
Automotive Repair Technician 4 : HVAC
Operation

Lesson 1 Overview

In this lesson, you'll cover

the fundamentals of HVAC,

including the scientific

principles that explain how

an air-conditioning system

operates and how heat is

removed from a vehicle.

You'll learn how air-

conditioning and heating systems work.

1.1 Describe how an automotive heating, ventilation, and
air-conditioning system works
Heating and Air Conditioning

READING ASSIGNMENT

Read this assignment. Then read Chapter 62 in your textbook. 

Heating and Air-Conditioning Components and
Operation
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Chapter 62 covers how an automotive heating, ventilation, and air-

conditioning system works. You’ll read about the air-conditioning

refrigeration cycle, how the expansion valve and orifice tube work,

refrigerants used and their impact on the environment, the function of

condensers and evaporators, and the operation of a compressor and

its controls.

The following video and animation links from the author’s website may

help you better understand the textbook and your assignments:

Basic HVAC videos (www.jameshalderman.com/links/book_at/vid

/ch62/video_frame.html)

Conduction animation (www.jameshalderman.com/links/a7/html5/

conduction.html)

Convection animation (www.jameshalderman.com/links/a7/html5/

convection.html)

Heat transfer and boiling animation (www.jameshalderman.com/li

nks/a7/html5/heat_trans_and_boiling.html)

Heat transfer animation (www.jameshalderman.com/links/a7/html

5/heat_trnsfr_brief.html)

Heat transfer through latent heat animation (www.jameshalderma

n.com/links/a7/html5/heat_trnsfr_latent_ht.html)

HVAC functions animation (www.jameshalderman.com/links/a7/ht

ml5/hvac_functions.html)

Radiant heat animation (www.jameshalderman.com/links/a7/html

5/radiant_heat_black.html)
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You may wish to review engine cooling systems, as it relates to this

chapter. See Chapter 21, “Cooling System Operation and Diagnosis,”

pages 182–198 of your textbook.

Some DMMs, or digital multimeters, come with a temperature probe.

Use this on radiator hoses to check whether the thermostat is

opening. Also, infrared temperature guns are available to check

temperatures.

Refrigerant Changes

Beginning in the 1990s, automobiles started using a refrigerant known

as HFC-134a (or R-134a) because it’s less harmful to the ozone than

the CFC-12 used previously. However, an even newer refrigerant,

R1234yf, has a global warming potential (GWP) rating more than 99

percent lower than that of R-134a. R1234yf also has an atmospheric

lifetime that’s about 400 times shorter than R-134a. Companies that

manufacture these refrigerants continue to work on making these

substances as environmentally safe as possible. Search the Internet

to find out the environmental impact of automotive refrigerant used in

North America, and research the Montreal Protocol of 1987.

Heat Transfer

This exercise explores the Frequently Asked Question from page 715

of your textbook: How Does the Inside of a Vehicle Get Cooled? Heat

will always flow from a warmer object to a cooler one until the

temperatures become equal.
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To illustrate this, take an ice cube from your freezer and hold it in your

hand. The heat from your hand will travel to the ice cube. Of course,

as the ice cube absorbs the heat, it will begin to melt.

As the heat travels from your hand, your hand becomes colder. What’s

happening here is that the temperature of the ice cube and the

temperature of your hand are trying to become equal. If the ice cube is

large enough and can absorb enough heat, eventually your hand and

the ice cube will reach the same temperature.

This is how an air conditioner cools the air in your car: When warm air

flows over a cold evaporator, the heat from that warm air is absorbed

and the air is cooled. Refrigerant carries the heat away from the

evaporator, cooling the evaporator so that it can then cool more air.

Hybrid vehicles often use special nonconductive oil in the compressor.

Using the wrong oil with these vehicles could cause death or injury

from electrical shock. It’s important to remember that hybrid systems

use high voltage to drive the vehicle’s air compressor rather than a

compressor belt.

