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1. Basic Concepts 

1.1. Energy 
 

Energy is the ability to do work. There are thousands of forms of energy. However, they all fall into three 

fundamental classifications.  

1.1.1. Potential Energy  

Potential Energy is energy that is stored in some form, waiting to be used.   For example: 

 A heavy object that can fall or roll downhill.  

 A river that has been dammed up  

 

1.1.2. Kinetic Energy  

Kinetic Energy is energy in motion that is doing work.  

 A heavy object rolling downhill.  

 A river that is flowing.  

 

Potential Energy:  stored energy waiting to be used 

Kinetic Energy:  energy in motion 
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1.1.3. Heat Energy 

Heat Energy is molecules in motion. Molecules within a substance are continuously moving. The hotter a 

substance is, the faster the molecules move. When a substance reaches absolute zero, the molecules stop 

moving.  

 

1.2. Heat  

Heat is a form of energy that cannot be created or destroyed. All matter that exists on earth is currently in 

some form. The heat contained within that matter can be transferred from one place to another through the 

process of "Heat Transfer." Later in this section we will look at the concepts of heat transfer that are 

widely used in the HVAC industry.  

1.3. Temperature  

Temperature measures the "level" of heat within a substance or medium. The molecular motion within a 

substance increases as the temperature increases; therefore, the temperature of a substance represents the 

speed in which the molecules are moving. Temperature alone cannot be used to indicate the total quantity 

of heat within a substance. It can only be used to measure the" level" of heat.  

Just because one substance is hotter than another doesn’t necessarily mean it contains a higher quantity of 

heat. This section will explain how this works.  

Heat Energy:  molecules in motion 
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1.3.1. Temperature Scales 

The Fahrenheit and Celsius temperature scales are illustrated below. Each scale has an absolute scale as 

its counterpart that is used in science and engineering.  

 

1.3.2. Converting Temperatures  

 

The basis for conversions from Fahrenheit to Celsius, and vice-versa, relies on the difference between the 

freezing and boiling points. In the English system, there is 180° difference (212° - 32°), and in the Metric 

system there is a 100° difference. This establishes a ratio of 1.8:1 (1.8°F to 1°C). The following formulas 

can be used to convert these temperatures.  

Converting from Fahrenheit to Celsius: 

C = 
(F-32) 

1.8 

So, for example, to convert a room temperature of 75°F to degrees C: 

C = 
(75-32) 

  
1.8 

C = 
43 

  
1.8 

C = 23.9   
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Converting from Celsius to Fahrenheit: 

F = (1.8 x C) + 32 

So, for example, to convert a room temperature of 25°C to degrees F: 

F = (1.8 x 25) + 32 

 

F = 45 + 32 

 

F = 77 

 
 
 

1.3.3. Absolute Zero  

Absolute zero is defined as the temperature at which there is no more heat within a substance or medium.  

At this point, all molecules within a substance stop moving. In theory, absolute zero is the coldest 

possible temperature that can be obtained. It has been calculated at -460° F or -273° C. Laboratory tests 

have come close to this point but have never reached it.  

1.4. Cold 

Technically, based on what was just said above, if cold is defined as “the absence of heat,” then it’s not 

COLD until - 460° F.  However, for practical purposes, “cold” is a relative term that is used as a 

comparison. Since there is no measurement scale for cold, it is best described as the relative absence of 

heat.  

1.5. BTU (British Thermal Unit)  

The "BTU" is the standard for measuring the quantity of heat being transferred. One BTU has been 

established by monitoring the amount of heat that is necessary to raise one pound of water one degree 

Fahrenheit. This equation refers only to the quantity of heat being transferred and has no regard for time.  
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1.6. BTUH (BTUs per Hour)  

BTUH refers to the rate that BTUs are transferred within a one hour time period. When both the quantity 

and time are factored into the same equation, the “rate” of heat transfer is established.  

The capacity ratings for heating and cooling equipment are always rated in BTUH. In most conversations 

concerning the size of a unit (such as “The size of this unit is 18.000 BTUs”), the term BTU is usually 

used without the “H” at the end.  

1.7. Specific Heat  

Specific heat is the “amount of heat needed to raise one pound of any given substance one degree 

Fahrenheit.” When dealing with water, one BTU will raise the temperature one degree Fahrenheit. Since 

water is the reference point, when dealing with other substances, this 1:1 ratio does not apply. Every 

substance absorbs heat at a different rate when heat is applied to it. Specific heat does not have any 

correlation with the change of state. Scientists have tested each substance to determine the specific heat 

ratio that applies to it. The following is a short list of some different substances and their specific heat 

ratios.  

 

Starting Point: 60 degrees 
Ending Point: 61 degrees 

= 1 BTU 1 lb 
of water 

To raise the temperature of 1 lb of water 1 degree Fahrenheit requires 1 BTU of Heat 

Starting Point: 60 degrees 
Ending Point: 70 degrees 

= 20 BTUs 
2 lbs x 10° change 

2 lbs 
of water 

To raise the temperature of 2 lbs of water 10 degrees Fahrenheit requires 20 BTUs of Heat 
(2 lbs x 10 degrees change = 20 BTUs) 
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Water = 1.00 

Beef = .77 

Ice = .50 

Stream = .45 

Air = .24 

Aluminum = .22 

Iron = .13 

Steel = .12 

Copper = .092 

 
 
 
 
 
 
 

Note:  

Substances with higher specific heat values take more heat to change their temperatures than substances 

with lower specific heat values. Because of the low specific heat for copper, its temperature will change 

with a lot less heat than water. If the same amount of heat were applied to a pound of water and a pound 

of copper, the copper would increase its temperature considerably more than the water.  

1.8. Sensible Heat 

Sensible heat is heat that can be "sensed" or measured with an ordinary thermometer. If an object is 

heated from 70° to 100°, it has gained 30° of sensible heat.  

 

1 BTU to raise 1 lb of water 1 degree 

1.0 specific heat 

.50  BTU to raise 1 lb of ice 1 degree 

.50 specific heat 

.092  BTU to raise 1 lb of copper 
 1 degree 

.092 specific heat 

1 lb 
of water 

1 lb 
of ice 

1 lb of copper
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1.9. Heat Flow  

Heat always flows from hot to cold. The faster moving molecules in a warmer substance transfer some of 

their energy to the slower moving molecules in the cooler substance. The higher temperature is the force 

behind transferring heat.  

 

 

 

When both containers have the same "level," water will not flow even though container B has a larger 

volume. Likewise, if one substance has a higher volume of total heat than the other, but they have the 

same "level" of temperature, there will not be any heat transfer.  

