
THE HVAC 
HANDBOOK 

Robert c. Rosaler, P.E. Editor-in-Chief 

McGRAW-HILL 
New York Chicago San Francisco Lisbon London Madrid 

Mexico City Milan New Delhi San Juan Seoul 
Singapore Sydney Toronto 



CONTENTS 

Contributors xi 
Preface xv 

Part A Introduction 

Chapter 1. History, Perspective and Trends in HVAC 
Design and Usage . 

Part B System Design and Applications 

Chapter 2. Basics 

Chapter 3. Design Software 

Chapter 4. HvAC Applications 

Chapter 5. Cogeneration Systems 

Part C HVAC Operations 

Chapter 6. Mechanical Systems Commissioning 

Chapter 7. System Control Equipment 

Chapter 8. Water Treatment 

vii 

1.3 

2.3 

3.1 

4.1 

5.1 

6.3 

7.1 

8.1 



viii CONTENTS 

Chapter 9. Energy Conservation 

Chapter 10. Noise Control 

Part D Managing Maintenance for HVAC 

9.1 

/' 
/.~ 
10.1 \ 

Chapter 11. Strategic Planning 11.3 

Chapter 12. Types of Maintenance 12.1 

Chapter 13. Managing Maintenance: In-House Versus Outsourcing 13'.1 

Chapter 14. Computerized Maintenance Management 14.1 

Chapter 15. The Handheld Computer 15.1 

Part E HVAC Components-Selection and Maintenance 

Chapter 16. Heat Generation Equipment 

16.1. Boilers / 16.3 
16.2. Burners and Fuels / 16.64 
16.3. Burner Systems / 16.75 

16.3 

Chapter 17. Heat Distribution Equipment ~ 
17.1. Steam / 17.1 
17.2. Hot-Water Systems / 17.26 
17.3. Infrared Heating / 17.38 
17.4. Electric Heating / 17.47 
17.5. Solar Space Heating / 17.58 
17.6. Unit Heaters / 17.67 
17.7. Hydronic Cabinet Heaters / 17.93 
17.8. Heat Exchangers / 17.119 
17.9. Radiators for Steam and Hot Water Heating / 17.134 
17.10. Radiant Panel Heating / 17.150 
17.11. Snow-Melting Systems / 17.206 
17.12. Heat Tracing / 17.213 



CONTENTS 

Chapter 18. Refrigeration Equipment 

18.1. Refrigerants / 18.1 
18.2. Positive Displacement Compressors/Chillers and Condensers / 18.18 
18.3. Absorption Chillers / 18.40 
.18.4. Centrifugal Chillers / 18.74 
18.5. Screw Compressors / 18.126 
18.6. Heat Pumps / 18.151 
18.7~ Coils / 18.183 
18.8. Condensate Control / 18.201 
18.9. Desiccant Dehumidification / 18.252 

Chapter 19. Cooling Distribution Systems 

19.1. Chilled Water and Brine / 19.1 
19.2. All-Air Systems / 19.16 
19.3. Direct Expansion Systems / 19.28 
19.4. Cooling Towers / 19.39 

Part F Air Distribution Management and Maintenance 

Chapter 20. Air Filtration and Air Pollution Control Equipment 

Chapter 21. Indoor Air Quality 

Chapter 22. Aerobiological Controls 

Chapter 23. Fans and Blowers 

23.1. Selection and Application / 23.1 
23.2. Installation and Maintenance / 23.41 
23.3. Axial Vane Fans / 23.52 

Chapter 24. Variable-Air-Volume (VAV) Systems 

Part G Piping and Ductwork-Selection and Maintellance 

Chapter 25. Pipe Systems 

25.1. Piping Installation and Maintenance / 25.3 
25.2. Water and Steam Piping / 25.18 
25.3. Oil and Gas Piping / 25.25 
25.4. Pumps for Heating and Cooling / 25.36 
25.5. Valves / 25.73 