AC Refrigerant Label

Figure 65-10 on page 750 of your textbook illustrates the under-hood

sticker that identifies the AC refrigerant used on a vehicle. Use your

vehicle owner’s manual to help you locate the sticker on your car. (It’s

generally found near the top of the radiator on the evaporator

housing.)
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GAS LAWS 

Pages 713–714 of your textbook discuss heat, latent heat,

temperature, volume, pressure, and humidity. These all relate to the

gas laws you learned about earlier in the program. As a quick review:

Boyle’s law describes the relationship between the volume and

pressure of a gas in a closed container. According to this law, the

volume of a gas varies inversely with (opposite to) the pressure

exerted against it. Therefore, if a closed container is compressed, the

volume of the gas inside is reduced but the pressure is increased.

Charles’s law states that when the temperature of a gas increases,

the volume increases; and when the temperature of a gas decreases,

the volume decreases. This exercise will attempt to illustrate these

concepts.

Materials and Equipment

1 pair of safety glasses

1 large metal bucket or scientific beaker

1 medium-sized metal bucket or beaker

1 pair of tongs

1 small balloon

1 bag of crushed ice

1 caliper or ruler

1 thermometer

Water faucet
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Stove or hot plate

Steps

1. Inflate the balloon to about the size of an orange.

2. Measure the diameter of the balloon to the nearest tenth of an

inch and record your measurement.

3. In the large bucket, mix a bath of crushed ice and water.

4. Submerge the balloon completely in the solution, using the

medium bucket to keep the balloon submerged.

5. After five minutes, remove the balloon from the container. Again,

measure the balloon’s diameter to the nearest tenth of an inch

and record the measurement.

6. Empty the large bucket and refill it with room-temperature water.

7. Place a thermometer in the bucket. Heat the bucket on the stove

or hot plate until the water is almost boiling.

8. Using the tongs, carefully immerse the balloon in the hot water,

using the medium bucket to keep the balloon submerged.

9. After five minutes, use the tongs to remove the balloon from the

large bucket. For a third time, measure the diameter to the

nearest tenth of an inch and record your measurement.

Ask yourself: When was the diameter of the balloon smallest and

when was it largest? Was Boyle’s law illustrated in this exercise? Was

Charles’s law?

GETTING RID OF HEAT
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Heat energy comes from molecular action. Everything you see, touch,

taste, smell, or hear contains a certain amount of heat. In fact, when

considering heat transfer, you should realize there really isn’t any such

thing as “cold.” An ice cube may feel cold to the touch, but in reality, it

just contains less heat than your hand. It’s strange to think of an ice

cube as having heat, but that’s actually the case!

We measure heat in two ways: using calories to measure its thermal

value and degrees of temperature to measure its intensity, or

molecular movement. To measure the average speed of these moving

molecules, temperature is recorded in degrees Celsius (°C) or

degrees Fahrenheit (°F).

Materials:

1 pair of safety glasses

1 oven mitt or pair of protective gloves

1 500-ml Pyrex beaker

1 thermometer

Stove or hot plate

Steps:

1. Fill the beaker with water and place it on the stove or hot plate.

2. Place the stove/hotplate on a medium setting.

3. Measure the water temperature at intervals one minute apart.

Now answer the following questions:
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Did the water’s temperature rise the same amount each minute?

What was the highest temperature recorded?

What was happening to the water at the highest temperature?

What states of water were present at the highest temperature?

When the water boiled, did the temperature continue to rise?

When the boiling water cooled, what happened to the heat that

the water absorbed to change to a gas?

How does this relate to the engine cooling system?

Key Points and Links

READING ASSIGNMENT

Key Points

Air-conditioning operation is best checked by measuring the air

duct and refrigeration component temperature.

Some DMMs (digital multimeters) come with temperature probes.

The auto repair technician uses the temperature probe on

radiator hoses to check if the thermostat is opening. Infrared

temperature guns are also available to check temperatures.

R1234yf is a recently developed refrigerant with a global warming

potential (GWP) rating more than 99 percent lower than the

previous standard refrigerant, R-134a. R1234yf also has an

atmospheric lifetime that’s about 400 times shorter than R-134a.

