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A 

Absolute pressure, 187 
Absorption cooling (AC) cycle, 501-505 

ammonia systems, 501, 502 
lithium bromide systems, 501, 502-505 

Absorptivity, 59-60 
AC cycle. See Absorption cooling (AC) cycle 
Adiabatic equivalent temperature, 150-151 
Adiabatic mixing of airstreams, 142-144 
Adiabatic saturation 

evaporative cooling, 141 
process, 133-135 
wet-bulb temperature and, 117-121 

Adsorption, air cleaning by, 175 
Advanced control system design, 

684-696 
Affinity laws (pumps), 212, 214-215, 581 
AFUE for furnaces, 439-440 
AHRAE Standard 62-1999, Ventilation for 

Acceptable Indoor Air Quality, 
163, 168 

Air cleaning 
filtration (see Air filtration) 
other methods, 175 

Air conditioning 
absorption cooling (AC), 501-505 
buildings, 144-147 
cooling loads (see Cooling loads) 
evaporative coolers (see Evaporative coolers) 
mechanical cooling equipment (see Chillers) 
process, 138-140 
refrigerants, 90--93, 500-501 
vapor compression (VC) (see Rankine 

refrigeration cycle) 
Air-cooled condensors, 528-530 
Air diffusers and grilles, 577-581 
Air distribution systems, 558 

ducts (see Ducts and duct fittings) 
economizers, 560--562 
fans (see Fans) 
fresh air ventilation rates, 559-560 
mechanical ventilation basics, 558-562 
in rooms, 577-581 

Air exchange, 283 
air leakage (see Air leakage) 
building component correlations, 298-301 

pressure differences, 290-295 
rate of, 284-285 

Air filtration, 97-99 
categories of filters, 171 
filter efficiency/performance, 171-174 
filter types, 172 
system design, 174-175 

Airflow control, 669-672 
Air handler cooling coil, 13 8 
Air handling unit (AHU), 592 
Air infiltration, 283. See also Air exchange 

CLTD/CLF method for cooling loads, 364 
Air leakage. See also Air exchange 

LBL model, 295-298 
models for, 285-289 

Air pollution, 8-9. See also Indoor air quality 
Air separators, 585, 586 
Air-water systems (commercial buildings), 

613-616 
All-air fixed-volume systems, 592-597 

dual-duct system part-load operation, 
600--604 

outdoor temperature for minimum flow, 
597-600 

All-air variable air volume systems. See VAV 
systems 

Ammonia absorption systems, 501, 502 
Analog electronic control system, 653-654 
Anemometers, hot-wire, 220-221 
Annual energy consumption, 377-378 

balance-point temperature, 378-379 
bin method (see Bin method) 
degree days (see Degree days) 
dynamic effects, 395-396 
gas boilers, 455-457 
normalized annual consumption (NAC), 414 
solar contribution to, 230 

Annual fuel utilization efficiency (AFUE), 
439-440 

Appliances, heat gains from, 332, 363-364 
Architects, role of, 9 
ASHRAE comfort chart, 153-158 
ASHRAE transfer function method 

conductive heat gains, 339':'342 
constant temperature, load at, 342-349 
ground coupling, 35-41 

INDEX 
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ASHRAE transfer function method-Cont. 
steps. 338 
variable indoor temperature and heat extraction 

rate, 349-355 
Automatic control systems. See Control systems 

B 

Backward-curved blading (fans), 563 
Balance-point temperature Tbal, 378-379 
Ballast, 705-706 
Baseboard heaters, 473-474 
Basement furnace, 434, 437 
Basement heat loss, 37-38, 41, 42 
Beam radiation, 248 
Bin method, 390-395 

evaporative cooler performance calculations, 
546-549 

seasonal heat pump performance, 466-470 
secondary systems, 621-627 
VAV systems, 622-627 

BLAST, 316, 420 
Blower door, 284 
"Blow-through" systems, 568 
Boiler reset system, 446 
Boilers, 441-443 

auxiliary steam heat, 446-450 
combustion calculation, 450-451 
design and selection, 444-446 
efficiency, 452-457 
flue gas analysis, 451-452 

Building design, 9 
process, 10-11 

Building heat transmission coefficient, 305-309 
Building rates and costs, 2-3 
Buried pipe, heat loss from, 32-33 

c 
Candela (cd), 704 
Carbon dioxide (C02), 158 
Carbon monoxide (CO), 159 
Carnot cycle, 101-102 

refrigeration cycle, 102-104 
Carnot heat pump, 104,461,463,464 
Ceiling radiant heating, 478-480 
Centrifugal compressors, 512-514 

rotational speed, 514-515 
CFCs (chlorinated and fluorinated hydrocarbons), 

90-91 
Chemical air cleaning, 175 
Chilled water 

control valves, 666 
piping design, 587 

Chillers, 506 
air-cooled condensors, 528-530 
commercial building operation and control, 536 
compressors (see Compressors) 
cooling towers (see Cooling towers) 
evaporators, 530 
expansion devices, 530-532 
part-load performance, 533-536 
unitary equipment, 532-533 

