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Preface

Modern Refrigeration and Air Conditioning is the stan-
dard for a new generation of learners. This classic is an
excellent blend of theory, skill development, and service
techniques to help you learn how to install and service
refrigeration and HVAC systems. Modern Refrigeration and
Air Conditioning delivers comprehensive and authoritative
content on the basic and advanced principles of refrigera-
tion and air conditioning, provides excellent instruction
and training in the skills and techniques essential for ser-
vicing and troubleshooting, and emphasizes career oppor-
tunities, workplace skills, and safety.

The contentin Modern Refrigeration and Air Conditioning
is correlated to the curriculum guides and competencies
used for HVAC Excellence and ACCE program accredita-
tion. The accreditation curriculum dovetails with entry-
level and professional certification exam requirements.
Thus, Modern Refrigeration and Air Conditioning is a valu-
able resource as you begin your journey toward entry-level
certification, employment, professional certification, and
career advancement.

Modern Refrigeration and Air Conditioning has been
carefully designed and crafted to make your learning
experience effective and efficient. Concepts are explained
clearly and simply, with text narrative supported by
numerous engaging and attractive illustrations. The for-
mat of each chapter helps you quickly master HVACR con-
cepts and topics.

In the coming years, the number of new positions in
the HVACR industry combined with open positions due to
retirements is expected to be significantly greater than the
number of new employees entering the field. This will cre-
ate a shortage of trained workers and a surplus of employ-
ment opportunities. You are entering the HVACR field at an
ideal time, and Modern Refrigeration and Air Conditioning
will be afantastic resource for you as you build your career!
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New to This Edition

The 22nd edition of Modern Refrigeration and Air Conditioning includes many updates, including the following content-
and pedagogical-based improvements:

Targeted reorganization of chapters and content.
Several chapters and content were moved to better

fit typical course offerings in HVACR programs.
Thermostat and electrical control content was
redistributed so that all controls for various systems
(air conditioning, heating, heat pumps, etc.) are
included in each respective system’s chapter.

New Chapter 9, Basic Refrigeration and Air-
Conditioning System Components. New chapter
integrates all residential refrigeration and air-
conditioning components in one chapter to provide
an earlier introduction to key system components.
Expanded heat pump coverage. Heat pumps are
now covered in two separate chapters with one
chapter focusing on the fundamentals and service

of air-source heat pumps and the other on the
fundamentals and service of geothermal heat pumps.
Coverage of key HVACR industry changes. Changes
to HVACR equipment related to SEER2 (Seasonal
Energy Efficiency Ratio 2), and refrigerant phasedown
and transition toward A2L refrigerants is covered
throughout the book. Coverage of indoor air quality
and airborne pathogen mitigation has been expanded
for this edition.

Instructional design improvements. All learning
outcomes, summary bullets, and end-of-chapter
review questions were reviewed and aligned with
each one-head section in every chapter, allowing for
instructor flexibility in presenting and assigning
textbook content in the classroom.

New lab activities. Over 100 new lab activities have
been added to the package, for a total of over 200 labs.
Over 100 lab activities are available in the printed Lab
Manual, and over 200 lab activities are available in
the digital products. These activities address topics
ranging from fundamental service basics to advanced
service of commercial systems.

New HVACR videos. For digital users, 35 new
videos—for a total of 102 videos—provide hands-on
demonstrations and visual instruction of HVACR
theory and service topics.

New Virtual Toolbox. This digital product includes
e-flash cards, identification and matching activities,
and assessments to help students identify key tools
used in the HVACR industry.



Features of the Texthook

The instructional design of this textbook includes student-focused
learning tools to help you succeed. This visual guide highlights these
features.

Chapter Opening Materials

Each chapter opener contains alist of learning outcomes, a list of tech-
nical terms, and an introduction. Learning Outcomes clearly identify
the knowledge and skills to be gained when the chapter is completed.
Technical Terms list the key words to belearned in the chapter. Intro-
duction provides an overview and preview of the chapter content.