 

 

The higher the differential between two substances, the faster the flow will be.  

No Flow 

A 
B 

Flow 

A 
B 
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2. Methods of Heat Transfer  

2.1. Conduction  
 

Conduction is heat transfer within a substance from one molecule to the next. When one molecule is 

heated, the heat energy is passed on to the next molecule.  

Example A:  Heat one end of a 2” pipe and soon the other end will be too hot to hold. 

 

Example B:  An iron skillet on a stove will conduct heat from the pan to the handle in a short period 

of time. The iron skillet also conducts the heat through the metal to heat the food on the other side. In 

HVAC, heat transfers through a coil or a heat exchanger in the same way.  

 

2.2. Convection 

Convection is heat moving through a medium that is flowing. A “medium” is a substance that moves 

from one place to another such as air or water.  

 Forced Convection:  When a medium is pumped or forced from one place to another such as a fan or 

water system.  
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Example C:  A fan moves heat using air as the transfer substance.  

 

Example D:  A hot water system moves heat using water as the transfer substance.  

 

 Natural Convection:   Occurs when a medium flows naturally from one place to another such as hot 

air rising off of a wood stove or a radiator coil.  
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2.3. Radiation 

Radiation is the transfer of heat through space. Heat rays travel from a radiant heat source through space 

or air until they come in contact with a surface. When the rays make contact, the heat energy is 

transferred and the surface is heated up. The rays do not heat the air that they travel through. However, 

the air immediately around the surface is warmed because of the convection rising from the surface.  

The sun transfers its heat through outer space until it hits an object, although 

outer space is cold.  The area surrounding the surface is warmed up because of 

the heat rising from the surface. 

When a person stands in front of a cold window, 

heat radiates from their body to the outdoors.  This 

makes the side of the person facing the window 

feel cold because heat is leaving their body. 
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3. Energy & Heat Transfer Quiz  

1) Which of the following is an example of Potential Energy?  

a) A flowing river  

b) A dammed up river  

c) A campfire  

d) A moving car  

2) Which of the following is an example of Kinetic Energy? 

a) A dammed up river  

b) A campfire  

c) A parked car  

d) A falling tree  

3) Which of the following is an example of Heat Energy  

a) Molecules in motion  

b) A falling tree  

c) A parked car  

d) A flowing river  

4) What is the definition of Temperature?  

a) The total amount of heat in the air.  

b) The level of heat  

c) Fahrenheit  

d) Celsius  
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5) What is the definition of Absolute Zero?  

a) 0° Fahrenheit  

b) 0° Celsius  

c) The theoretical temperature at which molecular motion stops.  

d) The temperature at which water freezes.  

6) What is the definition of Cold?  

a) Any temperature below 32° F.  

b) Any temperature below 0° F.  

c) Any temperature below normal body temperature.  

d) The absence of heat.  

7) What is the definition of British Thermal Unit? 

a) The amount of heat it takes to raise one pound of any substance one degree F.  

b) The amount of heat produced by one small match.  

c) The amount of heat it takes to raise one pound of water one degree F.  

d) The amount of heat produced by one large match.  

8) What is the definition of BTUH?  

a) The amount of BTUs transferred in one hour.  

b) The amount of heat it takes to raise one pound water one degree F.  

c) The amount of heat it takes to raise one pound of any substance one degree F.  

d) The amount of heat produced by a small campfire.  
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9) What is the definition of Specific Heat? 

a) The amount of heat it takes to raise one pound of water one degree F.  

b) The amount of heat it takes to raise one pound of a given substance one degree F.  

c) Heat measured with a thermometer.  

d) Heat directly applied to a specific substance.  

10) What is the definition of Sensible Heat?  

a) Heat transferred in a sensible manner.  

b) Any Temperature warmer than the body.  

c) Heat measured with a thermometer.  

d) Any temperature cooler than the body.  

11) Which of the following is an example of Conduction?  

a) Heat transferred through a steel rod.  

b) Heat transferred using air as the medium.  

c) Heat transferred through space.  

d) Heat transferred using water as the medium.  

12) Which of the following is an example of Radiation?  

a) Heat from the sun traveling through outer space.  

b) Heat transferred through a steel rod.  

c) Heat transferred using air as the medium.  

d) Heat transferred using water as the medium.  
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13) What temperature does water boil on the Fahrenheit scale?  

a) 100°  

b) 150°  

c) 180°  

d) 212°  

14) What temperature does water freeze on the Celsius scale?  

a) -18°  

b) 0°  

c) 32°  

d) 50°  

15) 68° degrees Fahrenheit converts to _______ degrees Celsius?  

a) 18°  

b) 20°  

c) 36°  

d) 56°  

16) 10° degrees Celsius converts to _______degrees Fahrenheit?  

a) 18°  

b) 22°  

c) 50°  

d) 72°  
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17) What direction does heat flow?  

a) Cold to hot  

b) Always in an upward direction.  

c) Always in a downward direction.  

d) Hot to cold  
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4. Forms of a Substance 

Substances can exist in three forms; they can exist as a solid, liquid, or vapor. Each substance has its own 

characteristics and temperature at which it changes from one state to another.  

 In the solid state, the molecules have a strong bond to each other. A substantial force is usually 

required to separate the molecules.  

 In the liquid state, the molecules are free to move around; however, the bond is still strong.  

 In a vapor state, the molecules are bouncing off of each other in all directions. There is very little 

attraction between molecules.  

 
 
 

 

                                                              
 
 
 
                                                                                            

                                                                                                    
 
 
 
 

Solid 
Exerts Downward Force Only 

Liquid 
Exerts Downward & Sideways Force 

Vapor 
Exerts Force in All Directions 
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4.1. Substances and the Change of State  
 

Each substance has its own identifiable temperature at which point it changes from a solid to a liquid, and 

another temperature where it changes from a liquid to a vapor.  

A substance can also exist in either state at its saturation point or co-exist in both states at any proportion, 

depending on how much heat has been added or removed.  

 

                                     

 

When heat from the surrounding air is transferred to the block of ice, the ice melts. The temperature 

remains constant until the change of state is complete. During this process the substance is at its 

“saturation point.”  

4.1.1. Saturation  

A substance is said to be “saturated” when it cannot hold any more of another substance.  

If you put enough sugar in a cup of coffee, it would eventually become “saturated.” It could not hold any 

more sugar without having a layer of sugar in the bottom of the cup.  

