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2293 

A 
ABI-Inform 2283 

Abrasive barrel finishing 1130 

Abrasive belt finishing 1129 

Abrasive flow machining 1079 1083 

Abrasive machining 1079 1083 

Abrasive machining: 
grain size and spacing 1073 
machines     1078 
structure    1073 
synthetic abrasives 1074 

Abrasives, synthetic 1074 

ABS          118 

Absorbers    2024 

Absorption: 
refrigeration 1891 

Absorptivity 1405 
furnace      1465 
mean         1471 
solar incident radiation 1407 1409 

Acceleration 1295 

Acceleration measurement 681 928 
advantages 690 
attachment 690 
basic design 684 
cable        686 
charge-sensing amplifiers 685 
constant peak velocity 690 
crude        681 
crystal      684 
difficulties in using 689 
intermediate amplifiers 686 
location at point of small motion 690 
packaging with solid-state amplifier 689 
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Acceleration measurement (Continued) 
piezoelectric 683 690 
piezoresistive 683 
sensitivity 681 684 689 690 
servo        682 
shock pulse response 691 
static calibration 683 
static measurements 683 
strain-gage 681 
useful range 682 
voltage measurement 685 
voltage-sensing amplifiers 686 

Acceptance sampling 1183 

Accident prevention 2217 

Accountants, financial concerns 2099 2102 

Accounting 2099 

Accounts payable 2102 

Accounts receivable 2102 

Accrual accounting 2102 

Accumulator 1850 
operation    1851 
size         1851 
see also Pump sets 

Accuracy     918 

ACIS         309 

Acoustic enclosures 720 

Activated adsorption 2037 
air stripping 2038 
chemical precipitation and clarification 2036 

Actuator: 
electromechanical 875 
hydraulic    876 
pneumatic    878 

Adiabatic    1334 
flow         1302 1310 
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Adiabatic (Continued) 
quasi-static process 1342 

AISI alloy steels 36 

Adaptive control 914 

Adams-Bashforth predictor methods 844 

Adams-Moultron corrector methods 844 

Adhesive wear 456 458 

Adhesives    344 

Adsorption 618 
systems      2023 

Advanced Turbine System 1772 

Aerospace Database 2283 

AFBMA method 605 

Agency       2232 

Aggregate planning 1003 
alternative strategies to meet demand fluctuations 1003 
approaches 1004 

classification 1004 
costs        1004 
difficulties 1003 
dilemma      1005 
levels       1005 
purpose      1003 

Air: 
ambient, quality standards 1981 
convection coefficient 1481 
distribution: 

building, see Building air distribution room 1977 
dry, composition 1973 
dry, approximate composition 1956 
gaseous, thermophysical properties 1253 
makeup       1981 
moist, properties 1973 
pressure drop 1487 
separation, cryogenic processing 1956 
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Air (Continued) 
space cooling requirements 1990 
space heating requirements 1991 
thermodynamic properties 1461 

Air change method 1987 

Air conditioning 1976 1991 
central systems 1991 1993 
economizer 1601 
efficiency and chilled-water temperatures 1600 
heat pumps 1996 
unitary systems 1995 
see also Conditioning process, HVAC, Space 

cooling 

Air compressor 1865 
antifriction bearings 1873 
cost         1865 

air leaks    1877 
cylinder: 

arrangements 1868 
cooling      1867 
mini-lubed 1867 
nonlubed     1866 

efficiency 1865 1875 
liquid piston 1875 
volumetric 1874 

gears        1869 
lubricant selection 1870 
pressure-capacity chart 1866 
selection    1876 
sizing       1875 
system demand 1875 
types        1865 

centrifugal 1865 1871 
crosshead    1867 
double-acting crosshead 1868 
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Air compressor (Continued) 
dry screw    1868 
dual rotor 1868 
flooded      1870 1874 
helical screw 1871 
integral-gear type 1871 
jacket-cooled 1873 
liquid piston 1875 
liquid-ring 1874 
lobe         1874 
lubricating, double-acting 1868 
oil-flooded 1870 
reciprocating, single acting 1865 
reciprocating, double-acting 1868 
rotary screw 1865 1868 
single-acting, two-stage 1866 
sliding-vane 1871 1875 

vane wear    1874 

Air-cooled condenser 1629 

Air-cooled heat exchanger 1611 1613 1614 1625 

Aircraft gas turbines 1755 
auxiliary power unit 1757 
by-pass ratio 1759 
design progress 1755 
engine performance 1755 
jet propulsion 1727 1755 
origins      1727 
propulsion efficiency 1756 
weight       1755 
Whittle jet engine 1727 1728 

