
Automotive Repair Technician 4 : HVAC
Diagnosis and Service

Lesson 2 Overview

In this lesson, you'll cover

the diagnosis, or

troubleshooting, of the

HVAC system and the tools

used to perform that

diagnosis. The lesson

contains the servicing of

HVAC systems and the

tools you’ll use to complete these service procedures.

2.1 Define the diagnosis, or troubleshooting, of the
HVAC system and the tools used to perform that
diagnosis
Heating and Air-Conditioning System Diagnosis

READING ASSIGNMENT

Read this assignment. Then read Chapter 64 in your textbook. 

Heating and Air-Conditioning System Diagnosis
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Chapter 64 explains how to diagnose a heating system problem and

how to check the performance of the AC system. Most AC problems

relate to a low charge due to a leak, so make sure to focus on tests for

this issue. The chapter then goes on to explain the procedures for

measuring AC temperature and pressure.

You’ll find that the following video and animation links from the

author’s website may help you better understand the textbook and

your assignments:

HVAC diagnosis (videos and animations) (jameshalderman.com/li

nks/book_at/vid/ch64/video_frame.html)

Heater Operation (animation) (www.jameshalderman.com/links/a

7/html5/heater.html)

If water appears on passenger-side carpet, check for a clogged

evaporator drip tube.

Causes of Abnormal Pressure Readings

Pressure gauge readings can be useful when determining the cause

of a problem. The following is a handy chart to use when diagnosing

an issue using the high- and low-pressure gauges. The chart expands

on the one found on page 740 of your textbook.

AC Pressure Gauge Chart

Low-Pressure
Average (25–35 psi)

High-Pressure
Average (170–200 psi) Possible Causes
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Low Low Low refrigerant charge

Low Low Obstruction in the suction line

Low Low Clogged orifice tube

Low Low TXV valve stuck closed

Low Low Restricted line from condenser
to evaporator

Low High Restricted evaporator airflow

High Low Internal compressor damage

High High Refrigerant overcharge

High High Restricted condenser airflow

High High High engine-coolant
temperature

High High TXV valve stuck open

High High Air or moisture in the
refrigerant

Search the Internet to find the procedures for recovering an unknown

refrigerant.

MEASURING AC OPERATION VIA TEMPERATURE DIFFERENCE

Note: To perform this exercise, you’ll need to purchase a noncontact

infrared thermometer with laser targeting. This tool is available from

various retailers for prices ranging from $10 to $100.
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One way to determine whether an AC system is working to

specifications is to perform a maximum heat load stress test, which

measures the system’s ability to properly transfer heat. This test

should be performed outside in full sunlight.

1. Use the infrared thermometer to measure ambient air

temperature around the pipe entering the condenser.

Ambient air temperature: _______

Measuring the Temperature of

Refrigerant Entering the

Condenser (Courtesy of Dr.

John Kershaw)

2. Air temperature at center duct: _______ 

Now use the infrared thermometer to measure air temperature at

the center duct in the instrument panel.
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Air Duct Temperature (Courtesy

of Dr. John Kershaw)

3. Temperature drop: _______

Subtract the duct temperature you recorded in Step 2 from the

ambient air temperature you recorded in Step 1 to determine the

drop in temperature. There should be a drop of at least 30°F

(17°C) across the evaporator—that is, from Step 1 to Step 2.

         OK _______ 

         Not OK _______

4. Now measure the temperatures of the condenser inlet and outlet

lines. Try to take your measurement as closely as possible to the

condenser.

Condenser inlet-line temperature: _______

Condenser outlet-line temperature: _______

5. Subtract the outlet temperature from the inlet temperature; the
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difference will tell you the temperature drop across the

condenser. There should be a temperature drop of 20 to 50°F

(11 to 28°C). A temperature drop of less than 20°F (11°C)

indicates a possible overcharge or poor condenser airflow. A

temperature drop greater than 50°F (29°C) indicates a possible

under-charge, air in the system, or internal condenser restriction.