4.1.2. Saturation Point 

Although the concept is similar, the “saturation point” of a substance takes on a new meaning. The 

“saturation point” of a substance is the temperature where a substance can co-exist in two states at the 

same time. With water and steam used as an example, any of the following can occur at the saturation 

point.  

32 degree Ice 32 degree Ice and Water 32 degree Water 
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 All Liquid State:  Water can exist at the saturation point without having any steam in it.  (Saturated 

Liquid)  

 All Vapor State:  Steam or vapor can exist at the saturation point without having any liquid in it. 

(Saturated Vapor)  

 Liquid/Vapor Combination:  A combination of liquid and vapor can exist at any proportion.  

4.1.3. Heat Transfer during the Change of State  

During laboratory tests dating back a few centuries ago, three other facts were discovered.  

1) During the entire change of state, the sensible temperature of a substance does not change.  

2) During the change of state, the amount of BTUs required to complete the change is a massive amount 

compared to sensible heat transfer.  

3) A substance cannot change states unless it is at its saturation point.  

These three discoveries together meant that large amounts of heat could be transferred in or out of a 

substance during the change of state without its sensible heat changing at all. The name chosen for these 

discoveries is “latent heat.”  

Latent Heat means "Hidden Heat."  A definition for latent heat is "The amount of heat added or removed 

during the change of state where no sensible heat change occurs.” 

4.1.4. Changing the Saturation Point  

As previously stated, heat only moves from hot to cold.  By changing the saturation point, a temperature 

difference can be established at a higher or lower level to take advantage of the Latent Heat transfer. The 

saturation point of a substance can be altered up and down by two methods: changing the saturation point 

with chemicals and changing the saturation point by changing pressure. 

 

1) Changing the saturation point with chemicals  

EXAMPLE: SALT and ICE  
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Salt does not melt ice. It only changes the melting point, allowing the ice to melt at a lower 

temperature. Two practical uses of mixing salt with ice are:  

 At temperatures in the 20s, salt can be spread on icy streets, sidewalks, and driveways to allow 

the ice to melt at temperatures lower than 32°F.  

 

 

 

 

 

 When salt is added to the ice in an ice cream freezer, the ice melts at 

temperatures in the teens instead of 32°F. This allows the “ice 

cream” to give up its heat at a much lower temperature. During this 

process, the point of Latent Heat is altered to a lower temperature to 

take advantage of transferring large amounts of heat at a more useful 

temperature.  

 

Note: Without the salt, the ice would absorb its Latent Heat at 32°F, leaving the ice cream in the 

form of soup.  

2) Changing the saturation point by changing pressure  

Look at this sentence: 

“As you raise the pressure, you raise the temperature.” 

Many people make the above statement. However, it is misleading and, most of the time, inaccurate!  
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The fact is: as the pressure on a substance is raised, the "Saturation Point" is raised. As the pressure 

is lowered, the “Saturation Point” is lowered. The actual temperature of the substance may or may not 

change as the pressure changes.  

 If the water temperature in a radiator is less than 212°F, the 

pressure could be released back down to atmospheric pressure 

without the water boiling. The water temperature would not change 

in this case.  

 Pressure can be added by an external pump without changing the 

water temperature inside the radiator.  

Changing the pressure only changes the Saturation Point! 

4.1.5. Changing States of a Substance 

  

The graph below shows one pound of water taken through all of its stages from a solid at absolute 0 

through the vapor state. 312° was chosen as the top end for this illustration. 
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From A to B:  

Point A Represents one pound of ice at absolute 0 (-460°F). At this point it contains 0 BTUs of heat. 

When heated to point B at 32°F, its state is still solid ice. The BTUs required to accomplish this phase are 

calculated as follows:  

                 

From B to C: 

Point B represents one pound of solid ice at 32°F. Through 

"Latent Heat of Fusion," the ice is changed into water at 

32° at point C. The heat required to make this change has 

been established in controlled laboratory tests at 144 BTUs 

per pound. Without test equipment that precisely measures 

the amount of heat being transferred, this value cannot be 

determined. Remember that the sensible temperature (32°) 

has not changed during this process.  Assuming that the 

solution is mixed well, the temperature cannot rise until all 

of the ice has melted.  
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From C to D:  

Point C represents 32° water. When heated to 212° water at point D, the sensible heat calculation is as 

follows:  

                     

 

From D to E:  

Point D represents one pound of water at 212°. Through "Latent Heat of Vaporization," the water is 

"boiled" into vapor at 212° at point E. The heat required to make this change has also been established in 

a controlled laboratory test at 970 BTUs/lb. This value should be an eye opener that lays the foundation 

for understanding the refrigeration process. With the boiling (or condensing) of a substance, latent heat 

process takes place. Now large amounts of BTUs can be transferred as compared to sensible heat transfer.  

 



HVAC Essentials 
Series 

Cooling Fundamentals Course SS102 

 

Version 2.1  2013 HVAC Learning Solutions Page 27 of 56 

 

From E to F:  

Point E represents 212° vapor (steam). As heat is applied, the sensible heat starts again. This illustration 

stops at 312° vapor at point F. During this phase a measurable amount of sensible heat is being added to 

the substance. In this illustration, 100° has been added. The term that describes this is "Superheat." 

The number of BTUs required to accomplish this phase is calculated as follows:  

 

  312°  Actual Vapor Temperature 

- 212°  Saturation Point 

 100°  Increase in Temperature (Superheat) 

   

  100°   

X .45  Specific Heat of Steam 

    45  BTUs absorbed from E to F 
 

The low value illustrates how ineffective "Heating Vapor" of “Super Heat” is for transferring significant 

amounts of heat.  

4.1.6. Terms Related to Changing States of a Substance 

 Enthalpy:  Enthalpy measures "the total amount of heat that is contained in a substance." Throughout 

this illustration the BTUs in each phase are accumulated across the bottom of the chart for a running 

total.  

 Superheat:  Superheat is "the amount of sensible heat added to a substance above its saturation 

point." Simply put, superheat is "heating vapor." This method of heat transfer is very ineffective. It 

does, however, indicate that all of the liquid has been boiled into vapor.  
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 Sub-cooling:  Sub-cooling is "the amount of sensible heat removed from a substance below its 

saturation point."  Simply put, sub-cooling is "cooling liquid" compared to the saturation process, this 

method of heat transfer is not very effective. It does, however, indicate that there is no vapor present.  

 Ton:  "One ton is the amount of heat needed to melt 2000 pounds of ice at 32 degrees in a 24-hour 

time period."  

