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carbon monoxide emission, 570 
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flue pipe and chimney, 582-584 
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gas input setting, 587-589 
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burner, 589-590 
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oil tanks and oil piping, 
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safety and, 569-570 
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(pilotless), 593-594 

starting a conversion oil 
burner, 600-601 

ventilation requirements, 
580,582 

boiler efficiency, 486-487 
boilers 

AFUE efficiency rating, 487 
blowing down, 561-562 
boiler horsepower (bhp), 486 
boiler water, 564-565 
chimney, 555-556 
classification of, 487-492 
cleaning, 565 
coal-fired, 493-497 
construction of, 48 1, 

483-484,488 
controlling excessive draft, 

1 559-560 
I conversions. See boiler and 

furnace conversion 
I draft, controlling, 359-360 

efficiency, 486-487 
1 electric, 491, 497-502 

I 
electric-fired, 180,253-256 
Energy Star certification, 487 
equivalent direct radiation 

(EDR), 485 
fuels, 489 
gas-fired, 492-493,494, 

i 559-560 
heating capacity, 486 
heating surface, 486 
high-efficiency, 502 
for hot-water heating systems, 

164-165,529-553,564 
induced-draft fans, 558-559 
installing, 568 
leaking coils, 561 
limit control, 498 
load, 486 
oil-fired, 493,495 
operation, service, and 

maintenance, 562-563 
purpose of, 481 
rating methods, 485-486,487 

repairs, 568 
safety, 563 
steam and hot-water compared, 

481-483 
for steam-heating systems, 

244-246,502-529, 
563-564 

tankless water heaters, 560-561 
troubleshooting, 565-568 
two-line piping, 598 
types of, 487-492 

boiling point, 20-21 
booster pumps, 173 
Boyle's law, 16, 18, 172 
briquettes, 119 
Btu (British thermal unit), 9 
building location and size, 4, 

5 8-59 
burner orifices, gas furnaces, 

340-342 

C 
cad cell, oil furnaces, 378, 382 
carbon monoxide 

in boiler and furnace 
conversion, 570 

detectors, 324 
leaks, 398 

career opportunities, 5-7, 627 
apprentices, 6-7 
engineers, 5-6 
OJT (on-the-job training) 

workers, 6-7 
pipe fitters, 7 
plumbers, 7 
sheet-metal workers, 7 
skilled workers, 6-7 
special occupations, 7 
steam fitters, 7 
technicians, 6 

caulking, 5, 69 
ceiling panel warm-air heating 

systems, 134 
ceilings, insulating 

concrete, 67-68 
frame, 67-68 
sandwich, 68 
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central forced-warm-air heating 
systems, 256-258 

duct heaters, 257-258 
electric furnaces, 256-257 
heat pumps, 258 

central heating system, 128, 
273,279 

central hot-water systems, 253-256 
cooling for, 2557256 
electric-fired boilers in, 253-254 

certification, individual, 628-620 
Charles' law, 16, 17, 18 
chart sizing method, 75 
chimney 

in boiler and furnace conversion, 
582-584 

boilers, 555-556 
coal furnaces, 430-431 
gas furnaces, 330-332,333 
hot-water boilers, 555-556 
oil furnaces, 399-400 

chimney connector, 326 
chimney flue, 326 
circuit breakers, electric furnaces, 

464,468,469 
circulating pumps, 173-174, 

255.550 
c ~ e a n o u ~ ~ o r t s ,  oil furnaces, 392 
clearance 

coal furnaces, 420 
electric furnaces, 455-456 
furnace, general, 5,442 
gas furnaces, 3 17-3 18 
oil furnaces, 393-394 

clinkers, 122-123 
coal, 117-1 18 
coal-fired boilers, 493-497 
coal furnaces 

air filter, 435 
assembly and installation of, 

441-442 
automatic controls, 432-433 
banking a coal fire, 447 
blower and motor, 435 
chimneys and chimney 

troubleshooting, 
430-431 

coal stoker, 434 
combustion air, 424, 427-430 
components, 432-435 
draft, factors influencing, 429 
duct connections, 421-423 
electrical wiring, 423-424, 

425-427,428 
flue pipe, 430 
furnace grate, 433-434 
hand-firing methods, 434-435 
installation recommendations, 

42 1 
location and clearance, 420 
maintenance, 443 
operating principle, 419 
operation, 444,446-447 
sizing requirements, 419-420 I 

starting and maintaining a coal I 
fire, 446-447 1 

system accessory devices, 435 i 
troubleshooting, 448-451 
types of, 419 
ventilation, 424,427-430 
venting, 430 

coal oil, 119-120 1 

coal stoker, 434 
coke, 119 

I I 
1 

combination furnaces. See 1 
multi-fuel furnaces 

combination pipe hot-water 
heating systems, 155 

combination valves, hot-water 
boilers, 541-548 

combination water heater, 
168-1 69 

combined atmospheric pressure 
and vacuum steam heating 
systems, 221-223,230 

combustion air 
boilers, 553,555 
coal furnaces, 424,427-430 
gas furnaces, 321-322, 

343-346 
oil furnaces, 395, 397 

combustion chambers 
basic requirements for boiler and 

furnace conversion, 572 
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building, 578-580,581 
construction materials, 575-578 
for conversion gas burners, 

572-573 
for conversion oil burners, 

574-576 
ventilation, 580,582 

combustion draft, 397 
compression, adiabatic, 18 
concrete ceilings, 68 
concrete floors, 66 
condensation, 21-22,48-49, 

