additional 
sensible load. If the ductwork is all contained within conditioned spaces, there is no added load 
on the equipment. 
 
Total Sensible Load 
 
A room cooling load typically consists of the sum of the wall, ceiling, glass exterior door, and 
sensible infiltration Btu/hr loads, plus a floor load if applicable. The total sensible cooling of the 
entire house is the sum of all the sensible loads of all the rooms in the building plus any duct 
and ventilation loads. 

 
Although sensible heat is the major part of the cooling load in a 
residence, the latent heat load must also be included to arrive at 
the total. 
 
Latent Load 
 
As previously noted, the latent load in a conventional residence 
ranges from 20% to 30% of the total sensible load. The advent of 
the energy-efficient house may alter this relationship as 
illustrated in the pie charts below. (Assumes a Florida location.) 
 
In the conventional house (A), the latent load is 25% of the total 
(sensible & latent) load. This is equivalent to 33.3% of the 
sensible load. In the energy-efficient house the latent load is 
38.4% of the total (sensible & latent) load. This translates into 
the latent load being 62.4% of the sensible load for the energy-
efficient house. 
 
Equipment selection is influenced by both the sensible and latent 
heat loads imposed by a structure. As a result, the term Sensible 
Heat Factor (SHF) is used to indicate the relationship of sensible 

and latent heat performance required by the equipment. The SHF is simply the ratio of the 
sensible load divided by the total load (sum of the sensible and latent loads). In house A, the 
SHF is 0.75 and in B, it is 0.61. 
 
Equipment selected for each house should have comparable performance. That is, the sensible 
heat capacity relative to the total heat capacity of the equipment should have an SHF closely 
matching the house SHF. A different SHF can be engineered into the equipment by coil design 
and other operating characteristics. Thus, two pieces of equipment with the same total cooling 
capacity could have different sensible and latent removal performance. 
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Load calculation procedures require the organization of information – such as building areas 
and HTM’s – on preprinted or computer spreadsheets.  Computerized versions usually follow 
the same format.  Worksheet above is from Manual J (8th edition) procedures published by 
ACCA. 
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Residential equipment should be sized to match or slightly exceed the sensible cooling load of 
the building. The sensible capacity of the equipment should not be more than 20 to 25% larger 
than the sensible load.  
 
The unit's latent capacity will most often equal or exceed the latent load, but this should be 
checked. If the latent capacity is less, the next larger unit should be chosen. 
 
Load calculation procedures require the organization of information — such as building areas 
and HTM’s — on preprinted worksheets. Computerized versions usually follow the same 
format. The worksheet above is from Manual J procedures published by ACCA. 
 
Review 
 
This lesson is not intended to serve as a working guide for the calculation of a building cooling 
load.  Our purpose has been to outline the problem and to describe in general how industry 
cooling load procedures address the problem. 
 
In calculating the cooling load of a residence, several procedures can be followed which include 
all the necessary factors and form for a wide range of construction and weather conditions.  
Such procedures are detailed in Manual “J” published by the Air Conditioning Contractors of 
America (ACCA); Guide C-30 issued by the Hydronics Institute; and the Cooling and Heating 
Load Calculation manual published by the American Society of Heating, Refrigerating and Air-
Conditioning Engineers (ASHRAE). Basic data regarding heat gain and heat loss can also be 
found in the ASHRAE Handbook of Fundamentals. Equipment manufacturers, too, offer 
simplified methods of estimating cooling loads. 
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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 cooling system should have a Btu/hr capacity that equals or slightly exceeds  
   the estimated cooling load. 
 
2. T F Oversized equipment does not affect comfort but may affect price. 
 
3. T F The latent load for residential environment will range from 20% to 30% of the  
   sensible cooling load. 
 
4. T F The cooling load procedure is based on the hottest day likely to be experienced  
   in the community in any given year. 
 
5. T F Outdoor wet bulb temperature is not considered in residential cooling load  
   procedures. 
 
 
In the following multiple-choice questions, choose the phrase that most correctly completes 
the statement and check the appropriate box for the corresponding letter in front of the 
phrase. 
 
6.  The “U-factor” for a building component is given in the following units: 
 
  A.  Btu per hour per square foot per degree temperature difference. 
  B.  Btu per hour per degree temperature difference. 
  C.  Btu per day per square foot per degree temperature difference. 
  D.  Btu per day per degree temperature difference. 
 
7.  A home with a 24,000 Btu/hr cooling load in an area with a high daily temperature range 
would have: 
 
  A.  a larger load built in a location with a low daily range. 
  B.  the same load built in an area with a low daily range. 
  C.  a smaller load built in an area with a low daily range. 
  D.  a smaller latent load built in a low daily range. 
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8.  The Heat Transfer Multiplier (HTM) used in simplified procedures is a product of the: 
 
  A. “R” value times the design temperature difference. 
  B. “U” factor times the design temperature difference . 
  C. “R” value times the equivalent temperature difference. 
  D. “U” factor times the equivalent temperature difference. 
 
9.  Air leakage (infiltration) rate is defined in terms of air changes per: 
 
  A. hour.     B. cubic foot. 
  C. square foot.    D. conduction loads. 
 
10.  The cooling load for different types of glass combines 
 
  A. internal loads.      B. infiltration loads. 
  C. moisture loads.      D. conduction loads. 
 
 
For the completion-type questions, fill in the blanks with the word (or words) that most 
accurately completes the thought. 

Key Words 
 
load factor  glass  25 neglected included  
50   thermal 430 appliances 230 
sensible  orientation latent 300  heat factor 
 
11.  The length of shadow cast by a roof overhang depends on the hour of the day, time of year 
and _____________________ of the window. 
 
12.  The heat gain from floors over a basement, enclosed crawl space or concrete slab is 
_________________________. 
 
13.  Air filtration imposes both a sensible and ________________ load. 
 
14.  The average load imposed by occupants is assumed to be _______________ Btu/hr 
sensible load and _______________ Btu/hr latent load. 
 
15.  A sensible load of from 1,200 to 1,600 Btu/hr is assumed for ________________ in an 
average home. 
 
16.  Equipment selection must be based on both the latent and sensible loads as defined by the 
sensible _____________  ___________ which is the ration of sensible load divided by the total 
load. 
 
17.  The sensible capacity of a cooling unit should not exceed the estimated sensible load by 
more than ___________ %. 
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18.  Table 4 below lists HTMs for ceiling under a ventilated light colored roof.  Find the correct 
HTM for the following conditions: Ceiling Insulation: R-19.  Design indoor-outdoor temperature 
difference: 20º F.  Daily Temperature Range: M (medium). 
 
 

 
 
 
HTM is _______________ Btu/hr per square foot of ceiling. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Check Your Answers!  
  
Now compare your answers with those given in the answer key at the back of this book. 
 
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 
 
 
We know from the last lesson that to “do” a cooling load, you have to measure building components 
- walls, roof, windows, doors and floors. 
 
In this lesson, we will offer some sketching tips when house floor plans aren't available. There are 
also examples of survey forms to guide the estimator in gathering all necessary information - 
which includes checking the electric service, adequate attic venting, existing duct and furnace 
equipment, plus locating drains for the condensate lines. The lesson also suggests talking to the 
owner about any unusual needs because of their lifestyle – smokers, entertain a lot, out of the 
ordinary cooking, allergies, etc. 
 
There is also an overview of house styles and associated problems regarding installation of ducts 
and equipment. Lastly, there is a discussion of noise and how to minimize noise and neighbor 
complaints. It's a big lesson with lots of interesting suggestions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Now read Lesson 9 which begins on the next page. 
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Lesson 9: Doing a Building Survey 
 
Whether it's new construction or so-called add-on work, a comfort survey is required to 
determine “what’s involved” in sizing and installing an air conditioning system in a specific 
building. 
Most technical problems are solved in an orderly fashion and every solution starts with a 
thorough understanding of the problem. Therefore, a comfort survey is simply an orderly 
investigation of a new or existing building in order to determine all the pertinent thermal and 
physical peculiarities of the job. 
 
Work With Plans or Sketches 
 
In new or planned construction, the individual making the survey will probably be working from 
floor plans, schedules, and material specifications. In the case of existing construction, the 
survey will be based on an on-site inspection and sketch of the premises. 
 
When working with floor plans supplied by the owner, architect or engineer, it is absolutely 
essential to make certain that the plans are up-to-date and include all revisions. Often, original 
plans have been revised several times. So, always check that you are working with the latest, 
most accurate plans. 
 
Sketching Skills 
 
In the case of an existing building, an on-site sketch is almost always necessary. Even if the 
owner can provide ancient floor plans, many times the building has been altered or rooms 
added by previous owners. So, again, don't accept floor plans for new or old structures on blind 
faith. 
 
Quadrille rule pads make excellent sketch pads. The pads are lithographed in light blue ink that 
is generally non-reproducible on most copy machines. They are printed with 4 to 10 “squares” 
to the inch. Four and eight squares to the inch are the most convenient for sketching, since 
these dimensions readily translate into 1/4 inch equals 1 foot and 1/8 inch equals 1 foot 
“scales” respectively. 
 
Quadrille rule pads (shown at right) with 
four squares to the inch make 
convenient worksheets for sketching to 
scale. 
 
Armed with a tape measure, it's possible 
to measure the length of a wall in feet 
and sketch the exact dimension by 
merely counting squares and drawing the 
line accordingly. For example, a wall 
measured to be 13 ft, 6 inches long would 
be drawn 13½ squares long on the sketch 
pad. 
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Surveyor should start with the 
outline of the exterior of the 
building as above.  Then, add 
interior partitions, windows and 
doors as shown at right.   
 
The best way to sketch an existing 
building is to start with the exterior 
outline. Once the exterior shape has 
been defined, interior partitions can 
be added with less chance of error. 
 
In placing interior partitions, it's 
important to account for exterior 
wall thickness of at least 10 inches 
and interior partition thickness of 4 
inches. 
 
It’s also useful to note spacing and direction of construction members, such as floor joists, roof 
trusses, etc. This will assist the designer later in routing ductwork and placing registers and 
grilles. 
 
Because the condensing unit is typically placed outside, it is also important to indicate property 
lines and the proximity of adjacent buildings on any sketch. This information will be used to 
select and locate outdoor equipment to meet noise ordinances. We talk about this more a bit 
later in this lesson. 

 
 
 
 
Note property lines and proximity of 
other buildings distance between 
buildings and location of condensing 
unit. 
 
 
 
 

 
After verifying that all plans and sketches are accurate, the next step in a comfort survey is to 
identify and itemize all construction details that are needed to calculate the cooling load of the 
structure (this includes room, window and door sizes). 
 
Rather than rely completely on memory, a number of survey checklists have been developed. 
Style and content of these survey forms vary with the user and his needs and the specific load 
calculation procedure he uses (there are variations in information required for specific 
calculation procedures). Example A is a thermal checklist. 
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In addition to thermal factors, there are, of course, physical factors that affect the selection and 
installation of an air conditioning system. 
 
Again, much of the basic information required can be itemized in a simple checklist. Each 
individual should develop his own checklist to meet his specific needs. One example of this type 
of checklist is shown in Example B. 
 
Finally, in the case of add-on work, information on an existing heating system must be 
compiled. This third “existing unit” checklist is shown in Example C. 
 
What to Look For 
 
In completing the various comfort survey checklists, it is often extremely difficult to determine 
some of the information required. 
 
For example, wall insulation in an existing building. Unless the wall is actually opened for visual 
inspection or a special “heat flow meter” is used to measure the flow of heat through the wall, 
it will be necessary to take the word of the owner or rely on old material specifications as to the 
amount and type of insulation. 
 
Edge insulation around the perimeter of slab construction is another example. As a general 
rule, if it is impossible to verify by inspection or with records, it is better to assume the worst 
condition for the sake of design. 
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Example A – Building Thermal Survey Form. 
 
Design Conditions: 
 

Dry Bulb Summer Winter 
Indoor º F   
Outdoor º F   
Difference   

 
General Conditions: 
a. Direction house faces: N        NE        E        SE       S        SW        W        NW 
b. House type: 1-story  2-story      split level  
c. House age:  new   planned  under construction  
   existing  approximate age ____________ years 
Construction: 
a. Walls:  frame  brick veneer   masonry  
 Insulation:  none, 1”, 2”, 3½”  ______________________ 
 Interior partitions:  single ___________ double __________________ 
 Color:   dark   light  
b. Ceiling heights: 1st floor _________  2nd floor ________ 3rd floor ________ 
   other __________ basement ________ crawl space ________ 
c. Roof:  pitched    flat   vented  yes  no  
    Color:       dark               light  
d. Ceiling:  attic above ________ under occupied floor 
    Insulation:  thickness __________” 
   natural vent  attic fan  
e. Floors:  over basement  over garage                  car-port  
   over crawl space  vented   unvented  
   moisture barrier to ground          slab on grade  
   insulation none, 1”, 2”, 3½” ____________  edge insulation  
f. Windows:  single pane   double pane on storm   
   double hang  moveable   fixed  
   plain   weatherized   casement  
   glass block   certified   non-certified  
 

Shading Type Location 
E SE S SW W 

Roof overhang ft.      
Awnings      
Trees      
Garage, carport, porch      
Inside shades      
No shading      

 
Miscellaneous: 
 a. number of people __________ 
 b. kitchen exhaust fan  
 c. clothes dryer  vented  unvented  
 d. special customer requirements: 
  frequent entertaining  
  temperature _________ summer  _____________ winter 
  relative humidity __________ summer ____________ winter 
 e. fireplaces ________ 
 f. special room treatment: workshop  game room   other   __________ 
 g. unusual lighting or appliance loads 
 h. skylights __________ 
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Example B -- Building Physical Characteristics 

 
Condensing method: air cooled  water cooled  cooling tower  other  
 
Equipment unit location: basement  utility  attic   outdoor  
 other _____________  air cooled condenser ________________ 
 cooling tower _____________  cooling tower pump ___________ 
 
Note: Check to determine how and where equipment may be moved to final location -- door clearances, narrow halls, 
sharp turns, ceiling heights, stairs etc. 
 
Clearance for equipment servicing   
 
Controls: 
 
Heating only     cooling only     combination     automatic changeover     night set-back  
programmable     color      location _______________    set points _____________ 
 
Utilities: 
 
a.  Electricity: service capacity amps _________ volts ________  outside disconnect __________ 
 Distance from entrance panel to desired location of outside condensing unit ____ feet 
 Distance from condensing unit to indoor unit ________ ft.   
 Distance from indoor unit to thermostat __________ ft. 
 
b.  Water source:  city supply   well   water well GPM ______ 
maximum water temp. _________  available pressure _______ meter size ________ 
location _________ pipe size entry ________    from meter __________   Ph level _______ 
 
c. Water disposal: storm sewer   sanitary sewer  disposal well  floor drain  
sump  other __________ 
 
d. Condensate disposal: gravity  condensate pump   open floor drain  
trapped    sump  condensate material __________ size ________ 
 
e. Gas service: Type: natural  propane  heating value ________ Btu/cu. ft. 
meter location ________________ LP tank location ______________  pipe size _________ 
 
f.  Oil service:  Type __________ heating value _________ Btu/gallon 
tank location ______________  precautions ___________________ 
 
g.  Chimney: Masonry  pre-fab  size _____________  notes _______________ 
  Liner  size _____________   
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Be Sure of Adequate Vents 
 
As explained in Lesson 7, adequate vent openings in attic spaces are essential to good cooling 
design. A comfort survey must include measurement of vent opening areas in both new and 
existing buildings. 
 
Increasing venting effectiveness with improved natural venting systems or by the addition of 
forced attic ventilators can reduce ceiling heat gain. Hence, a comfort survey might also 
consider the problems and advantages of increasing natural ventilation or adding power 
ventilators. 
 