Additional Features

Additional features are used throughout the body of each chapter
to further learning and knowledge. Safety Notes alert you to poten-
tially dangerous materials and practices. Cautions alert you to
practices that could potentially damage equipment or instruments.
Code Alerts point out specific items from typical building codes.
Procedures are highlighted throughout the textbook to provide
clear instructions for hands-on HVACR service activities. Pro Tips
provide advice and guidance that is especially applicable for on-the-
job situations. Thinking Green features highlight key items related
to sustainability, energy efficiency, and environmental issues.

Illustrations

Illustrations have been designed to clearly and simply communi-
cate specific topics. Illustrations have been reviewed and updated
for this edition. Photographic images have been updated to show the
latest equipment.

Expanding Your Learning

Soft Skills for HVACR features provide expert advice on develop-
ing communication, teamwork, and interpersonal skills useful in
the HVACR industry. Service Call Troubleshooting features help
you develop critical thinking, diagnostic, and troubleshooting skills
needed in the HVACR industry today.

End-of-Chapter Content

End-of-chapter material provides an opportunity for review and
application of concepts. A concise Summary provides an addi-
tional review tool and reinforces key learning outcomes. This helps
you focus on important concepts presented in the text. Review
Questions enable you to demonstrate knowledge, identification, and
comprehension of chapter material. Critical Thinking questions
develop higher-level thinking and problem-solving and trouble-
shooting skills.
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TOOLS FOR STUDENT AND INSTRUCTOR SUCCESS

Student Tools

Instructor Tools

Student Text

Modern Refrigeration and Air Conditioning
is a comprehensive text that focuses

on closing the gap from students to
technicians with a commitment to top-
quality coverage of fundamentals and
the latest technology.

Lab Manual
« Hands-on practice includes relevant
HVACR service procedures performed in the field.

Workbook
« Questions test knowledge, identification, and
comprehension of content presented in the textbook.

Digital Companion

For digital users, e-flash cards, vocabulary exercises, and
end-of-chapter Review Questions allow interaction with
content to create opportunities to increase achievement.

Online Learning Suite

« Online student text, lab manual, and workbook—
along with rich supplemental content—bring digital
learning to the classroom.

« HVACR videos and animations provide hands-on
demonstrations and visual instruction of HVACR
theory, procedures, and service topics.

« Follow-the-Heat™ Animations contain 63 short-story
animations that help students understand foundational
scientific concepts through simple visuals.

+ HVACR Troubleshooting Activities contain over
40 scenarios where students are challenged to
systematically troubleshoot various systems.

- Virtual Toolbox provides e-flash cards, matching and
identification activities, and assessments to help
students identify key tools used in the HVACR industry.

- All instructional materials are accessible at home, at
school, or on the go.

Instructor

Support
D Digital
Experience

\a/
IRA!
Student Success

Powerful Content
Applied Practice

Y

$2IN0S3Y By
)

Standards Alignment
Authentic Learning
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LMS Integration

Integrate Goodheart-Willcox content within your
Learning Management System for a seamless user
experience for both you and your students. EduHub®
LMS-Ready content in Common Cartridge® format
facilitates single sign-on integration and gives you
control of student enrollment and data. With a Common
Cartridge integration, you can access the LMS features
and tools you are accustomed to using and G-W course
resources in one convenient location—your LMS.

G-W Common Cartridge provides a complete
learning package for you and your students. The included
digital resources help your students remain engaged and
learn effectively:

- Digital Textbook

+ Online Lab Manual activities

+ Online Workbook content

- HVACR videos and animations

- Follow-the-Heat™ animations

- HVACR Troubleshooting Activities

« Virtual Toolbox

- Drill and Practice vocabulary activities

When you incorporate G-W content into your
courses via Common Cartridge, you have the flexibility
to customize and structure the content to meet the
educational needs of your students. You may also
choose to add your own content to the course.

For instructors, the Common Cartridge includes
the Online Instructor Resources. QTI® question banks
are available within the Online Instructor Resources
for import into your LMS. These prebuilt assessments
help you measure student knowledge and track results
in your LMS gradebook. Questions and tests can be
customized to meet your assessment needs.

Online Instructor Resources

- The Instructor Resources provide instructors with
time-saving preparation tools such as answer keys,
editable simple and detailed lesson plans, an image
library, and other teaching aids.