70,185 
condensing oil furnace, 379 
conduction, 12-13 
convection, 13,253 
convection heating surface, 

boilers, 486 
convectors, 176,249 
conventional oil furnaces, 

3 75-3 78 
conversion gas burners 

combustion chambers for, 
572-573 

installing, 5 89-590 
rated maximum input, 588 
servicing, 594-597 
starting (pilotless), 593-594 
starting (with a pilot), 590-593 
troubleshooting, 602 

conversion oil burners 
combustion chambers for, 

574-576 
installing, 598-600 
servicing, 601-602 
starting, 600-601 
troubleshooting, 602 

Cool-Careers-Hot-Jobs web site, 
628 

corrected heat loss formula, 102 
counterflow furnace, 276, 387 
crawl space 

insulating exterior walls, 63-64 
plenum warm-air heating system, 

134-136 
ventilation, 49,50 

C-value, 29, 30-41,46-47 

D 
degree day, defined, 105 
degree-day formula, 102-105 
dehumidifiers 

coal furnaces, 435 
warm-air heating systems, 144 

delayed-action solenoid valve, oil 
furnaces, 385-386,408 

design lead, boilers, 486 
design temperature difference, 80 
dew point, 48-49,381 
direct-drive furnace blower, 355 
direct heating surface, 8% 

boilers, 486 
dissolved gas, 112 
distribution tees, 161, 162 
divided-circuit installation, 186 
doors, heat loss and, 69 
double glazing, 69 
downdraft furnace, 276 
downflow furnace, 276-277 
draft 

boilers, controlling, 559-560 
coal furnaces, factors 

influencing, 429 
draft hood, 332,334-337 
draft regulator, 398 
draining condensate, 248 
drip leg, 347 
drip pipes, 193 
drop pipes, 193 
dry return, 186, 192 
dry steam, 19-20 
dual-capacity, variable-speed oil 

furnaces, 392 
dual control valves, hot-water 

boilers, 541 
dual unit valves, hot-water 

boilers, 541 
duct connections 

coal furnaces, 421-423 
electric furnaces, 456-457, 476 
gas furnaces, 320-321 
oil furnaces, 395, 396 
warm-air furnaces, 139 

duct furnaces, 286,287 
duct heaters, 257-258 
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ductless furnace, 273 
ducts, maintenance of, 476 

E 
education and training programs, 

6,627-629 
electric boilers, 491,497-502 
Electric Energy Association, 266 
electric-fired boilers, 253-254 
electric furnaces, 256-257, 

270,453-480 
air cleaners, 475 
air conditioning, 471,474-475 
air delivery, 471 
air filter, 471, 478 
automatic controls, 458-462 
blowers and motors, 471,476 
circuit breakers, 464,468 
components of, 457-458 
duct connections, 456-457,476 
efficiency of, 453 
electrical power supply, 453 
furnace fuses, 464,466 
heat anticipator, 459,462 
heating control wiring, 475-476 
heating elements, 462-463, 466 
humidifiers, 475 
installation recommendations, 

456 
insulation and, 454 
location and clearance, 455-456 
maintenance and operation of, 

475-477 
planning suggestions, 454-455 
safety controls, 464-470 
secondary high-limit 

control, 464 
temperature limit controls, 464 
thermal overload protect05 470 
thermostat, 459-461, 476-477 
timing sequences, 463 
transformer, 468 
troubleshooting, 477-480 
UL approved, 453 
wiring, 465,467-469,470-471, 

472-474 
without air conditioning, 477 

Electric Heating Association, 456 
electric heating systems, 

3,253-271 
advantages of, 269-270 . 
baseboard systems, 259-261 
central forced-warm-air systems, 

256-258 
central hot-water systems, 

253-256 
disadvantages of, 270 
duct heaters, 257-258 
electric furnaces, 256-257,270 
electric space heaters, 263 
electric unit heaters, 262-263 
electric unit ventilators, 261 
heat loss values, 266 
heat pumps, 258,263-264 
heat transfer, 253 
heating and cooling controls, 

264-265 
insulation for structures using, 

265-268 
load-limiting controls, 265 
maximum winter heat loss for 

homes using, 266 
operating principle, 253 
radiant systems, 258-259,260 
sequence switching devices, 265 
thermostats, 265 
time-delays, 265 
troubleshooting, 270-271 

electric hydronic boiler, 
179, 181 

electricity, defined, 25 
electric space heaters, 263 
electric unit heaters, 262-263 
electric unit ventilators, 261 
electronic ignition gas furnaces, 

294,314 
startup instructions for, 352-353 

The Encyclopedia of Associations, 
8,613 

EnerGuide emblem, 292-293 
Energy Star certification 

boilers, 487 
gas furnaces, 291,293-294 
oil furnaces, 378-379 
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energy use, 108 
Environmental Protection Agency 

(EPA), 291,293,487 
exfiltration, 72 
exhaust-steam heating, 3, 

223-228,229 
expansion tanks, 171-173 

hot-water boilers, 553,554 
hot-water heating systems, 159, 

171-173 
extended-plenum duct system, 

125,126-127 
external control voltage, 471 
external latent heat, 20 

F 
fan and limit control 

gas furnaces, 304-305 
oil furnaces, 378, 382, 

384-385,386 
fiberglass, 55 
filler pipe, oil furnaces, 

404-405 
firebricks. See insulating 

i firebricks 
Fireplace Institute, 607 
floor furnace, 285 
floors, insulating 

concrete, 66 
frame, wood or metal joist, 

i 64,65-66 
sandwich, 66 1 slap-on-grade, 66, 67 

! 
flow rate, 171 
flue draft, 397 
flue outlet, 326 
flue pipe 

boiler and furnace conversion, 
582-584 

coal furnaces, 430 
gas furnaces, 326-330 
oil furnaces, 398 

foam insulation, 58 
foot-pound, 9-10 
forced-air heat transfer, 253 
forced-hot-water heating systems, 

