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639

A
actuators and damper motors (duct

system)
actuator motor characteristics, 316
installing, 316–320
modutrol motors, 314–316
troubleshooting, 320–321
types of, 313–314
uses of, 313

air conditioning systems and duct
furnaces, 340–341, 342–343

air distribution systems, proprietary,
336–338

air eliminators for steam heating
systems, 545–547

air supply in atmospheric injection
gas burners, 57, 58, 60–61

air switches for fans, 236–237
air velocities, recommended and

maximum for duct systems,
327

aluminum, 2S, table of thicknesses,
gauges, and weights, 301

American National Standards
Institute (ANSI) Codes and
Standards, 451

American Petroleum Institute (API),
451

American Society for Testing
Materials (ASTM) Material
Specifications, 452

American Society of Heating,
Refrigerating, and Air-
Condition Engineers
(ASHRAE), 81, 295, 384–385

American Society of Mechanical
Engineers (ASME) Boiler
Construction and Unfired
Pressure Vessel Code, 452

angle valves, 454–456
anthracite coal, sizes of, 78–79
ASHRAE Guide (1960), 81

ASHRAE Handbook of 
Fundamentals, 295

atmospheric injection gas burners
air supply in, 57, 58, 60–61
flame color and, 60–61
gas velocity and, 60–61
primary air ratios, 60
secondary air in, 60

automatic controls
adjusting Honeywell step 

controller, 270–271
auxiliary switches, 269
balancing relays, 268
capacitors and, 284–287
contactors, cleaning, 280
contactors, defined and described,

275–277
contactors, replacing, 280–281
contactors, troubleshooting,

277–280
control panels (heating and 

cooling), 293
for fans, 233–244
for gas burners, 61–62
heating relays/time-delay relays,

261–263
high-pressure cutout switches,

288–289
inherent protectors, 282–283
low-pressure cutout switches,

289–290
manual switches, 269
motor starters, 281
overload relay heaters, 281–282
pilot duty motor protectors,

283–284
potential (start) relays, 263–265
pressure switches, 265–266
sail switches, 266–267
sequence controllers, 269–275
time-delay relays/heating relays,

261–263
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640 Index

automatic controls (continued)
time-delay switching, 271, 273,

275
transformers, 290–293

automatic control systems
controlled device for, 99
controller for, 99
humidistats, 134–137, 140–143
temperature control circuits for,

100, 101
thermostats, 100–134

automatic pilot safety valves,
174–178

automatic valves
actuators for, 476
described, 475
lift adjustments and, 486–487
linkages for, 483–487
motorized operators for, 477
pneumatic operators, 476
safety precautions for, 478
self-actuating steam heating 

systems and, 482
servicing, 478–480
solenoid operators, 476
springless pneumatic operators for,

476–477
uses for, 476
valve operators, 476
zoniing and, 477, 480–481

auxiliary switches, 269

B
Bacharach smoke scale, for oil

burners, 44
balancing relays, 268
balancing valves, valve adapters, and

filters for steam heating
systems, 561–564

bituminous coal, firing methods for,
80–81

brass pipes, 369
brass tubing, 369
Bunsen burners, 57, 59, 60–61
burners, conversion

gas, 63
gas piping for, 68–71

burners, gas
atmospheric injection, 57–61
automatic controls and, 61–62

conversion burners, 63
defined, 57
electrical circuits and, 61
flame sensors,, 214-217
gas conversion, described, 66–68
gas conversion, piping for, 68–71
inshot, 64
integral-type, 65–66
main, 63–64, 66
mercury flame sensors in, 216
operating principles for, 57–61
pilot, 63–64
precedence of local electrical codes

over manufacturer
instructions, 61

safety precautions and, 72–73
troubleshooting, 73–75
upshot, 64
venting system and, 71–72

burners, oil
adjustments to, 43–48
air delivery and blower 

adjustment, 42–43
air systems in, 38–39
burner flame detection and, 222
cadmium cell primaries, 220–223
and carbon dioxide in flue gas,

45–48
combination oil and gas, 19, 21
combination primary control and

aquastat, 227–231
combustion chamber dimensions,

37
combustion testing of, 43–48
defined, 1
delayed ignition, 50
electrodes, 36
external warning signals for

maintenance of, 48–49
flame retention head, 16
fuel pump capacity and, 26
fuel pump nozzles for, 

32–36
fuel pump pressure, adjusting,

29–30
fuel pump priming, 29
fuel pump service and

maintenance, 26–29
fuel pump troubleshooting, 31–32
fuel temperature and, 22
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fuels used in, 22
gun-type (atomizing), 1–2, 3–16
high-static, 16
installing, 40–42
measuring carbon dioxide in flue

gas of, 46
net stack temperature and, 45
noise, excessive, 49
odor, excessive, 50
overfire drafts and, 46, 48
primary controls, 219–220
primary safety control services,