6. Now measure the temperatures of the evaporator inlet and outlet

lines. Try to take your measurement as closely as possible to the

condenser. Note: On most TXV systems, you won’t be able to

access the line between the TXV and the evaporator inlet.

Evaporator inlet-line temperature: _______

Evaporator outlet-line temperature: _______

Measure the temperatures of

the evaporator inlet and outlet

lines as closely as possible to

the evaporator. (Courtesy of Dr.

John Kershaw)
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7. Subtract the outlet temperature from the inlet temperature; the

difference will tell you the amount of temperature drop across the

evaporator. Ideally, there should be a temperature drop of 0°,

Fahrenheit or Celsius. An outlet temperature that exceeds that of

the inlet by 5°F (3°C) indicates a possible undercharge.

Conversely, an inlet temperature that exceeds that of the outlet

by more than 5°F (3°C) indicates a possible overcharge.

Key Points and Links

READING ASSIGNMENT

Key Points

The best diagnostic resource is having the driver or owner of the

car explain to you, the technician, the exact nature of the heating

or air-conditioning issue.

The easiest part of any heating or air-conditioning repair is the

actual repair or service; the hardest part is diagnosing what

needs to be repaired.

The heating and air-conditioning systems in today’s vehicles are

almost completely computer-controlled. Thus, when

troubleshooting, you must be proficient in the use of the DMM

(digital multimeter) and diagnostic scan tool.

To accurately perform air-conditioning diagnosis, you must be

familiar with how high- and low-side pressures relate to each

other.

A thorough knowledge of engine cooling systems is also essential
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to your skill in HVAC-problem diagnosis.

Links

HVAC diagnosis (videos and animations) (jameshalderman.com/li

nks/book_at/vid/ch64/video_frame.html)

Heater Operation (animation) (www.jameshalderman.com/links/a

7/html5/heater.html)

Heating and Air-Conditioning System Diagnosis

Based on your reading, answer the following. 

1. What’s the first thing many technicians do when a heater isn’t

producing enough heat?

2. _______ observed in a sight glass indicate a system that's

partially discharged.

3. When do airflow problems commonly pop up?

4. You’re working on a cooling system that isn’t equipped with

bleeder valves. You’ve filled the system with as much coolant as

it will hold, but you believe that air still might be air trapped in the

system. What should you do?

Exercise Answer Key: 

Heating and Air-Conditioning System Diagnosis 

1. Replace the thermostat

2. Bubbles or foam
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3. After a previous service procedure (such as spark plug

replacement)

4. Replace the radiator cap but only close it to the first notch. Then

drive the vehicle normally for a few miles. 

2.2 Explain the servicing of HVAC systems and the tools
you'll use to complete these service procedures
Heating and Air-Conditioning System Servicing

READING ASSIGNMENT

Read this assignment. Then read Chapter 65 in your textbook. 

Heating and Air-Conditioning System Diagnosis

Chapter 65 describes blower motor service, cooling system service,

and refrigerant recovery procedures. Here you’ll learn how to recycle

refrigerants, recharge a system, and retrofit a CFC-12 system to an

HFC-134a system. You’ll also read about servicing the compressor,

condenser, evaporator, receiver/drier (or accumulator/drier), and

orifice tube/expansion valve.

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

help you better understand the textbook and your assignments.

HVAC service animations and videos (www.jameshalderman.com

/links/book_at/vid/ch65/video_frame.html)
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Refrigerant service, charge animation (www.jameshalderman.co

m/links/a7/html5/Refrig_Serv_Charge.html)

Service fitting and quick-connect coupler animation (www.jamesh

alderman.com/links/a7/html5/service_fitting_quick_connect_coupl

er.html)

Refrigerant Recovery and Recycling Program Certification

Every auto repair technician who works on air-conditioning systems

must be certified by the Environmental Protection Agency (EPA) in

refrigerant recovery and recycling. The training and testing must come

through an EPA-authorized organization, such as the National Institute

for Automotive Service Excellence (ASE). Training programs cover the

use of recycling equipment in compliance with industry standards and

regulatory requirements. Technicians also learn the importance of

refrigerant containment and the environmental effects of refrigerant.