ix 

18.1 

19.1 

22.1 

23.1 

24.1 

25.1 



x CONTENTS 

Chapter 26. Ductwork 6.1 

26.1. Duct Sizing / 26.1 
26.2. Duct Maintenance / 26.8 

AppendixA. Engineering Guide for Altitude Corrections A.1 

Appendix B. Metric Conversion Tables' B.1 

Appendix C. Glossary of HVAC Terms C.1 

Index 1.1 



INDEX 

Absorption, definition, C.I 
Access door, definition, C.I 
Aerobiological controls, 22.1-21.18 

air cleaning & disinfection, 22.5-22.12 
applications & modeling, 22.12-22.14 
epidemiology and pathology, 22.4, 22.5 
indoor air, 22.1-22.3 
microbe sources, 22.3, 22.4 

Air change, definition, C.I 
Air circulation, definition, C.1 
Air cleaner, definition, C.1 
Air conditioner, definition, C.l 
Air conditioner, unitary, definition, C.l 
Air conditioning, definition, C.l 
Air conditioning system, year-round, 

definition, C.l 
Air diffuser, definition, C.1 
Air filters: 

for gaseous contaminants, 20.33-21.41 
for particulates, 20.25-20.33 

Air filtration: 
aerosols, liquid, 20.13, 20.14 
contaminant effects, 20.14-20.22 

Air handler, definition, C.l 
Air motion, in rooms, 4.8, 4.9 
Air quality, 20.22-20.25 
Air, ambient, definition, C.l 
Air, recirculated, definition, C.l 
Air, ventilation, definition, C.2 
Air-handling unit, definition, C.l 
Altitude correction guide, A.I-A.25 

adjustment for equipment type, A.2 
load calculation, A.24 
psychrometric air properties, A.l, A.2 
system pressure loss, A.24, A.25. 

Anemometer, definition, C.2 
Atomize, definition, C.2 

Baffle, definition, C.2 
Barometer, definition, C.2 

Blow (throw), definition, C.2 
Blower (fan), definition, C.2 
Blow-through RV AC systems 

condensate drain line, 18.249-18.251 
Boilers, 16.3-16.9 

cast-iron, 16.23 
cast-iron sectional, 16.10, 16.11 
design considerations, 16.14-16.17 
design considerations, 16.23-16.25 
electric type, 16.49-16.63 
fire-tube, 16.6-16.10 
fire-tube, 16.21-16.23 
heat-recovery type, 16.38-16.43 
operating pressure, 16.12, 16.13 
operation and maintenance, 16.48 
packaged boiler selection, 16.13, 16.14 
for radiant panel heating, 17.168-17.171 
solid-fuel type, 16.43-16.47 
system selection, 16.25-16.29 
types of, 16.4-16.12 
unfired type, 16.47 
water systems, high-temperature, 

16.30--16.38 
water-tube, 16.5, 16.6, 16.17-16.20; 

16.30-16.38 
British thermal unit (BTU), definition, C.2 
Building automation & control 

training required, 7.9 
Burner Systems, 16.75 
Burners, 16.64-16.68 

controls for, 16.86-16.90 
gas type, 16.75, 16.76 
oil type, 16.76--16.81 
solid-fuel type, 16.81-16.86 

Capacity reducer, defmition, C.2 
Capillary tube, definition, C.2 
Carrier programs: 

Block Load, 3.29 
Engineering Economic Analysis; 3.29 
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Carrier programs (Cont.): 
Hourly Analysis Program, 3.28-3.30 
Refrigerant Piping Design, 3.3 
System Design Load Program, 3.29 

Centigrade, definition, C.2 
Change of air, definition, C.2 
Charge, refrigerant, definition, C.2 
Chill, definition, C.2 
Chillers, absorption type, 18.40-18.73 
Chillers, absorption type: 

applications, 18.45 
charging solution data, 18.63-18.65 
controls, 18.53-18.56 
cycle description, 18.40-18.43 
cycle description, 18.59-18.61 
energy analysis of, 18.45-18.47 
equipment of, 10.43-18.45 
installation & insulation, 18.52 
locating, 18.50 
maintenance & operation, 18.56-18.58 
maintenance & operation, 18.58-18.73 
service safety procedures, 18.62, 18.63 
service tools, care of, 18.61, 18.62 
unit operation analysis; 18.65-18_75 
unit selection, 18.47-18.50 