149,163-164 

forced-warm-air furnaces, 13 8, 
280-281 

principal classes of, 274 
forced-warm-air heating systems, 

130-132,274-279,280-281 
ceiling panel system, 134 
downflow, 274,276-277 
duct arrangement, 125-126,256 
electrical, 256-258 
extended-plenum system, 125, 

126-127,134-136 
horizontal, 274,278 
perimeter duct system, 125, 126F 

132-133 
planning, 131-132 
upflow, 274,275-276 
zoning, 136 

fresh air requirements, 91-92 
friction loss, 171 
fuel oils, 114, 116-1 17 
fuel requirements, estimating, 

100-108 
fuels. See heating fuels 
fuel supply tank, oil furnaces, 

401-404 
furnace(s) 

air filter, 284 
blower, 283 
carbon dioxide and, 324 
classification of, 273-274 
clearances, 442 
coal, 419-435,441-442,444, 

446-447,448-451 
components and controls, 

282-285 
conversions. See boiler and 

furnace conversion 
cost of, 282 
counterflow, 276,287 
defined, 273 
design factors, 281 
downdraft, 276 
down flow, 276-277 
duct, 286, 287 
ductless, 273 
efficiency, 282 
electric, 256-257, 453-480 
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furnace(s) (continued) 
floor, 285 
forced-warm-air, 13 8,274, 

280-281 
gas, 291-373 
geothermal, 286,288 
gravity warm-air, 138, 274, 

279,280 
hand-firing, 434-435 
heat exchanger; 283,284 
horizontal, 277 
hydronic, 165-168 
installation, 288 
installation cost, 281 
maintenance, 28 8-289, 

442-443 
multi-fuel, 419,438-440, 

441-442,443-444, 
447-451 

oil, 375-417 
operating principle, 273 
optional equipment, 285 
pipeless, 273, 285-286,287 
selecting, for a new house, 

2 79-2 8 2 
selecting, for an older 

house, 282 
switching from coal to gas or 

oil, 282 
troubleshooting, 289 
type of fuel, 281 
upflow highboy, 275-276 
upflow lowboy, 276 
vertical, 286, 287 
wall, 285 
warm-air, 137-138,284 
waste oil, 405-406,407 
wood, 419,436,441-442,443, 

444-446,448-451 
wood add-on, 437-438 

furnace fan, 129,279, 379 
furnace fuses, 464,466 
furnace grate, coal furnaces, 

433-434 
furnace gross output, 282 
furnace net output, 282 
fusible plugs, steam boilers, 515 

G 
Gas Appliance Manufacturers 

Association (GAMA), 
607-608 

Hydronics Institute Division, 8, 
485,610 

gas burners, 308-3 11 
gas-fired boilers, 492-493, 494, 

559-560 
gas furnaces, 291-373 

AFUE efficiency rating, 291, 
292-293 

air conditioning, 357,259-360 
air delivery, 354-355 
air filter, 313, 315-316, 

356-357,358-359 
belt-drive blower, 355-356 
blowers and motors, 313,314, 

315,353-356 
burner orifices, changing, 

340-342 
capacities, 291 
chimney, 330 
chimney troubleshooting, 

331-332,333 
Coleman, adjusting primary air 

on, 344 
combustion air, 321-322, 

343-346 
components, 299-330 
conventional flue construction 

details, 326-328 
direct-drive blower, 355 
draft hood, 332,334-337 
duct connections, 320-321 
efficiency ratings, 291 
electronic ignition, 294,312, 

314,352-353 
EnerGuide emblem, 292 
Energy Star certification, 291, 

293-294 
fan and limit control, 304-305 
Fedders, adjusting primary air 

on, 345-346 
flue pipe, 326-330 
furnace controls, 300-305 
gas burners, 308-31 1 
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gas flame, 310 
gas input adjustment, 337-340 
gas pilot assembly, 311-313, 314 
gas pressure regulator, 304 
gas rate in cubic feet per 

hour, 338-339 
gas supply piping, 346-350 
heat exchanger, 305-308 
high-altitude adjustment, 340 
high-efficiency, 297-299, 312, 

316,324,326 
hot surface ignition (HSI), 299, 

362-363 
inspections, 361 
installation of, 3 16-3 17, 

360-361 
intermittent-pilot, 298-299 
local codes, 317 
locations and clearances, 

317-318 
main gas valve, 295, 301-302 
manifold pressure adjustment, 

342-343 
mercury flame sensor 303-304 
mid-efficiency, 295-296, 332 
neutral pressure-point adjuster, 

334,336 
oversizing, 3 16 
pilot burner adjustment, 337 
PVC vent construction details, 

328-330 
service and maintenance tips, 

361-363 
shape, 291 
sizing, 316 
spark ignition, 298 
standing-pilot, 294-295, 

350-351 
startup instructions, 350-353 
thermocouple, 302, 311 
thermopile, 303,3 11 
thermostat, 300-301 
troubleshooting, 363-373 
troubleshooting charts, 