Chlorinated and fluorinated hydrocarbons (CFCs), 
90--91 

CHP systems. See Combined heat and power 
(CHP) systems 

Cleaning of air 
filtration (see Air filtration) 
other methods, 175 

Clearness index 
daily, 255 
hourly, 249 

Clear sky radiation, 252-255 
Closed-loop system, 641 
Closed thermodynamic system, 93-95 
CLTD/CLF method for cooling loads, 

322-336 
CLTD/SCLlCLF method for cooling loads, 

355-364 
Coal, 434 
Coefficient of performance (COP), 12 

Carnot heat pump, 102-104,461,463,464 
Cogeneration systems. See Combined heat and 

power (CHP) systems 
Cold, dry air, warming and humidification of, 

135-138 
Combined heat and power (CHP) systems, 

482-483 
available technologies, 483, 484 
efficiency, 484 
typical CHP applications, 483 

Combined-mode heat transfer, 65-69 
Comfort, 147-158 
Complete secondary systems for buildings, 

591-592 
air-water systems, 613-616 
all-air fixed-volume (see All-air fixed-volume 

systems) 
all-air variable air volume (see VAV systems) 

Complete system control, 678-681 
Compressors, 506-507 

centrifugal, 512-515 
reciprocating, 508-512 
rotary, 517-518 
screw, 515-516 
scroll, 516-517 
vapor compressor analysis, 507-508 
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Condensing furnace, 440-441 
Condensors, air-cooled, 528-530 
Conduction heat transfer 

ASHRAE calculation method (see ASHRAE 
transfer function method) 

building heat transmission coefficient, 
305-309 

exchangers (see Heat exchangers) 
Fourier's law, 24-25 
ground coupling (see Ground coupling) 
RTS (radiant time-series) calculation method, 

364-365 
steady conduction (see Steady conduction) 
thermal conductivity, 33-35 
windows, 329-330 

Constant-velocity duct design, 574 
Construction rates and costs, 2-3 
Control diagram, 642, 643 
Control systems, 640-642 

advanced control system design, 684-696 
airflow control, 669-672 
complete systems, 678-681 
control constants, selection of, 691-693 
cooling control, 676-678 
derivative control, 648-649 
design considerations, 65~-672 
electrical control system, 682-684 
electronic systems, 653-659 
feedback control modes, 642-649 
hardware, 649-659 
heating coil control simulation, 693-696 
heating control, 674-676 
integral control, 647-648 
ladder diagram, 682-684 
Laplace transforms, 684-688 
outside air control, 672-674 
pneumatic systems, 649-653 
primary system equipment, 681 
proportional control, 644, 645-647 
proportional controller stability, 690-691 
second-order controller stability, 689-690 
smoke control, 681-682 
stability, 688-691 
steam and liquid flow control, 660-669 
two-position control, 642, 644 

Convection coefficients 
external flow equations, 45-48 
internal flow equations, 48-49 
tables and graphs, 49-51 
typical values, 44 

Convection heat transfer 
coefficients (see Convection coefficients) 
heon , equation for, 43-44 
low-temperature radiant heating, 478-480 

INDEX 

RTS (radiant time-series) calculation method, 
365-366 

thermal resistance and R value, 45 
wall R value and, 66-67 

Conversion of units, 15 
Cooling control, 676-678 
Cooling cycles/process 

absorption cooling (AC), 501-505 
evaporative cooler process, 141-142 
vapor compression (VC) (see Rankine 

refrigeration cycle) 
Cooling equipment, 494 

evaporative (see Evaporative coolers) 
mechanical (see Chillers) 

Cooling loads. See also Loads 
CLTD/CLF method, 322-336 
CLTD/SCLlCLF method, 355-364 

Cooling towers, 518-519 
capacity, 526 
design and part-load operation, 523-526 
energy balance, 519-522 
heat exchangers, 522-523 
induced-draft, 519 
maintenance, 527-528 
mechanical draft, 519 
tower cooling, 526-527 

COP. See Coefficient of performance (COP) 
Costs 

building costs, 3 
energy costs (see Energy costs) 
HVAC equipment, 10 

Counterflow heat exchangers, 53-57 
Curtain wall air exchange, 300, 302 

D 

Damper leakage, 670-671 
Dampers, 669-672 
Daylighting 

analysis of, 711-725 
daylight data, 712-715 
design types, 709-710 
principles of, 709-710 
sidelighting, 720-725 
toplighting,715-720 