Chillers, centrifugal, 18.74-18.125 
capacity control of, 18.79, 18.80 
components & materials, 18.92-18.100 
components of, 18.76-18.79 
controls for, 18.85-18.87, 18.103-18.105 
improvements & upgrades, 18.119-18.123 
installation, 18.87-18.89 
maintenance & operation, 18.89-18.92 
performance of, 18.116-18.119 
power consumption of, 18.80-18.84 
ratings, 18.84, 18.85 
refrigeration cycle, 18.74-18.86 
reliability & maintenance, 18.105-18.116 
repair vs. replacement, 18.123-18.125 

Chimney effect, definition, C.2 
Clean rooms, 4.9 
Cogeneration systems, 5.1-5.12 

chillers, 5.1-5.3 
generation control, 5.3-5.7 
operational criteria, 5.7; 5.8 
prime movers, 5.8-5.12 

Coil, definition, C.2 
Coil, cooling, definition, C.2 
Coils, 18.183-18.200 

application & selection, 18.191-18:193 
condenser type, 18.197-18.200 
construction & arrangement, 18.183, 18.184 
dehumidifying, 18.195, 18.196 
design & application, 18.183-18.196 
evaporator type, 18.196, 18.197 
heat-transfer, 18.194, 18.195 
types of, 18.184 

Comfort zone, definition, C.2 

INDEX 

Commissioning, 6.3, 6.4 
checklist, 6.28-6.31 
introduction, objectives, 6.3-6.11 
overview, 6.6-6.14 
practical considerations, 6.13, 6.14 
purpose, results, 6.4-6.5 
sample specification, 6.16-6.30 
specifications, 6.14-6.31 
training and manuals, 6.11, 6.12 

Commissioning, controls systems, 
6.31-6.40 

Compression, definition, C.2 
Compressors, positive displacement, 

18.18-18.25 
reciprocating type, 18.18-18.23 
screw and scroll types, 18.23-18.25 

Compressors, screw: 
history & design, 18.126 
semihermetic type, 18.148-18.150 
single-screw type, 18.146-18.148 
twin-screw type, 18.126-18.150 

Computer rooms, 4.9-4.12 
Concept design procedures, 2.4-4.12 
Condensate, definition, C.2 
Condensate control, 18.201-18.282 

air handler, fan position critical, 
18.214-18.217 

air supply system, humidity-temperature of, 
18.211-18.214 

drain lines, 18.217-18.228 
drain pans, 18.204-18.211 
drips & carryover, 18.202-18.204 
system remediation & maintenance, 

18.228-18.242 
Condensate load, 17.22 
Condensation, definition, C.3 
Condenser, defmition, C.3 
Condensers, 18.34-18.39 

air-cooled type, 18.36-18.38 
evaporative-cooled type, 18.39 
water-cooled type, 18.38, 18.39 

Condensing unit, definition, C.3 
Conduction, definition, C.3 
Conduit, definition, C.3 
Connecting rod, definition, C.3 
Control, definition, C.3 
Control equipment, 7.1-7.16 
Control networks, 7.1-7.14 
Controls, for radiant panel heating, 

17.171-17.175 
Convection, definition, 17.152, C.3 
Cooling distribution systems, all-air systems: 

induction unit system, 19.21-19.23 
dual-duct system, 19.25-19.27 
multi zone system, 19.19-19.21 
single-zone constant-volume systems, 

19.16-19.19 
variable-air-volume system, 19.23-19.25 



INDEX 

Cooling distribution systems, chilled water & 
brine, 19.1-19.15 

brine, 19.8-19.11 
distribution systems, 19.4-19.6 
installation & monitoring, 19.6-19.8 
stratified chilled-water storage system, 

19.11-19.15 
system description & arrangement, 

19.1-1904 
Cooling distribution systems, direct 

expansion systems, 19.28-19.38 
applications of, 19.35, 19.36 
design considerations, 19.36-19.38 
equipment, 19.30-19.35 
system description, 19.1-1904 