368-373 
types of, 291 
ventilation, 321-323 

venting, 323-326 
wiring, 3 18-320 

gas input adjustment, gas 
furnaces, 337-340 

gas odors, 362,451 
gas pilot, 311-313,314 

adjustment of, 337 
gas pressure regulator, 304 
gas rate, in cubic feet per 

hour, 338-339 
gas supply piping, 346-350 

capacity, 348 9 
installing, 349-350 
sizing, 348-349 

gauge pressure, 16 
geothermal furnace, 286,288 
glass factor, 93 
glass wool, 55 
glazing, windows, 5, 69 
graphite, 11 8 
gravity hot-water heating system, 

149,157-163,172-173 
gravity steam heating systems, 

186-202 
disadvantages of, 188-1 89 
downfeed one-pipe system, 186, 

196-198 
one-pipe, 186 
one-pipe circuit, 186, 198-200 
one-pipe circuit with loop, 

200-201 
one-pipe, divided-circuit 

nonrelief, 200 
one-pipe, reverse-flow, 189-190 
operating principle, 186-1 87 
two-pipe, 186,201 
two-pipe, divided-circuit, 

201-202 
upfeed one-pipe relief, 

192-196 
upfeed one-pipe, 186, 

190-192 
gravity warm-air furnaces, 138, 

274,279,280 
gravity warm-air heating system, 

125,128-130 
gross load, boilers, 486 
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gross wall area, calculating, 81 
ground temperatures below the 

frost line, table of, 85-86 

H 
handling condensate, 248 
Hartford Return Connection 

steam boilers, 529 
steam-heating sy;stem, 234, 247 

head, 171 
heat 

defined, 9 
early attempts at controlling, 1 
latent, 15,20 
mechanical equivalent of, 

1 0 , l l  
sensible, 15,20 
specific, 15 

heat anticipator, 459-461,462 
heat content, 11 1 
heat-conveying medium, 

16-25,273 
air, 2, 16-18 
defined, 2 
electricity, 2, 25 
steam, 2,18-21 
types of, 2-3 
water, 2,22-25 

heat-emitting units, 175-176,249 
heat energy, 9 
heat exchanger 

defined, 283 
gas furnaces, 284,305-308 
hot-water heating systems, 169 
oil furnaces, 3 86-3 8 8 

heat exchanger coil, 561 
heat flow, direction of, 28-29 
Heating, Airconditioning & 

Refrigeration Distributors 
International (HARDI), 608 

Heating and Piping Contractors 
National Association, 608 

heating capacity, boilers, 486 
heating control wiring, 475-476 
heating costs 

estimating, 100-106 
nonheating energy, 107-1 08 

reducing, 5 
utility rates, determining, 

108-110 
heating elements, electric furnaces, 

462463,466,475-476 
heating fuels, 2-3, 111-124 

ash, 122 
briquettes, 119 
classification of, 112 
clinkers, 122-123 
coal, 117-1 19 
coal oil, 119-120 
coke, 119 
costs, comparison of, 123 
estimated average conversion 

efficiency, 124 
firing methods, 11 1 
fuel oils, 114, l'16-117 
heating rate, 588 
heat values, 11 1-1 12 
liquefied petroleum (LP) gas, 

113-114,115 
manufactured gas, 113 
natural gas, 112 
requirements, estimating, 

100-106 
slag, 122 
soot, 123 
wood, 120-122 

heating fundamentals, 9-25 
air, 16-1 8 
Btu (British thermal unit), 

defined, 9 
conduction, 12-1 3 
convection, 13 
electricity, 25 
heat transfer, 11-14 
heat-conveying medium, 

16-25 
latent heat, 15 
radiation, 11-12 
sensible heat, 15 
specific heat, 15 
steam, 18-21 
water, 22-25 
work and energy, relationship 

between, 9-1 1 
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heating methods 
classification of, 2, 3 
exhaust steam, 3 
fuels, 2-3 
internal combustion engines, 3 

heating surface, boilers, 486 
heating system 

capacity of, 28 
classification of, 3 
defined, 3 
sizing of, 73-110 

heat loss 
average value method of 

calculating, 93-95 
in basements, 84-86 
calculating, 76-77 
from doors and windows, 5, 84 
in houses, old vs. new, 5 
by infiltration, 83, 87 
limits for electrically heated 

homes, 266,267 
sensible, 87 
sizing and, 73 
in slab construction, 86-87 
tabulation forms, 95-99 
total, calculating, 82-84 
uninsulated structures, 27 
by ventilation, 92-93 
weather stripping and, 5, 69 

heat loss formula, 100-102 
heat-producing equipment, 3 
heat pumps, 258,263-264 
heat transfer, 11-14 

circulation in, 13-14 
conduction, 12-13 
convection, 13,253 
forced-air method, 253 
methods of, 253 
radiation, 11-12,253 

heat transfer values 
defined, 29 
of various building and 

insulation materials, 
30-41 

heat transmission 
coefficients for solid masonry 

walls, 42-45 

forced-air method of, 253 
heat transfer value, 29,30-41 
loss formula, 81-82 
overall coefficient of (U-value), 