« Instructor’s Presentations for PowerPoint® are fully
customizable, richly illustrated slides that help you
teach and visually reinforce the key concepts from
each chapter.

« Administer and manage assessments to meet your
classroom needs using Assessment Software
with Question Banks, which includes hundreds of
matching, completion, multiple choice, and short
answer questions to assess student knowledge of
the content in each chapter.

See www.g-w.com/modern-refrigeration-air-
conditioning-2025 for a list of all available resources.

Professional Development
- Expert content specialists
. Research-based pedagogy and instructional practices
« Options for virtual and in-person professional
development



Brief Contents

Section 1—Professional Development

Section 9—Indoor Air Fundamentals

1 Careersand Certification . . ............... 1 28 AirMovementand Measurement ... ........ 610
2 Safety ... ... 16 29 AirQuality . ... ... .. 637
3 ServiceCalls .. ... .. .. .. ... ... 33 30 AirDistribution . . ... .. 663
. . . 31 Ventilation System Service . . . ............ 699
Section 2—Service Basics 32 Heatingand Cooling Loads . . .. ........... 714
4  ToolsandSupplies .. ....... .. ... .. ..... 44 . .
5  Working with Tubingand Piping ... ......... 70  Section 10—Heating Systems
. . . 33 Gas-Fired HeatingSystems .. ............. 748
Section 3—Refrigeration System Fundamentals 34 Oil-Fired Heating Systems . ... ............ 790
6 EnergyandMatter ............. ... ..... 97 35 ElectricHeatingSystems .. ............... 831
T Gases . ... 113 36 Air-SourceHeatPumps ... ......... ... ... .| 854
8 Basic Compression Refrigeration and 37 GeothermalHeatPumps ................. 878
Air-Conditioning Systems .. .............. 125 38 Hydronic Heating Fundamentals . . ... ... ... 889
9 Basic Refrigeration and Air-Conditioning X i
System Components . . . ................. 135  Section f1—Energy Management and Conservation
. . 39 Solar Powerand Thermal Storage . . ... ... .. 930
Section 4—Refrigerants 40 EnergyManagement .................... 952
10 Introductionto Refrigerants . ... ..........162 . X . X
11 Equipmentand Instruments for Refrigerant Section 12—Commercial Refrigeration Systems
Handlingand Service . . .. ...............187 41 Overviewof Commercial Refrigeration
12 Working with Refrigerants . . . .. ........... 220 Systems . ... .. ... 974
. . . 42 Special Refrigeration Systems and
Section 5—Basic Electricity, Applications . . . ... ... ... ... ... ... 1002
Magnetism, and Electronics 43 Commercial Compressors . .. ........... 1019
13 BasicElectricity . .......... .. ... ... ... 254 44 Commercial Evaporators, Condensers, and
14 ElectricalPower .. ..................... 272 Other HeatExchangers . ............... 1048
15 Basic Electronics . . . ... . .. ... . ... 288 45 Commercial Metering Devices and Valves . . . 1080
46 Commercial Refrigeration System
Section 6—Motors and Electric Control Systems Configurations . .................... 1128
1? Etectr!c Motors .. ......... . .. . 298 Section 13—Installing and Servicing
ectrical Control Systems . .............. 320 . . .
18 Electrical Troubleshooting Fundamentals . . . .. 359 Commercial Refrigeration Systems
19 Servicing Electric Motors and Controls . ... ... 380 47 Installing Commercial Systems . . .. ... ... 1143
48 Troubleshooting Commercial Systems—
Section 7—Domestic Refrigerators and Freezers System Diagnosis . . ... .............. 1166
20 Overview of Domestic Refrigerators and 49 Troubleshooting Commercial Systems—
Freezers ... ..... ... ... .. .. .. .. .. ... 399 Component Diagnosis . . .............. 1205
21 Installation and Service of Domestic 50 Servicing Commercial Systems . ... ... ... 1230
Refrigeratorsand Freezers .. ............. 423 Section 14—Designing Commercial
Section 8—Air-Conditioning Systems Refrigeration Systems
22 Self-Contained Air-Conditioning Systems . . . . . 456 51 Understanding Heat Loads and System
23 Residential Split Air-Conditioning Systems . . . .475 Thermodynamics . .. ................ 1255
24 Humidity Control . .. ... ..o 517 52 Commercial Refrigeration Component
25 Commercial Air-Conditioning Systems .. ... .. 530 Selection . . ........ ... ... ... ... 1279
26 Commercial Air-Conditioning Controls .. ... .. 566