To gain certification, technicians must thoroughly understand the

training material and pass a test demonstrating their knowledge of it.

You can learn more about this mandatory certification at the

Refrigerant Recovery and Recycling Program (www.ase.com/Tests/cf

c.aspx) . 

The following are tips that will come in handy when you begin

servicing AC systems:

Some shops add yellow dye to the AC system during a recharge

to help locate a leak.

Checking the under-hood sticker will determine the correct
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refrigerant to use as well as the correct amount.

Any time you replace a compressor due to mechanical problems,

flushing the AC system is recommended. This helps ensure that

a new compressor is free from metal debris that could shorten its

life.

Search the Internet to find the name August Schrader and the

pressure valve that bears his name. See if you can find what other

uses the Schrader valve has in automobiles.

PRESSURE AND TEMPERATURE

To perform this exercise, you’ll need to purchase a 500-mL

Erlenmeyer flask with stopper. (You should be able to find one for

around $15 or possibly less from Amazon.com.)

Increasing pressure in a cooling system raises the boiling point of the

coolant. When you’re located at a high elevation, such as in Denver,

Colorado, water comes to a boil more quickly and at a lower

temperature. This is because atmospheric pressure is lower at higher

elevations than at sea level, where it’s generally 14.7 psi. Standard

boiling points for liquids are established at sea level; 14.7 psi is

considered “normal” atmospheric pressure.

Boiling takes place when the molecules of a liquid gain energy from

additional heat. This causes the molecules to move very quickly and

jump away from each other. Increasing the pressure around water
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raises its boiling point, whereas lowering the pressure around water

lowers its boiling point.

Materials:

1 pair of safety glasses

1 oven mitt or pair of protective gloves

1 500-mL Erlenmeyer flask with stopper

Infrared thermometer (from earlier exercise)

1 bag of crushed ice

Stove or hot plate

Water faucet

Steps:

1. Put about 200 mL of water into the 500-mL Erlenmeyer flask and

place the flask on the stove or hot plate.

2. Bring the water to a boil and measure the temperature with the

infrared thermometer.

Boiling water temperature (first measurement): _______

3. Put on your oven mitt or gloves and carefully remove the flask

from the heat.

4. When the liquid in the flask stops boiling, place the stopper

securely in the flask opening. (Wait about 2 minutes for the

boiling to stop completely, then carefully place the stopper in the

flask opening.)

5. Place the Erlenmeyer flask back on the stove or hot plate. When
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the water boils again, measure the temperature again.

Boiling water temperature (second measurement): _______

6. Turn off the stove or hot plate and let the Erlenmeyer flask cool.

Then, wearing your oven mitt or gloves, remove the flask and turn

it upside-down over a sink. (The stopper should still be in the

flask.)

7. Place a bag of crushed ice on the flat surface of the upside-down

flask. Record what happens.

You should have observed two things in this exercise: First, the

temperature necessary to boil the water when the flask was closed

(stopper in place) should have been lower than was required

previously. Increasing the pressure in the cooling system—in this

case, the flask—raised the boiling point of the coolant (water).

Secondly, when you inverted the flask and placed ice on it, the gas at

the “new” top end expanded under reduced pressure, and the liquid

accumulated at the “new” bottom end. This simulates adding

refrigerant to an AC system using individual cans. Most of the space in

a can is held by liquid refrigerant with a small space at the top for gas.

The can is under pressure, and this pressure is reduced when the top

is opened. As in the Erlenmeyer flask, if you turn the can upside down

when the valve is opened, the liquid refrigerant goes into the AC

system because the gas accumulates at the top of the can.

Key Points and Links
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READING ASSIGNMENT

Key Points

Any technician servicing a mobile air-conditioning unit must be

certified in the EPA’s Refrigerant Recovery and Recycling

Program. 