39–40
puffbacks, 36–38
rotary, 2–3, 16–18
single-stage fuel pumps and, 21,

23–24
smoke, excessive, 49–50
stack detector primary controls,

223–227
stack thermometer, use of, 45
starting, 42
troubleshooting, 48–56
troubleshooting electrodes in, 38
troubleshooting primary controls

in, 231–232
two-stage fuel pumps and, 25
vaporizing (pot-type), 2, 18–20

burners, pilot (gas)
aerated, 196
flame adjustment, 202
flame positioning, 200
installing, 198–200
lighting, 201–202
and main burner ignition, 

202–203
nonaerated, 197
operation of, 194–196
pilot bracket in, 197
pilot ports in, 197–198
pilot orifices, 198, 200–201

butterfly valves, 465–467

C
capacitors

capacitor-start, capacitor-run
motors, 285–287

capacitor-start motors, 284–285
discharging, 287
replacing, 287

testing, 287
troubleshooting, 287

capacitor-start motors, 284–285
chain wrenches, 406, 407
check valves

described, 458–460
horizontal-lift 460–461, 467
lift-check, 460–461, 467
swing-check, 460, 464, 465, 466
vertical, 461
Watts Blackflow Preventer and,

461–462
circulators for steam heating 

systems
end suction pumps in, 510–511
inline centrifugal, 510
installation of, 515–516
lubrication requirements for, 509
operation of, 516–517
pressure drop, 514
pump head, 514
safety precautions for, 508, 509
selection of, 511–515
three-piece booster pumps,

506–509
troubleshooting, service, and

maintenance, 517–518
volute in, 507
wet-rotor, 509–510

coal firing methods
anthracite coal and, 78–80
automatic controls for stokers,

86–90
bituminous coal and, 80–81
for boiler, 77
central cone, 81
draft requirements for, 77–78
for furnace, 77
hand-firing, 77
semibituminous coal and, 81
stoker firing, 81–86

coal, sizes of anthracite, 78–79
coal stokers

adjustment of coal feed, 94
air adjustment, manual, 92
air control, automatic, 92
air ducts and, 85
ashpits for, 86
automatic controls for, 86–90
bin-fed, 82–83
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coal stokers (continued)
changing coal feeds for, 92
classes of, 81–82
clinker removal, 94
and coal burning capacity, 81–82
coal feeds, changing, 92
and coal selection, 91
coal storage methods and, 82–84
construction of, 84–86
Drawz, 82, 83, 86
electric motors and, 85–86
fans and, 85
feed worms and, 86
hold-fire controls and, 87
limit controls and, 87
lubrication, 93
motor overload protection for,

92–93
natural stack draft, 91–92
obstruction removal, 93
operating instructions, 90–91
retorts and, 85
stack switches (stack thermostats)

and, 89
starting the fire, 91
summer service for, 93–94
thermostats and, 87
timers and, 88–89
transmission overload protection

for, 93
transmissions for, 86
troubleshooting, 94–97
underfed, 82–83

codes and standards for ducts and
duct systems, 295

combination gas valve, 62
combustion chambers for gas

conversion burners, 67–68
combustion testing and adjustments,

oil burner, 43–48
composite tubing (PAX), 369
compressors, size and motor current

ratings of, 277
condensate pumps for steam heating

systems
centrifugal, 499
duplex, 499
for gravity flow systems, 497–498
as mechanical lifts, 501
operation of, 498–499

types of, 498
vertical, 501

connections, valve pipe
butt-welding, 495–496
for flanged end valves, 488, 489
fusion welding for, 492
for grooved end valves, 488
installation pointers, 489–492
silver brasing, 493–495
socket-welding, 496
soldering, 493–495
types of, 487

contactors
cleaning, 280
defined, 275
described, 275–277
replacing, 280–281
troubleshooting, 277–280

control panels (heating and 
cooling), 293

controls, gas
automatic pilot safety valves,

174–178
burner primary, 145–152
combination gas valves, 187–194
continuous pilot dual automatic

valves, 191–194
diaphragm valves, 164–166
direct-acting heat motor valves,

163–164
electrical circuits and, 146
electronic ignition modules,

203–211
falling-pressure switches, 170, 173
igniters, 211–214
for LP gas, 176
manual reset pressure switches,

173
pilot burners, 194–203
pilot-operated diaphragm valves,

185–186
pilot-pressure switches, 203
pressure regulators, 166–174
pressure switches, 170–174
rising-pressure switches, 

173–174
solenoid coils, 158–162
solenoid gas valves, 153–158
standing pilot combination valves,