27 Absorptionand Evaporative Cooling Systems . . . 587



Contents

Section 1

Professional Development
Chapter1
Careers and Certification . . . .. ... ... .. 1
11 CareerPlanning . .. .................. 1
12  Beginning Your CareerSearch ... ......... 7
13  Successinthe HVACR Industry . ... ...... 10
Chapter 2
Safety . . . ... ... 16
21 SafetyHazards . ................... 17
22  Personal Protective Equipment (PPE) . .. ... 25
23 SafeWorkPractices .. ........ ... ..., 28
Chapter 3
ServiceCalls ... ................. 33
31 CustomerService . . ................. 8BS
32 Troubleshooting . .. ...... ... ........ 38

Section 2

Service Basics
Chapter 4
Toolsand Supplies . . .. .. ... . ... ... A
41 HandTools . . ...... ... .. . ... ...... 45
42 PowerTools .. ................. ... 57
43 Instruments . ....... ... 58
4 4 StandardSupplies .. ... ... ... ... .. 62
Chapter 5
Working with Tubing and Piping . . ... ... 70
51  TypesofRefrigerantTubing . ........... 70
52 Non-Refrigerant Tubingand Pipe . ... ... .. 73
53 CuttingTubing . . . .. ... ... ... .. .. .. 74
54 BendingTubing .. .................. 76
55 ConnectingTubing ... ............... 78
56 ConnectingPipe . .. ... ... ... ... ... 92

Section 3

Refrigeration System Fundamentals
Chapter 6
EnergyandMatter . . . . ... ... ... . ... 97
61 MatterandEnergy .. ................ 98
62 Force,Work,andPower . .............. 99
63 Heat ... ... ... 101
6 4  Measuring Refrigeration Effect . . ... . ... 109
Chapter?7
Gases . . . .. 113
71 Pressure .. ......... ... .. ... .. .. 113
72 Gaslaws ......... . ... 119
Chapter 8
Basic Compression Refrigeration and
Air-Conditioning Systems . . . ... ... .. 125
81 Compression RefrigerationCycle . . . ... .. 125
82 Compression . .................... 127
83 Condensing ...................... 129
84 MeteringDevice . .. ... ... .. L 130
85 Evaporating .............. ... . ... 131
Chapter 9
Basic Refrigeration and Air-Conditioning
System Components . ... .......... 135
91 CoOmPpressors . . . ..o 135
92 MeteringDevices . . ... ... L. 143
93 Evaporators ......... ... L. 148
94 Condensers . .................... 155
95  OtherBasic System Components . . . ... .. 156

Section 4

Refrigerants
Chapter 10
Introduction to Refrigerants . . . . ... ... 162
101 Classifying Refrigerants . . .. ......... 163
10 2 Refrigerantsandthe Environment . . . .. .. 165
10 3 Identifying Refrigerants . . . .. ......... 170
10 4 Refrigerant Properties . ... .......... 171
105 RefrigerantApplications .. ... ... ..... 178



10 6 InorganicRefrigerants . .. ............ 179
107 Refrigeration Lubricants . .. .......... 181
Chapter 11
Equipment and Instruments for
Refrigerant Handling and Service . ... .. 187
111 RefrigerantCylinders .. ... .......... 188
112 PressureGauges . ................. 190
113 ServiceValves . . .................. 196
114 GaugeManifolds .. ................ 203
115 LeakDetectionDevices . ... .......... 207
116 VacuumPumps . .................. 210
117 Recovery, Recycling, and Reclaiming
Equipment . .. ... ... oo 212

Chapter 12
Working with Refrigerants . . . ... ..... 220
121 Checking RefrigerantCharge . ... ...... 221
12 2 Redistributing Refrigerant . . . ... ... ... 223
123 Locating and Repairing Refrigerant Leaks . . .232
12 4 EvacuatingaSystem .. ... ........... 237
125 ChargingaSystem . ... ............. 242