Cooling towers, 19.39-19.86 
construction materials, 19.61, 19.73, 19.74 
energy management, 19.62-19.67 
fill for, 19.50-19.53, 19.77-19.79 
heat exchange calculations, 19045-19.50 
influences on perforinance, 19.54, 19.55 
inspection, 19.81, 19.82 
and Legionnaires' disease, 4.1 
maintenance & inspection, 19.74-19.76 
mechanical equipment, 19.79-19.81 
noise in, 10.27, 10.28 
repair and troubleshooting, 19.82-19.86 
role & impact on HVAC, 19.69-19.71 
safety considerations, 19.81 
types, 19.39-19.44, 19.71-19.73 
typical components, 19.56-19.60 
water distribution system, 19.76, 19.77 
wintertime operation, 10.67-19.69 

Corrosion, 8.12-8.21 
cost of, 8.2-8.5 

Cycle, refrigeration (absorption), definition, C3 
Cycle, refrigeration (mechanical), definition, 

C3 

Damper, definition, C3 
Damper, fire, definition, C.3 
Decibels, 10.5-10.8 
Defrosting, definition, C3 

. Degree day, definition, 17.152 
Dehumidification, definition, C.3 
Dehydrate, definition, C.3 
Design software, 3.1-3.31 

carrier programs, 3.28-3.30 
heating and cooling loads, 3.1-3.3 
Trane programs; 3.4-3.27 

Design temperature, definition, 17.152 
Desiccant dehumidification, 18.252-18.282 

applications, 18.261-18.271 
commercial systems, 18.275-18.280 
controls for, 18.271-18.275 
psychrometric aspects, 18.253-18.256 

Desiccant dehumidifiers, 18.258-18.261 
Dew point, definition, C3 

Digital controls, programming, 7.1 1,7.12 
Draft, definition, C3 
Draw-through HV AC systems 

condensate drain line, 18.217-18.227 
Drier (dryer), definition, C.3 
Dry, definition, C.3 
Duct, definition, C.3 
Duct design software, 3.14-3.21 
Duct maintenance, 26.8-26.20 

duct cleaning procedures, 26.16-26.20 
ductwork definition, 26.8 

Duct silencers, 10.28-10.35 
Duct sizing, 26.1, 26.2 

computer method, 26.3-26.7 
.manual method, 26.2, 26.3 

Duct walls, sound transmission, 10.35-10.39 
Ducted systems, noise analysis of, 

10.89-10.99 

Electric heating, 17.47-17.57 
baseboard heaters, 17.52 
circuit design, 17.56 
convectors, 17.51 
heaters, unit, 17.52 
hot-water systems, 17.50 
infrared heaters, 17.52 
radiant convector wall panels, 17.53 
sizing, 17.55,17.56 
system selection, 17.47-17.50 
valence, cornice, cove heaters, 17.62, 

17.63 
ventilators, unit, 17.52 
warm-air systems, 17.50 

Energy conservation, 9.1-9.10 
determining potential, 9.2-9.8 
maintenance of savings, 9.1 
program definition, 9.8, 9.9 
program implementation, 9.9, 9.10 

Energy management concepts 
training required, 7.8 

Entrainment, definition, CA 
Evaporative cooling, 4.5, 4.6 
Evaporator, definition, CA 
Exfiltration, definition, CA 
Exhaust opening, definition, CA 
Exhaust systems, in HV AC applications, 

4.16-4.22 

Facility management, perspective, 1.5 
Fan coil unit, definition, CA 
Fan motors, lubrication & maintenance, 

23.44-23.46 
Fan noise, 23.50, 23.51 
Fan troubles & corrections, summary of, 

23.46-23048 
Fans: 

start-up, 23048-23.50 
V-belt drives 
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Fans & blowers, 23.1-23.59 
axial-flow fans, 23.5-23.9 
centrifugal fans, 23.9, 23.1 
fan construction, 23.25-23.31 
fan laws, 23.2-23.21 
fan noise, 23.21-23.25 
fan selection, 23.31-23.39 
requirements of, 23.1-23.3 
selection & application, 23.1-23.4 
types of, 23.3 