187–191
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thermocouples, 181–184
thermopiles, 184–185
thermopilot valves, 178–180
universal electronic ignition

combination valves, 194
valves in, 153

controls, oil
cadmium cell primary, 220–223
combination primary control and

aquastat, 227–231
delayed-discharge, 219
flame detection cells, 221–222
oil burner primary, 219–220
solenoid valves, 217–219
stack detector primary, 223–227
types of, 217
valves, 217–219

conversion burners
gas, 63
gas piping for, 68–71

copper and brass pipes and tubing
for hydronic radiant heating

panels, 366
pipes versus tubes, 363, 366
table of sizes and dimensions of

water tubes, 367
uses for, 363

copper water tubes, table of sizes
and dimensions of, 367

cross-linked polyethylene tubing
(PEX), 368

D
damper motors and actuators (duct

system)
actuator motor characteristics, 

316
installing, 316–320
modutrol motors, 314–316
troubleshooting, 320–321
types of, 313–314
uses of, 313

dampers, duct, 305–313
designing duct systems, 322–323
diaphragm valves, 166
dimensions of pipe, table of

double extra-strong, 362
extra-strong, 360–361
standard, 358–359

DIN (Deutsche [German] Industry
Norm) rating system, 366

direct-acting heat motor valves (gas),
163–164

direct-spark ignition modules (gas)
207

dirt pockets in pipe systems, 434
discharging capacities of standard

pipe (table of), 388
draft diverters for gas heating

equipment, 71–72
draft hoods for gas heating

equipment, 71–72
drips in steam heating systems,

432–434
duct furnaces

and air conditioning systems,
340–341, 342–343

duct maintenance and, 346–347
examples of, 338–339
installing, 340–347
maintenance of, 346–347
uses of, 338

duct heaters, electric
components of, 347–353
description of, 347–348
safety controls for, 350–351
vibration controls for, 353

ducts
air leakage, 325
equal friction method of sizing,

326–331
heat gain in, 324–325
heat loss in, 324–325
insulation of, 325–326
maintenance of, 331–332
materials for, 298–299, 300
sizing of, 326–331

duct systems
actuators and damper motors,

313–321
air leakage in, 325
air pressure and, 323–324
air supply and venting of, 305
air velocities, table of

recommended and maximum,
327

balancing, 331
blowers for, 322–321
boots and boot fittings, 310–311

GB039-1317G-PIND[639-655].qxd  6/8/04  12:23 AM  Page 643 Quark08 Quark03:BOOKS:GB



644 Index

duct systems (continued)
calculations for, 323–324
components of, 299–305
crawl-space plenum systems,

297–298
damper motors and actuators,

313–321
dampers, 305–313
designing, 322–323
diffusers, 301, 305
duct insulation and, 325–326
electric heaters for, 347–353
extended plenum, 297, 298
fans for, 322–321
furnaces for, 338–347
grilles for, 301, 303
heat loss and gain in, 324–325
ideal, 323
information sources for, 296
maintenance of, 331–332
mobile home, 333–336
perimeter, 295, 296–297
proprietary, 336–338
registers for, 304
return air and exhaust air inlets,

302
roof plenum units, 332
run fittings, 303–305
sizing of ducts in, 326–331
supply air registers, 301, 304
venting and air supply, 305
zoning and, 314

E
elecrical circuits for gas burners, 

61
electrical circuits for gas controls

burners, effect of relay positions
on, 150

line voltage, 148
low voltage, 146, 147
millivolt, 149
primary control, 146–147
relay positions and effect on

burners, 150
electric heaters for duct systems,

347–353
electric zone valves for steam

heating systems, 559, 562

electrodes in fuel oil burners
puffbacks and, 36–37
servicing, 38
troubleshooting, 38

electronic ignition modules
described, 203–204
direct spark ignition modules, 207
flame sensors and, 214–217
hot-surface ignition modules,

207–211
intermittent pilot ignition 

modules, 205–207
end suction pumps for steam heating

systems, 510–511
equal friction method of sizing

ducts, 326–331
expansion of pipe, table of, 378
expansion tanks in steam and hot

water heating systems
closed steel, 541–543
described, 540
diaphragm, 543
sizing, 543–544
troubleshooting, 544

F
fan and limit controls, 62
fan center, 239–241
fan controls

air switches, 236–237
combination fan and limit control

devices, 251–256
fan center, 239–241
fan manager, 241
fan timer switches, 241–242,

243–244
impedance relays, 259–561
limit control devices for furnace

plenums, 244–247
on/off devices, 233–236
relays, 237–239
safety cutoff switch, 242
secondary high-limit switches,

248–251
switching relays, 256–259
temperature-driven on/off devices,

233–236
upper fan controls, 236

fan relays, 237–239
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fittings, pipe
branching, 380–381
bushings, 379–380
caps, 382
classification of, 369–370
couplings, 375
crosses, 381
defined, 369
directional, 380
elbows, 380
elbows with side outlets, 381
enlarging, 379–380
extension, 370–378
flanges, 382
flow of liquids in, 389
hot water pipes and tubing, 

sizing of, 391
hydronic pipes and tubing, sizing

of, 391
illustrated table of, 371–375
joining, 370–378
joints, 375
locknuts, 375
makeup, 382
nipples, 370, 376–377
nipples, standard lengths, table of,