Reducing ceiling heat gain by 20 to 30% is possible with improved venting, but obviously the 
reduction of ceiling heat gain by 20% does not mean an equal reduction in total load. 
 
For example, if the roof represents 25% of the total load in a particular building, a 20% 
reduction in ceiling gain would mean just a 5% (.25 x .2) reduction in total cooling required. 
 

 
 
Builders Must Provide Adequate Attic Vents 
 
In the past, air conditioning personnel have 
not given adequate consideration to whether 
adequate venting of attic spaces was 

provided or not. Most people merely relied on the builder to do a good job. Today, the air 
conditioning technician cannot take anything for granted as far as the thermal fitness of the 
structure is concerned. He must do his own careful analysis and suggest useful changes to the 
builder or owner to achieve the most economical installation possible. 
 
Electric Service 
 
Besides surveying and listing all the factors affecting 
load calculations, attention must also focus on 
important “job” factors. 
 
In both new and existing construction, one of the key 
job factors is adequate electric service. First, the 
voltage supplied must match equipment ratings. 
Next, the amperage rating of the service entrance 
must not be exceeded with the addition of the air 
conditioning unit. 
 
A good rule of thumb for residential work is to assume 40 amps are required for general lighting 
and small appliances; and to that add the amperage draw of all major electrical appliances --- 
electric range, water heater, dryer, dishwasher, etc. --- and then add the amperage draw of the 
proposed air conditioning unit. If this total exceeds the raring of the service entrance, then, of 
course, the service entrance must be changed. 
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Example C – Existing System Survey Check Sheet 

 
A.  Heating system 
1.  Furnace type:  Highboy    Lowboy    Counterflow    Horizontal   
2.  Supply system:  Perimeter    Overhead    Inside wall    Slab   
3.  Return system:  High inside wall    Low inside wall    Beneath windows    
Single return    Multiple returns   
4.  Duct type:  Radial    Loop    Reducing plenum    Extended plenum   
 
B.  Furnace Blower 
1.  Direct drive    # of speeds    belt drive    ECM   
2.  Size of blower    diameter in inches ______ width in inches ______ 
3.  Blower pulley diameter in inches _________ 
4.  Motor pulley diameter in inches _________  adjustable:   yes    no 
5.  Motor horsepower _______ RPM _________ Voltage, phase and cycles __________ 
 
C.  Sizes 
1.  Size of plenum width _______ x depth _______ x height _______ 
2.  Number of main ducts    One:  width _______ x depth _______ x height _______ 
     Two: width _______ x depth _______ x height _______ 
3.  Number of branch ducts:  ______________  size of each 
4.  Type of outlets   Quantity  Size 
  baseboard    ________   _______ x ________ 
  floor    ________  _______ x ________ 
  wall     ________  _______ x ________ 
  ceiling, round   ________  _______ x ________ 
  ceiling, rectangular  ________  _______ x ________ 
5.  Type of inlets   ________  _______ x ________ 
  floor    ________  _______ x ________ 
  baseboard    ________  _______ x ________ 
  wall     ________  _______ x ________ 
  ceiling    ________  _______ x ________ 
  baseboard out of wall  ________  _______ x ________ 
  other    ________  _______ x ________ 
6.  Distance between outlet of furnace and first dust leaving plenum _______ inches 
7.  Distance from furnace to desired location of outdoor condensing unit ______ feet 
8.  If an upflow furnace located in closet, what is distance from top of furnace to top of  closet door frame? __________ 
feet ________ inches 
 
D.  Miscellaneous 
1.  Is insulation present on or inside of ductwork?  yes  Nominal thickness    no 
2.  Does insulation have vapor barrier on the outside?   yes    no 
3.  Are there balancing dampers in branch runs?  yes    no 
4.  Are drain provisions available near furnace?   yes    no 
5.  Will a condensate pump be needed to dispose of water from evaporator coil?   yes    no 
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Lastly, there must be “room” to make the electrical connection in the service entrance panel for 
the added air conditioning branch circuit. 
 
Is Fan Adequate? 
 
A second major item is the size of the existing blower in an add-on installation. Most survey 
forms include listing furnace blower details. Blower motor horsepower and rpm, blower type 
(direct or belt drive), and blower size (wheel diameter and width) are usually recorded. 
 
Check Blower Specs 
 
Blower details are important for the simple fact that cooling very often requires a larger blower 
and/or motor than heating.  Why?  Because adding a cooling coil to the system increases the 
resistance to air flow and air circulation for cooling is often higher than for heating. Thus, the 
blower must circulate more air against a higher system resistance --- all requiring increased rpm 
for an existing blower or a new, larger blower and motor. 
 
While it is the function of a detailed engineering department analysis to determine adequate 
blower size for a specific job, Table 1 shows approximate performance characteristics for 
common blower sizes. This data suggests the following motor size rule of thumb for the 
purpose of a comfort survey: 
 
24,000 Btu/hr .............1/4 hp 
36,000 Btu/hr. ........... 1/3 hp 
48,000 Btu/hr. ........... 1/2 hp 
60,000 Btu/hr. ........... 3/4 hp 
 
The danger of overtaxing an 
existing blower and motor that 
are too small is great, since 
motor current draw increases 
from 3 to 5 times faster than 
the increase in blower speed. A 10% increase in blower speed causes a 33% increase in current 
draw. A 45% increase in speed would cause a staggering 205% increase in amperage draw by 
the motor. Thus, it is possible to quickly “burn-out” an overloaded motor. 
 
Another important item to determine during a survey concerns provisions for draining 
condensate from the cooling coil. A survey should note the proximity of floor drain to the 
cooling unit. Will a condensate pump be an added requirement? And the local building code 
must be satisfied first! If the installation is in the attic, a special insulated condensate pan must 
be added beneath the cooling unit, or in some cases, a safety switch added to prevent 
condensate from overflowing and damaging the ceiling. 
 
In analyzing an existing system, the dimensions of the available space in the furnace plenum 
must be noted in order to select a cooling coil that will fit. Even with new work, attention to the 
space allocated for the furnace and cooling coil must be accurately determined from floor 
plans. Many times, a good installation is merely a question of inches. 
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Table 1 – Blower Performance Characteristics 
 

 
Blower  

Size 

 
Volume  

CFM 

 
Motor  

HP 

 
Blower  

RPM 
9” diameter x  

7” wide 
800 

1000 
¼ 
¼ 

977 
1017 

9” diameter x  
9” wide 

1000 
1200 
1400 

⅓ 
⅓ 
½ 

970 
995 

1030 
10” diameter x  

8” wide 
800 
900 

1000 
1200 
1400 
1600 

¼ 
¼ 
⅓ 
⅓ 
½ 
½ 

837 
840 
845 
855 
872 
892 

10” diameter x  
10” wide 

1200 
1400 
1600 
1800 

⅓ 
½ 
½ 
½ 

850 
860 
880 
900 

12” diameter x  
9” wide 

1200 
1400 
1600 
1800 
2000 
2200 

⅓ 
⅓ 
½ 
½ 
½ 
¾ 

695 
669 
705 
715 
728 
740 

12” diameter x  
12” wide 

1800 
2000 
2200 

⅓ 
½ 
½ 

688 
695 
705 

 
In add-on work, it is also essential to single-line sketch the existing duct system and note 
register locations and sizes in each room. Later, this information can be used to determine if 
the number and sizes of duct runs is adequate for cooling. This is accomplished by comparing 
existing duct sizes with duct capacity tables from specific design manuals such as ACCA’s 
Manual D. Most manufacturers of equipment provide simplified duct sizing tables as well. 
 
Watch For the Unexpected 
 
A comfort survey can become a fairly routine task, but the experienced technician or 
salesperson is always looking for the unusual, not only in old buildings, but newly constructed 
ones as well. 
 
Look for unusual sources of heat gain: excessive air infiltration, rusted open fresh air intakes, or 
conversely, rusted closed kitchen exhaust fans, improperly installed insulation, poorly fitted 
windows and sliding glass doors, unusually high sources of moisture, etc. 
 



 Comfort Cooling: Introdcution 
Lesson 9 Page 11 

Finally, equally important to the building survey is to discuss occupant needs with the owner or 
user of the proposed system. No two users are really alike. Living habits can affect system 
design almost as much as the structure itself. 
 
As you learned in 
Lesson 8, occupancy 
load and other 
internal sources of 
heat gain can be 
significant. Internal 
moisture loads can be 
as much as 30% of the 
sensible heat gain in 
average buildings 
under average 
conditions. 
 
On the other hand, 
some families 
entertain a great deal 
in their home. Normal 
design procedures do 
not consider unusual 
“party” loads. Hobbies 
may affect design as 
well. Certain hobbies 
may generate 
excessive moisture or 
high internal heat 
could alter the system 
design. 
 
The owner’s plans 
may also include 
definite remodeling or 
expansion in the very 
near future. 
 
The occupant’s health 
may be a factor.  
Consider an individual 
with an allergy.  He or 
she might require the 
addition of an 
electronic air cleaner, 
charcoal filter, UV 
light or the deletion of 
any sort of fresh air 
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intake in the duct system.  Smokers might require more ventilation, certainly improved 
filtration. 
 
An individual who collects paintings or rare books might require a system designed for much 
closer humidity control than normally provided. 
 
Elderly members of a family might require special controls to maintain slightly higher 
temperatures in certain rooms of the house. 
 
From these few examples it must be apparent that the personal interview is an integral part of 
any comfort survey. 
 
   
House Types 
 
We will cover air 
distribution up close in our 
next lesson. Right now, let's 
review some of the general 
issues involved in making 
equipment and an air 
distribution system fit a 
building. We'll use several 
house types as examples. 
 
     Equipment is readily fitted into homes with basements. 
 
Three common types of houses encountered today are the one-story or ranch type, the two-story, 
and the multi-level house --- built over basements, crawl spaces, or on slabs. 
 
The one-story house built over a basement is probably the easiest design. Equipment can be 
placed in the basement and cause little interference with respect to any ultimate use of the 
basement area. A minimum of labor will be required. Yet, a large rambling ranch house may 
present some design problems, even if it has a full basement, as duct runs from the central unit 
may become too long. One solution to this problem may be to install separate systems, each 
serving a portion of the house. 
 
A ranch house built over a crawl space generally presents the same design problems as for the 
one-story house built over a basement. Equipment can be positioned in the crawl space or in a 
closet on the ground floor. However, there will be different procedures followed when 
installing a system for a house with a slab floor. 
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The ductwork must often be routed through the 
concrete floor. This is a difficult installation with 
careful preparation required before the concrete is 
poured. The builder and HVAC specialist must work 
together. Equipment would be installed in a utility 
room on the same level as the other room, as with a 
crawl-space house. In mild climates, the ductwork 
would be routed through the attic. 

 
Multi-Story 
 
The two-story house presents some additional problems for proper design of a distribution 
system for air conditioning. First, there is the possible difficulty of locating convenient stud 
space to route and conceal ducts to the second floor. 
 

 
Equipment goes in 
closet or attic when 
home has a crawl space. 
 
Then, the fact that warm 
air tends to rise while 

cool air falls can complicate matters. This means that the second floor will more than likely tend 
to be warmer than the first floor. Therefore, the second floor may require more cool air than 
estimated by the load calculation. 
 
The problem may be less of an issue if the second floor contains only bedrooms which are 
occupied primarily at night. In some instances it is advisable to provide additional supply ducts 
to the second floor for use during the cooling season. Separate equipment, while expensive, or 
zone control can improve comfort in two-story houses. 
 

 
Split level homes experience air 
exchange between levels. 
 
The split-level house offers another 
challenge to the designer. Some of 

the problems are the same for both cooling and heating. For example, floors of rooms over the 
garage or porch should be heavily insulated to minimize heat gain in summer as well as heat 
loss in winter, because it must be assumed that these areas will usually be unconditioned. 
 
Depending upon the design of the house and the use of the upper levels, it may be necessary to 
provide considerably more air for cooling the top level as in the case of a two-story house. 
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Notable Notes:  A Basic Guide to Energy Savings 
 
1.  Effective insulation 
 
A. Insulation R-values meet standards for this climate to ensure minimum heat losses in the winter or 
heat gains in the summer. 
B.  Proper installation ensures insulation, fully protects walls, ceilings, and building perimeter. 
C.  Weather-stripping reduces air infiltration around doors, and windows. 
D.  Caulking and sealing reduces air leakage around doors, windows, and chimneys. 
 
2. Efficient Heating and Cooling Equipment 
 
E.  Efficient air conditioning equipment uses less energy than standard equipment and saves on 
cooling bills. 
F.  An energy saving heat pump provides heating and cooling and can save 30 to 50% on electric 
heating costs. 
G.  Equipment performance, capacity, and energy efficiency are certified under a program provided by 
the Air Conditioning, Heating & Refrigeration Institute (AHRI).  
 
3.  Expert Heating and Cooling Installation 
 
H.  Equipment is properly sized to meet the needs of the house. 
I.  Air distribution system is sized for energy efficiency. 
J.  Air handling ducts are air-tight and insulated in non-conditioned areas. 
K.  Registers and grilles are located to give draft free insulation. 
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Routing ductwork through a 
multi-level house may be at 
times very difficult. 
 
Zoning may be advisable 
for cooling (as well as 
heating) a split level house, 
or perhaps two separate 
systems will be a 

consideration.  One of the two systems could be a conventional central air conditioning system 
while the second, a small, self-contained unit.  The latter would be installed in the top level to 
augment the cool air delivered to that area from the central unit.  If the house has an attached 
garage and the owner does not wish to cool this area, the walls between the garage and the 
house should also be thoroughly insulated. 
 
Equipment Noise 
 
Unlike most home equipment, central air conditioning units produce sounds that are detected 
outdoors-especially by neighbors without air conditioning. The Air-Conditioning, Heating & 
Refrigeration Institute (AHRI) has developed a simplified equipment rating standard in decibels 
(dB) and also an application standard. They are respectively AHRI Standard 270 for rating and 
AHRI Standard 275 for application. 
 

Rating of manufacturers' equipment is published by AHRI 
and participants in the program list their standard ratings 
in their catalogs as well. 
 
Airborne sound emitting from an outdoor air conditioning 
condensing unit can be reflected and absorbed by the 
adjacent building surfaces. 
 
The dB 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. An automobile 
engine sounds louder inside a 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 sound rating of say 62 dB would sound louder installed in a narrow 
areaway between two buildings than say behind one building with open areas on all sides. 
However, using the data in AHRI Standard 275 it is an easy task to account for the effects of site 
conditions. 
 
Sounds are produced by vibrations. Vibrations can be airborne or travel through solids and 
liquids --- hence sounds can too. An auto mechanic places his ear near a wrench pressed against 
an engine to pinpoint a noise. Swimmers beneath the surface can hear the sound of two objects 
struck together under water. These are examples of sounds moving through a solid, the 
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wrench, and a liquid, the water. 
 
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, but by air waves. 
Vibrating mechanical equipment actually causes very small pressure changes in air; eventually, 
the air transmits the vibrations to the human ear. 
 
Location is Important 
 
Obviously, if the air conditioning unit was not located in front of a neighbor's window or facing 
his patio, the sound level there would be reduced. Advance planning is necessary if the air 
conditioning unit is to be placed where it will create the least amount of sound for neighbors or 
on the user's own patio. 
 
The first step in planning is to find the best location for the unit. Properly screened with 
shrubbery or decorative fencing that doesn't block the air flow, an air-conditioner can be 
hidden from view even when placed in front of a home. Many air conditioning units are 
designed with clean, functional lines and come in colors that blend with the walls of the home. 
They can become almost invisible from the curb if fencing or shrubbery blends in with the rest 
of the landscaping in front of the home. 
 