Section 5

Basic Electricity, Magnetism,

and Electronics
Chapter 13
Basic Electricity . .. .............. 254
131 Fundamental Principles of Electricity . . . .. 255
132 Typesof Electricity and Electrical

Materials . .. ... ... .. . o 258

133 CircuitFundamentals ... ...... ... ... 260
134 Magnetism . ... ... ... ... 265
135 ElectricalGenerators . ... ........... 266
136 TransformerBasics . . ............... 267
Chapter 14
ElectricalPower . ... ... .......... 272
141 ElectricalPower . ... ... .. ... ....... 272
142 PowerCircuits . . .. ... .......... 276
14 3 Electrical Problems ... ............. 282
Chapter 15
Basic Electronics . . . .. ... ... ... ... 288
151 SemiconductorBasics .. ... ... ...... 288
152 Control Circuits and Electronic Devices . . . . 290

Section 6

Motors and Electric Control Systems
Chapter 16
ElectricMotors . . . .. ............. 298
161 The Elementary ElectricMotor . ... ... .. 299
16 2 ACInductionMotors . .. ............. 302
16 3 Electronically Commutated Motors

(ECMS) . 310

16 4 Standard MotorData .. .............. 3N
16 5 MotorApplicationsin HVACR Systems . . . . . 313
Chapter 17
Electrical Control Systems . . . . . ... ... 320
171 Electrical Control Devices . . .. ........ 321
172 Control System Fundamentals . ... ... .. 323
173 Thermostats . . ................... 326
174 MotorControls ... ................ 329
175 Motor Protection Devices . . ... ........ 346
17 6 Direct Digital Control (DDC) . . ......... 350
Chapter 18
Electrical Troubleshooting
Fundamentals . ................. 359
181 Electrical Test Equipment . . . . ... ... ... 359
18 2 Electrical Diagrams . ... ............ 367
18 3 Electrical Troubleshooting Process . . .. .. 370
18 4 Electrical Troubleshooting Strategies . . . .. 373
Chapter 19
Servicing Electric Motors and Controls . . .380
191 Troubleshooting Electric Motors . . . ... .. 380
192 Servicing Hermetic Compressor Motors . 385
193 ServicingFanMotors . . ....... ... ... 387
19 4 Servicing ExternalMotors . . . ... ... ... 388
195 Servicing Motor Control Systems . . . ... .. 394

Section 7

Domestic Refrigerators and Freezers
Chapter 20
Overview of Domestic Refrigerators and
Freezers .. ... ... ... .. ... ... ... 399
201 DomesticRefrigeration . .. ... . ... . ... 399
202 Basic Components of Refrigerators and

Freezers . . ... ... ... ... ... . . ... 405

203 SpecializedSystems . . .. ...... ... ... 41

XV



Chapter 21
Installation and Service of Domestic

Refrigerators and Freezers ... ....... 423
211 Installing a Refrigerator-Freezer . ... .. .. 423
212 Troubleshooting Refrigerator-Freezer

Symptoms ... ... 425
213 Checking External Circuits . ... ... .. ... 430
21 4 Diagnosing Internal Troubles . . .. ... ... 433
215 ExternalService Operations . . ... ... ... 440
216 InternalService Operations ... ........ 442

Section 8
Air-Conditioning Systems

Chapter 22
Self-Contained Air-Conditioning
Systems . ... ... ... 456
221 Principles of Cooling and Humidity

Control . ... . ... .. ... ... .. . ... 456
222 RoomAirConditioners . . . ............ 459
22 3 Packaged Terminal Air Conditioners

(PTACS) . . .o 467
22 4 ConsoleAir Conditioners . . ... ... ..... 469
225 PortableAir Conditioners . .. .......... 471
Chapter 23
Residential Split Air-Conditioning
Systems . ........ ... . oL 475
231 SplitAir-Conditioning Systems . . . .. .. .. 475
232 ComfortCoolingControls . ... ........ 476
23 3 CentralAir-Conditioning Systems . . . . . .. 485
23 4 Installing Central Air Conditioning . . . .. .. 489
235 Servicing Central Air-Conditioning