Links

Basic HVAC videos (www.jameshalderman.com/links/book_at/vid
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/ch62/video_frame.html)

Conduction animation (www.jameshalderman.com/links/a7/html5/

conduction.html)

Convection animation (www.jameshalderman.com/links/a7/html5/

convection.html)

Heat transfer and boiling animation (www.jameshalderman.com/li

nks/a7/html5/heat_trans_and_boiling.html)

Heat transfer animation (www.jameshalderman.com/links/a7/html

5/heat_trnsfr_brief.html)

Heat transfer through latent heat animation (www.jameshalderma

n.com/links/a7/html5/heat_trnsfr_latent_ht.html)

HVAC functions animation (www.jameshalderman.com/links/a7/ht

ml5/hvac_functions.html)

Radiant heat animation (www.jameshalderman.com/links/a7/html

5/radiant_heat_black.html)

Exercise: Heating and Air Conditioning

Based on your reading, answer the following. 

1. When humid air is exposed to the cool evaporator, the moisture

in the air is removed through the process of _______.

2. _______ is used to remove any moisture that may get into the

system.

3. Technician A says that heat is measured in degrees. Technician

B says that temperature is measured in degrees. Who is correct?
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4. When you select the _______ setting in your car, the air-

conditioning compressor operates.

5. Miscible oil is _______. 

6. In older cars with compressors that operate continuously, a/an

_______ controls the pressure in the evaporator.

7. Liquid entering the compressor results in _______.

8. Name three components that are generally used in conjunction

with the compressor clutch.

Exercise Answer Key: 

Exercise: Heating and Air Conditioning 

1. condensation

2. Desiccant

3. Technician B

4. window defrost

5. mixable

6. POA or EPR valve

7. damage

8. The low-pressure switch, the high-pressure switch, and the

power-steering pressure switch

1.2 Explain the operation of automatic and semi-
automatic HVAC systems, specifically, how various

Page 10Copyright Penn Foster, Inc. 2019 
Course Version: 1



sensors, actuators, and circuits work
Automatic Air-Conditioning System Operation

READING ASSIGNMENT

Read this assignment. Then read Chapter 63 in your textbook. 

Automatic Air-Conditioning System Operation

Chapter 63 explains the operation of automatic and semi-automatic

HVAC systems—specifically, how various sensors, actuators, and

circuits work. You’ll also read about dual-zone climate controls, rear

air-conditioning systems, and the HVAC systems of hybrid electric

vehicles.

View additional cooling system videos and animations via the links

below:

Automatic HVAC videos (www.jameshalderman.com/links/book_a

t/vid/ch63/video_frame.html)

Automatic temperature control, ATC sun load animation (www.ja

meshalderman.com/links/a7/html5/atc_sun_load.html)

Automatic temperature control, ATC temperature: heat animation 

(www.jameshalderman.com/links/a7/html5/atc_temp_heat.html)

Automatic temperature control, ATC air quality animation (www.ja

meshalderman.com/links/a7/html5/automatic_temp_control_air_q

uality.html)

Automatic temperature control, ATC temperature: cool, adjust

animation (www.jameshalderman.com/links/a7/html5/automatic_t

emp_control_cool_change.html)
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Automatic temperature control, ATC temperature: cool animation 

(www.jameshalderman.com/links/a7/html5/automatic_temp_contr

ol_temp_cool.html)

Automatic temperature control, ATC temperature: humidity

animation (www.jameshalderman.com/links/a7/html5/automatic_t

emp_control_temp_humidity.html)

Compressor temperature sensor animation (www.jameshalderma

n.com/links/a6/html5/compressor_temp_sensor.html)

Faulty blower motor operation can often be traced to a bad blower

motor resistor.

Cabin filters remove dust and dirt from air before they can enter the

passenger cabin. They should be serviced at regular intervals.

Search the Internet to find out the features and the costs of three

automatic air-conditioning sensors.

Dual-Zone Air-Conditioning Controls

Review the wiring diagrams found here (www.tuningconcepts.com/Car

s/Hilux/VigoElecWiringDiagram.pdf) . Locate the air conditioning

diagram and use a highlighter to trace the circuit from the blower

switch to the A/C Amplifier. Note any areas in which an electrical short

or open circuit would cause the system to fail.