 

  2000  lbs of Ice 

X 144  BTUs / lb to melt ice 

 288,000  BTUs / Day 

   

÷ 24  Hrs/Day 

12,000  BTUs per hour (BTUH) 
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5. Forms of a Substance Quiz  
 

1) Which of the following is true about a substance in the solid state?  

a) It only exerts pressure downward and its molecules are free to move around.  

b) It exerts pressure in all directions and its molecules have a strong bond to each other.  

c) It exerts pressure downward and sideways and its molecules bounce off of each other.  

d) It only exerts pressure downward and its molecules have a strong bond.  

2) Which of the following is true about a substance in the liquid state?  

a) It only exerts pressure downward and its molecules are free to move around.  

b) It exerts pressure in all directions and its molecules have a strong bond to each other.  

c) It exerts pressure downward and sideways and its molecules are free to move around.  

d) It only exerts pressure downward and its molecules have a strong bond.  

3) Which of the following is true about a substance in the vapor state?  

a) It only exerts pressure downward and its molecules are free to move around.  

b) It exerts pressure in all directions and its molecules repel away from each other.  

c) It exerts pressure downward and sideways and its molecules are free to move around.  

d) It only exerts pressure downward and its molecules have a strong bond.  

4) What happens to the temperature of the substance during the change of state?  

a) It stays the same.  

b) It continues to rise.  

c) It continues to drop.  

d) It depends on the substance.  
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5) The temperature at which a substance changes its state is called its:  

a) Subcooling  

b) Sensible heat point  

c) Saturation point  

d) Superheat  

6) The heat transfer during the change of state is ________ compared to sensible heating.  

a) About the same  

b) Lower  

c) Insignificant  

d) Massive  

7) Which of the following defines latent heat?  

a) Heat used to bring a substance up to its saturation point.  

b) Heat added to a substance that causes a change of state.  

c) Heat transfer that can be measured with a thermometer.  

d) Heat added to one lb. of water that raises its temperature one degree.  

8) Why does adding salt to ice usually accelerate the melting process?  

a) The salt lowers the melting point of ice.  

b) The heat from the salt melts the ice.  

c) The salt raises the melting point of ice.  

d) The salt breaks the ice up into smaller pieces so it will melt faster.  
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9) What changes as you raise the pressure on a substance?  

a) The actual temperature increases.  

b) The saturation point increases.  

c) The latent heat BTUH value increases.  

d) The actual temperature decreases.  

10) The temperature of a substance can be increased without changing its pressure.  

a) True  

b) False  

11) Which of the following describes enthalpy?  

a) The total amount of heat in a substance.  

b) The amount of heat it takes to raise 1 lb water one degree.  

c) Heat transfer that can be measured with a thermometer.  

d) Heat used to bring a substance up to its saturation point.  

12) Which of the following describes superheat?  

a) Heat removed from a substance below its saturation point.  

b) Heat used to bring a substance up to its saturation point.  

c) The amount of heat it takes to raise 1 lb. of water one degree.  

d) Heat added to a substance above its saturation point.  

13) Which of the following describes subcooling?  

a) The amount of heat it takes to raise 1 lb. of any substance one degree.  

b) Heat removed from a substance below its saturation point.  

c) Heat used to bring a substance up to its saturation point.  

d) Heat added to a substance above its saturation point.  
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14) How many BTU’s are in one Ton?  

a) 2,000  

b) 6,000  

c) 12,000  

d) 15,000  

15) Superheating is an effective method for transferring large quantities of heat.  

a) True  

b) False  
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6. Pressure  
 

This section will be devoted to pressure and pressure measurements. There are several methods used to 

express pressure and to monitor its level. Although these methods are diverse in nature, they work 

together to form a comprehensive system that measures the pressure of a wide range of applications.  

6.1. PSI  

Pounds per square inch (PSI) is the most popular standard of pressure measurement that expresses how 

force is exerted on an object within a specific area. The following illustrations show this effect.  

 

                                          

                                                                          

 

 
 
 

1” 
1” 

1” 
1” 

1” 1” 

111   PPPooouuunnnddd   
AAAllluuummmiiinnnuuummm  

111   PPPooouuunnnddd   
WWWooooooddd  

111   PPPooouuunnnddd   
FFFeeeaaattthhheeerrrsss 

1 PSI 
One pound of weight spread over one square inch of area 

1 PSI 
Although a lighter weight material is used, 1 
PSI is still the pressure that is exerted in this 
example because it weighs 1 pound and has 
a base dimension of 1 square inch. 

1 PSI 
Even with feathers, the 
same principle applies as 
long as the base dimension 
is 1 square inch and there 
is 1 pound of feathers 
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6.2. Pounds per Square Foot (lbs per sq ft)  
 

An extension of the PSI is pounds per square foot. Although the HVAC industry does not use this 

measurement very much, it is a factor in building construction and design. One pound per square foot is 

equal to 1 pound spread over 1 square foot of area.  

In this example, a 300 pound refrigerator is spread out over 6 square 

feet of area, which averages 50 pounds per square foot.  

 

 

 

 

If the pressure is calculated on each foot, 300 pounds is spread out over 

the 4 legs at 1 square inch each. The pressure calculates 75 PSI.  

 

 

 

300 lbs   =   50 lbs per sq ft 
6 sq ft 

300 lbs   =   75 PSI 
4 sq in. 
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6.3. Inches of Mercury (" of HG)   

When measuring the pressure of an object that has a very low pressure or is in a vacuum, the PSI scale 

does not provide enough accuracy for these ranges of pressure. Mercury (HG) is one of the substances 

that is used to measure pressure at these levels and has been used for centuries to monitor atmospheric 

pressure. The following instrument, called the "barometer," is the device used to measure the pressure that 

the atmosphere exerts on the earth.  

 

At atmospheric pressure at sea level, 29.92 inches of mercury will stand in a tube when it is filled up and 

has a liquid seal at the bottom. As long as the top of the test tube is sealed, additional mercury can be 

injected in, but the level will always balance out at 29.92" as long as the test is conducted at sea level. As 

the atmospheric pressure decreases due to a higher elevation, the mercury will drop to a lower level in the 

tube. The weight of the mercury overcomes the new atmospheric pressure surrounding the container of 

mercury, causing the level to drop.  

6.4. Inches of Mercury Vacuum  
 

Inches of mercury vacuum (" HG VAC) can be illustrated on the same apparatus as previously described. 