Systems . . . ... 497
23 6 DuctlessSplitSystems . . ....... ... ... 507
Chapter 24
Humidity Control . . ... ... ......... 517
241 Humidity Levelsand Comfort . ... ...... 518
24 2 TypesofHumidifiers . . .. ............ 520
24 3 Servicing and Installing Humidifiers . . . . . . 525
24 4 Dehumidifying Equipment . ... .. ... ... 526
Chapter 25
Commercial Air-Conditioning Systems . . .530
251 Rooftopand OutdoorUnits . ... ... .. ... 531
252 Variable Refrigerant Flow (VRF) Systems . . . 539
253 Chillers ... .. ... ..o 542
254 CoolingTowers . ... ... ... .. ...... 553

Chapter 26
Commercial Air-Conditioning Controls . . .566
261 ComfortCoolingControls . ........... 566
262 ZonedSystems . ... ... ... ... ... 568
26 3 Building Automation Systems . . . .. ... .. 576
26 4 DirectDigital Control (DDC) . . ......... 578
26 5 Building Control Protocols . ... ... ..... 580
26 6 Building Control Systems Diagnostics and

Repair .. ... ... . ... ... ... .. ... 583
Chapter 27
Absorption and Evaporative Cooling
Systems . ... ... 587
271 Absorption Refrigeration Systems . . .. . .. 587
272 Absorption Cooling Systems . . . ... .. ... 590
273 Absorption Systems Service . . ... ... ... 602
274 EvaporativeCooling . .. ... ....... ... 604

Section 9
Indoor Air Fundamentals

Chapter 28
Air Movement and Measurement . . . . . .. 610
281 AtmosphereandAir ........ ... . ... 611
28 2 ComfortConditions .. .............. 622
283 AirMovement ............. ... ..., 626
Chapter 29
AirQuality . . ................... 637
291 AirPollutants . .. ......... .. .. ..., 638
292 IndoorAirQuality .. ... .......... ... 641
293 Airborne Pathogen Mitigation and

COVID-19 . .. . 647
294 AirCleaning .. ... .. ... . ... ..., 649
295 IndoorAir Quality Systems . . . ... ... ... 658
Chapter 30
Air Distribution . . . ... ... ... .. .. .. 663
301 AirPropertiesand Behavior ... ........ 664
302 AirCirculation .. ........ ... ... ... 665
30 3 BasicVentilation Requirements . .. ... ... 666
304 AirDucts ... ... 670
305 DuctSizing ... ... 683
306 Fans ... ... 692
307 AirCurtains . . ... .. 695



Chapter 31

Ventilation System Service .. ........ 699
311 Airflow Measurement . .. ....... ... ... 699
312 Special Duct Problems and Duct

Maintenance . . . ... ... .. ... ... 704
313 FilterService . . ... ... .. ... ... ... 709
Chapter 32
Heating and CoolinglLoads . ... ...... 114
321 HeatTransferandHeatloads .. ........ 715
322 CalculatingHeatlLeakage . ........... 716
323 OtherFactors AffectingHeat Loads . . .. .. 730
32 4 Heatingand Cooling Load—Manual J

Method ... ... ... ... ... ... ... ... 736

Section 10
Heating Systems

Chapter 33
Gas-Fired Heating Systems . . . . ... ... 748
331 GasFurnace Operation Overview . . ... ... 749
332 Combustion . ....... ... ... ... ... 756
333 GasValves . . ... .. ... ... 161
334 GasBurners . ... ... 762
335 lgnitionSystems . ..., ... .. ... ... 763
336 GasFurnaceControls . .............. 7166
337 GasFurnace Efficiency ... ........... 773
338 GasFurnaceVenting Categories ... ... .. 776
339 Gas-Fired RadiantHeat . ... ... ....... 776
3310 Gas-Fired Heating System Service . . . .. .. 776
Chapter 34
Oil-Fired Heating Systems . . . .. ... ... 790
341 BasicQOilFurnace Operation . . ......... 791
342 FuelOil ... ... 791
343 Combustion Efficiency .. ... .......... 7194
34 4 FuellLine Components . . ............. 798
345 QilBurners . . ... ... L 802
34 6 Primary ControlUnits . .. ............ 810
347 QilFurnaceExhaust .. .............. 815
34 8 Oil-Fired Heating System Service . . . . .. .. 816
Chapter 35
Electric Heating Systems . . . . ... ... .. 831
351 Principles of Electric Resistance Heating . . .832
352 ElectricHeatingElements ... ... ... ... 832
353 ElectricHeatingSystems . . ... ... .. ... 833