Daylight savings time (DST), 232 
DDC (direct digital control) systems, 654-659 
Degree days, 379-388 

variable base, model with, 388-390 
Density of fluids, 188 
Derivative control, 648--649 
Dew point temperature Tdew, 114, 121 
Diesel engines (CHP systems), 483, 484 
Diffuse radiation, 248 

• 
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Direct digital control (DDC) systems, 654-659 
Direct evaporative coolers, 537-542 
Direct illuminance, 712-715 
Direct radiation, 248 
Disk traps, 446 
Diversity, 444 
DOE 2.1,338,420,712 
Door air exchange, 298-301 
Doppler-type devices, 217 
Downflow furnace, 434, 436 
Driving term(s), response to, 337 
Dry-bulb temperature Td, 114 

relative humidity, calculation of, 120-121 
DST (daylight savings time), 232 
Duct design, 571 

constant-velocity, 574 
equal friction, 573, 574-577 
high-velocity systems, 571-573 
low-velocity systems, 571-573 
static regain, 573 
velocity reduction, 573-574 

Ducts and duct fittings 
air diffusers and grilles, 577-581 
design (see Duct design) 
dual-duct system part-load operation, 600-604 
effective duct length, 565 
fluid pressure losses in, 203-210 

Dynamic inverse models, 417-418 

E 

Eb (total blackbody emissive power), 57 
Economics of energy efficiency, 11-14 
Economizer cycle, 560 

all-air fixed-volume systems, 596 
Economizers, 99-101 

air distribution systems, 560-562 
Effective heat capacity Ceff, 314 
Effective temperature ET*, 151 
Electric heat pumps. See Heat pumps 
Electric lighting, 704-708 
Electric resistance heating, 460 
Electrical control system, 682-684 
Electrical engineer, role of, 9 
Electronic air cleaners, 171 
Electronic control systems, 653-659 
Embedded energy, 14 
Emissivity, 58 
Energy conservation 

programs, evaluation of, 414 
thermodynamics, first law of, 93-101 
thermodynamics, second law of, 101-106 

Energy consumption, 4-8 
annual (see Annual energy consumption) 
boilers, 454-457 

calculation and measured date comparisons, 
420-422 

degree days (see Degree days) 
inverse models (see Inverse models) 
summary of calculation methods, 422-424 
thermal networks (see Thermal networks) 

Energy costs, 3, 8 
energy efficiency and, 11-14 

Energy efficiency 
air filtration, 171-174 
boilers, 452-457 

combined heat and power (CHP) systems, 484 
economics of, 11-14 
furnaces, 439-441 

Energy management, 415 
Energy signature, 412 
Enthalpy-humidty ratio, 137 
Enthalpy of moist air, 121-122 

economize~560,561-562 

log mean, 476 
psychometrics chart, 124, 125, 127 
saturated air, 476 

Environmental considerations, 8-9 
Equal friction duct design, 573, 574-577 
Equal-percentage valves, 660-662 
Equinoxes, 236 
Equipment, heat gains from, 332, 363-364 
Equivalent diameter of friction, 205 
Evaporation of moisture, 71-73 
Evaporative condensors, 529-530 
Evaporative coolers, 537 

design considerations, 545-549 
direct, 537-542 
indirect, 542-545 
process, 141-142 

Evaporators, 530 
Excess air fraction fexc air, 450-451 
Exchange, air. See Air exchange 
Exchangers. See Heat exchangers 
Expansion devices (chillers), 530-532 
Expansion tanks 

boilers, 450 
closed versus open systems, 589 
pressurizing, 586 
sizing, 585-586 

External flows, 45-48 
Extraterrestrial insolation, 246-248 

F 
Face and bypass dampers, 671,672 
Fan inlet vanes, 568 
Fan laws, 212-214 
Fan operating point, 566-568 
Fan outlet dampers, 568 



Fans, 562 
fixed-speed operation, 562-568 
fluid mechanics, 210-216 
variable-volume operation, 568-571 
VAV mixing boxes, 607-610 

Feedback system, 641 
Fibrous media unit filter, 171 
Filtration of air. See Air filtration 
Fire and smoke control, 681-682 
Fire-tube boilers, 443 
Fixed-volume system, 594 
Floors 

basement floor heat loss, 38 
radiant heating, 478-480 

Flow-through valves, 660 
Flue gas analysis, 451-452 
Fluid flow measurement, 217-221 
Fluid mechanics, 186 

flow measurement, 217-221 
motion, equation of, 189-190 
prime movers, 210-216 

Fluid pressure, 187-188 
ducts and duct fittings, losses in, 203-210 
pipes and pipe fittings, losses in, 191-203 