The concept is the opposite of the barometer because it looks at what is missing rather than what is 

present. As previously mentioned, as the pressure is reduced on the reservoir of mercury, the level of 

mercury drops. Instead of measuring the level of mercury that is still in the tube, the “inches of mercury 

vacuum” measurement indicates how many inches the mercury has dropped from standard atmospheric 

pressure.  

Atmospheric Pressure 
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With a sealed lid on the mercury pot, a vacuum pump is connected and activated. As the mercury level 

drops to 20", a 9.92" HG vacuum is created.  

Although both the barometric pressure and HG vacuum is technically 29.92, most people round this 

number to 30" for conversation purposes.  

6.5. Microns 

In the HVAC industry, microns are used to measure the level of mercury during an evacuation process, as 

well as measuring the diameter of dust particles for indoor air quality. Although the micron is not a direct 

measurement of pressure, it is used in conjunction with the barometer to measure the level of mercury that 

is remaining in the tube during an evacuation process.  

A micron is 1/1000 of a millimeter. This incremental measurement allows a highly accurate indication of 

how close the system is to a perfect vacuum. The conversion from English to metric is as follows:  

 1 Inch = 2.54 Centimeters  

 1 Inch = 25.4 Millimeters  

 1 Inch = 25,400 Microns  

The illustration below shows 1” with the equivalent micron scale. As you can see 1/32 of an inch is equal 

to 793.75 microns.  
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The following graph shows all of the pressure scales combined for pressures below atmospheric:  

 

6.6. PSIA:  Pounds per Square Inch Absolute  
 

The absolute pressure scale starts its “0” point at a perfect vacuum.  

6.7. PSIG:  Pounds per Square Inch “Gauge”  

The gauge scale starts its “0” point at atmospheric pressure.  
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6.8. Vacuum  

A vacuum is considered any pressure level less than atmospheric pressure.  

 Partial Vacuum:  Although there is not a specific range, a partial vacuum is considered to be 

pressures slightly below atmospheric.  

 Deep Vacuum:   A deep vacuum is considered to be a range (500 microns) that approaches a perfect 

vacuum.  

 Perfect Vacuum:  Although 29.92” HG VAC is the calculated lowest level that is attainable, 

laboratory tests have come close, but have not reached this point.  

6.9. Compound Pressure Gauge  
 

A compound gauge incorporates two pressure scales on one gauge. A typical low pressure refrigerant 

gauge has both a HG vacuum scale and a PSIG scale on the same gauge.  
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7. Refrigerants  

A refrigerant is a substance that has the ability to absorb heat by evaporating at a low pressure and 

temperature and to reject heat by condensing at a high pressure and temperature. Many substances can be 

used as a refrigerant.  However, some are more practical than others.  Below is a list of characteristics that 

will make a substance a good refrigerant. 

7.1. Characteristics of a Good Refrigerant 

The characteristics of a good refrigerant are:  

 It should be non-toxic and non-poisonous.  

 It should be non-explosive and non-corrosive.  

 It must be non-flammable.  

 It should be easy to detect when a leak occurs.  

 It should operate under low pressure with a low boiling point.  

 It should be a stable gas.  

 The internal sealed system components and compressor parts moving in the fluid should be easily 

lubricated.  

 It should have a high latent heat value per pound of refrigerant to produce a good cooling effect per 

pound of refrigerant vapor that is pumped.  

 The pressure differential between high/low side should be as little as possible to increase the pumping 

efficiency of the compressor used.  

 It must be environmentally acceptable and comply with EPA standards regarding ozone depletion 

potential and global warming potential.  
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7.2. Refrigerant Families 

7.2.1. Family 1:  CFCs  

Chloroflorocarbon refrigerants are halide refrigerants that contain one or more halogens. These halogens 

are fluorine, chlorine, iodine, and bromine. Because of their chlorine content, CFCs are very stable but 

have the greatest Ozone Depletion Potential (ODP). The following is a list of common CFCs. These CFC 

refrigerants mix well with Mineral Oils and Alkylbenzene Oils.  

Type Name Oils Application 

R11 Trichlorofluoromethane Mineral & Alkylbenzene Centrifugal Chillers 

R12* Dichlorodifluoromethane Mineral & Alkylbenzene Auto A/C; Med. & High Temp 
Refrigeration 

R13 Chlorotrifluoromethane Mineral & Alkylbenzene Very Low Temp. Refrigeration 

R113 Trichlorotrifluoroethane Mineral & Alkylbenzene Commercial & Industrial Air 
Conditioning 

R114 Dichlorotetrafluoroethane Mineral & Alkylbenzene Industrial Process Cooling 
Centrifugal  

R5001 Dichlorodifluoroethane /  

Difluoroethane Mixture  

Mineral & Alkylbenzene Commercial Air Conditioning  

R5022 22/115 Mineral & Alkylbenzene Low & Medium Temp. 
Refrigeration 

R5033 13/23 Mineral & Alkylbenzene Very Low Temp. Refrigeration 

Notes:  

* Refrigerants that were the most popular in older systems 

1. R500 is an azeotropic mixture of R12 (73%) & R152a (27%). Because of its high R12 content & its high ODP, it is 
considered as a CFC. 

2. R502 is a zeotropic mixture of R22 & R115. 

3. R503 is an azeotropic mixture of R13 & R23. 

 

 

CFC refrigerants have the highest ozone depletion numbers. Because of this, they have been phased out.  

7.2.2. Family 2:  HCFCs  

Hydrochlorofluorocarbon refrigerants are a separate family of refrigerants. The most noted member of 

this family is R22 (Chlorodifluoromethane - CHCIF2).  Because hydrogen has been added to the chemical 

formula, these chlorine-containing refrigerants are not as damaging to the lower atmosphere's ozone layer.  
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HCFCs decompose more quickly when released and are much less stable than CFCs such as R12 or 

R500. As a result, the ODP (Ozone Depletion Potential) for HCFC refrigerants is lower than the CFCs. 