Fans & blowers, installation & 
maintenance, 23.41-23.59 

alignment of, 23.43, 23.44 
assembly of, 23.43 
foundations for, 23.41, 23.42 
safety precautions, 23.57-23.59 

Fans, axial vane, 23.41 
adjustable & fixed-pitch types, 23.53-23.55 
adjustable-pitch belt drive type, 23.55-23.57 
controllable-pitch types, 23.52-23.59 

Fans, fIberglass, special precautions, 23.44 
Fiberglass, in noise control, 10.115-10.122 
Filter, definition, C.4 . 
Filter drier (dryer), definition, C.4 
Fire and snioke control, 4.6 

dampers, 4.6, 4.7 
Fluid, definition, C.4 
Freeze protection, 17 .22, 17.23 
Freezing point, definition, C.4 
Fuels, 16.68-16.74 
Furnace, definition, C.4 

Gage (gauge), definition, C.4 
Gas (fuel), definition, C.4 
Gas (inert), definition, C.4 
Glossary, HVAC terms, C.l-C.7 
Gravity (specific), definition, C.4 
Grille, definition, C.4 

Handheld computer, 15.2-15.4 
application to drawings, 15.7 
application to labeling, 15.7 
application to manuals, 15.7-15.9 
usage problems, 15.1-15.13 

Handheld computer applications, 1.7-1.8 
Heat exchangers, applications, 17.119, 17.120 
Heat, definition, C.4 
Heat exchanger, definition, CA 
Heat exchangers, 17.119-17.134 
Heat exchangers, plate type 

gasket and plate protection, 17.l29-17.l31 
maintenance of, 17.125-17.129 
operation of, 17.121-17.125 

Heat exchangers, shell & tube type, operation 
and maintenance, 17.132, 17.133 

Heat pump, definition, C.4 . 
Heat pumps, 18.151-18.182 

electric, 17.53-17.55 

ground source type, 18.151-18.171 
types, 17.56, 17.57 

Heat pumps, air-source: 
operation basics, 18.171-18.176 
performance'ratings,18.174-18.176 

Heat pumps, geothermal: 
applications & benefits, 18.170, 18.171 
closed loop system, 18.166-18.168 
definition, 18.152, 18.153 
open loop system, 18.168, 18.169 
operation, 18.153-18.154 
performance ratings, 18.154, 18.155 
refrigeration cycle, 18.156-18.166 
thermodynamics laws, 18.55, 18.156 
thermodynamics laws, 18.169 

Heat pumps, water-source, 18.180, 18.181 
electrical controls, 18.178-18.180 
ladder diagrams, 18.181, 18.182 
refrigerant controls, 18.181, 18.182 

Heat tracing, 17.213-17.219 
definition, 17.213 
design, 17.213-17.217 
installation and controls, 17.217-17.219 

Heat transmission, definition, C.4 
Heat, latent, definition, C.4 
Heat, sensible, definition, C.4 
Heaters, unit, 17.67-17.92 

centrifugal blower type, 17.70 
classifIcation, 17.69-17.74 
connection for, 17.75-17.77 
controls for, 17.86 
fuel oil type, 17.73, 17.74 
gas types, 17.72, 17.73 
horizontal delivery type, 17.70 
location guidelines, 17.87'-17.91 
profIle classifications, 17.74, 17.75 
propeller fan type, 17.69, 17.70 
repair vs. replacement, 17.91, 17.92 
selection of, 17.78-17.81 
steam or hot water type, 17.70-17.72 
system comparisons, 17.68, 17.69 
vertical delivery type, 17.70 

Heating and cooling loads 
computer method, 3.3 
manual method, 3.3 

Heating load, for unit heater applications, 
17.75-17.78 

Heating, perimeter, in HVAC applications, 4.7 
High side, definition, C.4 
Hot-water systems, 17.26-17.31 

classes of, 17.26, 17 .27 . 
. design of, 17.27-17.29 

mechanical and control equipment, 17.37 
piping layout, 17.29-17.35 
venting and expansion tanks, 17.36, 17.37 