It’s crucial to use both the correct refrigerant and the correct

refrigerant amount when servicing a vehicle. A technician should

always check the under-hood sticker to verify what these are.

A vehicle that’s low on refrigerant should always be checked for a

leak.

Links

HVAC service animations and videos (www.jameshalderman.com

/links/book_at/vid/ch65/video_frame.html)

Refrigerant service, charge animation (www.jameshalderman.co

m/links/a7/html5/Refrig_Serv_Charge.html)

Service fitting and quick-connect coupler animation (www.jamesh

alderman.com/links/a7/html5/service_fitting_quick_connect_coupl

er.html)

Refrigerant Recovery and Recycling Program (www.ase.com/Tes

ts/cfc.aspx)

Heating and Air-Conditioning System Servicing

Based on your reading, answer the following. 
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1. A nonfunctioning blower motor should be checked for _______

draw.

2. Why is it important to measure the amount of refrigerant oil that’s

removed during the refrigerant recovery process?

3. During evacuation, a vacuum pressure of at least _______ should

be applied for at least 45 minutes.

4. If you’re replacing an evaporator, it also makes sense to replace

the _______.

 

Exercise Answer Key: 

Heating and Air-Conditioning System Servicing 

1. current

2. Because the exact same amount of refrigerant must be put back

once the system is recharged

3. 26 in. Hg

4. heater core

Lesson 2 Review

Self-Check 

1. When determining the cause of an HVAC problem, _______ can be
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useful.

    a. a Schrader valve 

    b. a thermometer 

    c. the vehicle’s manual 

    d. pressure gauge readings 

2. You're troubleshooting an HVAC system. The pressure gauge

readings are as follows: low-pressure average is low and the high-

pressure average is high. What might be the possible cause of the

problem? 

    a. Air or moisture in the refrigerant 

    b. TXV valve stuck closed 

    c. Internal compressor damage 

    d. Restricted evaporator airflow 

3. You're troubleshooting an HVAC system. The pressure gauge

readings are as follows: low-pressure average is high and the high-

pressure average is low. What might be the possible cause of the

problem? 

    a. Clogged orifice tube 

    b. TXV valve stuck open 

    c. Internal compressor damage 

    d. Restricted evaporator airflow 

4. You're troubleshooting an HVAC system. The pressure gauge

readings are as follows: both the low- and high-pressure averages are
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low. What might be the possible cause of the problem? 

    a. High engine-coolant temperature 

    b. Restricted condenser airflow 

    c. Obstruction in the suction line 

    d. Refrigerant overcharge 

5. You're troubleshooting an HVAC system. The pressure gauge

readings are as follows: both the low- and high-pressure averages are

high. What might be the possible cause of the problem? 

    a. Restricted evaporator airflow 

    b. Restricted condenser airflow 

    c. TXV valve stuck closed 

    d. Clogged orifice tube 

6. When diagnosing HVAC problems, the best resource you have is 

    a. the Internet. 

    b. the vehicle owner’s description of the problem. 

    c. your understanding of troubleshooting tools. 

    d. the step-by-step troubleshooting process. 

7. You're diagnosing a heating and air-conditioning problem in a new

car with a computer-controlled system. To troubleshoot the issue, you

must be able to 

    a. drive the vehicle for a long distance. 

    b. understand how high- and low-side pressures relate. 

    c. use the digital multimeter. 

    d. read a pressure gauge. 

8. Most air-conditioning problems relate to 

    a. a difference in low- and high-side pressure. 
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    b. a low charge due to a leak. 

    c. engine temperature. 

    d. ambient air temperature. 

9. One test that can be used to determine if an AC system is working

to specifications is  

    a. a pressure load test. 

    b. a heat load stress test. 

    c. a low-side pressure reading. 

    d. a high-side pressure reading. 