Little can be done to lower the sound level of the equipment after it is installed. What little can 
be done is usually costly and less effective than if sound control had been considered before 
installation. 
 
Experience Helps 
 
Conducting an effective comfort survey comes with experience. In the beginning, the air 
conditioning technician or salesperson must be prepared to go back to the job site, make extra 
phone calls, etc. because this or that fact was not ascertained. But thoroughness should be the 
ultimate goal. For, with a thorough and complete survey comes a savings in time and effort, 
both of which lead to a more profitable installation and a very satisfied customer. 
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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 A comfort survey is an investigation to gather thermal and physical information  
   on a building to be air conditioned. 
 
2. T            F Most building plans and sketches are drawn to a 1/4 or 1/8 inch equals 1  
  foot scale. 
 
3. T            F Data on existing ductwork is essential to achieve a successful add-on installation. 
 
4. T            F The existence of adequate attic ventilation openings must be verified to  
  assure minimum ceiling heat gain. 
 
5. T            F    An existing furnace blower may not be adequate because adding a cooling coil  
  increases resistance to air flow. 
 
 
In the following multiple-choice questions, choose the phrase that most correctly completes 
the statement and check the appropriate box for the corresponding letter in front of the 
phrase. 
 
6.  Speeding up a blower by 10% will result in a ______ increase in motor current draw. 
 
  A.  3%.    B.  33%. 
  C.  10%.   D.  20%. 
 
7.  Condensate drains may cause problems and must be installed according to: 
 
  A. manufacturer’s instructions.    B. homeowners’ preference. 
  C. local building code.    D. contractors experience. 
 
8.  A critically important aspect to any comfort survey is to: 
 
  A. discuss occupant special needs. 
  B. find out how long owners lived in house. 
  C. determine how much customers can afford to pay. 
  D. determine how long occupants plan to stay. 
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9.  A slab floor house with a perimeter system poses special HVAC problems because: 
 
  A. the slab takes a long time to cure.   B. ducts are difficult to install in a slab. 
  C. the slab is hard to cool .    D. there is no room for the air handler. 
 
10.  An often overlooked problem in a comfort survey is: 
 
  A. the time necessary to deliver the equipment. 
  B. the labor costs to install the system. 
  C. adequate room for the outdoor unit. 
  D. the potential for noise by the outdoor unit. 
 
For the completion-type questions, fill in the blanks with the word (or words) that most 
accurately completes the thought. 
 

 
Key Words 

 
zone control  air  property  included  open window 
harder   easier  water   Standard 275  electric  
walls   Noise Criteria 40 
 
11.  Multi-level and two-story homes may be good candidates for _______ ____________. 
 
12.  Noise rating of outdoor condensing units is covered by ______________ published by the 
Air Conditioning, Heating & Refrigeration Institute. 
 
13.  Sound transmitted through ____________ is the greatest concern when locating outdoor 
condensing units. 
 
14.  The distance between a condensing unit and a _______________ line may be specified by local code. 
 
15.  Single story homes are __________ to cool than two-story homes. 
 
16.  Checking for adequate __________ service is a key priority when conducting an existing 
house survey. 
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Check Your Answers!  

  
Now compare your answers with those given in the answer key at the back of this book. 
 
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 
 
 
All the fancy equipment in the world cannot overcome a poor air distribution system. In fact, it 
is the air distribution system that makes central air conditioning different— it is not just a plug-
in appliance. Air distribution must be "engineered" or customized for the house. 
 
 
In Lesson 10, you will learn: 
 

• the names of the various parts of a duct system 
• the meaning of the term "resistance to air flow" 
• approaches to sizing ducts to provide the correct air flow to each room 
• the need for insulation to save energy and avoid condensation 
• the basic types of duct systems 
• the need for fine-tuning the system by balancing and adjusting the air flow through the 

system 
 
As with cooling load procedures, there are a number of industry-supported duct design 
procedures in use. This lesson gives you the necessary background information before undertaking 
the study of specific procedures. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Now read Lesson 10 which begins on the next page. 
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Lesson 10: Moving Air for Comfort 
 
Equipment cools and 
dehumidifies the air. Filters 
clean the air. For whole 
house comfort, the 
conditioned air must be 
distributed throughout the 
building in the correct 
amounts without drafts or 
noise. 
 
The design and installation 
of the air distribution 
system is every bit as 
important as the selection 
and installation of the 
correct equipment. As we 
learned in Lesson 9, finding 
room and ways to route ductwork is also a real challenge. 
 
Your Basic Duct System 
 
The major parts of a duct system consist of: 

1. Supply plenum - the central collecting chamber for the conditioned air leaving the air 
conditioning unit. 

2. Trunk duct - distributes the large volume of air from the supply plenum to other parts of 
the building. 

3. Branch ducts - tap into the trunk ducts to bring air to individual rooms. 
4. Fittings - such as elbows, boots, take-offs, angles, etc. are required to route the 

ductwork through and around joists and studs. 
5. Supply outlets - on the end of the branch duct project the conditioned air into each 

room to mix with room air. 
6. Return air intakes - grilles which permit air from the conditioned space to enter the 

return side of the system leading back to the air conditioning unit. 
7. Return duct - collects air from the return grilles to carry back to the air conditioning 

unit. 
8. Volume dampers - required for each supply outlet (in the branch duct, riser, or outlet 

itself) to regulate the amount of air flowing so that the system can be properly 
balanced. 



 Comfort Cooling: Introduction 
Lesson 10 Page 3 

Friction and Air Flow 
 
Air or water flowing through a piping system requires energy to overcome an opposing 
resistance to flow called friction.  The purpose of the equipment blower is to provide energy in 
the form of pressure to overcome the resistance to flow imposed by the duct system. 
 

Straight ducts (at left) resist airflow 
because of wall friction.  Any change in 
duct geometry (below), imposes 
resistance primarily because of 
turbulence – swirling pockets of air – as 

the air stream is disrupted to turn or change shape.  As a result, fittings just inches long can 
cause the same resistance as 5, 10, 20, or more feet of straight duct resistance.  The exact 
amount depends on fitting streamlining. 
 
Even a length of duct perfectly 
straight and apparently smooth, 
offers resistance to air flow 
created by the friction between 
the inside surface of the duct 
and the air. 
 
There is also turbulence as an 
energy waster. Turns and changes in duct geometry cause some air to begin swirling into tiny 
whirlpools that consume energy which is reflected by a loss of pressure. Quite often, the fittings 
in a duct system cause more resistance than the straight ducts themselves. 

 
For example, one elbow just inches long may cause the same 
resistance (pressure loss) as a duct 10 feet long because of 
turbulence as the air is forced to turn. 
 
 
 
 

 
The blower overcomes the duct resistance.  Air on the inlet 
side is a low pressure and air on the outlet side is a higher 
pressure.  Pressure always goes from a high to a lower 
pressure. 
 
A square or hard turn elbow may impose twice as much 
turbulence as a gradual turn. So there are good and not so 
good fittings as well. 
 
The frictional resistance of straight ducts and fitting resistance can both be measured and 
reported as a pressure loss in inches of water column (IWC). 
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Notable note:  Your car’s tire pressure is about 30 psig (pounds per square inch). The 
equivalent in inches of water column would be about 831 IWC (27.68 x 30).  Peak pressure in a 
residential duct system is often 0.5 IWC – very low pressure.  In the metric system pressure is 
measured in Pascal’s.  Duct pressure would be about 125 Pa or 0.125 kPa. 
 
As an example: If we want to push 15 pounds of air per minute through a six inch round duct 50 
feet long, the duct would impose a 0.15 IWC resistance. A fan pushing air at the entrance would 
have to overcome this resistance. If the fan could not produce 0.15 IWC pressure at the 
required air flow rate, then the amount of air moving through the duct would be reduced. 
 
We could change to a larger 8-inch round duct. The fan now would only have to produce a 
pressure of 0.04 IWC to move the 15 pounds of air. Thus, for a given quantity of air, a larger 
duct imposes less resistance (pressure loss) than a smaller duct of the same length. Matching 
the fan and ductwork is the key to successfully moving air. 
 

For design convenience, fitting losses for small 
systems are most often listed in terms of equivalent 
length of straight duct rather than IWC pressure loss. 
A 45° elbow might impose the same resistance as 5 ft 
of straight duct of the same size --- hence the fitting's 
equivalent length (EL) is 5 ft. 
 
At left are a few examples of fittings and their 
approximate equivalent length. 
 
It is essential that the duct system be laid out using a 
minimum number of fittings and using fittings with 
low loss (low EL) characteristics. If the system is 
poorly designed using high loss fittings and 
undersized, the correct amount of air will not be 
delivered by the blower. 
 

Within limits, a blower may be speeded up to overcome higher resistance. However, doing so 
requires more power with a consequent increase in operating costs and higher noise level. 
Increasing blower speed often requires a larger motor, as was mentioned in the previous lesson 
on making a comfort survey. 
 
Sizing Ducts 
 
In addition to using a minimum number of good fittings, the duct system must also be sized --- 
made big enough --- to provide the proper amount of conditioned air to each space. 
 
Small duct systems are sized based on the following: 
 
1.  The amount of air to be delivered to each space (from the cooling load). 
2.  The fan pressure available to “move” the air. 
3.  The effective length of the duct runs (fitting EL lengths plus actual duct length). 



 Comfort Cooling: Introduction 
Lesson 10 Page 5 

Notable Note: A comprehensive duct design procedure is the subject of a separate course 
called Residential Duct design and is based on ACCA Manual D. 
 
By tradition, air flow is given in terms of CFM — cubic feet of air per minute, not pounds per 
minute. Fan pressure, as we know, is given in terms of inches of water column (IWC). Knowing 
these values and duct equivalent length, it is possible to correctly size the branch and trunk 
sections of a duct system. Simplified tables, as illustrated on bottom of page 110, are used to 
ease the designer's work. 

 
However, it is absolutely 
essential that the user of 
simplified sizing 
procedures be aware of 
the assumptions and 
limitations of the sizing 
charts. 
 
Insulating Ductwork 
 
Ductwork is usually 
fabricated from galvanized 
steel but may also be both 
rigid and flexible fibrous 
glass materials. 
Air flowing through ducts 
from a central cooling unit 
to the spaces to be 
conditioned will absorb 

heat because the air in the duct is around 60º F and the air surrounding the ductwork may be at 
75°, 85°, or even 130° F in an attic. If the ducts pass through spaces that are air conditioned, such 
heat absorption is useful in keeping the spaces cool. If a space is not air conditioned, however, 
the heat absorbed reduces the cooling capacity of the air by raising its temperature before it 
reaches its destination. 
 

 
Exterior duct insulation with vapor retarder (barrier) is required by code. 

Duct liner (right arrow) can be used to satisfy insulation levels in some 
applications.  A combination of both is also used.
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Fiberglass ductwork requires heat activated tape 
closure on longitudinal seams or a mastic and 

glass fabric tape application. 
 
Galvanized ductwork that passes through attics, 
crawl spaces, or other non-air conditioned spaces 
must be covered with insulation. Local codes may 
require it. A vapor retarder outer surface should be 
part of the insulation to prevent moisture from 
penetrating the insulation and condensing on the cold duct. Wet insulation sharply reduces the 
effectiveness of the insulation, which, of course, adds to the cooling load. Wet surfaces can also 
become a potential breeding ground for contaminants. 
 
Some contractors prefer to install the insulation on the inside of the ductwork as they fabricate 
it in the shop. One advantage of this arrangement is the duct liner reduces noise transmission 
through the ducts. 

 
The use of one inch (R- 4.3) or  
1-1/2 inch (R 6.5) fibrous glass 
materials for ductwork includes 
a vapor proof jacket of vinyl or 
reinforced aluminum covering 
and eliminates the need for a 
separate insulation wrapper in 
many instances. 
 
Flexible duct has become 
popular for both supply and 
return duct systems, especially 
those installed in attic spaces.  
Flexible duct permits long, 
smooth, gradual bends, and an 
installer can route the duct 
system around tight and difficult 
obstructions with great ease.  
Branch run-outs can also be 
quickly fitted between trunk and 
supply outlet.  Both insulated 
and non-insulated flex duct is 
manufactured. 
 
Thorough duct sealing for both 
metal and non-metal residential 
ductwork is being mandated by 
quality designers and by energy 
conscious code authorities 
trying to meet both local and 

national installation codes.
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System Types 
 
We can classify air 
distribution systems in a 
couple of ways --- first, 
based on the geometry of 
the ductwork---as trunk and 
branch, radial, and 
perimeter loop. 
 
The trunk and branch 
system features a large 
main duct carrying air to 
usually round branch duct 
that serve individual supply 
outlets. The trunk or main 
duct is decreased in size as 
conditioned air is delivered 
to branches along its 
length. One version of the 
trunk and branch is called 
an extended plenum system 
where the trunk is kept a 
constant size for its entire 
length.  A radial system 
features individual branch 
runs from the plenum 
attached to the cooling 
unit. This has also been 
called a spider system. A 
variant uses a fiberglass 
distribution box to make 
sub-branches off the initial 
run-out. 
 
The perimeter loop system 
has a characteristic supply 
loop which runs along the 
outside walls of a room or 
entire building. The loop is 
fed conditioned air at 
various points in the loop. 
This geometry was devised 
primarily to complement 
slab-on grade house 

construction for heating in cold climates. 
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Classified by Outlet 
Location 
 
Secondly, we can classify 
our air distribution 
arrangements based on 
supply outlet location: 
 
• along outside wall --- 
(a perimeter system) 
• in ceiling 
• on inside wall (low or 
high) 
 
 
Perimeter supply outlets 
right in the floor or low 
in the outside walls give 
superior results for 
winter heating in cold 
climates, and generally 
can give good results for 
cooling. 
 
If a system of ductwork 
is being designed only, or 
primarily, for cooling, as 
it may be in the south 
and southwestern parts 
of the country, a 
perimeter type layout is 
seldom used. However, 
most authorities still 
agree that a year-round 
system in cold regions of 
the country should be a 
perimeter configuration --- even in well-insulated structures. 
 
All three duct configurations --- trunk and branch, radial, and perimeter loop --- can be used to 
provide perimeter outlet locations. 
 
When heating is of secondary importance, overhead distribution is most often used to position 
supply outlets in ceilings or high on inside walls. Ceiling outlets may be centered in the room or 
positioned in the ceiling along the outside walls of the room. 
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Supply Outlets 
 
The number and size of supply outlets needed for a cooling system are dictated by the room by 
room cooling load. 
 
With underfloor duct routing, the choice in supply outlets is usually between baseboard, floor 
diffusers, and perhaps low sidewall or floor registers. 
 
Perimeter outlets can provide excellent cooling performance, provided a few precautions are 
taken. One involves assuring adequate throw to project cool supply air high up into the room. 
This can be achieved by following the manufacturer's register sizing instructions. 
 
Another precaution is to provide at least one diffuser in each principal room with a "clear field" 
along a wall --- no short drapes or window ledges to deflect the cool air supply jet. 
 
A third involves using a suitable number of outlets in each room. Two or three small outlets are 
generally preferred over one or two large ones. A common rule of thumb for residential work is 
that a single outlet should never supply more than 4,000 Btu/hr cooling. 
 
For duct systems routed overhead, ceiling diffusers are available in round, square, and 
rectangular shapes. They are most frequently used in areas of the country where winters are 
mild, but summers are long and hot. In areas where below-freezing temperatures often occur 
and where warm floors are highly desirable, use of ceiling diffusers usually is not recommended 
for heating. 
 
Cost, of course, is always a consideration, and forces compromises when duct routing becomes 
difficult and expensive. 
 