Key Points and Links

READING ASSIGNMENT
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Key Points 

Faulty blower motor operation can often be traced to a bad

blower motor resistor.

Cabin filters remove dust and dirt from air before they can enter

the passenger cabin. They should be serviced at regular

intervals.

Links

Automatic HVAC videos (www.jameshalderman.com/links/book_a

t/vid/ch63/video_frame.html)

Automatic temperature control, ATC sun load animation (www.ja

meshalderman.com/links/a7/html5/atc_sun_load.html)

Automatic temperature control, ATC temperature: heat animation 

(www.jameshalderman.com/links/a7/html5/atc_temp_heat.html)

Automatic temperature control, ATC air quality animation (www.ja

meshalderman.com/links/a7/html5/automatic_temp_control_air_q

uality.html)

Automatic temperature control, ATC temperature: cool, adjust

animation (www.jameshalderman.com/links/a7/html5/automatic_t

emp_control_cool_change.html)

Automatic temperature control, ATC temperature: cool animation 

(www.jameshalderman.com/links/a7/html5/automatic_temp_contr

ol_temp_cool.html)

Automatic temperature control, ATC temperature: humidity

animation (www.jameshalderman.com/links/a7/html5/automatic_t
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emp_control_temp_humidity.html)

Compressor temperature sensor animation (www.jameshalderma

n.com/links/a6/html5/compressor_temp_sensor.html)

Wiring Diagrams (www.tuningconcepts.com/Cars/Hilux/VigoElec

WiringDiagram.pdf)

Exercise: Automatic Air-Conditioning System Operation

Based on your reading, answer the following. 

1. Name the four settings typically found in a vehicle’s air-

conditioning system.

2. A feedback _______ is used to let the controller know where the

door or valve is actually located. If the commanded position and

the actual position are different, then the controller can set a/an

________.

3. What element is used to move air past an inside vehicle

temperature sensor?

4. _______ is actually stored within the engine during periods of

high acceleration.

5. A driver would select the recirculation setting to _______ the

inside of the vehicle more quickly.

Exercise Answer Key: 

Exercise: Automatic Air-Conditioning System Operation 

1. Heat, air conditioning, ventilation, and defrosting (defogging)
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2. potentiometer; diagnostic trouble code

3. Aspirator tube

4. Vacuum

5. cool

Lesson 1 Review

Self-Check 

1. The states that water can naturally occur in are solid ice, liquid

water, and 

    a. humidity. 

    b. water vapor. 

    c. condensation. 

    d. liquid vapor. 

2. Which of the following does the state of water depend on? 

    a. Neither temperature nor pressure, but rather something different 

    b. Pressure 

    c. Temperature 

    d. Both temperature and pressure 

3. Why is liquid cold when it is sprayed from a can? 

    a. It just feels cold because of the high pressure with which it’s

released (similar to a wind chill effect). 

    b. The propellant inside the can is absorbing heat because it can
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boil. 

    c. Warm liquid loses energy when converted to a vapor, and that

results in cooling the vapor. 

    d. The propellant, freon or the equivalent, is itself cold and cools the

vapor coming out of the can. 

4. Liquid water turns to vapor at what temperature? 

    a. 100 degrees Celsius 

    b. 100 degrees Fahrenheit 

    c. Depends on the pressure 

    d. 212 degrees Celsius 

5. What is heat? 

    a. An inherent property of solids 

    b. Rapidly vibrating molecules 

    c. Electromagnetic energy emanating from matter perceived by our

nerves as hot or cold 

    d. The release of atoms 

6. In what unit is heat measured? 

    a. Watts 

    b. Degrees Celsius 

    c. Kelvin 

    d. Calories 

7. Which is a kind of kinetic energy? 

    a. Molecules 

    b. Vapor 

    c. Volts 

    d. Heat 
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8. What is latent heat? 

    a. Heat lost to waste 

    b. Heat waiting to be released from inside a device like a heater 

    c. The heat created by molecular states 

    d. The extra heat needed to transform a substance from one state

to another 

9. Where does the cooling effect in an air conditioning system come

from? 