10. The condenser inlet-line temperature is 175°F (79°C). The

condenser outlet-line temperature is 160°F (71°C). What could be a

possible problem? 

    a. An undercharge 

    b. Poor condenser airflow 

    c. Internal condenser restriction 

    d. Air in the system 

11. Every auto repair technician who works on air-conditioning

systems must _______ refrigerant recovery and recycling. 

    a. be certified by the Environmental Protection Agency (EPA) in 

    b. be able to explain the process of 

    c. work for a repair shop licensed for 

    d. have an understanding of 

12. _______ the pressure around water raises its boiling point,

whereas _______ the pressure around water lowers its boiling point. 

    a. Lowering, stabilizing 

    b. Stabilizing, lowering 
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    c. Lowering, increasing 

    d. Increasing, lowering 

13. You're servicing an air-conditioning unit. It's not only important to

use the correct refrigerant for the job, but it's also important to use 

    a. the correct refrigerant amount. 

    b. the preferred refrigerant brand. 

    c. refrigerant at the required temperature. 

    d. the proper filling technique. 

14. A vehicle that’s low on refrigerant should always be checked for 

    a. an obstructed hose. 

    b. a leak. 

    c. high pressure. 

    d. a crimped hose. 

15. You're servicing an AC system by replacing a worn out

compressor. As part of the servicing, it's recommended that you

_______ to ensure the new compressor is free from debris. 

    a. test the system 

    b. conduct a heat-stress test 

    c. flush the system 

    d. pressurize the system 

16. You're servicing a cooling system. You've checked the thermostat

and hoses for issues and have found nothing suspicious. Next, you

should check the 

    a. bleeder valve. 

    b. compressor motor. 

    c. air dam. 
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    d. Schrader valve. 

17. You're recovering refrigerant from an AC system. Which of the

following are you required to do? 

    a. Dilute the refrigerant and dispose of it. 

    b. Return the refrigerant to the owner of the vehicle. 

    c. Store the refrigerant in a container until it can be recycled. 

    d. Dispose of the refrigerant in a lined trash receptacle.  

18. Refrigerant should be checked for the presence of _______ to

ensure proper cooling efficiency. 

    a. noncombustible liquid 

    b. noncondensable gas 

    c. noncondensable liquid 

    d. noncombustible gas 

19. While servicing an AC system in a typical vehicle, you've

discovered a clog in the evaporator. What must you do? 

    a. Replace the evaporator. 

    b. Retest the evaporator. 

    c. Recondition the evaporator. 

    d. Repair the evaporator. 

20. You're completing the repair of a refrigerant system in which you

had to open it. Before you're finished with this repair, it's also

recommended that you replace 

    a. the receiver/drier or accumulator/drier. 

    b. the refrigerant. 

    c. all valves. 

    d. all hoses. 
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Self-Check Answer Key 

1. pressure gauge readings 

Explanation: Pressure gauge readings can be useful in

diagnosing an HVAC problem. Using the high and low pressures,

you can more efficiently troubleshoot the problem. 

Reference: Section 2.1 

2. Restricted evaporator airflow 

Explanation: If the low-pressure average is low and the high-

pressure average is high, the most likely issue with the HVAC

system is restricted evaporator airflow. 

Reference: Section 2.1 

3. Internal compressor damage 

Explanation: If the low-pressure average is high and the high-

pressure average is low, the most likely issue with the HVAC

system is internal compressor damage. 

Reference: Section 2.1 

4. Obstruction in the suction line 

Explanation: If both the low- and high-pressure average is low,

the problem may be obstruction in the suction line. 

Reference: Section 2.1 
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5. Restricted condenser airflow 

Explanation: If both the low- and high-pressure average is high,

the problem may be restricted condenser airflow. 

Reference: Section 2.1 

6. the vehicle owner’s description of the problem. 

Explanation: The best diagnostic resource you have is the vehicle

owner’s description of the problem. This invaluable resource

gives you the best quality of information about the nature of the

issue. 

Reference: Section 2.1 

7. use the digital multimeter. 

Explanation: Newer vehicles come equipped with heating and air-

conditioning systems that are mostly computer controlled.