Humidifier, definition, C.4 
Humidistat, definition, C.5 
Humidity, relative, definition, C.5 



HV AC applications, 4.1-4.23 
equipment maintenance considerations, 

4.2-4,4 
noise and vibration considerations, 4,4 

HV AC design perspectives, 1.3-1.8 
Hydrologic cycle, 8.6 
Hydronic cabinet heaters, 17.88-17.93 

heating-only type, 17.93-17.95 
Hydronic cabinet units: 

heating and cooling type, 17.115-17.196 
heating, cooling, ventilating type, 

17.96,17.97 
selection of, 17.97-17.119 

Indoor air quality (IAQ), 21.10-21.160 
aerobiology, 21.2, 21.3 
building occupants, role of, 21.3-21.6 
contaminant sources, 21.3-21.5 
factors affecting, 21.2, 21.3 
pollutant pathways, 21.5 
program management, 21.8-21.16 
role of HVAC system, 21.4 
standards, 21.6, 21.7 

Induction, definition, C.5 
Infection control, in open water systems, 8.65, 

8.66 
Infiltration, definition, 8.65, 8.66, C.5 
Infrared heating, 17.38-17,46 

electric type, 17.3 
gas-fired type, 17.38, 17.39 
types and applications, 17.38 

Insulation, thermal, definition, C.5 

Legionnaires' disease, discussion & myths, 4.1 
Liquid chiller systems, types of, 18.25-18.34 
Liquid line, definition, C.5 
Louver (louver), definition, C.5 
Low side, definition, C.5 

Main (trunk line), definition, C.5 
Maintenance: 

benchmarking, 11.4-11.7 
performance indicators, 12.4, 12.5 
strategic planning, 11.3-11.9 
worst and best practice, 11.7, 11.8 

Maintenance management, CMMS systems: 
application of, 14.7, 14.8 
handheld computer usage, 15.1-15.13 
implementation, 14.8-14.11 
requirements, 14.5-14.7 

Maintenance management, computerized, 
14.1-14.14 

software (CMMS) systems, 14.2-14.14 
Maintenance management, CMMS systems, 

planning of, 14.1, 14.2 
Maintenance, in-house vs. outsourcing, 13.1, 

13.12 
decision methodologies, 13.1, 13.12 
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Maintenance, outsourcing: 
contractor transition, 13.11, 13.12 
selection and proposals, 13.5-13.11 
setting expectations, 13,4, 13.5 
utilizing subcontractors, 13.3, 13,4 

Maintenance: 
predictive, 12.2 
preventive, 12.1, 12.2 
proactive, 12.3, 12.4 
types of, 12.1-12.5 

Makeup air, outdoor, 4.7 
Makeup air unit, definition, C.5 
Manometer, definition, C.5 
Meter, definition, C.5 
Metric conversion tables, B.l, B.2 
Motor, air (pneumatic), definition, C.5 
Muffler, noise reducing, definition, C.5 
Multizone system, definition, C.5 

Network systems, current and future direction, 
7.13 

Noise: 
ambient levels, 10.59 
in cooling towers, 10.27-10.28 
offans,4.4, 10.23-10.26 
in unit heaters, 17.81-17.86 

Noise and vibration, in HV AC applications, 4.4 
Noise control, 10.1-10.123 
Noise control software, TRANE Acoustics 

Program, 3.22 
Noise criteria, 10.39-10.52 
Noise reduction, 10.39-10.52 

acoustic louvers, 10.99-10.103 
acoustic plenums, 10.112-10.115 
enclosure and partition design, 10.56-10.73 
fiberglass safety considerations, 

10.115-10.122 
with individual air-handling units and 

insertion loss, 10.121-10.123 
silencing applications, 10.103-10.106 

Noise, fan, 23.21-23.25 

Occupancies: 
clean rooms, 4.9 
computer rooms, 4.9-4.12 
offices, 4.12, 4.13 
test cells, 4.13-4.16 