However, as of January 1, 2010, equipment manufacturers could no longer produce equipment containing 

HCFC refrigerants because of their chlorine content. 
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Type Name Oils Application 

R22* Chlorodifluoromethane Mineral / Alkylbenzene / Polyol 
Ester 

Low & Med. Temp. Refrigeration / 
Air Conditioning 

R123 Dichlorotrifluoroethane Mineral & Alkylbenzene Low Pressure Chillers  

Replacement for R11 

R124 Chlorotetrafluoroethane Mineral & Alkylbenzene High Ambient Refrigeration  

Replacement for R114 

R401A1 MP39 Alkylbenzene &Polyol Ester Medium Temp. Refrigeration  

Replacement for R12 

R401B2 MP66 Alkylbenzene & Polyol Ester Low Temp. Refrigeration  

Replacement for R12  

R402A3 HP80 Alkylbenzene & Polyol Ester Med. Temp. Refrigeration  

Replacement for R502  

R402B4 HP81 Mineral / Alkylbenzene / Polyol 
Ester 

Ice Machines  

Replacement for R502  

R403B5 ISCEON 69L Mineral / Alkylbenzene / Polyol 
Ester 

Low Temp. Refrigeration  

Replacement for R13 & R503  

R406A6 GHG12 Mineral & Alkylbenzene Stationary R12 Replacement for R12 

R408A7 FX10 Mineral / Alkylbenzene / Polyol 
Ester 

Low & Med. Temp. Refrigeration  

Replacement for R502 

R409A8 FX56 Mineral / Alkylbenzene / Polyol 
Ester 

Low & Med. Temp. Refrigeration  

Replacement for R12 

Notes:  

* Refrigerants most popular in residential use 

1. R-401a is a blend of R22/152a/124 in the following proportions: 53/13/14%, respectively. 

2. R-401b is a blend of R22/152a/124 in the following proportions: 61/11/28%, respectively. 

3. R-402a is a blend of R125/290/22 in the following proportions: 60/2/38%, respectively. 

4. R-402b is a blend of R125/290/22 in the following proportions: 38/2/60%, respectively. 

5. R-403b is a blend of R290/22/218 in the following proportions: 5/56/39%, respectively. 

6. R-406a is a blend of R22/600a/142b in the following proportions: 55/4/41%, respectively. 

7. R-408a is a blend of R125/143a/22 in the following proportions: 7/46/47%, respectively. 

8. R-409a is a blend of R22/124/142b in the following proportions: 60/25/15%, respectively. 
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7.2.3.   Family 3: HFCs  

Hydrofluorocarbons (HFCs) are a class of refrigerants that does not contain chlorine.  They have a zero 

Ozone Depletion Potential (ODP) and a low Global Warming Potential. HFC refrigerants work best with 

POE oils and, as such, will require special care and handling. 

Two of the most notable of these HFCs are R-134a and R-410A.  

Type Name Oils Application 

R23 Trifluoromethane Polyol Ester Very Low Temp. Refrigeration 

Replacement for R13 & R503 

R134a Tetrafluoroethane Polyol Ester Med. Temp. Refrigeration  

Auto Air Conditioning Replacement for R12 

R404A1 FX70/HP62 Polyol Ester Low & Med. Temperature Refrigeration  

Replacement for R502 

R407A2 Klea 60 Polyol Ester Low and Med. Temperature Refrigeration  

Replacement for R502 

R407B3 Klea 61 Polyol Ester Low and Med. Temperature Refrigeration  

Replacement for R502 

R407C4 Klea 66/Suva 9000 Polyol Ester Air Conditioning Replacement for R22 

R410A5 AZ 20 or Puron™ Polyol Ester Air Conditioning Replacement for R22 

R5076 AZ 50 Polyol Ester Low & Med. Temperature Refrigeration  

Replacement for R502 

R508B7 R23/116 Polyalpha  

Olefin  

Alkylbenzene  

Mineral 

Very Low Temp. Refrigeration  

*Replacement for R503  

Notes:  

* Refrigerants most popular in residential use 

1. R404a is a zeotropic blend of R125/143a/134a in the following proportions: 44/52/4%, respectively. 

2. R407a is a zeotropic blend of R32/125/134a in the following proportions: 20/40/40%, respectively.  

3. R407b is a zeotropic blend of R32/125/134a in the following proportions: 10/70/20%, respectively. 

4. R407c is a zeotropic blend of R32/125/134a in the following proportions: 23/25/52%, respectively. 

5. R410a is an azeotropic blend of R32/125 in the following proportions: 50/50%, respectively. 

6. R507 is an azeotropic blend of R125/143a in the following proportions: 50/50%, respectively. 

7. R508b is a blend of R23/116 in the following proportions: 39/61%, respectively. 
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7.3. Replacement Refrigerants 

As we saw in the previous families of refrigerants, many of the HCFC & HFC refrigerants are shown as 

replacements for earlier CFC refrigerants. Never attempt to replace a designed refrigerant with a newer 

replacement without performing the required retrofit procedures. There are very few, if any, “drop-in” 

refrigerants for CFC replacements. Most chemical refrigerant manufacturers offer this information in 

retrofit guides for using their replacement refrigerants.  

Retrofitting can be as easy as changing the percent (%) of charge. Other retrofitting procedures require oil 

changes, component changes, and charge percentage changes.  

In the case of R410A, which is shown as a replacement for R22, this should never be attempted as a direct 

replacement. The operating pressures for R410A are significantly higher than R22. The R22 system was 

not designed to handle these pressures and could fail, causing injury or property damage.  

Service Rule:  Never retrofit unless the manufacturer and your service company approve it!  

7.4. Zeotropic Refrigerants  

Zeotropic refrigerants are blends of two or more refrigerants that, when combined, do not act like a pure 

refrigerant.  In other words, they will continue to maintain their own pressure/temperature relationship; 

they will condense or evaporate over a wide range of temperatures, referred to as temperature glide.  This 

glide can be anywhere from 1 to 10° C. 

Since the refrigerants do not combine into one refrigerant, improper service techniques or refrigerant 

leaks can cause the refrigerants to escape at an uneven rate, changing the composition and making it 

impossible to recharge or top off. 

An example of a zeotrope is HFC R407A. Its makeup is R32/125/134a.  As a leak occurs, the component 

refrigerants will begin to leak at different rates.  

Another disadvantage of these zeotropes is their flammability. R32, a component of R290 Propane, adds a 

level of flammability that some in the industry feel is too high.  

7.5. Azeotropic Refrigerants  

Azeotrope refrigerants are also blends, but their temperature glide is usually less than 1°C. This stability 

adds to its efficiency in critical applications.  
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7.6. R-410A 

R-410A is a refrigerant being used by manufacturers to replace R22, which is being phased out.  R-410A 

is a NARM (Near Azeotropic Refrigerant Mixture).  It is a 50/50 mixture of HFC-R125 and HFC-R32.  It 

has a zero Ozone Depletion Potential and a low Global Warming Potential.  It has a temperature glide of 

less than 0.3, which allows for ease of charging and topping off.  R-410A does run at approximately 40-

70% higher system pressures than R22 but operates at similar temperatures.  This increase in system 

pressures requires new equipment and the use of tools rated to work with R-410A’s associated pressure 

range.  R-410A has been approved under the EPA’s Significant New Alternatives Policy (SNAP). 