Therefore, to diagnose HVAC issues with newer vehicles, you

must be proficient in the use of the digital multimeter. 

Reference: Section 2.1 

8. a low charge due to a leak. 

Explanation: Most AC problems are due to a leak, which causes

a low charge. 

Reference: Section 2.1 

9. a heat load stress test. 

Explanation: One way to determine whether an AC system is
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working to specifications is to perform a maximum heat load

stress test, which measures the system’s ability to properly

transfer heat. 

Reference: Section 2.1 

10. Poor condenser airflow 

Explanation: The temperature drop across the condenser in this

scenario is 15°F.  A temperature drop of less than 20°F (11°C)

indicates a possible overcharge or poor condenser airflow. 

Reference: Section 2.1 

11. be certified by the Environmental Protection Agency (EPA) in 

Explanation: Every auto repair technician who works on air-

conditioning systems must be certified by the Environmental

Protection Agency (EPA) in refrigerant recovery and recycling.

The training and testing must come through an EPA-authorized

organization. 

Reference: Section 2.2 

12. Increasing, lowering 

Explanation: Increasing the pressure around water raises its

boiling point, whereas lowering the pressure around water lowers

its boiling point. 

Reference: Section 2.2 

13. the correct refrigerant amount. 
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Explanation: It’s crucial to use both the correct refrigerant and the

correct refrigerant amount when servicing a vehicle. A technician

should always check the under-hood sticker to verify what these

are.  

Reference: Section 2.2 

14. a leak. 

Explanation: The most common cause of low refrigerant in a

vehicle is a leak. 

Reference: Section 2.2 

15. flush the system 

Explanation: Any time you replace a compressor due to

mechanical problems, flushing the AC system is recommended.

This helps ensure that a new compressor is free from metal

debris that could shorten its life. 

Reference: Section 2.2 

16. air dam. 

Explanation: A vehicle’s air dam is designed to force air to flow

upward and through the radiator rather than travel underneath

the vehicle. If this air dam is broken or damaged due to contact

with a parking block or other object, the engine may overheat. 

Reference: Section 2.2 

17. Store the refrigerant in a container until it can be recycled. 
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Explanation: Once you've recovered the refrigerant using a

refrigerant recovery unit, it should be stored in a container until it

can be recycled. 

Reference: Section 2.2 

18. noncondensable gas 

Explanation: Noncondensable gas is considered to be a

contaminant. If a refrigerant with noncondensable gas is installed

into an air-conditioning system, it will reduce the cooling

efficiency. 

Reference: Section 2.2 

19. Replace the evaporator. 

Explanation: If you've tested the evaporator and it's found to be

clogged, it has to be replaced. In most vehicles this is a major job

involving disassembly of the dash. 

Reference: Section 2.2 

20. the receiver/drier or accumulator/drier. 

Explanation: Most experts recommend that the receiver/drier or

accumulator/drier be replaced anytime the refrigerant system is

opened and other repairs or services are being performed.  

Reference: Section 2.2 

Flash Cards 
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1. Term: Bleeder Valve 

Definition: A mechanism on a line, pump, or tank used to remove

liquid or gas from a pressurized system

2. Term: High-Side Pressure 

Definition: Indicates the amount of pressure on the output side of a

gas compressor, also called head pressure

3. Term: Low Coolant Level 

Definition: Prevents flow of coolant to the heater core

4. Term: Low-Side Pressure 

Definition: Indicates the boiling point of the temperature of the

evaporator

5. Term: Air Dam 

Definition: A part of the front end of a vehicle found under the

radiator. It's designed to force air to flow upward and through the

radiator to help cool the engine.

6. Term: Fin Comb 

Definition: A tool used to straighten the bent fins of the condenser

7. Term: Noncondensable Gas 

Definition: A gas that won't change phases from gas to liquid under

pressure. An example is air.
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8. Term: Schrader Valve 

Definition: A valve that's closed by internal pressure. A Schrader

valve opens only when the service line connection is nearly complete.
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