Fluid properties, 188-189 
Fluorescent lamps, 705 
Footcandle (fc), 704 
Forced convection, 44 

turbulent air flow through ducts and pipes, 44 
turbulent water flow through pipes, 44 

Forward-curved blading (fans), 210, 562-563 
Forward problem, 411 
Foundation heat gain/loss, 418-420 
Fourier's law, 24-25 
Free convection, 43 

hot roofs, 46, 47-48 
1aminar, 45-46 
turbulent, 46-47 

Fresh air ventilation rates, 559-560 
Friction 

equal friction duct design, 573, 574-577 
equivalent diameter of, 205 
fluid pressure in ducts, 205-209 
fluid pressure in pipes, 191-192, 194) 197-200 

Fuel, 434 
Fuel oil, 434 
Furnaces, 434-437 

design and selection, 437-439 
efficiency, 439-441 

Gas 
ideal gas, 84-87 
natural gas, 434 

G 

Gaseous discharge lamps, 705, 706 
Gas turbines (CHP systems), 483, 484 
Gauge pressure, 187 
Glare, 704 
Glass 

CLTD values, 356, 357 
glazing (see Glazing) 

INDEX 

sunlit glass at 36° north latitude for July, SCL 
for, 360 

windows (see Windows) 
Glazing 

high-performance, 273-276 
shading coefficient, 270-273 
surface temperature, 269 

Global radiation, 248-249 
Glycol's effect on convection coefficient, 50-51 
Gray body emissive power, 58-59 
Greenhouse effect, 9 
Greenwich civil time, 231 
Ground coupling, 35 

ASHRAE method, 35-41 
Mitalas method, 40-41 
two-dimensional methods for long-term losses, 

41-43 

hcon equation, 43-44 
Heat balance, 311-313 
Heat exchangers, 51-52 

H 

cooling towers, 522-523 
counterflow, 53-57 
design, 471 
heating coil selection, 474-475 
heat pumps, 463 
parallel flow, 52-53 
phase change, heat transfer with, 475-478 
selection of, 472-475 
types of, 470-47l 
wet cooling coil performance, 477-478 

Heat extraction rate, 322 
variable indoor temperature and, 349-355 

Heat gain/loss. See Heat transfer 
Heating coil 

control simulation, 693-696 
heat exchangers, selection for, 474-475 

Heating control, 674-676 
Heating equipment, 433 

boilers (see Boilers) 
CHP systems (see Combined heat and power 

(CHP) systems) 
electric resistance heating, 460 
exchangers (see Heat exchangers) 
furnaces (see Furnaces) 
heat pumps (see Heat pumps) 
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Heating equipment-Cont. 
low-temperature radiant heating, 478-480 
solar heating, 480 

Heating loads, 321-322. See also Loads 
Heat pumps, 460-463 

balance point, 464 
Carnot heat pump, 104,461,463,464 
controls for, 465 
part-load performance, 466-470 
selection, 464-466 
typical configurations, 463-464 

Heat rates for steam boilers, 442 
Heat rejection equipment 

air-cooled condensors, 528-530 
cooling towers (see Cooling towers) 

Heat transfer, 23-24 
building heat transmission coefficient, 305-309 
conduction (see Conduction heat transfer) 
convection (see Convection heat transfer) 
evaporation of moisture, 71-73 
foundation heat gainJIoss, 418-420 
with phase change, 475-478 
radiation (see Radiation heat transfer) 

HEPA (high-efficiency particulate air) filter, 172 
High-pressure steam boilers, 442 
History, 1-2 
Horizontal furnace, 434, 436 
Hot water 

piping design, 582-586 
service, 458-460 
solar heating, 480-481 

Hot-wire anemometers, 220-221 
Hourly clearness index, 249 
Humidity 

psychometrics (see Psychometrics) 
ratio W, 114, 116 
relative (see Relative humidity) 

Hybrid modeling, 415 

Ideal gas, 84-87 
Ideal vapor compression (VC) cycle, 494-498 
Illuminance, 704 

direct, 712-715 
Incandescent lamps, 705 
Inch-pound units, 15 
Incompressible isothermal flow, 190 
Indirect evaporative coolers, 542-545 
Indoor air quality, 158 

air cleaning, 175 
air filtration (see Air filtration) 
carbon dioxide (C02), 158 
carbon monoxide (CO), 159 

contaminant guidelines, 159 
nitrous oxides (NOx ), 159 
ozone (03), 159-160 
particulate matter (PM), 160 
radon, 160 
source control of contaminants, 161 
sulfur dioxide (S02), 159 
tobacco smoke, 160 
ventilation (see Ventilation) 
VOCs,160 

