
William Smith – TPC Instructor

The Systematic Approach to 
Troubleshooting an HVAC System



www.tpctraining

The Total Training SolutionWIPBE 300 1124  © 2021  TPC Training

Virtual Instructor Led Training Tpctraining.com

The Total Training SolutionIPAC 301 0127 © 2021  TPC Training

Heat Transfer

Air Conditioning and Refrigeration is the transfer of heat 

from a place it is not wanted to a place that makes little or 

no difference.

• Air Conditioning: Cool’s people (comfort cooling)

• Refrigeration: Cool’s products



www.tpctraining

The Total Training SolutionWIPBE 300 1124  © 2021  TPC Training

Virtual Instructor Led Training Tpctraining.com

The Total Training SolutionIPAC 301 0127 © 2021  TPC Training

• Transfer heat:
Heat exchangers, coils, terminal units

• Move refrigerant (R-22, R-410a, etc.):
Compressors, refrigerant piping

• Move or distribute air:
Fans, ductwork, air handlers

Component Tasks
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The Second Law of Thermodynamics

“Heat  flows from a warmer place to a cooler place”

Cold gets hotterHot

Thermodynamics
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1 Btu is the amount of heat required to 

raise the temperature of

1 pound of water 1° F
1 Btu heat in

1 pound
of water

1
degree

F
temp
rise

 

 

If 1 Btu is removed from                  

1 pound of water the temperature 

will decrease by 1° F1 Btu heat out
1 pound
of water

1
degree

F
temp
drop

 

 

British Thermal Unit



Virtual Instructor Led Training

The Total Training SolutionWIPBE 300 1124  © 2021  TPC Training The Total Training SolutionIPAC 301 0127 © 2021  TPC Training



www.tpctraining

The Total Training SolutionWIPBE 300 1124  © 2021  TPC Training

Virtual Instructor Led Training Tpctraining.com

The Total Training SolutionIPAC 301 0127 © 2021  TPC Training

Refrigerant Composition



Virtual Instructor Led Training

The Total Training SolutionWIPBE 300 1124  © 2021  TPC Training The Total Training SolutionIPAC 301 0127 © 2021  TPC Training

Blended Refrigerants

• Azeotropes

– Blends made from two or more single compounds

– Combine to form a new compound that acts like a single 
compound

• Zeotropes

– Blends made from two or more refrigerants

– Retain characteristics of each ingredient

– May have temperature glide
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Blended Refrigerants

• NARMs

– Near Azeotropic Refrigerant Mixtures

– Are Zeotropes, but perform like an Azeotrope

– Negligible temperature glide

• Fractionation

– Component separation

– May affect leak ratio
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Temperature Glide

Dew Point is the saturation temperature in the evaporator at 
which the refrigerant changes state from a liquid to a vapor

Bubble Point is the saturation temperature in the condenser 

at which the refrigerant changes state from a vapor to a liquid

Temperature Glide is the difference between the Dew Point 
and the Bubble Point
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Evaporator Superheat

SUBTRACT

Evaporator Superheat Calculation

Take actual temperature reading at 

evaporator outlet on suction line

Take pressure reading of evaporator 

(suction side of compressor)

Convert pressure reading to saturation 

temperature using PT chart 

And the difference is 

SUPERHEAT

Evaporator Superheat Example

Actual suction line temperature:   64°F

Minus suction pressure (50 psig for R-134a)

converted to saturation temperature: 54°F

SUPERHEAT………………10°F
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Condensers

SUBTRACT

Condenser Subcooling Calculation

Take actual temperature reading of 

liquid line where it enters 

metering device

Take pressure reading of condenser 

(discharge side of compressor)

Convert pressure reading to saturation 

temperature using PT chart 

And the difference is 

SUBCOOLING

Subcooling Example

High side (head) pressure                                               

(150 psig for R-134a)                                              

converted to saturation temperature:        112°F

Minus actual liquid line temperature:      - 100°F

SUBCOOLING…………………………  12°F
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Thermostatic Expansion Valve

Superheat Spring
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• Opposing forces modulate valve

– P1 Opening force (remote bulb)

– P2 Closing force (evaporator pressure)

– P3 Closing force   (superheat spring)

P1

P3P2

Thermostatic Expansion Valve

Metering Devices
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Metering Devices
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Metering Devices
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Metering Devices
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AC Ladder Diagram

CFM Condenser fan motor EFM Evaporator fan motor

COMP Compressor CCH Crankcase heater

LPS Low pressure switch CC Compressor contactor

HPS High pressure switch CR Current relay

CAP Start capacitor EFR Evaporator fan relay

Electrical Troubleshooting

Let’s review and discuss
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Clean Coil Dirty Coil Frozen Coil

Preventive Maintenance

AC/R System Service
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Preventive Maintenance
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Filter Maintenance

• Filter changes

– Frequency    (scheduled PM)

– Visual inspection

– Measurement of pressure drop

Follow Manufacturer’s Recommendations

Fan Performance

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiVremI17vJAhWFyj4KHTEvCR8QjRwIBw&url=http://www.orangetiger.com/blog/why-you-need-to-change-your-furnace-filter-regularly/&bvm=bv.108194040,bs.1,d.cGc&psig=AFQjCNGwembAQnIp0kmsrACsLUTVvF-gcg&ust=1449093943335537
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Always remember to follow these steps

1.Check for a dirty air filter.
2.Check your thermostat settings.
3.Check your air conditioner circuit breakers.
4.Check your outdoor unit.
5.Check all air vents.
6.Then proceed to hooking up manifold gauges
7.Check for proper super heat and subcooling and use 
diagnostics to find the right solution
8.Don’t just assume that it is a refrigerant problem know 
your tools and use them



Questions?

• If you’d like to learn more about how to troubleshooting 
HVAC systems at your facility, 

TPC can help!

Email: sales@tpctraining.com

Phone: (847) 808-4000

mailto:sales@tpctraining.com