29,42-45,48,75-76,80 
principles of, 28-29 
thermal conductance (C-value), 

29,30-41,46-47 
thermal conductivity (k-value), 

29-41 
thermal resistance (R-value), 29, 

30-41,46,47-48 
high-altitude adjustment, gas 

8 
furnaces, 340 

high-efficiency boilers, 502 
high-efficiency (condensing) oil 

furnaces, 378, 379,381,397 
high-efficiency gas furnaces, 

297-299,3 12,3 16,324,326 
high-limit control 

hot-water heating systems, 
169-170 

warm-air furnaces, 138 
high-pressure limit switch, hot- 

water boilers, 535 
high-temperature hot-water 

heating system, 150 
Home Ventilating Institute (HVI), 

608-609 
horizontal furnace, 277 
hot-surface ignition (HSI) gas 

furnaces, 299,362-363 
hot-water boilers, 164-165, 166 

air separator. 550-553 
air su^pply and venting, 553, 

555-558 
altitude gauges, 549-550 
aquasta&, 532,535-538 
backflow preventer, 548-549 
balancing valve, 548 
chimney, 555-556 
circulator, 532, 550 
combination valves, 541-548 
expansion tanks, 532,553 
high-pressure limit switch, 535 
induced-draft fans, 558-559 
low-water cutoffs, 532-533 



690 Index 

hot-water boilers (continued) 
operation and maintenance, 564 
pressure-reducing valves, 

532,538-541 
pressure relief valves, 534-535 
purging air from the system, 553 
safety and, 530 
and steam boilers compared, 

481-483 , 
valves, controls and accessories, 

529-532 
hot-water heating systems, 3, 

149-184 
advantages of, 182 
air conditioning in, 176-179 
central heating unit (electric-fired 

boiler), 180,253-256 
circulating pumps, 173-1 74 
classification of, 149-150 
combination pipe, 155 
combination water heaters, 

168-169 
control components, 169-170 
disadvantages of, 182 
drainage, 175 
electrically heated systems, 

179-1 82 
expansion tanks, 159,171-173 
forced-hot-water system, 149, 

163-164 
gravity system, 149, 157-163 
heat-emitting units, 175-176 
heat exchanger, 169 
high-temperature system, 150 
hot-water boilers, 164-165, 

166 
hydro-air system, 166 
hydronic furnaces, 165-168 
low-temperature system, 150 
moisture control, 179, 180 
one-pipe system, 150-152 
operating principle, 149 
overhead arrangement, 161,162 
pipe and pipe sizing, 170-171 
piping arrangements, 150 
radiant panel heating, 155,156 
series-loop, 152-153 

special applications, 156-157 
troubleshooting, 183-184 
two-pipe, direct-return, 153-154 
two-pipe gravity, 159 . 
two-pipe, reverse-return, 

154-155 
zoning, 155, 156 

house wrap, 51,52 
humidifiers 

coal furnaces, 435 
electric furnaces, 475 
hot-water heating systems, 

179,180 
warm-air heating systems, 

142-143 
humidity, 1 
HVACIR 

career opportunities in, 5-7, 627 
certification, 628-629 
education and training 

programs, 627-628 
state licensing, 629 

W A C  system 
cost of, 5 
location of, 5 
selecting, 4-5 

hydro-air heating system, 166 
hydronic furnaces, 165-168 
Hydronic Heating Association 

(HHA), 609 
hydronic heating systems. See hot- 

water heating systems 
The Hydronics Foundation, Inc., 

(THFI), 609 
The Hydronics Institute, Division 

of GAMA, 8,485,610 

I 
IBR rating code, 8, 165 
"inches of mercury," 16 
indirect heat exchanger, 561 
indirect heating surface, 

boilers, 486 
indirect water heater, 561 
indoor blower, 379 
induced-draft fans, boilers, 

558-559 



flat roofs, 71 
frame ceilings and roofs, 67-68 
frame floors, wood or metal 

joist, 64, 65-66 
frame walls, 60, 61 
heat losslgain, 27,267 
heat transfer values, 29, 30-41 
heat transmission, principles of, 

28-29 
insulating materials, 52-58 
masonry, 60-62 
metal walls, 63 
overall coefficient of heat % 

transmission (U-value), 29, 
42-45,48,75-76,80 

recommended practices, 59-68 
sandwich ceilings, 68 
sandwich floors, 66 
sandwich walls, 63 
slab-on-grade floors, 66, 67 
thermal conductance (C-value), 

29,30-41,46-47 
thermal conductivity (k-value), 

29-41 
thermal resistance (R-value), 29, 

30-41,46,47-48 
vapor retarders, 49-51 
walls between separately heated 

dwelling units, 64, 65 
windows and doors, 69 

insulator, 12 
intermittent-pilot gas furnaces, 

298-299 
internal latent heat, 20 

induced-draft furnaces. See mid- 
efficiency furnaces 

Industries Competencies Exam 
(ICE), 628 

infiltration, 72 
infiltration heat loss, 87-92 

air change method, 91-92 
crack method, 87-91 

inside design temperature, 77 
Institute of Boiler and Radiator 

Manufacturers, 8, 165, 610 
insulating firebricks 

grades, 578 
materials for, 577 
shape of, 578 

insulating materials 
application of, 28 

I batt insulation, 55,57 
blanket, 55-56 

I 
I 
I blown-in insulation, 57-58 

effective, qualities of, 27-28 
foam insulation, 58 
layers, effectiveness of, 28 
loose-fill insulation, 56-57, 58 

I 

1 
minimum levels of, 47 
purpose of, 27,29,52 

1 reflective insulation, 54-55 
rigid insulation board, 52-54 1 special properties of, 52 