Induced-draft cooling towers, 519 
"Industrial quality" valves, 669 
Infiltration of air, 283. See also Air exchange 

CLTD/CLF method for cooling loads, 364 
Insolation 

data and models, 248-260 
extraterrestrial, 246-248 
long-term average insolation, 255-260 

Instantaneous hot water systems, 458 
Integral control, 647-648 
Internal flows, 48-49 
Internal heat sources, CLFs for, 332-334 
Inverse models 

classification of methods, 415, 416 
dynamic, 417-418 
energy conservation programs, evaluation 

of, 413 
energy management, 415 
foundation heat gainJIoss, 418-420 
hybrid modeling, 415 
selection of, 415-417 
static models, application of, 413-417 
steady-state, 412-413 

Inverse problem, 411 
Irradiance, 248 
Irradiation, 248 

K 

Kinematic viscosity, 188 

L 

Ladder diagram, 682-684 
. Laminar flow over planes, 47 
Laminar free convection, 45-46 
Laplace transforms, 684-688 
Latent and sensible cooling, 131 
Latent and sensible heating, 135 
Legionnaires' disease, 458, 460, 527 
Lighting, 703 

CLF values, 361-363 
daylighting (see Daylighting) 
electric, 704-708 



heat gains from, 332-334, 344, 361, 363 
principles of, 703-704 

Linear valves, 660 
Liquefied propane gas (LPG), 435 
Liquid flow control, 660-669 
Liquid loops, equipment arrangement in, 587-591 
Lithium bromide absorption systems, 501, 

502-505 
Load calculations, 282 

ASHRAE method (see ASHRAE transfer 
function method) 

building heat transmission coefficient, 305-309 
CLTD/CLF method for cooling loads, 322-336 
CLTD/SCL/CLF method for cooling loads, 

355-364 
design conditions, 304-305 
heat balance, 311-313 
heat gains, 309-310 
RTS method for hourly cooling, 364-366 
transfer function coefficients (see Transfer 

function coefficients) 
Loads, 282-283 

air exchange (see Air exchange) 
calculations (see Load calculations) 
heating loads, 321-322 
heat pumps, part-load performance of, 466-470 
storage effects, 314-317 
zones, 317-321 

Local atmospheric pressure, 187 
Local civil time tloc civ, 231 
Log mean enthalpy, 476 
Low-boy furnace, 434, 437 
Low-pressure steam boilers, 442 
Low-temperature radiant heating, 478-480 
LPG (liquefied propane gas), 435 
Lumen method, 706-707 

sidelighting, for, 720-725 
toplighting, for, 715-720 

Luminaire, 706 
Luminaire efficiency, 706 
Luminance, 704 
Luminous efficacy, 703 
Luminous flux, 703 
Luminous intensity, 704 
Lux (Ix), 704 

M 

Mean radiant temperature T, 149 
Mechanical cooling equipment. See Chillers 
Mechanical draft cooling towers, 519 
Mechanical engineer, role of, 10 
Mechanical traps, 448 
Methane, 434 

Microturbines (CHP systems), 483, 484 
Mitalas method for ground losses, 40-41 
Moist air. See also Psychometrics 

cooling of, 138-140 
enthalpy of (see Enthalpy of moist air) 

Moisture. See also Water vapor 
evaporation of, 71-73 

Moody diagram, 192 
Motion, equation of, 189-190 

N 

INDEX 

NAC (normalized annual consumption), 414 
Natural gas, 434 
Natural gas engines (CHP systems), 483, 484 
Natural lighting. See Daylighting 
Net positive suction head (NPSH), 584-585 
Networks. See Thermal networks 
Nitrous oxides (NOx ), 159 
Nominal diameter (pipes), 193 
Normalized annual consumption (NAC), 414 
NPSH (net positive suction head), 584-585 
NPSHA (available NPSH), 585 
NPSHR (required NPSH), 585 

o 
Occupants, heat gains from, 332, 358, 361, 362 
Open-loop system, 641-642 
Open thermodynamic system, 95-97 

air filtration, 97-99 
economizers, 99-101 

Operative temperature Top, 149-150 
Opposed-blade dampers, 670, 671 
Orders of magnitude, 17-19 
Outside air control, 672-674 
Overhangs, shading and, 240-246 
Ozone (03), 159-160 

p 

Package furnace units, 435, 437 
Parallel-blade dampers, 670 
Parallel-connected pumps, 587, 588 
Parallel flow heat exchangers, 52-53 
Particulate matter (PM), 160 
Part-load ratio (PLR), 453-454 
Payback time, 12-14 
Percent of people dissatisfied (PPD), 151, 156 
Perception of comfort, 151-153 
Periodic heat flow (networks), 409-410 
Phosphoric acid fuel cells (CHP systems), 