376–377
offsets, 375
pipes, hot water, sizing of, 391
plugs, 382
reducing, 379–380
return bends, 380
return bends with back or side

outlets, 381
shutoff or closing, 382
sizing hot-water (hydronic) pipes

and tubing, 391
and steam pipe runs, 385,

390–391
tubing, hot water, sizing of, 

391
unions, 379, 382
Y branches, 381

flame color in atmospheric injection
gas burners, 60–61

flame-retention head burners, 16
flame sensors, 62, 214–217
flow control valves for steam 

heating systems, 558, 561

flue gas (oil burner)
carbon dioxide content and, 45–48
measuring carbon dioxide in, 46
overfire drafts and, 46, 48

fuel pumps, oil burner
capacity. 26
nozzles, 32–36
pressure adjustments, 29–30
priming, 29
service and maintenance of, 26–29
troubleshooting, 31–32

fluids, valves for
angle, 454–456
automatic, 475–487
bolted flanged connets, 447–448
bonnets, 446–448
butterfly, 465–467
check, 458–463
components of, 445, 446
connections to pipes, 487–489
damaged stems in, 475
described, 445
discs in, 450–451
externally controlled, 445
gate, 450, 456–458
globe, 454–456
for high-pressure service, 448
information sources for, 453–454
inside screw stems in, 450
leakage in, 474–475
for low-pressure service, 448
matching service use and materials

in, 453
materials for, 451, 453
nonrising stems in, 450
operation of, 445
operators for, 475–487
outside screw stems in, 449–450
rising stems in, 450
screwed bonnets, 447
seat leakage in, 474–475
selection of, 469–472
standards and specifications for, 451
stems in, 449–450, 475
stop, 463–465
stuffing-box leakage in, 474
terminology for, 445–446
three-way, 469
troubleshooting, 472–475
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fluids, valves for (continued)
two-way, 467–469
union bonnets, 447
valve stems in, 445–446
wedges in, 450
Y globe valves, 469
Y valves, 469

furnace plenums, limit controls for,
244–247

furnaces, duct
and air conditioning systems,

340–341, 342–343
duct maintenance and, 346–347
examples of, 338–339
installing, 340–347
maintenance of, 346–347
uses of, 338

G
galvanized pipe, 363
gas burners

atmospheric injection, 57–61
automatic controls and, 61–62
conversion burners, 63
defined, 57
electrical circuits and, 61
flame sensors, 214–217
gas conversion, described, 66–68
gas conversion, piping for, 68–71
inshot, 64
integral-type, 65–66
main, 63–64, 66
mercury flame sensors in, 216
operating principles for, 57–61
pilot, 63–64
precedence of local electrical coes

over manufacturer
instructions, 61

safety precautions and, 72–73
troubleshooting, 73–75
upshot, 64
venting system and, 71–72

gas controls
automatic pilot safety valves,

174–178
combination gas valves, 187–194
continuous pilot dual automatic

gas valves, 191–194
diaphragm valves, 164–166

direct-acting heat motor valves,
163–164

electrical circuits and, 146
electronic ignition modules,

203–211
falling-pressure switches, 170, 173
gas burner primary, 145–152
igniters, 211–214
for LP gas, 176
manual reset pressure switches,

173
pilot burners, 194–203
pilot-operated diaphragm valves,

185–186
pilot-pressure switches, 203
pressure regulators, 166–174
pressure switches, 170–174
rising-pressure switches, 173–174
solenoid coils, 158–162
solenoid gas valves, 153–158
standing pilot combination gas

valves, 187–191
thermocouples, 181–184
thermopiles, 184–185
thermopilot valves, 178–180
universal electronic ignition

combination valves, 194
valves, 153

gas conversion burners, 66–71
gas pipe

capacity table, 69
installation of, 429–430
installation requirements for, 70
threading specifications, 70

gas-pressure regulators
balanced, 170
and other controls, 168–169

gas valves
balanced diaphragm solenoid, 

155-156
combination, 187–194
continuous pilot dual automatic,

191–194
diaphragm, 164–166
direct acting heat motor, 163–164
manual, 153
pilot-operated diaphragm,

185–186
pilot shutoff, 153
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pilot valve, 157
shutoff, 153
solenoid, 153–158
solenoid coils, 158–162
standing pilot combination,