Return Intakes 
 
Return air grilles may be located in the floor, baseboard, high in the sidewall, or in the ceiling. 
Much is said about the effect that the placement of returns can have on the temperature 
uniformity in a room. In fact, the return has very little effect --- certainly far less than is 
generally believed. And a poor supply system can never be remedied by altering the return 
arrangement. Most often, returns are inadvertently undersized. 
 
The main concern with return grilles is to size them big enough to: 
• handle the returning air volume 
• avoid whistling noise because of high air velocity 
• avoid placing returns where people sit and cause a draft 
 
A residential return should probably handle no more than 2 to 3 CFM per sq inch of actual see-
through opening (called free area). 
 
As far as placement is concerned, consider these guidelines: 
• low for heating only 
• high for cooling only 
• for a year-round system: place them high if a perimeter system is used; place them low if a 
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high supply system is installed 
 
In any event, if you make 
certain the supply system is 
right for the job, the problem 
of where to put the returns 
becomes academic. 
 
The function of a return air 
grille is simply to provide a 
cover over the return duct 
opening. The type of grille 
cannot significantly influence 
the approach of the moving 
air stream entering the grille. 
 
In small installations, a single 
“central” return air intake 
can be made satisfactory if 
interior room doors are 
undercut to allow air to flow 
from each room and reach 
the return grille. In larger 
systems serving extended 
ranch-type or two-story and 
tri-level houses, multiple 
return air intakes are usually 
required. 
 
Studies have shown that stud 
and joist spaces are 
extremely difficult to make 
air tight. Still, many code 
authorities continue to allow 
the use of joist spaces and 
stud spaces to be used as 
connecting return air paths. 
 
However, energy conscious installers are relying on a fabricated return duct system assembled 
with the same care as the supply side of the system. 
 
Balancing the System 
 
Even the most carefully designed and expertly installed air distribution system will probably 
have to be “balanced” so that each room will be maintained at the temperature desired by the 
occupants. 
 
Balancing is accomplished by adjusting up or down the amount of air delivered to each supply 
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outlet. This is done by changing the setting of the volume dampers located in a branch duct or 
at times in the supply outlet itself. A change in blower speed may also be required to assure 
that the correct total CFM of air is circulating through the equipment. 
 

 
Volume dampers should 
be installed in duct 
systems to allow for 
convenient balancing and 
rebalancing the system 
for seasonal changes. 
 
 
 

 
 
 
 
All duct systems must be balanced for best performance. 
 
A year-round system properly balanced for heating may not be correctly balanced for cooling, 
and vice-versa. A room with a northern exposure, for example, may require more air for 
adequate heating than is needed for cooling during the summer. Thus, the person who installs a 
year-round air conditioning system should plan to balance the system once for cooling and 
once for heating if best results are to be obtained. Seasonal damper positions should be noted 
for the owner. 
 
Techniques 
 
The two most commonly used methods of balancing an air conditioning system are the 
thermometer method and the air velocity method. 
 
In the thermometer method, the technician places one 
thermometer in each room and one at each thermostat 
location. The thermometers are at the same height from 
the floor as the thermostat that controls the equipment, 
and they are located in each room so they are not 
influenced by heat sources such as lamps, direct sunlight, 
or a sun-warmed wall. All the volume dampers and 
registers are wide open at the start of the balancing. 
 
Volume dampers in ducts supplying rooms which have the 
lowest temperature readings are closed slightly to reduce 
the amount of air supplied to those rooms. This not only 
cuts the amount of air delivered to these rooms, but also 
increases slightly the air delivered to other rooms. 
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Another way to balance the air distribution system is to measure the 
actual air volume delivered by each supply outlet. 
 
The technician uses an air meter and takes several readings of the air 
velocity at each outlet. Using this measured velocity and the effective 
area of the register, supplied by the manufacturer, the technician can 
determine the CFM entering the room. The measured CFM is then 
compared to the design CFM noted originally for each register when 
the system was designed. 
 
Although the air velocity method of balancing can be used in 
residential work, it is employed chiefly in the large commercial 
systems. 
 
The total amount of air flowing through the cooling unit can also be 
adjusted to slightly increase or decrease the split between sensible 
and latent capacity of the unit. Decreasing the CFM through the unit 
tends to increase latent capacity at the expense of sensible capacity. 
Conversely, increasing the CFM increases sensible capacity and 

decreases latent capacity. 
 
As a rule of thumb, in areas where outdoor humidity is high, 
common practice might be to circulate about 300 to 320 CFM per 
12,000 Btu/hr total cooling capacity; while in dry areas, 
circulating about 400 to 420 CFM per 12,000 Btu/hr might be 
preferred. This, of course, affects the Sensible Heat Factor (SHF) 
of the equipment as previously described in Lesson 8. Exact 
manufacturer minimum and maximum CFM requirements must 
be followed to stay within rated cooling performance. 
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Self-Check, Lesson 10 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 All duct systems impose a resistance to air flow that must be overcome by the  
   blower. 
 
2. T F  Because of turbulence, fittings can cause more resistance in a system than  
    straight length of duct. 
 
3. T F Blower performance is listed in terms of so many pounds of air circulated per  
   minute. 
 
4. T F Ducts that leak air may disturb the pressure balance within the building. 
 
5. T F Small duct systems are sized based on the floor area of each room served. 
 
 
In the following multiple-choice questions, choose the phrase that most correctly completes 
the statement and check the appropriate box for the corresponding letter in front of the 
phrase. 
 
6.  The pressure loss of fittings used in small duct systems is reported in terms of: 
 
  A.  inches of water column.     B.  feet of water column. 
  C.  equivalent number of elbows.    D.  equivalent lengths of straight pipe. 
 
7.  Small duct systems are normally fabricated using: 
 
  A. black or ductile pipe. 
  B. galvanized steel or fibrous glass. 
  C. plastic or stainless steel. 
  D. aluminum or copper. 
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8.  To be effective against condensation as well as heat transfer, exterior duct insulation must 
be: 
 
  A. wrapped with a vapor retarder. 
  B. sealed with water resistance pressure tape. 
  C. two or more inches thick. 
  D. heat sealed with a hot iron 
 
9.  The number and size of supply outlets is determined primarily by the: 
 
  A. floor area of the room.    B. number of exposures of the room. 
  C. cooling load of the room.   D. orientation of windows in the room. 
 
10.  In a cooling only application, the preferred located for a return air is placed: 
 
  A. low on an inside wall.    B. high on an inside wall. 
  C. under a window.    D. outside the room in a hallway. 
 
 
For the completion-type questions, fill in the blanks with the word (or words) that most 
accurately completes the thought. 

 
Key Words 

 
zone control  increase  4,000  balancing ceiling 
dampers  baseboard  extended plenum  40,000 
decrease  trunk & branch tuning 
 
11.  Adjusting the airflow supplied to each room after installation is called ________ the 
system. 
 
12.  The amount of air supplied to each conditioned space can be regulated by adjusting 
______________ in the duct system. 
 
13.  Decreasing the air flow (CFM) through the cooling unit tends to _____________ the latent 
cooling capacity. 
 
14.  A rule of thumb for residential applications is that a single supply outlet should never 
supply more than _________ Btu/hr of cooling capacity. 
 
15.  In areas of the country where winters are mild but summers are hot, ___________ 
diffusers are generally installed. 
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16.  Identify the type of duct system 
illustrated here. 
 
 
 
 
 
Answer _______________________ 
 
 
 
 
 
17.  Identify the parts of a typical duct system according to the numbers on the illustration 
below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
1.  ___________________________  2.  ______________________  3.  ___________________ 
 
 
4.  ___________________________  5.  ______________________  6.  ___________________ 
 
 
7.  ___________________________  8.  ______________________  9.  ___________________ 
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Check Your Answers!  
  
Now compare your answers with those given in the answer key at the back of this book. 
 
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 
 
 

Up to this point, our focus has been on the most popular type of air conditioning 
system - DX coil, electric-powered equipment with air-cooled condensing and duct 
distribution of air. 
 
In this lesson, we will study some of the other types of systems - chilled water, 
water-cooled condensers, absorption cooling, ground water systems, engine 
driven and the on-going search to use solar to power air conditioning. We'll also 
talk about a couple of refinements to standard systems like desuperheater water 
heaters, economizers, and heat pipes.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Now read Lesson 11 which begins on the next page. 
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Lesson 11: Other System Choices 
 
Up to this point, we have 
focused on ducted central air-
cooled unitary equipment. 
There are, of course, other 
types of equipment and 
systems used to condition 
buildings. Here are a few. 
 
Using Chilled Water 
 
Chilled water systems can be 
used to air condition 
buildings. Apartments and 
hotels are often likely 
applications. Large custom 
homes may also be 
candidates. 
 
Packaged water chillers are 
available over a considerable 
range of sizes and types. In 
sizes less than 25 tons, 
reciprocating compressors are 
used almost exclusively. For 
larger capacities, chillers may 
employ screw and centrifugal 
compressors as well as 
reciprocating compressors. 
 
They are called “packaged” 
chillers because the 
refrigerating equipment 
needed to chill the water is 
combined into one assembly. 
The chilled water is circulated 
by means of one or more pumps to 
 vertical or horizontal fan-coil units. 
 
     Chilled water system (above) is another approach to 
     comfort cooling.  Pump (not shown) circulates   
     chilled water to remote fan-coil units. 
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At left: Three types of fan  
coil sections. 
 
Each terminal unit is equipped with its own blower 
and filtering system to circulate room air over the 
cold pipes and the cooled air back into the room. 
The same piping system could also be used to 
circulate hot water for heating. 
 
The advantage of chilled water is the ability to 
conveniently route small pipes through building 
construction, provide local temperature control and 
have the efficiency associated with a single central 
cooling unit. 
 
Console fan-coil units used in chilled water systems 
are typically located beneath windows so that they 
will be effective during winter heating when hot 
water is circulated. 
 
Horizontal recessed models are often placed in 
furred-down ceilings. 
 
Vertical air handling units are installed in small 
closets looking a lot like a heat pump air handler. 
 
Absorption Cooling 
 
Like a conventional vapor-compression system, an 
absorption refrigeration system depends on the 
evaporation of a liquid refrigerant to accomplish 
cooling. 
 

The essential difference between the “mechanical” and “chemical” system lies in the manner in 
which the evaporated refrigerant is recovered and condensed so that it can be used over and 
over again. An absorber-generator replaces the mechanical compressor. 
 
The absorber can be equated to the intake of the compressor; the generator, to the discharge 
side. A schematic is shown here. 
 
Refrigerant vapor from the evaporator enters the absorber where the vapor is dissolved by a 
liquid. The refrigerant/liquid solution is then “pumped” to the generator which is at the higher 
pressure of the condenser.  Now the liquid is heated in the generator by a gas flame which 
drives the refrigerant vapor out of solution and the gas enters the condenser to complete the 
cooling cycle. The liquid, now free of the refrigerant, is returned to the absorber to repeat the 
process. 
 
Notable note: Steam is often a source of heat energy in large absorption systems. Sometimes waste 
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heat from industrial processes can be used to provide cooling. 
 
Absorption systems can be 
designed to cool air directly or to 
chill water that cools air by means 
of fan-coil units as just described. 
 
Built-up System 
 
Built-up systems are generally 
used for large commercial and 
industrial applications of air 
conditioning. The same basic 
components are used but are 
individually selected by a 
mechanical engineer. The various 
components are installed and 

connected in the field instead of in the factory. 
 
 

What's An Air Handler? 
 

The general term “air handler” is used to describe a range of products that can differ markedly 
from each other. Under this broad banner, one can generally list the following sub groups: 
 
1. Central Station Air Handlers - factory assembled versions of traditionally built-up systems for 
large and medium-sized buildings. 
 
2. Chilled Water/Hot Water Fan-Coil Packages - containing filter, blower and hot and/or chilled 
water coils. Ductwork can be and is often used. 
 
3. DX Blower-Coil Package - containing filter, blower and direct expansion coil. Ductwork can 
be and is regularly used. (Required when no furnace available to mount coil and supply fan.) 
 
Water-Cooled Condensers 
 
Condensers that use water rather than air offer a number of advantages for certain type 
installations. The condensers are more compact and the compressor can operate at a lower 
discharge pressure -- easing the load on the compressor and motor. 
 
On the other hand, maintenance is higher because of water-side fouling, which reduces heat 
transfer. Fouling, in turn, is caused by sediment, biological growth, and corrosive products. 
Cleaning by brush and chemical means is required. Water itself may be quite costly to purchase 
simply to pass through the condenser. 
 
Cooling Tower 
 
Today, water is so expensive and scarce that most cities have laws governing its use in water-
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cooled condensers. A cooling tower is almost always required, as it recycles the water used in a 
water-cooled condenser. So, rather than running the water through the condenser and 
discharging it into a sewer, it is used over and over again with only small amounts added for 
losses. 
 

Condenser is cooled by water rather 
than air.  Cooling tower on roof “cools” 
warmed water for reuse. 
 
The temperature of the cooling water 
leaving a condenser is increased 
perhaps by 15° or more. The 
temperature of this water can be 
reduced by means of the cooling tower 
and then recirculated through the 
condenser to pick up more heat. 
 
A cooling tower can be constructed of 
metal, wood, or plastic. It is located 
outdoors. In a direct tower, warm 
cooling water leaving the condenser is 
pumped into the cooling tower through 
spray nozzles. Pans force outdoor air 
through the water sprays. As the air 
moves through the tower, some of the 

cooling water evaporates, thereby reducing the temperature of remaining water. The cooled 
water collects at the bottom of the tower and is pumped back to the condenser to once again 
pick up heat. 
 
Some towers do not use fans and rely on 
natural draft to move outdoor air through 
the water spray.  Some towers also are 
indirect designs and the condenser water 
is circulated through tubes rather than 
sprayed. 
 
Evaporative Condensers 
 
A combination condenser/cooling tower is 
called an evaporative condenser. The hot gas 
 from the compressor flows through tubing  
inside the evaporative condenser. Water from  
spray nozzles flow down over the tubing. At the same time, air is forced up over refrigerant 
tubing. Some of the water evaporates, cooling and condensing the refrigerant vapor flowing 
inside the tubes. 
 
 
 

Direct type cooling tower cools condenser 
cooling water by partial evaporation through 
water-air contact. 
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Shown at left: Evaporative 
condenser uses air and water to 
condense refrigerant vapor.  
 
An evaporative condenser 
requires less water and water 
chemical treatment than a 
cooling tower with a separate 
condenser, and operates at 
lower condensing temperatures 
than air-cooled condensers. 
 
Well Water Systems 
 
A few areas are blessed with a 
plentiful supply of well water 
that is sufficiently cold and 

otherwise satisfactory to use for air conditioning. Such well water can be piped to fan-coil or 
air-handling units and then returned to the ground through a “dry well” arrangement. The “dry 
well” is normally required by 
local building codes. Where well 
water systems are used 
extensively, draining the water 
into the sewer, rather than 
returning it to the ground, could 
significantly lower the local water 
table. 
 
By adding a water-source heat 
pump to a two-well system, both 
economical heating and cooling 
can be provided. When direct use 
of the cool well water can no 
longer handle the load, the heat 
pump provides mechanical 
cooling. In winter, the well water 
is a source of low temperature 
heat for the heat pump which 
then operates in the heating 
mode. Some savings in operating 
cost have been demonstrated 
using the well concept. 
 
Using the Ground 
 
Heat pumps connected to a 
closed loop of plastic piping 
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buried in the ground have a broader application than direct well water systems. Such systems 
are referred to as geothermal heat pumps or ground loop systems. 
 