483,484 
PI (proportional plus integral control), 647 
Pickup load, 322 
Pilot tubes, 218, 219 
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Pipes and pipe fittings 
buried pipe, heat loss from, 32-33 
design (see Piping design) 
direct-return arrangements, 588-589 
equipment arrangement in liquid loops, 

587-591 
fluid pressure losses in, 191-203 
pipe materials, 581 
primary and secondary loop flows, 590-591 
reverse-return arrangements, 589 

Pipe size, fluid pressure and, 193-197 
Piping design, 581 

chilled water systems, 587 
hot water systems, 582-586 

PLR (part-load ratio), 453-454 
Plug flow, 163 
PM (particulate matter), 160 
Pneumatic control systems, 649-653 
Pole-zero cancellation method, 693 
Power combustion furnaces, 435 
PPD (percent of people dissatisfied), 151, 156 
PREP, 1990,338 
Pressure 

air exchange, 290-295 
fluids (see Fluid pressure) 
partial pressure Pw of water vapor, 114, 127 
static (see Static pressure) 

Pressure-enthalpy (p-h) diagram, 92 
Primary systems, 433 

boilers (see Boilers) 
CHP systems (see Combined heat and power 

(CHP) systems) 
control equipment, 681 
electric resistance heating, 460 
evaporative cooling equipment (see Evaporative 

coolers) 
exchangers (see Heat exchangers) 
furnaces (see Furnaces) 
heat pumps (see Heat pumps) 
low-temperature radiant heating, 478-480 
mechanical cooling equipment (see Chillers) 
solar heating, 480 

Propane, 434 
liquefied propane gas (LPG), 435 

Proportional control, 644, 645-647 
controller stability, 690-691 

Proportional plus integral control (PI), 647 
Psychometrics, 113-114 

adiabatic saturation (see Adiabatic saturation) 
buildings, processes for, 133-147 
chart (see Psychometrics chart) 
dew point temperature Tdew, 114, 121 
dry-bulb temperature (see Dry-bulb 

temperature Td) 

enthalpy of moist air (see Enthalpy of 
moist air) 

relative humidity (see Relative humidity) 
tabulations, 131-132 
thermal comfort, 147-158 
thermodynaruic fundamentals, 114-122 
wet-bulb temperature (see Wet-bulb 

temperature T wet) 

Psychometrics chart 
construction of, 122-127 
economizers, 561 
latent and sensible cooling process, 131 
sensible cooling process, 128-130 
use of, 127-131 

Pumped-fluid pipe circuit, 201-203 
Pumps 

affinity laws, 212, 214-215, 581 
fluid mechanics, 210-216 
parallel-connected, 587, 588 
series pumping arrangements, 587-588 
variable-speed drives, 581, 582 
water system design consideration, 

582,583 

Q 

Quality x, 87 

R 

R134a properties, 91, 92-93 
Radial blading designs (fans), 563-564 
Radiant barriers, 65 

residential walls, 67-69 
Radiant heating, low-temperature, 478-480 
Radiant time-series (RTS) method, 355, 

364-366 
Radiation 

heat transfer (see Radiation heat transfer) 
solar (see Solar radiation) 

Radiation heat transfer, 57 
absorptivity, transmissivity and reflectivity, 

59-60 
combined-mode, 65-69 
gray surfaces, 58-59 
radiative exchange, 63-65 
RTS (radiant time-series) calculation method, 

366-367 
shape factors, 60-63 
Stefan-Boltzmann law, 57-58 
thermal bridges, 69-71 

Radon, 160 
Rankine refrigeration cycle, 494-501 

heat engine cycle in reverse, 105-106 
real cycle analysis, 498-499 



refrigerants, 500-501 
vapor compressor analysis, 507-508 

RC network and time constant, 401-404 
Reciprocating compressors, 508-511 

actual performance, 511-512 
Reflectivity, 59-60 
Refrigerants, 90-93, 500-501 
Refrigeration cycles/process 

absorption cooling (AC), 501-505 
evaporative cooler process, 141-142 
vapor compression (VC) (see Rankine 

refrigeration cycle) 
Refuse-derived fuels, 434 
Relative humidity, 114, 115 

calculation from dry- and wet-bulb 
temperatures, 120-121 

psychometrics chart, 123, 124 
Relief valves (boilers), 449-450 
Renewable media filter, 171 
Reset rate/control, 647 
Resistance temperature detectors (RTDs), 655 
Reverse-acting control, 645 
Reverse-cycle defrosting, 463 
Roofs 