187–191
thermopilot, 178–180
three way solenoid, 157–158
types of, 153
universal electronic ignition

combination, 194
gas velocity in atmospheric injection

gas burners, 60–61
gate valves

double-disc, 456–457
outside screw and yoke, 

457–458
wedge, 456

globe valves, 454–456
gun-type oil burners

burner control, 5–6
burner motor and coupling, 7–8
combustion air blowers and, 10
construction details, 3–5
fuel pumps and, 8
gun assembly, 6–7, 9
ignition transformer, 7
operating principles of, 10–16
primary safety control for, 6
turbulators and, 11–12

H
heating relays/time-delay relays,

261–263
high-pressure cutout switches,

288–289
high-static oil burners, 16
Honeywell step controllers,

adjusting, 270–271
hot-surface ignition modules 

(gas)
self-diagnostic capabilities in some,

208–210
operation of, 207–208
principal components of, 207
safety precautions for, 210
wiring for, typical, 209

hot-water heating controls for steam
heating systems, 554–557

hot-water (hydronic) pipes/tubing,
sizing, 391–392

humidistats
described, 135
electronic, 135–136
location of, 140–142
pneumatic, 136, 140
troubleshooting, 142–143

hydronic (hot water) heating systems
air eliminators, 545–547
balancing valves, 561–564
circulator installation, 515–516
circulators for, 505–518
circulator selection for, 511–515
coils for, making up, 435–438
condensate pumps for, 497–502
drips in, 432–434
electric control valves, 548–550
electric zone valves for, 559, 562
expansion tanks in, 540–544
filters for, 561–564
flow control valves for, 558, 561
Hartford connections for, 434
hot-water heating controls for,

554–557
maifolds for, 564–565
pipeline strainers in, 565
pipeline valves and controls for,

547–548
pipe stress in, relieving, 438–439
pressure tests, 444
pumps for, 497–518
regulators, 548–550
siphons in, 434
steam traps in, 518–540
swivels and offsets, 439
temperature regulators, 548
vacuum pumps, 502–505
valve adapters for, 561–564
water circulating pumps, 

505–518
water pockets, eliminating,

439–444
water-tempering valves for,

550–554
hydronic (hot-water) pipes/tubing,

sizing, 391
hydronic radiant heating panels,

pipes and tubing for, 366
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I
igniters (gas)

ignition control lockout times for,
213

operation of, 212–213
replacing hot-surface type, 214

ignition control lockout times chart,
213

impedance relay fan controls,
259–261

inherent protectors, 282–283
inline centrifugal circulators for

steam heating systems, 510
inshot gas burners, 64
installation of oil burners, 40–42
Institute of Boiler and Radistor

Manufacturers (IBR), 
384–385

insulating pipes, 430–431
integral-type gas burners, 65–66
intermittent pilot ignition modules

(gas)
definitions related to, 206–207
described, 205
operating sequence for, 205–206

J
joint compound, 405–405

L
leakage in valves, 474–475
limit controls for furnace plenums,

244–247
liquid flow, resistance of valves and

fittings to, 389
LP gas and automatic pilot valves,

176
low-pressure cutout switches,

289–290

M
main gas burner, 63–64
main gas valve, 62
maintenance of duct systems,

331–332
manifolds for steam heating systems,

564–565
manual switches, 268

Manufacturers’ Standardization
Society of the Valve and 
Fitting Industry (MSS) 
Standard Practices, 452

mercury flame sensors, 216–217
mobile home duct systems, 

333–336
monkey wrenches, 405

N
National Electrical Code, 265, 290
natural gas manifold pressures, table

of, 346

O
offsets in pipe systems, calculating,

397–404
oil burner nozzles

described, 32–33
hollow cone pattern, 34
solid cone pattern, 34
spray angles of, 35–36

oil burners
air delivery and blower adjustment,

42–43
air systems in, 38–39
burner flame detection and, 222
cadmium cell primaries, 

220–223
and carbon dioxide in flue gas,

45–48
combination oil and gas, 19, 21
combination primary control and

aquastat, 227–231
combustion chamber dimensions,

37
combustion testing and

adjustments, 43–48
defined, 1
delayed ignition, 50
electrodes, 36
external warning signals and,

48–49
flame retention head, 16
fuel pump capacity and, 26
fuel pump nozzles, 32–36
fuel pump pressure, adjusting,

29–30
fuel pump priming, 29
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fuel pump service and
maintenance, 26–29

fuel pump troubleshooting, 
31–32

fuels used in, 22
fuel temperature and, 22
gun-type (atomizing), 1–2, 3–16
high-static, 16
installing, 40–42
measuring carbon dioxide in flue

gas of, 46
net stack temperature and, 45
noise, excessive, 49
odor, excessive, 50
overfire drafts and, 46, 48
primary controls, 219–220
primary safety control services,