J 
Joule's equivalent, 10 

1 

K 
kerosene, 119-120 
k-value, 29-41 

insulating structures 
air barriers, 51 

L 
latent heat, 15,20 
leaders, 128 
licensing, state, 629 

air spaces, 52 I airlvapor retarders, 51-52 
attics and attic crawl spaces, 

69-70 
basement walls, 63,64 
building construction and 

location, 58-59 
1 capacity of heating or cooling 

system, 28 
concrete ceilings, 68 
concrete floors, 66 
condensation, 48-52 

1 crawl space exterior walls, 
1 63-64 

I electrically heated and cooled 
buildings, 265-268 
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lifting condensate, 248 
lignite, 11 8-1 19 
line voltage field wiring, 470 
liquefied petroleum (LP) gas, 

113-114,115,304 
load-limiting control, 265 
loop-circuit installation, 186 
loose-fill insulation, 56-57, 58 
lowboy furnace, 276 
low-temperature hot-water 

heating system, 150 
low-water cutoffs 

hot-water boilers, 532-533 
installing, 508-514 
steam boilers, 505-508 
troubleshooting, 514-515 

M 
main gas valve, 301-302 
manifold pressure, adjusting in 

gas furnaces, 342-343 
Manual]. See Residential Load 

Calculations, Manual J 
manufactured gas, 113 
manufacturers, list of, 615-625 
master thermostatic valves, 215 
maximum density, 24 
mean radiant temperature 

(MRT), 12 
Mechanical Contractors 

Association of America, 
Inc. (MCAA), 485,610 

mechanical equivalent of heat, 
1 0 , l l  

mercury flame sensor, 303-304 
mid-efficiency gas furnaces, 

295-296,332 
mid-efficiency (noncondensing) oil 

furnaces, 378, 379, 380 
millivolt generator. See thermopile 
mineral wool, 55 
multi-fuel furnaces 

assembly and installation of, 
441-442 

gas odors, 451 
maintenance, 443-444 

operating principle, 419 
operation, 447-448 
overview, 438-440 
troubleshooting, 448-451 

N 
National Association of Plumbing 

Heating Cooling Contractors 
(PHCC), 610-611 

National Board of Fire 
Underwriters, 322 

National Electric Code, 318,395, 
353,423,453,471, 568, 
584,600 

National Electric Manufacturers 
Association, 106 

National Environmental 
Systems Contractors 
Association, 61 1 

National Fire Protection 
Association, 288, 320,322, 
347,375,395,401,422-423, 
453,456,584 

National Gas Code, 347,568, 584 
National Warm Air Heating and 

Air Conditioning Association, 
129,133,454,611 

natural gas, 112 
natural hot-water heating 

systems, 157 
natural ventilation, 72 
NEMA formula, 106 
net area, calculating, 80-81 
net load, boilers, 486 
net wall area, 81 
neutral pressure-point adjuster, 

334,336 
nonassociated gas, 112 
nonconductor, 12 
nonheating energy, 107-1 08 
North American Heating 

Refrigerating Air 
Conditioning Wholesalers 
(NHRAW), 61 1 

North American Technician 
Excellence, Inc. (NATE), 628 
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0 
observation ports, oil 

furnaces, 392 
oil burner assembly, oil furnaces, 

388-389 
oil filter, oil furnaces, 405 
oil-fired boilers, 493,495 
oil furnaces, 375-417 

adjustments, 410-41 1 
AFUE efficiency rating, 375, 378 
air conditioning, 406 
air filter, 392 
barometric damper, 398-399 
blowers and motors, 

390-392,405 
cad cell, 378, 382 
carbon monoxide leaks, 398 
chimney, 399-400 
cleanout and observation 

ports, 392 
combustion air, 395,397 
combustion air blowers, 392 
combustion draft, 397 
combustion process, 381 
components of, 382-392 
conventional, 375-378 
delayed-action solenoid valve, 

385-386 
dual-capacity, variable-speed, 392 
duct connections, 395 
Energy Star certification, 

378-379 
fan and limit control, 378, 382, 

384-385,386 
filler pipe, 404-405 
flue pipe, 398 
fuel pump and fuel pump motor, 

389-390 
fuel supply tank and fuel line, 

401-405 
fuel tank location, 402-404 
furnace controls, 382, 384-386 
heat exchanger, 3 86-3 8 8 
high-efficiency (condensing), 

378,379,381,397 
inspection, 408 

installing, 375, 393-399, 
400-401 

location and clearance, 393-394 
mid-efficiency (noncondensing), 

378,379,380 
oil burner assembly, 38 8-3 89 
oil filter, 405 
oil-tank installation, 401 
operating principle, 375-376 
service and maintenance tips, 

408-410 
size of, 393 3 
spillage, 408 
stack relay, 378 
starting the burner, 407-408 
tank vent pipe, 405 
thermostat, 382 
troubleshooting, 41 1-417 
troubleshooting charts, 414-417 
UL approved, 375 
ventilation, 395, 397 
venting, 397-399 
vent opening, 392 
waste oil, 405-406,407 
wiring, 394-395, 396 

outside design temperature, 77, 
78-79 

overall coefficient of heat 
transmission (U-values), 
29,4245,48,75-76,80 

overfire draft, 397 
oversizing, 73, 316 

P 
paraffin oil, 119 
peat, 11 8 
perimeter duct system, 125, 126 
perimeter-loop warm-air heating 

system, 132-133 
pipeless furnace, 273, 

285-286,287 
piping circuit, 186 
Plen-Wood System, 134-136 
pressure 

absolute, 16 
atmospheric, 16 
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pressure (continued) 
boiling point and, 21 
gas regulator, 304 
gauge, 16  
manifold, 342-343 

pressure controllers, steam boilers, 
517-519 

pressure-reducing valves, hot- 
water boilers, 538-541 

pressure relief valves 
hot-water boilers, 534-535 
hot-water heating systems, 170 
steam boilers, 515-517 

pressure-type oil burner, 389 
professional and trade associations 

list of, 603-614 
overview, 7-8, 603 

propane. See liquefied petroleum 
(LP) gas 

proprietary steam heating systems, 
228-242 

Dunham differential vacuum 
heating system, 236-23 8 

Trane vapor system, 228-236 
Webster moderator systems, 

238-242,243 
PVC exhaust pipes, 324, 328 

R 
radiant floor systems, 176 
radiant heating surface, boilers, 486 
radiant heating systems, 