CLTD values, 355-356 
free convection for hot roofs, 46, 47-48 

Roof top furnace units, 435, 437 
Room air distribution, 577-581 
Room radiation heat transfer, 64--65 
Rotary compressors, 517-518 
Routh's criterion, 690-691 
RTDs (resistance temperature detectors), 655 
RTS (radiant time-series) method, 355, 

364-366 
R value 

building walls, 27-28 
convection and wall R value, 66-67 
thermal resistance and, 45 

5 
Saturated air enthalpy, 476 
Saturated-liquid conditions, 87 
Saturated-vapor, 87 
SCL. See Solar cooling load (SCL) 
Screw compressors, 515-516 
Scroll compressors, 516-517 
Secondary systems, 433, 557-558 

air distribution (see Air distribution systems) 
bin (energy calculation) method, 621-627 
complete systems for buildings (see Complete 

secondary systems for buildings) 
ducts (see Ducts and duct fittings) 
pipes (see Pipes and pipe fittings) 

simulation (energy calculation) method, 
627-631 

Second-order controller stability, 689-690 
SEF (system effect factor), 565-566 
Sensible cooling, 128-130 
Sensible heating, 135 
Sensible heat ratio (SHR), 144 
Series pumping arrangements, 587-588 
Service hot water, 458-460 
Shading 

coefficient, 270-273 
overhangs and, 240-246 

Shape factors 
radiation, 60-63 
steady conduction, 31-32 

Shell-and-tube heat exchanger, 470-471 
Sick building syndrome, 158 
Sidelighting, 720-725 
Simulation 

heating coil control simulation, 693-696 
secondary system energy calculations, 

627-631 
SI units (Systeme International d'Unites), 

14, 15 
Skylights, 715-720 
Slab heat loss, 38-40, 41, 43 
Smoke control, 681-682 
Social costs, 14 
Sol-air temperature, 261-263 
Solar altitude 

angle, 238, 239 
design illuminance, 713, 714, 715 

Solar constant, 246 
Solar cooling load (SCL), 355, 356-358 

INDEX 

sunlit glass at 36° north latitude for July, 360 
zone type for SCL for first story of multistory 

building, 359 
Solar geometry, 231 

declination, 234-240 
shading and overhangs, 240-246 
solar time, 231-234 

Solar heat gain factor (SHGF), 330 
Solar heating, 480-482 
Solar hour angle, 234, 240, 241 
Solar radiation, 230-231 

clear sky radiation, 252-255 
components of, 248-250 
extraterrestrial insolation, 246-248 
long-term average insolation, 255-260 
tilted surfaces, on, 250-252 
windows (see Windows) 

Solar time, 231-234 
SOLMET network, 249 
Solstices, 236 
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Space heaters, 435 
Stack effect, 292-295 
Standard time tstd, 231 
Static inverse models, 413-417 
Static pressure, 187 

fan curves, 563, 564, 565 
Static regain duct design, 573 
Steady conduction 

in cylindrical coordinates, 30 
in other geometries, 30-33 
in plane walls, 25-30 

Steady-state inverse model, 412-413 
Steam, water vapor and, 87-90 
Steam flow control, 660-669 
Steam traps, 446-449 
Steam turbines (CHP systems), 483, 484 
Steam valve sizing, 664 
Stefan-Boltzmann law, 57-58 

radiant heating, 479 
Stirling engine CHP systems, 483, 484 
Storage effects, 314-317 
Storage hot water systems, 458 
Studs and wall heat loss, 28-30 
Sulfur dioxide (SOz), 159 
Sulfur hexafluoride (SF6), 284 
Sunset hour angle wss , 236 
Sunset time tss , 236 
SUPERLIGHT,712 
Surface conduction heat transfer, 364-365 
System effect factor (SEF), 565-566 
System gain, 693 
System identification, 411-412. See also 

Inverse models 

T 

Temperature economizer cycle, 560 
Temperature-entropy diagram for water, 90 
Test room pressure (fans), 565 
Thermal balance of body, 147-151 
Thermal bridges, 69-71 
Thermal comfort, 147-158 

zones, 317-321 
Thermal conductivity, 33-35 
Thermal inertia/mass, 316 
Thermal networks, 396 

diagrams and equations, 396-400 
periodic heat flow, 409-410 
RC network and time constant, 401-404 
transfer function, 407-409 
transient heat conduction equation, 

410-411 
with two nodes, 404-407 

Thermodynamic cycles, 101 
Carnot cycle, 101-102 
Carnot refrigeration cycle, 102-104 
practical limitations, 104-106 
Rankine cycle, 105-106 