The soil several feet below the surface remains at a relatively uniform temperature year-round. 
Thus, water or brine circulated through the earth coil can provide a source of heat energy in 
winter and absorb heat from the condenser during cooling when connected to a heat pump. 
 
Buried loops can be installed horizontally or vertically. Loops can also be placed at the bottom 
of a man-made water pond or lake. 
 
Engine Driven Cooling 
 
Another method of providing air 
conditioning is to use a natural 
gas internal combustion engine 
to drive a refrigerant 
compressor. The balance of the 
cooling circuit is essentially the 
same as would be employed 
with an electrically-driven 
compressor. 
 
Various types of large gas-engine 
air conditioning systems have 
been employed successfully for 
many years in commercial 
applications. Their use in 
residential air conditioning has 
expanded with a current design 
built around a microprocessor-
controlled, one-cylinder natural 
gas engine. 
 
Solar Cooling 
 
It is also possible to use solar 
heat to produce cooling. One 
tested technique is to use solar-
heated water to power an 
absorption air conditioning unit. 
Water between 190° and 210° F 
is required.  Auxiliary steam is 
available to boost the water 
temperature on overcast days. 
 
Another, more exotic system is 
to use refrigerant gas as substitute “steam” to drive a turbine driven compressor. The 
refrigerant is vaporized by heat from the solar collector, expanded through the turbine; 
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condensed, and recycled. The compressor, in turn, is connected to a conventional cooling or 
heat pump circuit. 
 
With perhaps the exception of solar-heated domestic water heaters, the future for solar energy 
appears to be in producing electricity through photo-voltaic cells rather than elaborate 
“mechanical” arrangements to use the sun as a low temperature source of heat energy. 
 
Energy Saving Components 
 
There are a number of accessory 
components that have 
demonstrated energy conserving 
capabilities in many installations. 
 
For example, a number of leading 
manufacturers now offer 
“desuperheater/water heaters” to 
add to an air conditioning unit. ARI 
Standard 470 provides testing and 
rating procedures for these 
devices. 
 
A desuperheater/water heater 
takes some of the heat normally 
rejected (and wasted) by an air 
conditioning condensing unit and 
uses it to heat domestic water. 
 
Here's how it works: A refrigerant-
to-water heat exchanger is placed 
ahead of the condenser. As the hot 
refrigerant gas leaves the 
compressor, it first passes through 
the heat exchanger and gives up 
some heat to the cold water 
circulating from the bottom of the 
domestic water heater. The 
somewhat cooler refrigerant gas 
then continues on to the 
condenser to reject its remaining 
heat and becomes liquid refrigerant again. Meanwhile, the heated water is returned to the top 
of the water heater. 
 
It appears that a typical unit can provide about 10 gallons of hot water per hour per ton of 
cooling capacity. In addition to saving on the cost of heating water, a second benefit is a slight 
reduction in the cost of operating the air conditioning unit as well. 
 
Another accessory that can help conserve energy is the addition of an economizer unit. This 
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introduces cool outside air for comfort conditioning when both outdoor temperature and 
humidity conditions are low enough to be an effective source of cooling. 
 
Once popular just for relatively large commercial systems, economizers are now available and 
used for smaller size installations. 
 
The Heat Pipe 
 
A mini-refrigeration 
circuit can be recreated 
in a copper tube. One 
end acts as the 
evaporator, the other 
the condenser. A 
vacuum is pulled on the 
pipe and a common 
refrigerant is charged 
into the tube. The 
refrigerant can be 
boiled on one end, flow 
to the other end and 
condense, and be 
carried back to the 
opposite end (either by 
gravity or a wicking 
material) to be boiled 
again. In the process, lots of heat is transferred from one end of the pipe to the other. 
 
Called a heat pipe, several rows of heat pipes can be used to form an air to air heat (recovery) 
exchanger. 
 
One use in small system air conditioning is to increase the latent removal performance of 
cooling units without the energy cost associated with reheat systems. One end of the heat pipe 
becomes a pre-cooling section in front of the cooling coil, and the other end becomes a reheat 
section for supply air leaving the coil. 
 
Hot humid air might enter the cooling unit at 79°, pass through the heat pipe, and be reduced 
in temperature to 69°. Next, the now cooler but still humid air passes through the cooling coil to 
be dehumidified. 
 
The air leaves the cooling coil at about 49°, passes through the reheat section of the heat pipe 
and is warmed to 59° as it enters the air distribution system. Reheating is, of course, used to 
avoid circulating excessively cold supply air. 
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Self-Check, Lesson 11 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 Apartments and hotels are suitable prospects for air conditioning using chilled 

water systems. 
 
2. T F Chilled water systems do not allow for local temperature control. 
 
3. T F In absorption cooling, heat is used to dissolve refrigerant vapor into a liquid  
   solution. 
 
4. T F Compressors coupled to water cooled condensers operate at higher discharge  
   pressures compared to air cooled condensers. 
 
5. T F A dry well is part of a well water cooling system to avoid lowering the local water  
  table. 
 
In the following multiple-choice questions, choose the phrase that most correctly completes 
the statement and check the appropriate box for the corresponding letter in front of the 
phrase. 
 
6.  A vertical air handler used in chilled water systems is a good candidate to be installed: 
 
  A. in a small closet.      B. beneath a window in a room. 
  C. in a furred-down ceiling.     D. in a crawl space. 
 
7.  Water cooled condenser maintenance cost can be high because of the cost of water and: 
 
  A. equipment first cost.     B. cleaning cost to reduce fouling. 
  C. pump power cost.     D. installation cost. 
 
8.  A cooling tower is included in an air conditioning system to conserve on: 
 
  A. refrigerant in the condenser.    B. cooling water for condenser. 
  C. electrical energy consumption.    D. the size of equipment required. 
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9.  Equipment that combines the condenser and cooling tower into one unit is called: 
 
  A. an air/water condenser.    B. an indirect cooling tower. 
  C. a dry cooling tower.     D. an evaporative condenser. 
 
10.  A cooling tower that does not rely on fans to move outdoor air through the water spray is 
called: 
 
  A. a forced draft cooling tower.    B. an indirect cooling tower. 
  C. a natural draft cooling tower.    D. a direct cooling tower. 
 
For the completion-type questions, fill in the blanks with the word (or words) that most 
accurately completes the thought. 
 

Key Words 
 
zone control  geometric  desuperheater  heat pipe electricity 
economizer  efficient  baseboard  manually geothermal 
microprocessor  heat pump 
 
11.  One modern engine driven cooling unit is based on a/an ____________ _____________ 
controlled one-cylinder natural gas engine. 
 
12.  A/an _______________________ water heater can provide about 10 gallons of “free” hot 
water from heat rejected by a condensing unit. 
 
13.  A/an ____________________ unit uses outside air to provide a building with “free” cooling 
under the right temperature and humidity conditions. 
 
14.  A/an _________________ can be added to a cooling coil to increase latent heat removed by 
the equipment. 
 
15.  The best application of solar energy for cooling appears to be in the direct conversion of 
____________________ to power equipment. 
 
16.  Extracting heat from the earth through a series of buried coils is termed a/an 
____________ heat pump system. 
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Check Your Answers!  
  
Now compare your answers with those given in the answer key at the back of this book.   
 
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 12 Overview 
 
 
As you will quickly learn in Lesson 12, control arrangements are endless. Each manufacturer 
devises its own control strategy, and while many control "parts" are the same on small systems, 
they may be configured differently. 
 
In this lesson, we will simply introduce the key parts of a control circuit; examine operating 
controls and safety devices, consider solid state devices, and examine how control "diagrams" 
might be presented for clarity, including terminal alpha designation by function. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Now read Lesson 12 which begins on the next page. 
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Lesson 12: Keeping It All Under Control 
 
It all starts with the thermostat. A central air conditioning 
system is “controlled” -- that is, turned on and off by a device 
that detects a change in room air temperature. When the air 
temperature goes up, the thermostat switches the air 
conditioning unit on. When the temperature goes down, the 
thermostat switches the equipment off. The difference in 
temperature on and temperature off is called the operating 
differential of the thermostat. 
 

Automatic controls in air conditioning are simply 
interconnected switches that either turn on and off (or 
restrict) -- the flow of electricity, gas, refrigerant, water, 
etc. Changes to temperature, pressure, electric current, 
or some other measurable quantity may be used to 
trigger the switch which opens a valve, closes a damper, 
or activates a relay. 
 
A basic control circuit contains a power source, a switch 
and a load connected by wires. An automatic control 
circuit would feature a switch that responds 

“automatically” to a measurable change. In the case of a light switch, we might detect motion 
or the onset of darkness to regulate building lighting. 
 
In our review, let's first look at operating controls, then associated safety devices. 
 
Operating Controls 
 
A room thermostat contains a sensor that reacts to changes in 
room air temperature. The sensor may be a bimetal element that 
changes shape with changes in air temperature, or an electronic 
element that changes electrical characteristics with changes in air 
temperature. The sensor opens or closes an electrical switch -- just 
as you would manually open or close a wall switch to turn a light 
on or off. 
In this case, however, we are switching the compressor on and off 
in the air conditioning unit.  
 
Starting and stopping the compressor obviously regulates the cooling output of the equipment. 
 
Notable note: Single phase hermetic compressors also require electrical capacitors to assist in getting 
the motor turning. This could be a permanent split capacitor or separate start and run capacitors, 
depending on the type and size of motor used. 
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To start and stop the compressor, the thermostat switch 
controls the flow of low voltage electricity to another switch 
called a contactor. The contactor consists of a magnetic coil that 
is energized by the thermostat and pulls electrical contacts 
together to complete a higher voltage electrical circuit to the 
compressor's motor. Most often, we have 24 volt thermostats 
turning on and off 240 volt power to the compressor motor. 
 
The condenser fan motor in the case of air-cooled equipment 
would also be started and stopped along with the compressor. 

 
Besides starting and stopping the compressor and condenser fan, it 
may also be necessary to start and stop the circulating air supply. This 
means turning the power on and off to the blower motor. The 
thermostat does this through another switch called a fan relay. 
Essentially, a relay is merely a light duty contactor. It cannot carry the 
same level of electrical current as a contactor. 
 
Most thermostats provide an option to cycle the blower motor with the compressor or leave 
the blower running. In this case, we use a manual switch that the occupant can turn to operate 
the blower continuously (on) or cycle on/off (auto) with the compressor. 

 
Besides these basic operating 
switches, we have safety devices to 
protect equipment and occupants 
which are independent of the room 
thermostat demands. 
 
Notable note: In a water-cooled system, 
the condenser cooling water pump 
would be started and stopped in addition 
to any cooling tower fans as the 
compressor was cycled on and off. 
 
 

 
Compressor Motor Safety 
 
The motor driving the hermetic compressor of an air conditioner is protected by an internal 
overload device that breaks the electrical circuit to the motor if the motor windings get hot. This 
condition can occur if the motor becomes stalled or “locked,” or if voltage supply to the motor 
drops too low. 
 
This protection is intended to prevent burning out the motor windings, even as a room 
thermostat might be trying to turn the compressor on. If, for some reason, the protection is not 
built right into the motor windings, the same protection can be added external to the hermetic 
unit. 
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Pressure Safety 
 
Safety switches sensitive to refrigerant pressure are employed on 
refrigeration systems, including air conditioners, to shut down the 
equipment when unusual pressures are detected, prompted by the loss of 
refrigerant charge, the condenser coil becoming dirty, or the condenser fan 
failing. 
 
A high-pressure cut-out switch turns off the compressor motor when the 
pressure on the discharge side of the compressor (and condenser) exceeds a 
pre-set point. 
 

Low pressure cut-out 
switches shut off the system 
when the pressure on the 
suction side (evaporator and 
suction line) drops below a 
certain pressure point.  Low 
pressure cut-outs are always 
used with water chillers to 
prevent freezing the water 
and consequent damage to 
the chiller. 
 

 A pictorial representation of the operating and  
 safety controls in a small air conditioning unit.   
 Can you find the pressure safety device  
 just discussed? 
 
The pressure switch or remote tubing is physically brazed or mechanically connected to the 
refrigerant piping and electric wires from the switches are connected in the control wiring to 
interrupt the power source and stop the compressor. 
 
Not all residential air conditioning units include high or low pressure cut-out switches. The 
compressor motor overload is used as the first line of defense against unusual pressures in the 
refrigerant circuit. 
 
Control Arrangement 
 
Let's examine how these basic devices would be arranged in a typical air cooled air conditioning 
unit. 
 
This first figure shows in abbreviated or block fashion, the basic items needed in a small air 
conditioning control system. Illustrated are the thermostat, fan relay, contactor, and for our 
purposes, a low pressure cut-out. 
 
The next diagram illustrates the wiring requirements for our basic control system. Note that a 
new component has been added -- a transformer. 
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A transformer converts high voltage, 
say 120 volts, to low voltage 
electricity to power the room 
thermostat. 
 
While it is possible to make and use a 
thermostat that operates on regular 
line voltage, such devices are 
generally less sensitive because they 
must be constructed of heavier 
materials to carry the higher voltage 
and current. 
 
Thus, most ordinary thermostats 
require 24 volt electricity and a 
transformer is required in most 
control circuits. 
 
Note: In this case, the high-low 
pressure safety devices are arranged 
to interrupt the low voltage circuit to 
the contactor. If either safety switch 
is open, no low voltage power will be 
supplied to the contactor coil even if 
the thermostat switch is closed and 
calling for cooling. 
 
Changing from heating to cooling and vice versa, can be accomplished manually or 
automatically.  Manually shifting a lever at the thermostat can change the system from the 
heating unit to the cooling unit. Also, depending on control sophistication, it may change the 
speed of the blower and change seasonal damper settings. 
 
Notable note: switches in a wiring diagram are illustrated like this when they are  
normally closed and like this when they are normally open. Normally means in the  
non-powered or de-energized condition. 
 
Some installations feature automatic changeover thermostats so that the system can either 
heat or cool, depending on the indoor temperature. The occupant of the house does not have 
to manually change any switches for this to happen. Such a control arrangement is particularly 
convenient during spring and fall days when heating may be needed during the morning or 
evening and cooling may be necessary during mid-day and afternoon. 
 
The industry has introduced a large number of solid state components to replace certain 
electromechanical controls. These devices can do many of the same functions as older controls, 
but solid state devices can also accomplish control functions that were previously impractical. 
For example, consider the programmable thermostat. 
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In addition to automatic changeover, the electronic thermostat allows the user to "program" 
desired indoor conditions for a week, including different arrangements for weekends.  
 
Four separate time-of-day temperature settings are possible. This could result in considerable 
energy savings, with no loss of comfort during occupied times for working families and small 
businesses. 
 
The term "solid state" is in comparison to the glass encased 
vacuum tubes used in early radios and TV sets. Semiconductor is 
perhaps the more appropriate electrical classification -- 
components based on materials that are neither good 
conductors of electricity nor good insulators. These devices can 
control electric current without any moving parts; they are small in size and light in weight. The 

transistor made from silicon is a typical solid state 
device. 
 
When thousands of transistors and other semi-
conductors are simultaneously formed on a small 1/4 
inch square “chip” of material, the result is an 
integrated circuit (IC). A microprocessor is a special IC 
that can process information — a kind of circuit boss 
— given instructions to do specific tasks. 
 
 
 
 
 
 
 

 
An electronic thermostat can provide more precise room temperature control than most previous 
electro-mechanical thermostats. In addition, the solid state thermostat can offer programmable 
features that save energy. 
 
Manufacturers have gathered many of these solid state devices and ICs and provided a central 
control board for equipment. 
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Control Circuit Graphics 
 
Control circuits may be illustrated using several methods — a block diagram, a schematic 
diagram, or a connection diagram. 