7.6.1. Handling R-410A 

The following are some safe handling procedures that must be followed when working with R-410A 

refrigerant. 

 R-410A must be recovered like all other refrigerants. 

 R-410A is not a drop-in refrigerant for R22. 

 R-410A is shipped in a rose-colored container. 

 R-410A and R22 must never be allowed to mix. 

 R-410A uses POE oil, which has a high affinity for moisture.  Care must be taken to avoid allowing 

moisture to enter the refrigeration system.   

 Anytime an R-410A system is opened, the liquid line filter drier must be replaced. 

 Use only metering devices and replacement components designed for use with R-410A. 

 All refrigerants are heavier than air and will displace oxygen if leaked into a confined space.  High 

concentrations could cause asphyxiation or cardiac arrhythmia.  
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7.7. Refrigerant Timeline 
 

  1862 – 1869  Commercial use of Ammonia (R717 & NH3) 

 1876  Commercial use of Sulfur Dioxide (R764, S02) 

 1931  CFC12 introduced commercially, used for small ice cream cabinets 

 1956  Refrigerant number system released by DuPont 

 1987  Montreal Protocol signed to freeze CFC production at 1986 level 

 1995  EPA enacted rules to prevent the venting of HFCs 

 1996  Production cap placed on R22 

 1998  DuPont announces discontinuation of R22 in new equipment by January 1, 2005 

 2004  R22 production reduced to 23% of 1997 consumption 

 2006  Minimum SEER rating increased from 10 to 13 SEER 

 2010  Manufacturers can no longer use R22 in new equipment 

 2020  R22 can no longer be manufactured 
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8. Fundamentals of Air Conditioning  

Remember from the theory of heat transfer that heat flows from hotter areas to cooler areas, and that the 

most productive heat transfer happens during the change of state of a refrigerant (latent heat).  

8.1. The Evaporation Process 

The evaporator coil is a radiator-like device mounted in the air stream that typically has a surface 

temperature of 35-45 degrees. When warm air passes across the evaporator coil, the heat is absorbed into 

the refrigerant, and moisture is removed from the air. The combination of cooling and de-humidification 

provides the total cooling effect for the home.  

The refrigerant comes to the evaporator coil as 

a high pressure liquid from the condensing 

unit. The refrigerant first passes through a 

restrictor known as a metering device that is 

mounted at the inlet of the evaporator coil. 

The refrigerant pressure drops as it travels 

through the metering device, which lowers its 

saturation temperature or "boiling point".  

Air conditioning systems are designed to 

operate between a 35-45 degree evaporator 

saturation temperature in ideal conditions with 

40 degrees used as the target. When delivering 

a saturation or boiling temperature of 40 

degrees in an R22 system, the pressure will 

drop down to 68.5 PSIG through the metering 

device. As the warm air from the house passes 

through the evaporator coil, heat is transferred 

from the air into the refrigerant. With the 

refrigerant at its saturation point, the heat 

causes the refrigerant to boil into a vapor 

(latent heat). By the time the refrigerant gets to the last few rows of the evaporator coil, all of the liquid 
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has boiled off into a vapor. The refrigerant continues to gain sensible heat in the last part of the coil from 

the air stream, causing the vapor to be "superheated". This ensures that only vapor returns back to the 

compressor. The refrigerant leaves the evaporator coil as a low pressure, low temperature, and 

superheated vapor.  

 The indoor heat load can best be compared to a fire under a pot of boiling water.  

 The refrigerant can best be described as a vehicle that moves heat. Each pound of refrigerant that 

boils off in the evaporator is "loaded up" with heat, which then travels outside to the condensing unit 

to be "dumped".  

8.2. The Compression Process  

The refrigerant travels down the suction line as a superheated vapor until it comes to the next component, 

"the compressor.” Although there are many specific points to be made about the compressor, this section 

will deal with the concept of what it does.  

The compressor can best be described as a "vapor pump.” There are several types of compressors used in 

our industry, but they all do the same thing: they pump low pressure cool vapor from the suction port to 

the discharge port where it leaves the compressor at a high pressure.  

During the compression cycle, additional heat is generated from the 

friction within the compressor and from the electrical power used to run 

the compressor. The combination of this heat is called the "heat of 

compression". In essence, the energy used to run the compressor is 

converted into heat that must be removed from the compressor.  

The cool suction gas entering the compressor is the primary method used 

to keep the compressor from overheating. This is referred to as "suction gas cooling". If the compressor 

cannot stay cool, it overheats and shuts down on a high temperature cut out switch called the internal 

overload. The heat of compression is transferred into the refrigerant as it passes through the compressor.  

A compressor cannot pump liquid refrigerant. This is why the refrigerant must be superheated before it 

leaves the evaporator coil. Some pumps, such as a hydraulic pump, are designed to pressurize and pump 

liquids from one place to another. However, the laws of physics say that liquids cannot be compressed. If 

a substantial amount of liquid enters the compressor, the compressor will hammer and knock until 

something breaks. When this happens the compressor needs replacing, unless it is a large rebuildable type 
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compressor. Small amounts of liquid are usually vaporized as the refrigerant comes in contact with the 

hot motor windings and the warm block of the compressor.  

8.3. The Condensing Process 

The job of the condenser is to reject the heat that was absorbed in the evaporator coil and the heat of 

compression that was added to the refrigerant in the compressor. Since the outside temperature in the 

summer is typically 70° - 100°, we need a radiator-like device that has a surface temperature 15°-30° 

hotter than the outside temperature, so the refrigerant can give up its heat to the outdoors.  

As the cooler outside air passes across the condenser coil, the warm refrigerant gives up its heat. As a 

result of heat being absorbed away from the refrigerant, the refrigerant starts to condense and change back 

to liquid. As the refrigerant travels through the condenser coil, the condensing process continues causing 

all the vapor to be turned back into liquid by the time it gets to the last few rows of the coil. After the 

refrigerant has fully condensed, the last few rows of the coil continue to remove sensible heat from the 

liquid causing the refrigerant to be "sub-cooled", ensuring that no vapor leaves the condenser coil. 

 

The refrigerant leaves the condenser as a high pressure, sub-cooled liquid as it travels back to the 

evaporator coil to start another cycle. The same refrigerant is used over and over as a shipping vessel to 
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move heat from one place to another. Each pound of refrigerant that is condensed, gives up its heat to the 

outdoor air, causing the refrigerant to unload or "dump" the BTUs of heat that it was transporting. That's 

right! Refrigerant can be viewed as a vessel that moves heat, just like a wheelbarrow moves dirt.  