258-259,260 
Radiant Panel Association 

(RPA), 611 
radiant panel heating system, 

155,156 
radiation, 11-12,253 
radiation factor, 94 
radiator, defined, 249 
radiators, 175-176, 178,246 
reflective insulation, 54-55 
Refrigeration and Air 

Conditioning Contractors 
Association, 61 1 

Refrigeration Service Engineers 
Society (RSES), 612, 628 

relief valves. See pressure 
relief valves 

Residential Load Calculations, 
Manual], 106, 315-316, 
419,455 

resistance, 47 
rigid insulation board, 52-54 
rock wool, 55 
roofs, insulating 

flat, 71 
frame, 67-68 

rule-of-thumb sizing methods, 
74-75 

R-value, 29, 30-41,47-48, 
59,266 

S 
safety valves. ~ e k  pressure 

relief valves 
saturated steam, 19 
SBI rating code, 8, 165,485 
sealed return, 192 
secondary high-limit control, 

electric furnaces, 464 
semibituminous coal, 11 8 
sensible heat, 15,20 
sensible heat loss, 87 
sequence switching devices, 265 
series-loop hot-water heating 

system, 152-153 
Sheet Metal and Air Conditioning 

Contractors National 
Association (SMACNA), 612 

short-cycling, 73 
sizing 

using average value method to 
calculate heat loss, 93-95 

chart method, 75 
coal furnaces, 419-420 
using coefficients of heat 

transmission, 75-77, 80 
design temperature difference, 80 
fresh air requirements, 91-92 
fuel requirements and heating 

costs, estimating, 100-108 
ground temperatures below the 

frost line, 85-86 



heat loss tabulation forms, 
95-99 

heat transmission loss formula, 
81-82 

inside design temperature, 77 
materials and publications used 

for, 106-107 
net area, calculating,80-8 1 
nonheating energy and, 107-108 
outside design temperature, 77, 

78-79 
oversizing, 73 
results of over- and undersizing, 

73-74 
rule-of-thumb methods, 74-75 
by square footage method, 75 
total heat loss, calculating 82-93 
undersizing, 73 
upgrade method, 74-75 
utility rates, determining, 

108-110 
slag, 122 
slag wool, 55 
slap-on-grade floors, 66, 67 
smoke pipe, 326 
soot, 123 
space heaters, 263 
spark ignition furnace, 298 
specific heat, 15 
stacks, 128 
standard cord, 120 

1 I standing-pilot gas furnaces, 

! 294-295,332 
startup instructions for, 350-351 

state licensing, 629 
1 static electricity, 1-2, 25 
I steam 
I classes of, 19 

defined, 18 
steam boilers, 244-246 1 aquastat, 521 

blowdown valve, 521-522 
fusible plugs, 515 
Hartford return connection, 529 
and hot-water boilers compared, 

I 481-483 
injectors, 523-524 

low-water cutoffs, 505-515 
operation and maintenance, 

563-564 
pressure controllers, 517-519 
pressure relief valves, 515-517 
safety and, 503-504 
stack relay, oil furnaces, 378 
steam gauge pigtails, 528 
steam gauges, 526-528 
try cocks, 522-523 
vacuum-relief valve, 519-521 
valves, controls, and accesso!%es, 

502-505 
water columns, 526 
water gauges, 524-526 

steam gauge pigtails, steam 
boilers, 528 

steam gauges, steam boilers, 
526-528 

Steam Heating Equipment 
Manufacturers Association, 
8,612 

steam heating systems, 3, 
185-252 

air conditioning, 250-251 
air supply and venting, 249 
basic operating principle of, 185 
classification of, 185-186 
condensation, role of, 21-22 
control components, 246-247 
divided-circuit installation, 186 
exhaust-steam heating, 223-228 
gravity return, 186 
gravity systems, 186-189 
Hartford Return Connection, 

234,247 
heat-emitting units, 249 
high-pressure, 185,242-244 
loop-circuit installation, 186 
low-pressure, 185 
mechanical return, 186 
medium-pressure system, 243 
open (atmospheric) vapor 

system, 204-209 
operating principle, 185 
pipes and piping details, 248 
piping circuit, 186 
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steam heating systems (continued) 
proprietary systems, 228, 

230-242 
pumps, 249 
steam boilers, 244-246 
steam traps, 248-249 
troubleshooting, 251-252 
two-pipe, 186,201 
two-pipe, divided-circuit, 

201-202 
underfeed system, 186 
unit heaters, 250 
vacuum system, 185,210-221 
vapor system, 185,202-210 
Webster moderator systems, 