39–40
puffbacks and, 36–38
rotary, 2–3, 16–18
single-stage fuel pumps and, 21,

23–24
smoke, excessive, 49–50
stack detector primary controls,

223–227
stack thermometer, use of, 45
starting, 42
troubleshooting, 48–56
troubleshooting electrodes in, 38
troubleshooting primary controls

in, 231–232
two-stage fuel pumps and, 25
vaporizing (pot-type), 2, 18–20

oil controls
cadmium cell primary, 220–223
combination primary control and

aquastat, 227–231
delayed-discharge, 219
flame detection cells, 221–222
oil burner primary, 219–220
solenoid valves, 217–219
stack detector primary, 223–227
types of, 217
valves, 217–219

oil valves, 217–219
open-end wrenches, 408
operating principles for gas burners,

57–61
overload relay heaters, 281–282

P
PEX (cross-linked polyethylene)

tubing, 368
pilot burners (gas)

aerated, 196
flame adjustment, 202
flame positioning, 200
installing, 198–200
lighting, 201–202
and main burner ignition, 

202–203
nonaerated, 197
operation of, 194–196
pilot bracket, 197
pilot orifices, 198, 200–201
pilot ports in, 197–198

pilot duty motor protectors, 
283–284

pilot duty thermostats, 283–284
pilot generators, 184–185
pilot-pressure switches, 203
pilot safety valves, automatic,

174–178
pipe dimensions, table of

double-extra-strong, 362
extra-strong, 360–361
standard, 358–359

pipe dope, 404–405
pipe expansion, 382–384
pipe fitting measurements

hot-water mains, 393
mains and branches, 393
steam mains, 392
using, 392, 394, 397

pipe fitting methods and procedures,
ferrous metal pipes

assembly and makeup, 
415–419

bending, 414–415
cleaning, 414
cutting, 409–412
reaming, 414
tapping, 414
threading, 412–413

pipe fitting methods and procedures,
nonferrous pipes

for brass and copper, 419–420
braze welding, 425–426
brazing, 424–425
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pipe fitting methods and procedures,
nonferrous pipes (continued)

pressure ratings for soldered joints,
table of, 423

sequence of operations for, 420
soldering, 420–424
welding, 426–426–429

pipe fittings
branching, 380–381
bushings, 379–380
calculating offsets and, 

397–404
caps, 382
classification of, 369–370
closing, 382
couplings, 375
crosses, 381
defined, 369
directional, 380
elbows, 380
elbows with side outlets, 381
enlarging, 379–380
extension, 370–378
flanges, 382
flow of liquids in, 389
illustrated table of, 371–375
installation methods for, 

409–419
joining, 370–378
joints, 375
lift, 432
locknuts, 375
makeup of, 382
measurements, 392–397
nipples, 370, 376–377
nipples, standard lengths, table of,

376–377
offsets, 375, 397–404
offsets, calculating, 397–404
plugs, 382
reducing, 379–380
return bends, 380
return bends with back or side

outlets, 381
shutoff, 382
sizing hot-water (hydronic) pipes

and tubing, 391
and steam pipe runs, 385,

390–391

unions, 379, 382
Y branches, 381

pipe fitting wrenches, 405–408
pipeline strainers for steam heating

systems, 565
pipeline valves and controls for

steam heating systems
described, 547–548
electric control valves, 548–550
temperature regulators, 548

pipe materials
brass, 363, 366
bronze, 363, 366
composites, 369
copper, 363, 366
corrosion and ferrous metal, 

356
expansion of pipe and, table, 378
galvanized steel, 363
plastic, 366–368
synthetic rubber, 368–369
wrought iron, 356–357
wrought steel, 357, 363

pipes
brass, versus brass tubing, 369
connections to valves, 487–489
convectors, connecting to,

431–432
copper water tubes, table of sizes

and dimensions of, 367
dimensions of double extra-strong,

table of, 362
dimensions of extra-strong, table

of, 360–361
dimensions of standard pipe, table

of, 358–359
drips in steam, 432–434
expansion of, table, 378
gas, for conversion burners, 68–71
installation procedures for gas,

429–430
installation requirements for gas,

70
insulating, 430–431
lift fittings and, 432
mains, connecting risers to, 431
radiators, connecting to, 431–432
relative discharging capacities of,

388

GB039-1317G-PIND[639-655].qxd  6/8/04  12:23 AM  Page 650 Quark08 Quark03:BOOKS:GB



Index 651

risers, connecting to mains, 431
sizing, 384–385
specific gravities, table of

multipliers for, 69
steam mains, table of sizes of, 

392
steam, sizing, 385, 390–391
supports, 404
threading specifications for, 70,

384
threads, standard, table of,

386–387
pipe sizing, 384–385, 390–391
pipe supports, 404
pipe systems

dirt pockets in, 434
drips in steam, 432–434
siphons in, 434

pipe tongs, 406, 407
pipe vices, 408–409
pipe wrench, 405
plastic tubing

cross-linked polyethylene (PEX),
368

failures and, 367
polybutylene, 368
temperatures and, 368
uses for, 366

potential (start) relays, 263–265
pressure regulators, gas, 62

defined, 166
external bleed systems and, 168
internal bleed systems and,

167–168
use of, 166
vent hole orifice and, 167, 

168
venting and, 166–168

pressure switches, 265–266
falling-pressure (gas), 170, 173
manual reset (gas), 173
pilot-pressure, 203
rising-pressure (gas), 173–174

proprietary air distribution systems,
336–338

pumps for steam heating systems
circulators, 505–518
condensate, 497–502
vacuum, 502–505