 

With the air conditioning system in operation, heat is moved from inside the home, where it is unwanted, 

to outdoors, where it is unobjectionable. As each pound of refrigerant circulates, it can be viewed as a 

shipping vessel or a transport vehicle for the refrigeration process.  
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9. Pressure, Refrigerants, and Air Conditioning Quiz  
 

1) Which of the following describes 1 PSI?  

a) The amount of pressure of one pound spread over one square foot.  

b) The amount of pressure exerted from one cubic inch of water.  

c) The amount of pressure of one pound spread over one square inch.  

d) The amount of pressure exerted from one cubic foot of water.  

2) How many inches of mercury is standard atmospheric pressure?  

a) 10  

b) 14.7  

c) 25.4  

d) 29.92  

3) If a gauge reads 20 inches of mercury vacuum, how many inches of mercury is left in the barometer 

tube?  

a) 9.92  

b) 14.7  

c) 20  

d) 29.92  

4) Which of the following describes one micron?  

a) 1/16 of an inch  

b) 1/1000 of a millimeter  

c) 1/1000 of an inch  

d) 25.4 millimeters  
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5) Where does the PSI G scale reference its “0” point?  

a) 29.92 inches of mercury vacuum  

b) At 0 inches of mercury on the barometer scale  

c) At 25,000 microns  

d) 14.7 PSIA  

6) Which of the following describes a compound gauge?  

a) A gauge that has pressure/temperature scales for multiple refrigerants.  

b) A gauge that has a pressure/temperature scale for only one refrigerant.  

c) A gauge that has two separate pressure scales on it.  

d) A gauge that has only one pressure scale on it.  

7) What does “ODP” standard for?  

a) Oxygen Deprivation Potential  

b) Ozone Depletion Potential  

c) Oxygen Development Process  

d) Ozone Development Process  

8) Which family of refrigerants has the highest ODP?  

a) CFCs  

b) HCFCs  

c) HFCs  

d) R-22  
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9) Which family of refrigerants has the lowest ODP?  

a) CFCs  

b) HCFCs  

c) HFCs  

d) R-22  

10) What is a characteristic of a “zeotropic” refrigerant?  

a) Zeotropic refrigerants are stable refrigerants with a very low temperature glide.  

b) Zeotropic refrigerants are all in the CFC family.  

c) Systems with zeotropic refrigerants can be recharged with a vapor as needed.  

d) Zeotropic refrigerants are unstable refrigerants with a high temperature glide.  

11) Where in the refrigeration system is heat absorbed into the refrigerant?  

a) The evaporator coil  

b) The condenser coil  

c) The metering device  

12) What happens to the refrigerant in the evaporator?  

a) It changes from a vapor to a liquid.  

b) It changes from the liquid to a vapor.  

c) It is subcooled.  

d) It is compressed.  

13) What happens to the refrigerant in the compressor?  

a) It changes from a low-pressure vapor to a high-pressure liquid.  

b) It changes from a low-pressure liquid to a high-pressure liquid.  

c) It changes from a low-pressure vapor to a high-pressure vapor.  

d) It changes from a low-pressure liquid to a high-pressure vapor.  
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14) The heat of compression that is generated in the compressor is transferred to the:  

a) Air surrounding the compressor.  

b) Refrigerant flowing through the compressor.  

c) Motor windings.  

d) Evaporator coil.  

15) What happens to the refrigerant in the condenser coil?  

a) It changes from the liquid to a vapor.  

b) It is superheated.  

c) It flashes.  

d) It changes from a vapor to a liquid.  

16) What is the condition of the refrigerant is it leaves the condenser coil?  

a) It is a high-pressure superheated vapor.  

b) It is a high-pressure subcooled liquid.  

c) It is a high-pressure saturated refrigerant.  

d) It is a low-pressure subcooled liquid.  

17) Refrigerant can best be described as a “shipping vessel” to move heat.  

a) True  

b) False  
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Appendix:  Answers to Quiz Questions 

Section 3 
1) (b)  A dammed up river 
2) (d)  A falling tree 
3) (a)  Molecules in motion  
4) (b)  The level of heat 
5) (c)  The theoretical temperature at which molecular motion stops 
6) (d)  The absence of heat 
7) (c)  The amount of heat it takes to raise one pound of water one degree F 
8) (a)  The amount of BTUs transferred in one hour 
9) (b)  The amount of heat it takes to raise one pound of a given substance one degree F 
10) (c)  Heat measured with a thermometer 
11) (a)  Heat transferred through a steel rod 
12) (a)  Heat from the sun traveling through outer space 
13) (d)  212° 
14) (b)  0° 
15) (b)  20° 
16) (c)  50° 
17) (d) Hot to cold 

 

 Section 5 
1)  (d)  It only exerts pressure downward and its molecules have a strong bond 
2)  (c)  It exerts pressure downward and sideways and its molecules are free to move around 
3)  (b)  It exerts pressure in all directions and its molecules repel away from each other 
4)  (a)  It stays the same 
5)  (c)  Saturation point 
6)  (d)  Massive 
7)  (b)  Heat added to a substance that causes a change of state 
8)  (a)  The salt lowers the melting point of ice 
9)  (b)  The saturation point increases 
10)  (a)  True 
11)  (a)  The total amount of heat in a substance 
12)  (d)  Heat added to a substance above its saturation point 
13)  (b)  Heat removed from a substance below its saturation point 
14)  (c)  12,000 
15)  (b)  False 

 

Section 9 
  

1)  (a)  The amount of pressure of one pound spread over one square foot 
2)  (b)  14.7 
3)  (a)  9.92 
4)  (c)  1/1000 of an inch 
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5)  (d)  14.7 PSIA 
6)  (c)  A gauge that has two separate pressure scales on it 
7)  (b)  Ozone Depletion Potential 
8)  (a)  CFCs 
9)  (c)  HFCs 
10)  (d)  Zeotropic refrigerants are unstable refrigerants with a high temperature glide 
11)  (a)  The evaporator coil 
12)  (b)  It changes from the liquid to a vapor 
13)  (c)  It changes from a low-pressure vapor to a high-pressure vapor 
14)  (b)  Refrigerant flowing through the compressor 
15)  (d)  It changes from a vapor to a liquid 
16)  (b)  It is a high-pressure subcooled liquid 
17)  (a)  True 

  
  
  

 