354 Electric Furnace and Duct Heater

Controls . . .. ... ... ... .......... 840
355 Electric Baseboard Heating Unit Controls . . . 845
356 ElectricHeat Construction Practices . . . . . . 846
357 ElectricHeating System Service ... ... .. 847
Chapter 36
Air-Source Heat Pumps . . . . . ... ... .. 854
361 HeatPumpBasics . ................. 855
362 TypesofHeatPumps .. ... ........... 856
363 HeatPump Efficiency .. ............. 857
36 4 HeatPump System Components ... ... .. 858
36 5 HeatPumpControls . ... ............ 864
36 6 HeatPumpsand Solar Heating Systems . . . . 870
36 7 HeatPump System Service ... ......... 870
Chapter 37
GeothermalHeatPumps . . ... ....... 878
371 Typesof Geothermal HeatPumps . . . . .. .. 879
372 Geothermal Heat Pump System

Components . . ................... 881
373 Geothermal Heat Pump Installation . ... .. 884
374 Geothermal Heat Pump Service and

Troubleshooting . . .. ............... 885
Chapter 38
Hydronic Heating Fundamentals . . . . . .. 889
381 Hydronic System Components . . ... ... .. 890
382 HydronicSystemDesigns . . .. ......... 900
38 3 HydronicSystem Controls . ... ........ 910
38 4 Hydronic System Installation . ......... 914
38 5 Troubleshooting and Servicing Hydronic

Systems . ... ... 915
38 6 PreparingaBoilerforthe Heating Season . . .924

Section 11
Energy Management and Conservation

Chapter 39
Solar Power and Thermal Storage . . . . .. 930
391 The Natureof SolarEnergy . .. ...... ... 931
392 SolarCollectors . .. ... ... ........ 932
393 SolarHeatingSystems . . . ............ 934
394 Applications for Solar Heating Systems . . . .936
395 SupplementaryHeat . ... ............ 937
396 SolarEnergy Cooling Systems . . .. ... ... 938

397 Thermal Energy Storage (TES) Systems . . . 939
398 Converting Solar Energy to Electricity . . . . . 945

xvii



Chapter 40

Energy Management ... ........... 952
401 Building Performance and Building
Science ... ... 952
402 EnergyAuditing . . ....... .. ... L. 954
40 3 Building Efficiency . . ... ... ... ... ... 958
40 4 HVAC Equipment Efficiency ... ... .. ... 966
40 5 HVAC Alternatives for Energy
Conservation . .. .................. 967
Section 12
Commercial Refrigeration Systems
Chapter 41
Overview of Commercial Refrigeration
Systems . ........ ... . L. 974

411 Commercial Refrigeration Applications . . . . 975

412 Commercial Refrigeration Systems . ... .. 978
413 Industrial Applications . . ... ...... ... 998
Chapter 42
Special Refrigeration Systems and
Applications . . ... ... ... ... ... 1002
421 Transportation Refrigeration ... ... .. .. 1002
42 2 Alternative Refrigeration Methods . . . . . .. 1008
Chapter 43
Commercial Compressors . . .. ... ... 1019
431 Typesof Commercial Refrigeration
Compressors . .. .................1019
432 GeneralCompressor Components and
Systems . .. ... e 1032
43 3 OilControlSystems . ... ............ 1040
Chapter 44
Commercial Evaporators, Condensers, and
Other HeatExchangers .. . ... ...... 1048
441 Commercial Refrigeration Evaporators . . . 1048
44 2 Commercial Refrigeration Condensers . . . 1064
44 3 OtherHeatExchangers . ............. 1073
Chapter 45
Commercial Metering Devices and
Valves . . . . ... ... 1080
4571 Thermostatic Expansion Valves (TXVs) . . . 1081
452 Automatic Expansion Valves (AXVs) ... ... 1091
45 3 Electronic Expansion Valves (EEVs) . ... .. 1093
45 4 Float-Operated Refrigerant Controls . . . .. 1098
455 SolenoidValves . ... ....... .. ... ... 1102