Thermodynamics, 82-84 
closed system, 93-95 
cycles (see Thermodynamic cycles) 
first law of, 93-10 1 
open system (see Open thermodynamic 

system) 
properties, 84-93 
psychometrics, 114-122 
second law of, 101-106 

Thermodynamic traps, 446 
Thermodynamic wet-bulb temperature, 117 
Thermostatic traps, 447 
Three-way valves, 663, 664, 667-668, 669 
Throttling range, 645 
Tilted surfaces 

laminar free convection in air from, 45-46 
solar radiation on, 250-252 

Time, equation of E" 233 
Tobacco smoke, 160 
Toplighting,715-720 
Total blackbody emissive power (Eb), 57 
Total pressure, 187-188 
Transfer function coefficients 

ASHRAE method (see ASHRAE transfer 
function method) 

basis of method, 337-338 
thermal networks, 407-409 

Transient heat conduction equation, 410-411 
Transmissivity, 59-60 
Tropics, 237 
Turbine flowmeters, 219-220 
Turbulent flow over planes, 48 
Turbulent free convection, 46-47 
Two-dimensional methods for long-term ground 

coupling losses, 41-43 
Two-position control, 642, 644 
Two-way valves, 662-663, 666--667 

U 

ULPA (ultralow-penetration air) filter, 172 
Ultimate-frequency method, 693 
Unitary equipment (chillers), 532-533 
Unit heaters, 435 
Units and measures, 14-16 
Universal gas constant, 84-85 
Universal time, 231 
Upflow furnace, 434, 435 



r 

USCS (u.S. Customary System) units, 
14-15 

U values of windows, 264-269 

Valve authority, 662 
Valves 

v 

boiler relief valves, 449-450 
capacity, 663, 664 
equal-percentage, 660-662 
flow-through, 660 
"industrial quality," 669 
linear, 660 
steam valve sizing, 664 
three-way, 663, 664, 667-668, 669 
two-way, 662-663, 666-667 

Vapor barriers, 71 
Vapor compression (VC) refrigeration cycle. 

See Rankine refrigeration cycle 
Vapor compressor analysis, 507-508 
Variable air volume systems. See VAV systems 
VAV systems, 604-611 

airflow rate, 610 
bin (energy calculation) method, 622-627 
control features, 679-681 
control of, 610 
design, 611 
fan-powered mixing boxes, 607-610 
flow balancing, 611 
induction air-mixing method, 605--607 
part-load performance, 611-613 
return airflow, 611 
simulation for 24 hour period, 627-631 
sizing, 616-621 

VC (vapor compression) refrigeration cycle. 
See Rankine refrigeration cycle 

Velocity reduction duct design, 573-574 
Ventilation, 162 

AHRAE Standard 62-1999,163,168 
air exchange, 283 (see also Air exchange) 
air preheating (solar), 481-482 
air quality approach, 163-168 
air recirculation rates, 162-163 
fresh air ventilation rates, 559-560 
mechanical ventilation basics, 558-562 
outdoor airflow approach, 163, 168 
outdoor air requirements, 164-167 
system design, 168-170 

Venturi meters, 217, 218-219 
Viscosity, 188 
Viscous impingement filter, 172 
VOCs,160 

Volumetric devices, 562 
fans (see Fans) 

w 
Wall furnaces, 435 
Walls 

basement wall design heat loss, 37-38 
building wall R value calculation, 27-28 
CLTD values, 356, 357 

INDEX 

convection and wall R value, 66-67 
curtain wall air exchange, 300, 302 
radiant barriers in residential walls, 67-69 
solar heat gain through, 263 
steady conduction in plane walls, 25-30 
studs and wall heat loss, 28-30 

Warm, humid air, cooling and dehumidification of, 
138-140 

Water 
chilled (see Chilled water) 
hot (see Hot water) 
temperature-entropy diagram for, 90 

Water spray (air cleaning), 175 
Water-tube boilers, 443 
Watervapor 

barriers, 71 
partial pressure Pw, 114, 127 
psychometrics (see Psychometrics) 
steam and, 87-90 

Wein displacement law, 58 
Wet-bulb temperature Twet. 114 

adiabatic saturation and, 117-121 
psychometrics chart, 123-124 
relative humidity, calculation of, 120-121 

Wet steam, 87, 88-90 
WINDOWS, 712 
Windows, 264 

air exchange, 299 
glazing (see Glazing) 
heat gain through, 329-330 
shading coefficient, 270-273 
solar radiation and, 260, 330-332 
U values, 264-269 

Wind pressure/speed, 290-292 
Wood, 434 

Zenith angle, 234, 237 
Zones 

z 

adjacent zones, CLTD/SCLlCLF accounting 
for, 358, 359, 361 

loads, 317-321 
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