    a. Warm air passing over the refrigerant is cooled by the

refrigerant’s cooler temperature, similar to the way blowing a fan over

ice results in cooler air 

    b. Changing the state of liquid to a vapor 

    c. Water mixing with the refrigerant 

    d. The air contains small amounts of refrigerant 

10. Will a can of nonflammable refrigerant explode when heated by a

flame? 

    a. Yes. The pressure in the can will eventually overwhelm the can’s

ability to contain it. 

    b. Only if the can is breached, for example by hammering down on

it. 

    c. Only if it's mixed with air by being sprayed, and hence becomes

flammable. 

    d. No, not if it's nonflammable. 

11. What is the device used to measure relative humidity? 

    a. Barometric thermometer 

    b. Hydrometric scale 
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    c. Sling psychrometer 

    d. Humidimeter 

12. Which is true of the pressure in a sealed system that contains both

liquid and vapor? 

    a. It falls with a rising temperature. 

    b. It rises with a rising temperature. 

    c. A system can't contain both liquid and vapor. 

    d. Because it's sealed, the pressure stays constant. 

13. What is relative humidity? 

    a. The percentage of moisture in the air compared to how much

moisture the air is capable of holding at that temperature 

    b. A measure of how hot the air feels because of its humidity

(similar to the heat index) 

    c. The amount of water vapor in the air 

    d. The amount of moisture in the air 

14. Which device is attached to the inlet of the evaporator and controls

the amount of refrigerant flow to the evaporator? 

    a. Discharge reed valve 

    b. Discharge port 

    c. Evaporator core 

    d. Expansion valve 

15. The condenser is a form of 

    a. radiator. 

    b. evaporator. 

    c. valve. 

    d. filter. 
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16. What is the purpose of the evaporator? 

    a. To filter the cooled air 

    b. To evaporate water vapor 

    c. To transfer heat from the air to the refrigerant 

    d. To evaporate excess water created by the refrigerant 

17. What does the feedback potentiometer in each servomotor do? 

    a. Controls voltage to the blower motor 

    b. Indicates the position of the valve or door 

    c. Opens or closes doors 

    d. Regulates refrigerant flow 

18. What do the actuators do? 

    a. Turn on the compressor automatically with cabin temperature 

    b. Control refrigerant pressure 

    c. Move the vanes or valves 

    d. Drive blower motor voltage 

19. What is the “recirculate” button designed for? 

    a. To allow the cabin to cool faster 

    b. To save energy 

    c. To move cooled or heated air more equally to different parts of

the cabin 

    d. To keep all outside air from entering the vehicle (if traveling

through contaminated air, for example) 

20. What is the purpose of the discharge air temperature sensor? 

    a. To measure heat discharged from the evaporator 

    b. To prevent overheating 

    c. To regulate the temperature of the discharged air 
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    d. To inform the controller of the actual temperature at the

discharge ducts 

Self-Check Answer Key 

1. water vapor. 

Explanation: Liquid, solid and vapor are the states of matter in

which water can be found in nature. Condensate is not an official

state of water in nature. 

Reference: Section 1.1 

2. Both temperature and pressure 

Explanation: The state of water depends on both the temperature

and pressure the water is submitted to. 

Reference: Section 1.1 

3. The propellant inside the can is absorbing heat because it can

boil. 

Explanation: If you spray a can of liquid continuously the can

becomes cold and the liquid being sprayed becomes cold. The

pressure in the can is reduced while spraying, allowing the liquid

propellant inside the can to boil and absorb heat. 

Reference: Section 1.1 

4. Depends on the pressure 

Explanation: The point at which liquid water turns to vapor
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depends on the pressure. At sea level, the temperature is 100

degrees Celsius, but only at sea level. 

Reference: Section 1.1 

5. Rapidly vibrating molecules 

Explanation: Heat comes from rapidly vibrating molecules within

matter. 

Reference: Section 1.1 

6. Calories 

Explanation: Heat is measured in calories. Temperature can be

measured in degrees kelvin or Celsius. 

Reference: Section 1.1 

7. Heat 

Explanation: Heat is what we call the kinetic energy of vibrating

molecules within matter. 