xviii

45 6 Pressure-RegulatingValves . . ... ... ... 1108
457 HeadPressure ControlValves . . ... ... .. 1116
Chapter 46
Commercial Refrigeration System
Configurations . . ... ............ 1128
461 Commercial Systems Configuration

Overview . . ... . ... 1128
46 2 Multiple-Evaporator Systems . ... ... ... 1130
46 3 Modulating Refrigeration Systems . . . . . .. 1131
46 4 MultistageSystems . . ... ... L 1134
46 5 Secondary Loop Refrigeration Systems . . . 1138

Section 13
Installing and Servicing Commercial
Refrigeration Systems

Chapter 47
Installing Commercial Systems . . . .. .. 1143
471 Overview of Commercial Installations . . . . 1143
472 Installing Condensing Units . ... ....... 1145
473 Installing ExpansionValves ... ... ... .. 1147
474 Installing Evaporators . . ... ......... 1149
475 Installing RefrigerantLines . ... ... . ... 1149
47 6 Installing ElectricMotors . . . ... ... ... 1154
477 TestingInstallations . .. ............. 1156
478 Charging Commercial Systems ... ... ... 1157
479 Startinga Commercial Refrigeration

System ... ... 1161
Chapter 48
Troubleshooting Commercial Systems—
System Diagnostics . . ... ......... 1166
481 Commercial Refrigeration

Troubleshooting . . .. ..............1166
48 2 Checking RefrigerantCharge . ......... 171
48 3 Diagnosing Common Symptoms . . ... ... 1172
48 4 Troubleshooting lce Machines . .. ... ... 1193
Chapter 49
Troubleshooting Commercial Systems—
Component Diagnosis . . . ... ....... 1205
491 Generallnspection Overview . ......... 1205
49 2 Checking Electrical Circuits, Motors, and

Compressors . . .. ..., 1206
493 CheckingCondensers ... ............ 1213
49 4 Checking Evaporators . . . ......... ... 1219
495 Checking RefrigerantLines ........... 1220

49 6 Checking RefrigerantValves . . ... ... .. 1221



Chapter 50 Chapter 52

Servicing Commercial Systems . . ... .. 1230 Commercial Refrigeration Component
501 System Service Fundamentals ......... 1230 Selection . . . ... . ... .. ... 1279
502 Servicing Motorsand Compressors . . .. .. 1234 521 Sizing Compressors, Condensers, and
503 ServicingCondensers . .............. 1239 Evaporators . .................... 1279
50 4 Servicing LiquidLines . ... ... ........ 1245 522 Calculating Theoretical Compressor
505 ServicingEvaporators . ... ........... 1246 Volu.met T 1285
506 ServicingValves ... ............... 1247 523 DesigningPiping ... 1287
Section 14 Appendices
Desj_gnj_ng Commercial Refrigeratj_on A Servicelnformation ... ... ....... ... 1298
Systems B Refrigerants . . ... ... .. . oL 1300
C Electricityand Electronics . . ... ... .... 1306
Chapter 51 D Heat, Temperature, and Pressure . . ... .. 1307
Understanding Heat Loads and System E Eg:'\éalihft, Ck;arts """"""""" 12:2
Thermodynamics . . .. ............ 1255 peation oo S e
511 H YL q 1256 G HVACR-Related Associations and
’ eatloads ... Organizations . . .. ................ 1320
512 Thermodynamics of the Basic Refrigeration
Cycle . ... ... 1271 Glossary . . .......... ... ... ... 1322
Index .. ...... . ... .. .. .. ..., 1368

Soft Skills for HVACR
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Procedures

Modern Refrigeration and Air Conditioning includes more than 120 step-by-step procedures. These hands-on service
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