R
relative discharging capacities of

standard pipe, 388
rotary boil burners, 16–18

S
safety precautions

for capacitors, 287
for cast-iron head (oil) burners, 

16
for circulating pumps in steam

heating systems, 515, 516
for cross-linked polyethylene

tubing (PEX), 368
for duct furnaces, 343–345
for electrically operated valves, 

478
for flow control valves in steam

heating systems, 558
for gas burners, 72–73
for gas-fired and oil fired

equipment, 145
for gas ignition modules, 204
for gas piping, 429
for hot surface ignition systems,

210
for oil burners, 40
for servicing gas burner primary

controls, 151–152
for stop valves, 465
for three-piece booster pumps,

508, 509
for transformers, 290, 291
for water-tempering valves for

steam heating systems, 550
sail switches, 266–267
semibituminous coal, 81
sequence controllers, 269–275
servicing gas burner primary

controls, 151–152
sheet metal, table of thicknesses,

gauges, and weights, 300
single-stage fuel pumps, oil burner

described, 21, 23–24
fuel and, 22

siphons in steam pipe systems, 434
smoke scale, Bacharach (for oil

burners), 44
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soldered joints, pressure ratings
table, 423

solenoid coils (for gas valves)
construction of, 161–162
servicing, 160–162
temperature and, 158

sprayers, fuel oil, 1
steam heating systems

air eliminators, 545–547
balancing valves, 561–564
circulator installation, 515–516
circulators, 505–518
circulator selection for, 511–515
coils for, making up, 435–438
condensate pumps, 497–502
drips in, 432–434
electric control valves, 548–550
electric zone valves for, 559, 562
expansion tanks in, 540–544
filters for, 561–564
flow control valves for, 558, 561
Hartford connections for, 434
hot-water heating controls for,

554–557
manifolds for, 564–565
pipeline strainers, 565
pipeline valves and controls for,

547–548
pipe stress, relieving, 438–439
pressure tests, 444
pumps for, 497–518
regulators, 548–550
siphons in, 434
steam traps in, 518–540
swivels and offsets, 439
temperature regulators, 548
water circulating pumps, 

505–518
water pockets, eliminating,

439–444
vacuum pumps, 502–505
valve adapters for, 561–564
water-tempering valves for,

550–554
steam mains, table of size of, 392
steam traps in steam heating systems

automatic heat-up and, 520
balanced-pressure thermostatic,

525–526
boiler return, 537–539

bucket, 530–534
description of, 518–519
flash, 534
float and thermostatic, 526–528
float traps, 523–524
impulse, 534, 536
information on, 519
installing, 522–523
lifting, 537. 538
maintenance of, 520
sizing, 519–520, 521, 522
thermodynamic, 529–530
thermostatic traps, 524
tilting, 536–537

Stillson wrenches, 406, 407
stokers, coal

adjustment of coal feed, 94
air adjustment, manual, 92
air control, automatic, 92
air ducts and, 85
ashpits for, 86
automatic controls for, 86–90
bin-fed, 82–83
changing coal feeds for, 92
classes of, 81–82
clinker removal, 94
and coal burning capacity, 

81–82
and coal selection, 91
coal storage methods and, 

82–84
construction of, 84–86
Drawz, 82, 83, 86
electric motors and, 85–86
fans and, 85
feed worms and, 86
hold-fire controls and, 87
limit controls and, 87
lubrication of, 93
motor overload protection for,

92–93
natural stack draft, 91–92
obstruction removal, 93
operating instructions, 90–91
retorts and, 85
stack switches (stack thermostats)

and, 89
starting the fire, 91
summer service for, 93–94
thermostats and, 87
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timers and, 88–89
transmission overload protection,

93
transmissions for, 86
troubleshooting, 94–97
underfed, 82–83

stoker firing, 81–86
stop valves, 463–465
strap wrenches, 408
switching relays for fans, 256–259
synthetic rubber hose, 368–369

T
tables, gas pipe capcity, 69
thermocouples, 62

functions of, 181
testing of, 181–183
troubleshooting, 183–184

thermopiles, 184–185
thermopilot valves, 178–180
thermostats

anticipators, 111–112, 114–119
base wiring for, 111
bimetalic strip, 102–103
boiler, 129
calibration, 123–125
components of, 105–109
cylinder, 127, 129
defined, 100, 102
electrical resistance, 104–105
and gas burners, 61–62
immersion, 126–127
insertion, 125–126
installing room type, 121–123
mercury switch. 102–104
outdoor, 132–134
programmable, 125
proportional, 132
remote bulb, 129–132
room, 119–121
switching combinations for, 112
terminal identification standards

for, 109, 114
types of, 102–105

threading specifications for gas pipe,
70

threads, pipe, 384, 386–387
three-way valves, 469
time-delay relays/heating relays.