 
The block diagram (A) is purposely 
simple, showing essential concepts and 
sequences only. Block diagrams are 
often used as an introductory step to 
explaining complex control systems 
where the technician might 
immediately become bogged down 
with a myriad of details before 
understanding basic organizational 
concepts and priorities. 
The schematic diagram (B) shows every 
wiring detail and component using a 
code — a kind of circuit shorthand. It 
may also be referred to as an 
elementary or ladder diagram. This 
type of diagram is usually affixed to the 
equipment and also published in 
installation instructions. 
 
Reading and understanding control 
wiring diagrams requires a great deal of 
training and on-the-job experience.  
First of all, the code – the graphic 
symbols used by the manufacturer – 
must be learned. 
 
 
The Air Conditioning, Heating & 
Refrigeration Institute’s Standard 130 

lists preferred symbols to represent the functions of commonly used electrical parts and 
controls.  This is a voluntary standard -- thus not all manufacturers prepared diagrams may 
conform exactly. 
 
The connection diagram (pictorial diagram) often used along with the ladder diagram, attempts 
to show the control circuit as it really is and may be used in training materials as well as printed 
instruction manuals. It is also called the physical or pictorial diagram by some. 
 
There is also notation by the manufacturer to field and factory wiring on most wiring diagrams. 
As the names imply, field wiring and connections must be made on-site by the installer. Factory 
wiring is completed by the manufacturer and comes with the equipment. 
 
The industry has generally agreed on terminal designation based on a color code for small system 
wiring. Most widespread: W terminals (and white wire) involve a heating function. Y (yellow 
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wire) involves a cooling function. G (green wire) relates to the fan function. R (red wire) means 
power from the transformer. RH and RC relate transformer power for heating and cooling 
circuits respectively. 
 
Example: thermostat demand for cooling would mean a connection through terminal R to 
terminal Y to switch on the compressor, and from R to G to turn on blower fan. 
 
An older notation based on function may still occasionally be encountered on old installations 
— F for fan, C for cooling, H for heating, etc. Even a combination terminal identification may be 
uncovered from time to time — C/Y for cooling, for example. 
 
Other common notations include L for incoming line or the power source side and the T for the 
terminal or switched side to connect the load.  These notations would be found on diagrams 
and terminals posts on devices such as a contactor. 
 
Configurations Endless 
 
Almost any control strategy is possible.  Manufacturers of controls can furnish multi-purpose 
devices that can be configured in any number of ways to achieve a designer’s and user’s 
objectives. 
 
Zone control is perhaps a readily recognized example of added sophistication.  In this case, two 
or more thermostats control dampers in the duct system, as well as starting and stopping the 
compressor in response to air temperature swings in different areas of a house -- on the second 
floor, lower level, bedrooms, or east and west wings of a large house. 
 
A humidistat could also be used to have cooling equipment respond to humidity levels as well 
as temperature levels in the home. 
 
What we covered here are just the very basics.  More focused study of controls is encouraged. 
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Self-Check, Lesson 12 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 Central air conditioning systems are turned on and off by a wall-mounted  
   thermostat sensing room surface temperature. 
 
2. T F To regulate cooling output, the thermostat starts and stops the flow of  
   refrigerant by closing the expansion valve. 
 
3. T       F  Power is supplied to a compressor motor through a contactor that switches high  
   voltage electricity on or off. 
 
4. T F An electric relay is a heavy duty contactor that can carry heavier electrical loads. 
 
5. T F Safety devices function independently of thermostat demand. 
 
 
In the following multiple-choice questions, choose the phrase that most correctly completes 
the statement and check the appropriate box for the corresponding letter in front of the 
phrase. 
 
6.  The safety device directly involved with protecting compressor motor windings from 
overheating is the: 
 
  A.  room thermostat.    B.  contactor coil. 
  C.  internal thermostat.   D.  low pressure switch. 
 
7.  Most thermostats used to control central residential equipment operate on: 
 
  A. 18 volts. 
  B. 24 volts. 
  C. 36 volts. 
  D. 48 volts. 
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8.  Transistors and other semi-conductors etched on a small quarter-inch "chip" form what is 
called: 
 
  A. an integrated circuit. 
  B. a central control panel. 
  C. a programmable thermostat. 
  D. a solid state transformer. 
 
9.  The type of wiring diagram most often affixed to the access panel of a cooling unit is a: 
 
  A. block diagram. 
  B. schematic or elementary diagram. 
  C. pictorial diagram. 
  D. connection diagram. 
 
10.  A common upgrade to a single control system today is: 
 
  A. an outdoor reset control. 
  B. a high pressure cut-out control. 
  C. a zone control arrangement. 
  D. two speed fan control. 
 

 
For the completion-type questions, fill in the blanks with the word (or words) that most 
accurately completes the thought. 
 

Key Words 
 

save energy batteries fan factory 
heating cooling bimetal microprocessor 
switch field manually save time 
 
11.  The basic control circuit contains a power source, _______________________  
and a load connected by wires. 
 
12.  A thermostat may use a sensor composed of a/an _________________ or electronic 
element. 
 
13.  Programmable thermostats can be set for a day or longer to _________ _______________. 
 
14.  Connections done at the time of installation is termed ______________________ wiring. 
 
15.  The wiring color code used: today would mean that a Y terminal or yellow wires involve 
a_____________________ function. 
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Check Your Answers!  
  
Now compare your answers with those given in the answer key at the back of this book. 
 
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�


 Comfort Cooling: Introduction 
Lesson 13 Page 1 

Lesson 13 Overview 
 
 
No matter your present job or interest in the A/C industry, a basic understanding of the service 
procedures is very helpful. It is every bit as important as how equipment works and all the 
other things you have studied so far. 
 
In Lesson 13, we start out by stating how important it is to tell people how to use the A/C 
system. Then we talk about three types of service - start-up, periodic maintenance, and 
troubleshooting. The last is what most of us think of when we say service - fixing something 
that's broken. We cover service troubleshooting methodology as well as what owner/users can 
do on their own. Lastly, we return to the ban on CFC venting. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Now read Lesson 13 which begins on the next page. 
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Lesson 13: User Friendly 
 

Today, when we hear the expression “User Friendly”, many of us think first about software that 
makes using a computer easy. But the phrase really applies to almost any technical product — 
for example, the controls on your car's dash are said to be user-friendly. So too, with the 
operation and maintenance of air conditioning systems. You must help make comfort cooling 
user-friendly to the person who knows little or nothing about air conditioning. 

 
When someone sells, installs, or repairs a central air conditioning system, he or she should take 
the time to familiarize the user with details on the operating characteristics of the equipment. 
The following are a few suggestions on what to tell and do for the owner/user. 

 
Provide Start-up and Check-out 

 
After the system has been installed, a qualified person who is familiar with the operation of the 
system should place the equipment under all modes of operation to insure that it is functioning 
correctly. The owner should be shown the location of the disconnect switch and the 
thermostat, be instructed in how to start, operate and stop the units, and adjust room air 
temperature settings. The manufacturer’s installation and operating instructions should then 
be delivered to the owner and reviewed with them. 

 
Explain How to Get Best Performance 

 
The owner should be told that, unlike a heating system, excess capacity is not usually provided 
in residential and small commercial cooling systems, in order to keep equipment size — and 
initial cost — at a minimum. 

 
Accurate sizing also insures more frequent operation and cycle rates to help maintain better 
humidity control at partial load conditions. Consequently, with little or no reserve capacity, 
owner operating habits can influence the cooling system performance considerably. 

 
Starting and stopping times are critical. Walls, roofs, and furnishings store heat from early 
morning solar heat gains and release this heat at a later hour — possibly when outdoor 
temperatures are the highest. This storage effect, coupled with the close sizing of a system’s 
cooling capacity to the calculated cooling load, dictates that the air conditioner must be in 
operation prior to the time of the peak load in order to keep pace. 

 
Most experts recommend 24-hour operation because that’s what the estimated load is based 
on; nonetheless, many owners prefer to shut off the equipment in late evening hours to avail 
themselves of any cool night air. Under these conditions, however, the cooling equipment must 
be started very early the next day, even before outdoor temperatures become uncomfortable, 
in anticipation of the peak heat gain to occur in the later hours of the day. 

 
Some general operating recommendations to offer are:  

• keep all doors and windows closed 
• keep curtains, drapes or awnings drawn on sunlit windows 
• keep storm windows up, since they can reduce conduction heat gain if left in place (may 
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reduce infiltration as well) 
 
Set thermostat to desired room temperature and do not make frequent changes to it.  Start 
unit early in the day (if not on 24-hour operation); otherwise, do not expect immediate comfort 
conditions. Some compressor units have need for electric power for a crankcase heater even 
during off periods, so use an on-off switch for desired operation rather than a main power 
disconnect switch. 

 
Types of Service 

 
Complaints are valuable to every air conditioning industry employee, whether or not you are 
directly involved with customer service. 

 
There are three kinds of services performed on a cooling system. First is the installation start-
up, during which the system becomes operational and is tuned for optimum efficiency (see 
Lesson 10). 

 
The second phase of servicing involves periodic maintenance of the system throughout the 
lifetime of equipment. 

 
And, third, troubleshooting or emergency service. 

 
All servicing must be done safely. When working around cooling systems, care must be taken to 
guard against burns and electrical shock. 
 
Preventative Maintenance 

 
The quality of service can make the difference between success and failure in the air 
conditioning business. The customer expects not only a good installation, but also prompt and 
efficient service in the event of trouble. Many successful contractors sell their customer on the 
practical aspects of preventative maintenance. This means an annual inspection of the cooling 
equipment, made during the spring to insure that the system is in good working order at the 
start of the cooling season. This will reduce the probability of an emergency service call in the 
middle of the summer. 

 
Troubleshooting 

 
There is no substitute for experience when it comes to efficient servicing. No text could possibly 
cover all service problems. Obviously, the importance of understanding and using detailed 
service instructions provided by the manufacturer of specific makes and models of controls and 
components cannot be overemphasized. 
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Unless an individual is an extremely experienced service person, the basic approach to 
troubleshooting has simply got to be by means of a process of elimination. Four basic steps are 
recommended: 
 
1.  The complaint is noted. 
2.  The symptoms are determined. 
3.  The cause for each symptom is checked. 
4.  The trouble is remedied. 
 
Avoid guesswork. Instead, rely on a systematic approach to the problem. Of course, not all 
guesswork can be avoided. The so-called “educated guess” of an experienced service technician 
can often save time and money. Past experience greatly assists the organized troubleshooting 
approach. 
 
When a cooling system fails to perform properly, the underlying cause will usually fall into one 
of four categories: 
 

• part failure, 
• improper adjustment 
• poor installation 
• poor design 

 
Part Failure 
 
A part failure is, perhaps, the easiest malfunction to correct since, once detected, a simple 
replacement puts the system back into satisfactory operation. Many part failures are quite 
obvious; for example, a broken belt, a worn-out bearing, or an open circuit breaker. Some, 
however, require considerable skill to detect. In between, there are failures such as a leaking 
pipe joint, a burned-out motor capacitor, or a defective control. Following the “process of 
elimination” procedures may be necessary in order to pin-point the “cause” of these problems. 
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Parts fail for several reasons, all of which can be summarized as follows: 
 
1.  defective in manufacture 
2.  subjected to conditions beyond their rated capacity 
3.  not properly maintained 
4.  worn out from usage 
 
Adjustments 
 
A second major reason why a system fails to perform 
properly is, as noted previously, improper adjustment. 
As compared to a system which does not function at all 
because of a part failure, a system that is not in proper 
adjustment may cause the owner great dissatisfaction. 
The reason is that, in the former case, the owner is sure 
something is wrong so the service person is called and 
the condition is corrected. When a system is out of 
adjustment, however, the condition may develop so 
gradually that the owner may not be certain that 
something is wrong until after a period of considerable 
annoyance. 
 
 
A system which is out of adjustment may result in an 
owner complaint because the: 

 
1.  cooling capacity seems to be decreasing 
2.  cooling is uneven and drafty 
3.  operating cost is rising 
4.  noise level is rising 
 
Dirt is the enemy of any type of equipment. Cooling capacity can be significantly reduced due to 
dirt accumulation on the air filter. Every 5 percent reduction in air flow rate results in a capacity 
reduction of about 4 percent. Dirt which is allowed to accumulate on the blades of the fan, 
dampers which restrict air flow unnecessarily, and rugs or furniture placed so that air cannot 
move freely through a supply outlet or return grille will all have the same effect upon capacity 
as the dirty filter. 
 
The Notable Note starting on this page lists some common cooling complaints expressed in the 
terms most often used by the owner or occupants themselves and possible sources of the 
problem. 
 
As might be anticipated, the vast majority of owner/occupants have little knowledge of their 
cooling system and how it works. The skilled service person must translate the non-technical 
person’s vague explanation of the problem into more concrete terms by asking the right 
questions — what exactly do you mean not cool enough, the system is noisy, etc. Can you show 
me? 
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Our list of service complaints includes the seven most likely to be encountered by the 
technician. 
 
Specific makes and models of air conditioners can vary widely with respect to such details as 
controls, motor protection, motor starting, etc. Therefore, the manufacturer's suggestions on 
service for specific models should be followed closely. 
 

Notable Note: “Cooling Complaints & Possible Causes” 
 

1.  NOT COOLING! 
  
A.  Compressor Will Not Operate. 

 1.  Thermostat setting too high. 
 2.  Thermostat defective. 
 3.  Fuse blown. 
 4.  Loss of refrigerant charge. 
 5.  Defective pressure switch. 
 6.  Head pressure too high. 
 7.  Compressor is stuck. 
 8.  Power failure. 
 9.  Low voltage. 

 10.  Defective starter or capacitor. 
 11.  Faulty wiring. 
 
B.  Blower Will Not Operate. 
 

 1.  Drive belt broken. 
 2.  Motor defective. 
 3.  Faulty wiring. 
 4.  Defective relay. 

 
2.  NOT COOL ENOUGH! 
 1.  Thermostat setting too high. 
 2.  Blower belt slipping. 
 3.  Blower running backwards. 
 4.  Blower motor cycling on overload. 
 5.  Air filters dirty or plugged. 
 6.  Compressor short-cycles. 
 7.  Cooling coil plugged with frost. 

 8.  House opened during cool evening hours.  (Humid outside air increases latent  
       load.) 

 9.  Owner won’t operate system long enough. 
 10.  System short of capacity due to: 

 a.  Low refrigerant charge. 
 b.  Overcharge of refrigerant. 
 c.  Air or non-condensable gases in system. 
 d.  Dirty condenser. 
 e.  Belts slipping on condenser fan. 
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 f.  Compressor valves leaking. 
 g.  Condenser air short-circuiting. 
 h.  Expansion valve or strainer plugged. 

 
3.  TOO COLD! 

  
 1.  Thermostat setting too low. 

 2.  Defective thermostat. 
 3.  Blower speed too low. 
 4.  Oversized air conditioner. 

 
4.  SOME ROOMS WARMER THAN OTHERS! 
 
 1.  Distribution system improperly balanced. 
 2.  Volume dampers not at correct setting. 
 3.  Extra supply duct for cooling not open. 
 4.  Some windows open. 
 5.  Inadequate branch duct. 
 6.  Incorrect air distribution within room. 
 7.  Occupancy of room greater than originally planned. 

 
5.  HUMIDITY IS TOO HIGH! 
 
 1.  Latent load factor was ignored in sizing system. 
 2.  Blower speed too high. 
 3.  No moisture barrier in crawl space. 
 4.  Appliances such as clothes dryers not properly vented. 
 5.  Excessive capacity of system causes frequent cycling. 
 6.  More than normal amount of bathing, washing clothes, etc. 
 7.  No exhaust fan in kitchen to remove moisture resulting from cooking. 
 8.  Family does more entertaining than had been allowed for. 
 9.  Some windows open. 