Offices, 4.12, 4.13 
Oil separator, definition, C.5 
Overall coefficient of heat transfer (U), 

definition, 17.153 
Oxygen permeation, definition, 17.152 

Piping, refrigerant systems, 25.20-25.22 
Piping installation & maintenance, 

25.1-26.15 
installation guidelines, 25.2-25.6 
safety considerations, 25.10, 25.11 . 
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Piping installation & maintenance (Cont.): 
. system components, 25.6-25.10 
system pressure testing, 25.11, 25.12 
servicing procedures, 25.12-25.15 
system & component guidelines, 25.1, 

25.2 
Piping, oil & gas, 25.23-25.33 

gas piping, 25.31-25.33 
oil piping, 25.23-26.31 

Piping, water & steam, 25.16-25.22 
hydronic (water) systems, 25.16-25.18 
steam systems, 25.19-25.20 

Plenum chamber, definition, C.5 
Pneumatic, definition, 65 
Pollution control equipment, 20.1-20.53 

contaminants, 20.20-20.22 
for gaseous contaminants, 20.4-20.41, 

20.50-20.52 
for particulates, 20.41-20.50 

Pontiac Fever, 8.31 
Power roof ventilator, definition, C.5 
Preliminary desigu phase, 2.12-2.15 
Pressure drop, definition, C.6 
Pressure, absolute, definition, C.6 
Pressure, atmospheric, definition, C.6 
Pressure, static, definition, C.6 
Pressure, total, definition, C.6 
Pressure, velocity, definition, C.6 
Process loads, 4.8 
Psychrometer, definition, C.6 
Psychrometric chart, 19.48 
Pumps: 

for heating and cooling, 25.34-25.70 
centrifugal suction types, 25.39-25.43 
centrifugal types, 25.34-25.51 
in closed systems, 25.56-25.68 
in heating systems, 25.54-25.56 
in RV AC system designs, 25.52-25.54 
parallel & series operation, 25.38, 25.39 
positive-displacement types, 25.51, 25.52 
for radiant panel heating, 17.167, 17.168 
in refrigeration systems, 25.68-25.70 
regenerative turbine type, 25.49 
submersible & self-priming, 25.47, 25.48 
vertical multistage types, 25.43-25.47 

Radiant barrier, definition, 17.152 
Radiant panel heating, 17.150-17.205 

applications and history, 17.153 
boilers for, 17.168-17.171 
ceiling panels, 17.151 
controls for, 17.171-17.175 
definition, 17.150 
design considerations, 17.154-17.160 
equipment selection, 17.194, 17.195 
floor panels, 17.152 
installation, 17.195-17.204 
manifolds for, 17.163, 17.164 
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media, heat transfer, 17.164-17.167 
piping arrangements, 17.202-17.204 
pumps for, 17.167, 17.168 
supplementary heat, 17.192-17.194 
system components, 17.160-17 .175 
system design, 17.154-17.160 
tubing for, 17.197-17.202 
wall panels, 17.151 

Radiation, definition, C.6 
Radiato'r, definition, C.6 
Radiators: 

application & selection, 17.143-17.145 
automatic control, 17.146-17.149 
enclosures for, 17.137-17.142 
heating elements for, 17.134-17.137 
piping arrangements for, 17.145, 17.146 
ratings of, 17.142, 17.143 
for steam & hot water, 17.134-17.149 

Reactive control, definition, 17.152 
Refrigerant, definition, C.6 
Refrigerant maintenance, 18.12-18.16 

equipment & procedures, 18.13,18.14 
goals, 18.13 
program planning, 18.14-18.17 

Refrigerant Piping Design, 3.30 
Refrigerant selection, 18.1-18.12 

criteria, 18.1-18.5 
materials compatibility, 18.11, 18.12 

Refrigerant types, 18.5-18.9 
Refrigeration systems, 18.1-18.11 
Register, definition, C.6 
Return air, definition, C.6 