261–263

transformers
defined, 290
installing, 291–293
local electrical codes and, 

292
sizing, 291
voltage circuits and, 290

troubleshooting
capacitors, 287
coal stockers, 94–97
contactors, 277–280
damper motors, 320–321
expansion tanks, 544
fuel oil pumps, 31–32
gas burners, 73–75
humidistats, 142–143
oil burner electrodes, 38
oil burner primary control,

231–232
oil burners, 48–56
thermocouples, 183–184
thermostats, 138–139
valves for fluids, 472–475

tubes, copper water, table of sizes
and dimensions of, 367

tubing, brass, versus brass pipes,
369

tubing, plastic
cross-linked polyethylene (PEX),

368
failures and, 367
polybutylene, 368
temperatures and, 368
uses for, 366

two-stage fuel pumps, oil burner
described, 25
fuel and, 22

two-way valves, 467–469

U
upshot gas burners, 64

V
vacuum pumps for steam heating

systems
dry, 505
operation of, 502–505, 506, 507
use of, 502
wet, 505
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valve pipe connections
butt-welding, 495–496
for flanged end valves, 488, 489
fusion welding for, 492
for grooved end valves, 488
installation pointers, 489–492
socket-welding, 496
soldering and silver brazing,

493–495
types of, 487

valves, 384
valves and fittings, resistance to flow

of liquids, 389
valves, check

described, 458–460
horizontal-lift check, 460–461,

467
lift-check, 460–461, 467
swing-check, 460, 464, 465, 466
vertical, 461
Watts Blackflow Preventer and,

461–462
valves for fluids

angle, 454–456
automatic, 475–487
bolted flanged bonnets, 447–448
bonnets, 446–448
butterfly, 465–467
check, 458–463
components of, 445, 446
connections to pipes, 487–489
damaged stems in, 475
described, 445
discs in, 450–451
externally controlled, 445
gate, 450, 456–458
globe, 454–456
for high-pressure service, 448
information sources for, 

453–454
inside screw stems in, 450
leakage in, 474–475
for low-pressure service, 448
matching of service use and

materials in, 453
materials for, 451, 453
nonrising stems in, 450
operation of, 445
operators for, 475–487

outside screw stems in, 
449–450

rising stems in, 450
screwed bonnets, 447
seat leakage in, 474–475
selection of, 469–472
standards and specifications for, 451
stems in, 449
stop, 463–465
stuffing-box leakage in, 474
terminology for, 445–446
three-way, 469
troubleshooting, 472–475
two-way, 467–469
union bonnets, 447
valve stems in, 445–446
wedges in, 450
Y globe valves, 469
Y valves, 469

valves, gas
balanced diaphragm solenoid, 

155-156
combination, 187–194
continuous pilot dual automatic,

191–194
diaphragm, 164–166
direct acting heat motor, 

163–164
manual, 153
oil, 217–219
pilot-operated diaphragm,

185–186
pilot shutoff, 153
pilot valve, 157
shutoff, 153
solenoid, 153–158
solenoid coils, 158–162
standing pilot combination,

187–191
thermopilot, 178–180
three way solenoid, 157–158
types of, 153
universal electronic ignition

combination, 194
valves, oil, 217–219
vaporizing (pot-type) oil burners,

18–20
venting systems for gas burners,

71–73
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vibration controls for electric duct
heaters, 353

vices, pipe, 408–409

W
water-circulating pumps for steam

heating systems
end suction pumps, 510–511
inline centrifugal, 510
installation of, 515–516
lubrication requirements 

and, 509
operation of, 516–517
pressure drop, 514
pump head, 514
safety precautions for, 508, 509
selection of, 511–515
three-piece booster pumps,

506–509
troubleshooting, service, and

maintenance, 517–518
volute in, 507
wet-rotor, 509-510

water pockets in steam heating 
systems, 439–444

water-tempering valves for steam
heating systems

described, 550
limitations of, 553
safety precautions for, 550
servicing, 550–551
uses of, 552–553, 554

Watts Backflow Preventer, 461–462
wet-rotor circulators for steam

hearing systems, 509–510
wrenches, pipe fitting, 405–408
wrought-iron pipe

corrosion and, 356
grades of, 356–357
marking of, 356
table of dimensions of, 358–362

wrought steel pipe
bursting and working pressure for,

table of, 364–365
weights of, 357, 363

Y
Y globe valves, 469
Y valves, 469
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