 
6.  SYSTEM IS NOISY! 

 
 1.  Faulty bearing on blower. 
 2.  Blower pulleys not aligned. 
 3.  Short duct runs. 
 4.  Compressor is noisy due to: 

 a.  Worn or scored bearings. 
 b.  Defective expansion valve. 
 c.  Overcharge of refrigerant. 
 d.  Overcharge of oil. 
 e.  Air or non-condensables in system. 

  f.  Shipping or hold-down bolts not removed or loosened. 
 g.  Broken compressor valves. 
 h.  No oil. 
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7.  ELECTRIC BILL IS TOO HIGH! 
 1.  Air conditioning unit is too large. 
 2.  Insufficient insulation in house. 
 3.  Thermostat setting too low. 
 4.  Some windows open. 
 5.  Owner improperly informed about operating costs. 

 
It is critically important to determine what caused a fuse to blow, for example, or the 
refrigerant to leak, and make repairs accordingly to prevent the issue from happening again. 
This advice would apply to almost any complaint. If such repairs are not made, the trouble may 
not only become chronic but more serious as well. 
 
This is particularly true of a refrigerant leak. The leak that lets refrigerant escape from the 
system may also allow moisture to enter. 
 
Moisture in a refrigeration circuit can make the system inoperative. Moisture is believed to be 
one of the chief causes contributing to the burn-out of motors in compressors. 
 
For a variety of reasons, the insulation on the winding of a hermetic compressor motor will 
sometimes fail, thus permitting a short circuit. This will create a sudden and great increase in 
heat, thereby burning off much of the remaining motor insulation. 
 
A motor burn-out not only makes the compressor inoperative, it may also contaminate the rest 
of the system with acids or sludge. Therefore, a system must be thoroughly cleaned if a burn-
out has occurred. If the system is not cleaned, the replacement motor-compressor unit 
generally will quickly burn out also. 
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What Owners Can Do 
 

Owner should be instructed that outdoor equipment can be covered in the winter, and painted 
surfaces can be waxed for protection in a manner similar to an automobile's exterior finish. 
Coils can be washed with a garden hose by directing a fine water stream from the inside to the 
outside of the unit, but care must be taken to avoid bending the fins on the condenser coil and 
electric power must be OFF during cleaning. Also, point out that no shrubs or plants should be 
placed near the intake or discharge ends of the unit. 
 
Filters should be inspected every 30 days and, where the owner is expected to maintain the 
filters, he should also receive instructions on their inspection and changing. Sizes and ordering 
instructions should also be given. For lubrication, point out manufacturer recommendations in 
the manuals provided by each company and left in the owner's hands. Be sure to explain 
equipment and labor guarantees. 
 
As with all automatic and mechanical devices, central air conditioning requires periodic 
servicing by competent personnel. Service contracts should be offered to the owner. Regular 
maintenance inspections will prolong equipment life and reduce the frequency of emergency 
service calls — all of which result in lower owning and operating costs. 

 
Unnecessary Calls 
 
Whether or not a service contract is written, or if the equipment is under warranty, the owner 
should obtain the dealer's name and service department telephone number. A copy should also 
be permanently placed on the unit. 
 
To avoid unnecessary calls and extensive interruptions in cooling operation, it is often 
convenient to provide a check list in case of a cooling failure. Things to do before calling the 
service person might include: check for blown fuses or open circuit breakers, dirty filters, 
broken fan belt; check reset button, open dampers; check to see if the thermostat is set too 
high, etc. Both the owner and the contractor benefit from such a simple checkout routine. 
 
CFC/HCFC/HFC Venting 
 
HCFC-22 is a very safe and stable refrigerant for use in buildings. However, it is suspected of 
being a factor in the depletion of the stratospheric ozone layer that protects the earth from 
harmful radiation.  That is why newer refrigerants are being used such as R-410A and R-407C to 
name a few.  Even with these new refrigerants, it is still illegal to vent any refrigerant to the 
atmosphere. 
 
As a result, under the Clean Air Act, it is unlawful to deliberately vent any refrigerant into the 
atmosphere when servicing air conditioners and heat pumps. 
 
The Environmental Protection Agency (EPA) is responsible for administering the requirement 
under the Clean Air Act. 
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The law requires the use of approved refrigerant recovery/recycling equipment while doing 
repairs. These machines must be tested and certified by an EPA-approved testing organization. 
No one may open the refrigerant side of a heat 
pump or air conditioner unless he or she is an EPA 
certified technician. Only certified technicians can 
purchase refrigerant as well. 
 
The consumer will probably have little or no 
knowledge about the law and how these 
requirements affect the cost to repair equipment. 
This subject should be carefully explained to the 
customer. 
 
 

Most people don’t understand the  
significance of the ban against venting  
refrigerant, consequently they may be  

surprised at the cost of a repair.   
Explain the law first. 
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Self-Check, Lesson 13 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 The installer should review the operating instructions of the cooling system with  
   the occupants. 
 
2. T F Owner operating habits have little effect on cooling performance and comfort  
   achieved. 
 
3. T F 24-hour operation is not recommended for residential cooling installations  
   because it is expensive. 
 
4. T F Cooling units with crankcase heaters need electric power at all times. 
 
5. T F Storm windows kept in place offer no advantage during the cooling season. 
 
 
In the following multiple-choice questions, choose the phrase that most correctly completes 
the statement and check the appropriate box for the corresponding letter in front of the 
phrase. 
 
6.  The need for an emergency service call can be reduced through: 
 
  A.  preventative maintenance.   B.  start-up fine tuning. 
  C.  good operating instructions.   D.  set it/forget it thermostat setting. 
 
7.  The easiest malfunction to uncover and correct is: 
 
  A.  improper adjustment.    B.  poor design. 
  C.  poor installation.   D.  part failure. 
 
8.  A common cause for an occupant complaining about inadequate cooling is: 
 
  A.  the thermostat is set too high.   B.  a window is left open. 
  C.  a dirty filter.   D.  the unit was not started early. 
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9.  The underlying cause for compressor motor burn-out is: 
 
  A. high refrigerant pressure.   B. low refrigerant pressure. 
  C. dirty contactor.     D. moisture in the system. 
 
10.  The no venting of refrigerant law under the U.S. Clean Air Act is administered by the: 
 
  A. U.S. Department of Energy. 
  B. U.S. Consumer Products Safety Commission. 
  C. U.S. Environmental Protection Agency. 
  D. U.S. Department of Justice. 
 
 
For the completion-type questions, fill in the blanks with the word (or words) that most 
accurately completes the thought. 

 
Key Words 

 
home owners  approved fan heating tools 
factory  adjustment certified installers helper experience 
servicing  manually 
 
11.  No one can open and service the refrigerant circuit unless the person is an EPA 
_________________ technician. 
 
12.  Service technicians must use _________________ recovery/recycling machines certified 
through an EPA recognized testing organization. 
 
13.  Changing filters and keeping equipment clean of debris are maintenance items that 
____________  _____________ can be trained to do. 
 
14.  There is no substitute for _________________ when troubleshooting an equipment 
problem. 
 
15.  Improper system ___________________ is difficult to uncover with a visual inspection. 



 Comfort Cooling: Introduction 
Lesson 13 Page 13 

 
Check Your Answers!  

  
Now compare your answers with those given in the answer key at the back of this book.   
 
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 14 Overview 
 
 
Lesson 14 will help you get along with customers and co-workers when faced with a 
disagreement. 
 
We'll study how to handle a problem by taking any complaint seriously, no matter how trivial it 
may first appear. Then, we’ll spend time uncovering the cause of the problem and how it can be 
“fixed” to the other person's satisfaction. Lastly, we'll attempt to explore how to say “no” 
gracefully. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Now read Lesson 14 which begins on the next page. 
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Lesson 14: People Friendly 
 
In addition to repairing equipment and being a teacher to make the system user friendly, 
industry personnel must be people friendly too, and very often repair the broken relationship 
between the customer and the company. While it’s not our intention to make a human relations 
expert out of you, here are a few thoughts on handling customer complaints. 
 
Customers have a right to expect you to listen to their complaints. They usually believe their 
problem is unique and they desire satisfaction — from you! Everyone can expect to run into 
complaints — it's a guaranteed fact of servicing. It’s how you handle the problem that can 
convert a complaint into an asset. 
 
Complaints can take any of a number of forms — “Your company doesn’t keep its promises.” 
“Your service is terrible.” “The #%^$#& %* thing doesn’t work right ...” and many more. 
 
Depending on a person’s ability to handle complaints, they can be shattering, frustrating, costly 
experiences — or positively priceless opportunities to sew up a customer's allegiance and 
business. 
 
Handling the Problem 
 
People who have learned to turn complaints to their advantage say it can usually be done in 
one or all of four areas. These are: 
 
• your Attitude and Approach 
• your Capacity for “Discovering the villain” 
• your Ability to Find Solutions 
• your Knack for Cashing in on Complaints 
 
Take Complaint Seriously 
 
Attitude and Approach:  The real “people person” sees a complaint for what it really is --- a 
chance to be of service to a customer when that service is most wanted.  A golden opportunity 
to prove to a customer that his problem is your problem. 
 
 You can’t expect a customer to believe you care unless you show him that you do. This means, 
first of all, “taking the complaint seriously.” 
 
Whether your customer thinks you're giving him the evil eye or grumbles about defective 
merchandise is immaterial. The point is, as far as he or she is concerned, there is a legitimate 
beef. Minimize the seriousness of his problem in any way and you immediately compound his 
grievance because you are, in effect, challenging his judgment. 
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Display Genuine Concern 
 
Besides, a person with a gripe is in no mood to be reasonable. Not at first, anyway. Above all, 
he craves an audience, someone to whom he can pour out his tale of woe. Therefore, the smart 
employee gets to his customer at once. 
 
Once there, listen. Look interested. Display concern. Get all the facts. Don't speak until you're 
certain that he has nothing more to say. A talked-out customer is the easiest to deal with. 
 
Then summarize, in your own words, his net valid complaint. This serves two purposes. First, it 
disarms the complainer by showing him how closely you have followed what he's been saying. 
Second, it helps you keep his points straight in your own mind. Next to letting off steam, what 
the disgruntled customer wants most is satisfaction. 
 
If his complaint is justified, be quick to admit it — but be sure to explain why things went wrong 
and why a recurrence is all but impossible. Otherwise, your assurance that “it won't happen 
again” may sound like a hollow promise. 
 
One training director has found the phrase, “Now that we know...” followed by a specific 
remedy for the complaint, a most valuable good-will winner. In her own words: “A customer 
who raises cain frequently feels a little sheepish after laying into you. “Now that we know”... 
helps him save face. It’s a way of thanking him for pointing out an error or shortcoming. At the 
same time, it’s a promise that any future complaints will receive the same prompt attention. 
For a short phrase, it does a whale of a job. 
 
Cement Relationship 
 
Summing up, one wholesaler advises: “Welcome complaints as voluntary tip-offs to what you 
can do to cement relations with your customers. It’s the person with the silently nursed 
dissatisfaction who should worry you, for you'll never know how you can be of maximum service 
to him. The most skillful doctor in the world can't treat a patient who refuses to say where it 
hurts.” 
 
Discovering the Villain 
 
The biggest mistake an employee can make in handling a complaint is to pin the blame on 
someone in the front office. Avoid that approach like the plague. Passing the buck can only 
arouse suspicion, as if you were saying, “It's not my fault, but I'll help you anyway.” Rather than 
dig up excuses, ask your customer, “What happened?” That way, you boil the whole issue down 
to what went wrong rather than who is to blame. 
 
Ally yourself with him in a search for the common enemy — the cause of his complaint. When 
you find it, get rid of it. Sometimes the grievance is based on error. When that's the case, a 
calm review of the circumstances may divulge the reason for the complaint. 
 
When facing a complaint, consider these possibilities, as they could save a lot of sound and 
fury: 
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Improper use of product or service — Even the simplest gadget in the world that is used incorrectly 
won't operate effectively or measure up to the claims of the manufacturer. How often has a 
heating and air conditioning customer complained about the equipment failing to provide the 
temperatures promised, yet the trouble has been found to be dirty air filters that have not 
been changed? 
 
Here is an opportunity to change a complaint into a sale — the sale of an annual maintenance 
contract. Be sure to check on your customer’s handling of your product or service. Often the 
basis for the complaint could be simple misuse. 
 
Improper diagnosis — Sometimes a customer gets worked up over frequent safety trip-outs. 
When the serviceperson arrives, she can find no malfunction to cause the safety trip-out, until 
finally a temporary low voltage condition is found. Always check for an outside factor over 
which you have no control. It may well be the cause of the complaint. Find it if you can— and 
make a friend. 
 
Misunderstanding — Many complaints are based on lack of information. The customer whose 
free service period has lapsed or who misreads your company’s guarantee bases her complaint 
on a different frame of reference from you. Such “emotional static” can lead to a verbal free-
for-all. A few well-placed questions and some patient answers can clear the air. 
 
But suppose the customer’s complaint is justified? What then? Then it will be up to you to find 
solutions that are mutually acceptable to the customer and your company. 
 
The main reason for investigating a complaint is to undo some kind of damage — to profits, 
products, or peace of mind. However, this is easier said than done. 
 
The first step in finding a mutually acceptable solution is for you to familiarize yourself with 
your company's facilities and adjustment policies. Precisely what guarantees does it offer? Who 
is responsible for installation, maintenance, and billing? How soon can parts be replaced? And 
how far does his authority go to make adjustments? 
 
The answers to such questions will automatically set limits to the kind of redress that can be 
offered a customer. But the result will be proposals that can be lived up to. 
 
When it is known what can be done for a dissatisfied customer, tell him — precisely, correctly, 
and honestly. If an immediate answer cannot be given, tell him it will be taken up with your 
superior, and that he will have the answer within a few days. Whenever possible, give him just 
a little more than he expects or demands by way of allowance or replacement. 
 
The second step toward finding mutually acceptable solutions is to ask the customer, after 
telling him what will be done to rectify the error, “Is that acceptable to you?” Encourage his 
comments on the justice of the solution, for such encouragement pays a double dividend. It 
indicates confidence in the fairness of the proposal, and it proves that the company's only 
interest is his total satisfaction. If you, your company or merchandise are at fault, settle the 
complaint on the spot. People are generally reasonable. What they want — and have a right to 
expect — is fair play. Erase the cause of a complaint and in nine cases out of ten, you will hear 
no more about it. 
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When You Must Say “No” 
 
Not every complaint can always be adjusted to the customer's complete satisfaction. When he 
wants more than you can give him, try this four-step approach: 
 
• Carefully explain why you cannot do what he asks. 
• If possible, draw a parallel with his or her own line of business. 
• Be firm, but always pleasant. 
• Stress the benefits of your products and services. 
 
All meaningful or legitimate complaints should be reported back to your superiors and kept on 
file. The frequency of a specific complaint might suggest a weakness in a product or installation. 
Feedback in the form of a complaint can therefore lead to improved equipment, training or 
company procedures. 
 
Finally, many times complaints or problems arise because the customer has not been properly 
educated as to the operation and care of the system or unit. Never place the blame on the 
customer for the improper care or operation of equipment. It is the company's responsibility to 
provide good instructions. The Consumer Products Safety Commission has stated “They 
(manufacturers, wholesalers and dealers) must be in a position to advise the buyer competently on how 
to use and how to maintain and repair the product (sold)” 
 
Be certain equipment is properly labeled and that complete instructions are provided the 
customer. 
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Self-Check, Lesson 14 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 Any customer has the right to expect you to listen to his complaint. 
 