Reference: Section 1.1 

8. The extra heat needed to transform a substance from one state

to another 

Explanation: Latent heat is the extra heat needed to transform a

substance from one state to another. Water on a burner will stay

at 212 degrees Fahrenheit as long as there is liquid water, even

though heat is still coming from the burner. This latent heat is

absorbed in the process of changing the liquid to vapor. 

Page 21Copyright Penn Foster, Inc. 2019 
Course Version: 1



Reference: Section 1.1 

9. Changing the state of liquid to a vapor 

Explanation: The cooling effect is the result of the latent heat

removed from the liquid as the refrigerant is turned into a vapor. 

Reference: Section 1.1 

10. Yes. The pressure in the can will eventually overwhelm the can’s

ability to contain it. 

Explanation: The can is only capable of containing a certain

amount of pressure based on its mechanical characteristics. If the

pressure is great enough, it will overwhem the structural capacity

of the can and the can will explode. 

Reference: Section 1.1 

11. Sling psychrometer 

Explanation: A sling psychrometer is used to measure relative

humidity. 

Reference: Section 1.2 

12. It rises with a rising temperature. 

Explanation: Pressure in a sealed system will rise and fall as the

temperature rises and falls. 

Reference: Section 1.1 

13. The percentage of moisture in the air compared to how much
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moisture the air is capable of holding at that temperature 

Explanation: Relative humidity is a measure of the percentage of

moisture in the air compared to how much the air is capable of

holding at that temperature. 

Reference: Section 1.1 

14. Expansion valve 

Explanation: The expansion valve, attached to the inlet of the

evaporator, controls the amount of refrigerant flow to the

evaporator. 

Reference: Section 1.2 

15. radiator. 

Explanation: The condenser looks like a cooling system radiator

and in fact is a radiator because it's designed to radiate heat from

the refrigerant to the outside air. 

Reference: Section 1.2 

16. To transfer heat from the air to the refrigerant 

Explanation: The evaporator is responsible for taking heat out of

the air and transferring it to the refrigerant liquid. 

Reference: Section 1.2 

17. Indicates the position of the valve or door 

Explanation: The feedback potentiometer allows the system to

know the positions of the valves and doors. 
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Reference: Section 1.2 

18. Move the vanes or valves 

Explanation: The actuators are responsible for moving the valves

and vanes. 

Reference: Section 1.2 

19. To allow the cabin to cool faster 

Explanation: The recirculate button makes the system receive

cooler air from the cabin (as opposed to hot air from the outside)

and thus allows the cabin to be cooled in a shorter amount of

time. 

Reference: Section 1.2 

20. To inform the controller of the actual temperature at the

discharge ducts 

Explanation: The discharge air temperature sensor tells the

controller what the true temperature of the air leaving the ducts is

so that cabin temperature can be properly regulated. 

Reference: Section 1.2 

Flash Cards 

1. Term: Afterblow 

Definition: The operation of the blower motor after the ignition has

been turned off
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2. Term: Aspirator Tube 

Definition: Forces air to flow past the Inside Vehicle Temperature

Sensor

3. Term: Evaporator Outlet Temperature Sensor 

Definition: Used to control the AC compressor to keep the

evaporative temperature within the specified range for most efficient

operation

4. Term: Sunload Sensor 

Definition: Adjusts the temperature and fan speed to match the

increased heating caused by the sun coming through the windows

5. Term: Dual-Position Actuator 

Definition: An actuator that can be moved to either an open or closed

position

6. Term: Axial Compressor 

Definition: Compressor that uses a swash plate

7. Term: Barrier Hose 

Definition: A kind of hose that uses a nonpermeable inside layer to

keep refrigerant from leaking through the hose itself

8. Term: Absolute Humidity 
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Definition: The measurement of the weight of the water vapor in a

given volume of air

9. Term: Heater Core 

Definition: A small radiator with tubes and fins that transfers the heat

from the coolant to the air flowing through the heater core

10. Term: Compressor 

Definition: Recirculates the refrigerant, and is driven by the vehicle

engine
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