Saturation, definition, C.6 
Self-noise, of room terminal units, 

10.106-10.111 
Sight glass, definition, C.6 
Silencers, application of, 10.77-10.89 
Snow-melting systems, 17.206-17.209 

controls for, 17.212 
electric type, 17.210-17.212 
load determination, 17 .206-17 .209 
radiant type 

Solar space heating, 17.58-17.66 
Sound: 

nature of, 10.1-10.4 
propagation of, 10.12-10.19 
speed of, 10.4, 10.5 
transmission loss, 10.19 

Sound absorption, in rooms, 10.73-10.76 
Sound power levels, 10.9-10.11 
Speech interference levels, 10.52 
Steam, definition, C.6 
Steam heating systems, 17.1-17.25 

flash tanks for, 17.24, 17.25 
piping supports for, 17.23 
steam separators for, 17.25 
steam traps for, 7.13-17.21 



strainers for, 17.24 
valves for, 17.24 

Strainer, definition, C.6 
Sun effect, definition, C.6 
System control equipment, 

7.1-7.16 
applications, 7.4 
failure, 7.4-7.6 
fundamental devices, 7.2, 7.3 
maintenance procedures, 7.9, 7.10 
programming, 7.14, 7.15 
training requirements, 7.6-7.9 
types of, 7.3 

System, duct, definition, C.6 

Temperature, definition, C.6 
Temperature drop, definition, C.6 
Temperature, dry-bulb, definition, C.7 
Test cells, HVAC for, 4.13-4.16 
Thermal conductance, definition, 17.152 
Thermal conductivity, defmition, 17.152 
Thermal mass, definition, 17.152 
Thermal resistance, definition, 17.152 
Thermal resistivity, definition, 17.152 
Ton of refrigeration, definition, C.7 
Trane software programs: 

SYSTEM ANALYZER, 3.4-3.6 
TOPSS,3.14-318 
TRACE 700, 3.6-3.14 
TRACE 700 LOAD DESIGN, 3.8 
TRANE 700 LOAD EXPRESS, 

3.21-3.22 
TRANE ENGINEERING TOOLBOX, 

3.22-3.28 
VARITRANE DUCT DESIGNER, 

3.18-3.21 
Transmission (thermal), definition, 17.152 

Unit, definition, C.7 

Valves for heating & cooling, 
25.71-25.93 

angle valves, 25.72 
ball valves, 25.72 
ball valves, 25.87 
butterfly "alves, 25.76 

INDEX 

cavitation resistance, 25.92, 
25.93 

fire integrity, 25.87-25.89 
gate valves, 25.72, 25.86, 25.87 
globe valves, 25.72 
isolation & balancing, 25.69-25.93 
plug valves, 25.75, 25.87 
reduced-port valves, 25.72 
sealing of, 25.71-25.89 
tapered plug valves, 25.72 
control precision, 25.91, 25.92 
Y valves, 25.72 

Vaporbarrier, definition, 17.152 
Variable-air-volume (V AV) systems, 

24.1-24.39 . 
fan catalog rating deviations, 

24.25-24.29 
fan control sensor location, 

24.29-24.33 
fan modulation methods, 24.22-24.25 
fan selection for, 24.33-24.37 
indoor air quality (IAQ) checklist, 

24.38, 24.39 
return-air fans for, 24.37, 24.38 
system design, 24.1-24.22 

Water chemistry, 8.5-8.12 
dissolved gases, 8.8 
dissolved minerals, 8.1-8.12 
impurities, 8.6-8.8 
sulfur oxides, 8.9 

Water hammer, 17.22 
Water treatment, 8.1-8.75 

abrasives separators, 8.36, 8.37 
of boilers, open and closed systems, 8.38, 

8.39 
deaerators, 8.35, 8.36 
dealkalizers, 8.33 
foulants, 8.33-8.35 
free cooling, 8.27-8.31 
nonchemical treatments, 8.37, 8.38 
pretreatment equipment, 8.39-8.74 
reasons for, 8.32-8.39 
scale and deposits, 8.1 
scale and sludge deposits, 8.3-8.5 
water softeners, 8.21-8.27, 8.32, 8.33 
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