238-242 
steam traps, 248-249 
Steel Boiler Institute, 8, 165, 

485,612 
superheated steam, 19,20 

T 
tankless water heaters, 560-561 
tapered main, 199-200 
temperature limit controls, electric 

furnaces, 464 
thermal circulation, 24-25 
thermal conductance (C-value), 

29,30-41,46-47 
thermal conductivity (k-value), 

29-41 
thermal hot-water heating 

systems, 157 
thermal overload protector, 

electric furnaces, 470 
thermal property, 75 
thermal resistance (R-value), 29, 

30-41,46,47-48 
thermocouple, 302,311 
thermopile, 303,311 
thermostat 

comfortable setting for, 264-265 
electric furnaces, 459-461, 

476-477 
electric heating and cooling 

systems, 285 
gas furnaces, 300-301 

maintenance and operation 
of, 476-477 

oil furnaces, 382 
warm-air furnaces, 138,284 

transformer, electric furnaces, 468 
troubleshooting 

boilers, 565-568 
chimney, 331-332,333, 

399-400,430-431 
coal furnaces, 448-451 
electric furnaces, 477-480 
electric heating systems, 

270-271 
furnaces, general, 289 
gas furnaces, 363-373 
hot-water heating system, 

183-184 
low-water cutoffs, 514-515 
multi-fuel furnaces, 448-451 
oil and gas conversion 

burners, 602 
oil furnaces, 41 1-417 
steam heating systems, 

251-252 
warm-air heating systems, 

146-148 
wood furnaces, 448-451 

try cocks, steam boilers, 
522-523 

Type A vent, 324,555,556 
Type B vent, 324,557 
Type C vent, 324,557,558 

U 
underfeed steam heating 

system, 186 
undersizing, 73 
Underwriters Laboratories, Inc., 

(UL), 117,324,375,453, 
485,612-613 

uninsulated structures, 27 
unit heaters, 250,262-263 
unit ventilators, 261 
upflow highboy furnaces, 

275-276 
upflow lowboy furnace, 276 
upgrade sizing method, 74-75 
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utility rates, determining, 
108-110 

U-value, 29,42-45,48,59, 
80,266 

v 
vacuum-relief valve, steam boilers, 

519-521 
vacuum steam heating systems, 

185,210-221 
automatic damper regulators, 

216-218 

I 
combined atmospheric pressure 

and vacuum system, 
221-223,225,230 ' 

1 Dunham differential system, 
236-239 

mechanical vacuum system, 
219-221 

mercury seal, 214-215 
natural vacuum system, 214-219 

i thermostatic valves, 215-216 
Webster moderator systems, 

238-242,243 
valance units, 176, 179 
vapor barrier, 51 
vapor diffusion retarder 

(VDR), 51 
vaporization, 20 
vaporizing oil burner, 389 
vapor retarders, 49-51 

I vapor steam heating systems, 185, 
202-2 10 

closed vapor, 209-210 
~ Trane sysiem, 228,230-233, 

237,238 
Webster moderator systems, 

I 238-242,243 
variators, 239 

1 vent 
gas furnaces, 326 
oil furnaces, 392 

vent connector, 326 
ventilating system 

and building size, 4 
and building use, 3-4 
and geographical location, 4 

factors influencing type and 
design of, 3-4 

and heating system, 3 
ventilation 

boilers, 553 
coal furnaces, 424,427-430 
combustion chambers, 580,582 
evolution of, 1 
gas furnaces, 321-323 
and heating compared, 3 
importance of, 72 
natural, 72 
oil furnaces, 395,397 

3 
ventilation heat loss, 92-93 
venting 

coal furnaces, 430 
gas furnaces, 323-326 
hot-water boilers, 553, 555-558 
oil furnaces, 397-399 
steam-heating systems, 249 

vent pipe, oil furnaces, 405 
vertical furnace, 286,287 

W 
wall furnace, 285 
walls, insulating 

basement, 63, 64 
crawl space exterior; 63, 64 
frame, 60, 61 
masonry, 61-63 
metal, 63 
sandwich, 63 
between separately heated 

dwelling units, 64, 65 
warm-air furnaces, 137-138,284 
warm-air heating systems, 3, 

125-148 
advantages of, 144-145 
air cleaning, 141-142 
balancing, 136-137 
ceiling panel, 134 
classification of, 125-127 
control components, 138 
cooling with, 140 
crawl space plenum, 134-136 
dehumidifiers, 144 
disadvantages of, 146 
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warm-air heating (continued) 
ducts and duct sizing, 139 
forced-air system, 125,130-132, 

136,256-258 
furnaces, 137-138 
gravity system, 125,128-130 
humidifiers, 142-143 
operating principle, 125 
perimeter-loop, 132-133 
troubleshooting, 146-148 
zoning, 136 

waste oil furnaces, 405-406, 407 
water 

defined, 22 
maximum density, 24 
weight per cubic foot at different 

temperatures, 22-23 
water columns, steam boilers, 526 
water gauges, steam boilers, 

524-526 
weather stripping, 5, 69 

I Webster electronic moderator 
1 steam heating systems, 239 

wet return, 186, 192 
wet steam, 19 
windows, heat loss and, 5, 69 
wiring 

coal furnaces, 423-424, 
425-427,428 

electric furnaces, 465,467, 
468-469,470-471, 
472-474 

gas furnaces, 318-320 
maintenance of, 475-476 
oil furnaces, 394-395, 396 

wood, as fuel, 120-122,445-446 
wood add-on furnaces, 437-438 
Wood Energy Institute, 607, 613 
wood furnaces 

assembly and installation of, 
441-442 

design of, 436 
maintenance, 443 
operating principle, 419 
operation, 444-446 
troubleshooting, 448-451 

Wood Heating Alliance, 
607,613 

work 
defined, 9 
measuring, 9-10 

work energy, 9 

z 
zoning 

hot-water heating systems, 
155,156 

warm-air heating systems, 136 