2. T F Promises not kept by the company is a frequent complaint by customers. 
 
3. T F A complaint is not the time to undertake an opportunity to improve  
   customer allegiance and get more business. 
 
4. T F You can ease the conflict by putting the blame on some other department in  
   the company. 
 
5. T F Far too many complaints are based on a lack of proper information by the  
   customer. 
 
 
In the following multiple-choice questions, choose the phrase that most correctly completes 
the statement and check the appropriate box for the corresponding letter in front of the 
phrase. 
 
6.  The vital first step in preparing to handle complaints is to: 
 
  A.  offer customers a free gift. 
  B.  tell them this happens often and is no big deal. 
  C.  tell them it’s a manufacturing problem. 
  D.  know your company’s adjustment policies. 
 
7.  You can improve the environment surrounding a complaint at the very outset by: 
 
  A.  taking the complaint seriously. 
  B.  offering to repair everything. 
  C.  explaining complaints are not part of your job. 
  D.  delaying any action until customer calms down. 
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8.  One of the most successful ways to disarm an irate customer is to: 
 
  A.  interrupt his/her explanation. 
  B.  summarize the issue at the end. 
  C.  keep nodding your head yes. 
  D.  let him know at the outset company policies. 
 
9.  If a customer’s complaint turns out to be justified: 
 
  A.  try to get the customer to compromise. 
  B.  tell him/her the equipment was a poor choice. 
  C.  explain “Now that we know, here’s what we’ll do.” 
  D.  call the supervisor for help. 
 
10.  To really repair the relationship with the unhappy customer: 
 
  A.  give him a little more than he expects. 
  B.  delay any decision as long as possible. 
  C.  be overly friendly. 
  D.  send them to someone else to retell the entire complaint. 
 
 
For the completion-type questions, fill in the blanks with the word (or words) that most 
accurately completes the thought. 

 
Key Words 

 
home owners  approved skeptical  picture 
silently  explain  feedback  comparison 
experience  reasonable customer  certified 
 
11.  The Consumer Product Safety Commission places responsibility on the seller to 
_______________ how the use and care for products sold. 
 
12.  Complaints when tracked can be a source of important ______________ on faulty 
equipment or installation procedures. 
 
13.  Most people are _________________ and have a right to expect reasonable 
accommodations and no stonewalling to avoid added expense. 
 
14.  It is the customer with a/an ___________ nursed complaint that can be more harmful to a 
company’s reputation. 
 
15.  When you must say no, draw a/an ________________ with the complainers own line of 
work. 
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Check Your Answers!  
  
Now compare your answers with those given in the answer key at the back of this book.   
 
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! 
 



Comfort Cooling Appendix A  
Page 1 

 

Appendix A: Safety Tips on Handling Refrigerants 
 
The handling and storage of fluorinated refrigerants is considered dangerous enough so that 
the U. S. Department of Transportation (DOT) prescribes how much refrigerant can be loaded 
into containers and also specifies working and test pressures for these containers.  Also, the 
Clean Air Act forbids venting of any refrigerants into the atmosphere. 
 
Here are some safety tips: 
 
1.  Wear safety goggles and gloves for personal protection whenever handling refrigerant 
cylinders, transferring or charging refrigerants. 
 
 
2.  Don’t tamper with fusible plugs, relief valves or discs in cylinders.  They are designed to 
release excessive internal pressure. 
 
 
3.  Never apply a direct flame to a refrigerant cylinder.  This can cause chemical decomposition 
of the refrigerant, weaken cylinders and raise internal pressure beyond safe limits. 
 
 
4.  Never warm a cylinder above 125º F even using “accepted” and well controlled heaters, 
blankets, etc. 
 
 
5.  Always “crack” a service valve open gradually to assure positive control of gas flow. 
 
 
6.  Don’t interchange refrigerants.  Cylinders are color coded; White is R-12, Green is R-22,  
Red top or band is R-500, Orchid is R-502, and R-410A is Rose. 
 
 
7.  Liquid refrigerant can cause “frost bites.”  Wash hands immediately upon contact.  If eyes 
are contaminated, wash with mineral oil if possible (except for ammonia gas); then use a boric 
acid solution.  (Note Safety Tip # 1 rule -- above.) 
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8.  Refrigerant vapors are dense (heavy).  They can collect in low spots and could cause 
asphyxiation (lack of oxygen) in sufficient quantities and in poorly ventilated space. Avoid 
inhalation of concentrated vapors. 
 
 

9.  Refrigerant vapors exposed to air, open flame or hot surfaces and water may decompose 
into more toxic products. 
 
 

10.  Before loosening any valves, bolts, screws, etc. holding parts in place, see that pressure or 
vacuum differences are relieved. 
 
 

11.  Properly dispose of throw away refrigerant cans and cylinders.  Do not use them for any 
purposes.  Do not use old refillable cylinders if date stamp on shoulder is more than five years 
old. 
 
 

12.  Go easy on muscle power and don’t do anything in a hurry. 
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Appendix B: Answer Key to Self-Check Quizzes 
 
The answer to each quiz question is grouped by lesson number. The student is encouraged to 
refer back for those questions missed and reread the material.  
 
Self-Check Lesson 1    
 
1.  False  
2.  True  
3.  False  
4.  True  
5.  False  
6.  B   
7.  C   
8.  B   
9.  B    
10.  A   
11.  indoor  
12.  humidity  
13.  relief  
14.  noise  
15.  refrigerant  
 
 
Self-Check Lesson 2      
 
1.  True  
2.  True   
3.  False  
4.  False  
5.  False  
6.  C   
7.  D   
8.  D   
9.  C   
10.  C   
11.  change   
12.  sensible   
13.  conduction   
14.  radiation   
15.  convection   
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Self-Check Lesson 3     
 
1.  True   
2.  False   
3.  False     
4.  False       
5.  False       
6.  B        
7.  C        
8.  D        
9.  B        
10.  C        
11.  proportion      
12.  vapor       
13.  condenses       
14.  saturated       
15.  low       
 
 
Self-Check Lesson 4   
 
1.  True       
2.  False       
3.  True       
4.  False       
5.  False       
6.  B        
7.  D        
8.  A        
9.  B        
10.  C        
11.  draft       
12.  latent       
13.  faster       
14.  pollutants       
15.  75°/50%       
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Self-Check Lesson 5     
 
1.  False       
2.  True       
3.  False       
4.  True       
5.  True       
6.  D        
7.  A        
8.  B        
9.  C        
10.  C        
11.  metering device      
12.  scroll       
13.  24,000       
14.  1. evaporator 2. Compressor 3. condenser 4. capillary tube    
15.  1. refrigerant boils 2. refrigerant vapor & temperature raised 3. refrigerant vapor turns 

to liquid 4. pressure & temperature of liquid decreases 
 
 
Self-Check Lesson 6    
 
1.  False       
2.  False       
3.  False       
4.  False       
5.  False     
6.  C     
7.  C        
8.  B        
9.  B        
10.  D        
11.  arrestance       
12.  dust spot       
13.  charcoal       
14.  electrical       
15.  ductless split      
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Self-Check Lesson 7     
 
1.  True        
2.  False        
3.  False        
4.  False        
5.  False        
6.  D        
7.  B        
8.  D        
9.  C        
10.  A        
11.  heat recovery       
12.  codes       
13.  soffit      
14.  ground cover       
15.  outside      
 
 
Self-Check Lesson 8    
 
1.  True        
2.  False        
3.  True        
4.  False        
5.  False        
6.  A        
7.  A        
8.  D        
9.  A        
10.  D        
11.  orientation       
12.  neglected       
13.  latent      
14.  300 sensible heat/230 latent      
15.  appliances       
16.  Heat Factor 
17.  25% 
18.  1.9 
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Self-Check Lesson 9     
 
1.  True        
2.  True        
3.  True        
4.  True        
5.  True        
6.  B        
7.  C        
8.  A        
9.  B        
10.  D        
11.  zone control      
12.  Standard 275       
13.  air       
14.  property       
15.  easier       
16.  electric 
 
 
Self-Check Lesson 10   
 
1.  True        
2.  True        
3.  False        
4.  True        
5.  False        
6.  D        
7.  B        
8.  A        
9.  C        
10.  B        
11.  balancing       
12.  dampers       
13.  increase       
14.  4,000       
15.  ceiling       
16.  extended plenum 
17.  1. Supply plenum 2. Supply trunk 3. Branch ducts 4. Fittings 5. Supply outlets 6. Return air 

intakes 7. Return duct 8. Volume dampers 
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Self-Check Lesson 11     
 
1.  True        
2.  False        
3.  False        
4.  False        
5.  True        
6.  A        
7.  B        
8.  B        
9.  D        
10.  C        
11.  microprocessor      
12.  desuperheater       
13.  economizer       
14.  heat pipe       
15.  electricity       
16.  geothermal 
 
 
Self-Check Lesson 12   
 
1.  False        
2.  True        
3.  True        
4.  False        
5.  True        
6.  C        
7.  B        
8.  A        
9.  B        
10.  C        
11.  switch       
12.  bimetal       
13.  save energy      
14.  field       
15.  cooling      
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Self-Check Lesson 13     
 
 
1.  True        
2.  False        
3.  False        
4.  True        
5.  False        
6.  A        
7.  D        
8.  C        
9.  D        
10.  C        
11.  certified      
12.  approved       
13.  home owners       
14.  experience       
15.  adjustment      
 
 
Self-Check Lesson 14  
 
1.  True        
2.  True        
3.  False        
4.  False        
5.  True        
6.  D        
7.  A        
8.  B        
9.  C        
10.  A        
11.  explain       
12.  feedback       
13.  reasonable       
14.  silently       
15.  comparison       
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Appendix C: Glossary 
 
 
As you progress through this introductory course on cooling, you may find this list of definitions 
useful.  
 
ABSORPTION SYSTEM: A refrigerating system in which the refrigerant gas from the evaporator is 
chemically absorbed in another liquid, which is pumped to a higher pressure and released in a 
generator upon the application of heat. 
 
ACOUSTICAL: Pertaining to sound. 
 
ACOUSTICAL DUCT LINING: Duct with a lining designed to control or absorb sound and prevent 
transmission of sound from one room to another. 
 
AIR CLEANER: A device designed for the purpose of removing airborne impurities such as dust, gas 
vapor, fumes, and smoke. Air cleaners include air washers, air filters, electrostatic precipitators, and 
charcoal filters. 
 
AMPERE: The strength of an electrical current. The current produced by an electromotive force of 
one volt acting through a resistance of one ohm. 
 
BLOW (THROW): The distance an air stream travels from the face of a supply outlet to a point from the 
face at which air motion is reduced to a velocity of 50 feet per minute. 
 
BTU, BRITISH THERMAL UNIT: The quantity of heat required to raise the temperature of 1 lb. of 
water 1°F. 
 
CHARGE: Amount of refrigerant in a system; or to put refrigerant into a system. 
 
COMFORT AIRCONDITIONING: The process of treating air so as to control simultaneously its 
temperature, humidity, cleanliness, and distribution to meet the comfort requirements of die 
occupants of the conditioned space. 
 
COMPRESSOR: That part of a mechanical refrigeration system that receives the refrigerant vapor at 
low pressure and compresses it into a smaller volume but at higher pressure. 
 
CONDENSATION: The process of changing a gas into a liquid by removal of heat, as when water 
vapor is condensed into water on a cold surface. 
 
CONDENSER: That part of a mechanical refrigeration system that receives the refrigerant vapor at 
high pressure and temperature and condenses it into liquid refrigerant at high pressure and 
temperature. 
 
CONDUCTION: The transfer of heat from a warmer body to a cooler substance by direct contact. 
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CONVECTION: The transfer of heat by the circulation of a liquid or gas such as water or air. 
 
DEGREE DAY: A unit used to estimate fuel consumption and to specify the heating load in winter, 
based on temperature difference and time. There are as many degree days for any one day as there 
are degrees F. difference in temperature between the average temperature for the day and 65 °F. 
 
DEHUMIDIFY: To reduce or remove moisture from the air. 
 
DEW POINT: The temperature at which the air can hold no additional water vapor and begins to 
form visible liquid droplets on cool surfaces. 
 
DOUBLE GLAZING: Glazing consisting of two thickness of glass with an air space between them. 
 
EVAPORATION: Change of state from a liquid to a gas. At 70° about 1,054 Btu’s are required to 
evaporate one pound of water. 
 
GAS, NON-CONDENSABLE: Gas in a refrigerating system, such as air which does not condense at the 
temperature and partial pressure at which it exists in the condenser, and therefore imposes a higher 
head pressure on the system. 
 
HEAD PRESSURE: Operating pressure measured in the discharge line at a compressor outlet. 
 
HEAT, LATENT: A term used to express the energy involved in a change of state such as from a liquid 
to a gas. 
 
HEAT, SENSIBLE: A term used in heating and cooling to indicate any portion of heat which changes the 
temperature of the substance involved without changing its physical state. 
 
HEAT, SPECIFIC: The ratio of the quantity of heat required to raise (or lower) the temperature of one 
pound of a substance one degree F. to the amount required to raise the temperature of one pound 
of water one degree (Btu/lb°F). 
 
HERMETIC UNIT: A compressor which has its motor sealed inside of the compressor housing and 
cooled by refrigerant vapor. 
 
HIGH SIDE: Parts of a refrigerating system maintained at the pressure of the condenser. 
 
HUMIDIFY: To add moisture to the air. 
 
HUMIDISTAT: A control device activated by a change in humidity used for automatic control of 
relative humidity. 
 
HUMIDITY, ABSOLUTE: The quantity of water actually in the air. Given as the weight of water vapor 
per unit volume (pounds or grains) of moisture per cubic foot of dry air. 
 
HUMIDITY, RELATIVE: The ratio of the quantity of water vapor actually in the air to the water vapor the 
air could possibly hold at the same temperature and barometric pressure. 
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INFILTRATION: Air flowing into a house through cracks, loose construction, or other openings. 
 
LOW SIDE: Parts of a refrigerating system at the evaporator pressure. 
 
OHM: The unit of resistance. The resistance of a conductor in which one volt produces a current of 
one ampere. 
 
PLENUM: A supply air compartment maintained under pressure and connected to one or more 
distributing ducts. 
 
RADIATION: Transmission of energy by means of electromagnetic waves. Heat so transmitted increases 
temperature of objects it strikes in its path without increasing temperature of air through which it 
passes. 
 
REFRIGERANT: A coolant that produces a useful refrigerating effect by its absorption of heat while 
expanding or vaporizing at practical pressures. 
 
SHORT CYCLES: Refers to short and more frequent periods of on/off time when a system is delivering 
conditioned air. 
 
TEMPERATURE, DEW POINT: The temperature at which the condensation of water vapor in the air 
begins. 
 
TEMPERATURE, DRY BULB: The temperature indicated by an ordinary thermometer. 
 
TEMPERATURE, WET BULB: The temperature read on a wet bulb psychrometer constructed and used 
according to specifications. 
 
THERMOSTAT: An instrument which responds to changes in temperature to control (turn off/off) 
components in a cooling or heating system. 
 
TON, OF REFRIGERATION: Quantity of heat required to melt one ton, 2,000 pounds, of ice in twenty-
four hours. This is equivalent to 12,000 Btu’s per hour. 
 
VALVE, EXPANSION: A device which regulates the flow of refrigerant from the liquid line into the 
evaporator. It also separates high side from low side of a system. 
 
VELOCITY: In heating and cooling, velocity usually refers to the rate of flow of the air in the ducts or 
rate of flow of the air through the registers and grilles. It is almost always expressed in feet per 
minute. 
 
VOLT: The unit of electromotive force, or potential difference, equal to that force or difference which 
will cause a current of one ampere to flow through a resistance of one ohm. 
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