Air Distribution Performance Index 1999 

Airfoil cooling 1736 

Air eating 1641 

Air pollution: 
annual combustion-generated emission 2013 
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Air pollution (Continued) 
anthropogenic emission 2013 
carbon monoxide 1973 2022 
combustible contaminants 45 
combustion-generated, control 2011 
control, furnace 1494 
corporate average fuel economy standards 1825 
criteria pollutants 2011 
emission standards 1823 
federal test procedure transient driving cycle 1822 1824 
global warming gases 2027 
heavy duty vehicles 1825 
highway fuel economy test transient driving cycle 1825 
incineration 2025 
lead         2011 
light duty vehicles 1822 
metal hazardous air pollutants 2024 
nitrogen dioxide 2011 
nonhighway heavy duty standards 1826 
ozone        2011 
ozone-depleting substances 2028 
particulate matter 2011 
sulfur dioxide 2011 
volatile organic compounds and organic hazardous 

air pollutants 2022 
see also specific air pollutants 

Air pollution, control technologies 2011 
artificial neural networks 2026 
carbon dioxide scrubbing 2026 
carbon monoxide 2022 
computer-based 2031 
cryogenic separation 2026 
enactment of laws 2012 
expert systems 2026 
fuzzy logic 2026 
global climate change 2026 
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Air pollution, control technologies (Continued) 
incineration 2025 
metal hazardous air pollutants 2024 
nitrogen oxides control 2016 

combustion modification 2016 
emission reductions 2020 
formation chemistry 2015 
post-combustion control 2018 

particulate-matter, control 2020 
emission reduction 2020 
schematic of electrostatic precipitator operation 2021 

postprocess control 2012 
preprocess control 2012 
prevention of pollution 2025 
process modification 2012 
sulfur dioxide control 2012 

cost         2015 
residue disposal and utilization 2015 

volatile organic compounds and organic hazardous 
air pollutants 2022 

alternative technologies 2024 
conventional control technologies 2023 

Air and Water defrost 1910 

Air stripping 2038 

AISI 300 stainless, yield and tensile strength 1947 

AISI 1541    1172 

Algorithmic effectiveness of performance objectives 
achievement evaluation 790 

Algorithms: 
block diagram 906 
control design 904 
Dahlin’s algorithm 909 
digital      903 
direct design 908 
feedforward command compensation 904 
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Algorithms (Continued) 
finite settling time 908 

Alkyd resins 129 

Allowance: 
bend         1114 
shear stress 145 

Alloy: 
composition 13 

Alloy steel 36 
AISI         36 
alloying element functions 36 
austenitic stainless steels 39 
composition, high temperature 40 
electrical resistivities and conductivities 761 
ferrite stainless steels 39 
high strength low-alloy 36 
high-temperature service, heat-resisting 38 
maraging     41 
martensitic stainless 37 
material composition effects on S-N curve 401 
notch sensitivity index 420 
quenched and tempered low-carbon constructional 41 
silicon-steel electrical sheets 41 
stainless    37 
standard numerical designations 32 
thermomechanical treatment 36 
tool steels 37 

Alta Vista Web Search 2272 

Aluminum: 
influence of crack length on gross failure stress for 

center crack plate 385 
plain strain fracture toughness 389 
properties 1494 
24ST Aluminum, notch sensitivity index 420 
yield strength 389 
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Aluminum alloys 46 
applications 52 
arc cutting 54 
brazeability 51 
cast, designation system 47 
comparative characteristics 51 
corrosion    51 54 
cutting tools 53 
designation systems 46 
electrolytically deposited coloring 57 
finishing    56 
galvanic corrosion 56 
grain size effects on S-N curves 403 
grinding     54 
heat-treatable, mechanical properties 50 

Application of material components 163 
aerospace and defense applications 164 
biomedical applications 179 
corrosion applications 176 179 
dimensionally stable devices 178 181 
electronic packaging and thermal control 168 
high temperature applications 176 
internal combustion engines 168 
machine components 166 
marine structure 182 
miscellaneous applications 182 
offshore and onshore oil exploration and 

production equipment 178 180 
process industries 176 
sports and leisure equipment 180 182 
transportation 170 172 
wear- and erosion-resistant applications 176 178 

Archard adhesive wear constant 458 

Artificial neural networks 2026 

Asbestos, laminated 1873 
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Ash: 
base: acid ratio 1544 
characteristics 1543 
fouling      1544 
fouling factor 1545 
fusion temperatures 1541 
iron/calcium ratio 1544 
mineral analysis 1540 
percent      1540 
resistivity 1545 
silica/alumina ratio 1544 
silica percentage 1545 
slagging factor 1544 

ASHRAE Handbook of Fundamentals 1979 1989 

ASHRAE Standard 55 1979 

ASHRAE Standard 15-1994 1887 

ASHRAE Standard 34-1992 1884 1886 

ASHRAE Standard 34-78 

ASHRAE Standard 93-77 1568 

ASHRAE Standard 96-80 1568 

ASME code, pressure vehicle 1704 

ASME properties of Steam 1772 

ASME Performance Test Code 1792 

ASMENet      2272 

Assembly: 
product design 935 

Assembly line balancing 1023 

Assets       2100 

ASTM A325    1142 1154 1155 

ASTM A490    1142 1154 

ASTM D197    1546 

ASTM D388    1538 

ASTM D409    1541 

ASTM D613-82 1813 
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ASTM D718    1541 

ASTM D975-81 1540 1814 

ASTM D1855 1541 

ASTM D2013 1545 1546 

ASTM D2015 1540 

ASTM D2234 1545 1546 

ASTM D2361 1540 

ASTM D2492 1540 

ASTM D2600-82 1813 

ASTM D2697-82 1813 

ASTM D2698-82 1813 

ASTM D2793 1540 

ASTM D2797 1541 

ASTM D3172 1540 

ASTM D3173 1540 1546 

ASTM D3174 1540 

ASTM D3175 1540 

ASTM D3176 1540 

ASTM D3177 1540 

ASTM D3286 1540 

ASTM D3302 1540 1546 

Atomic Energy Act of 1944 1700 1707 

Atomic Energy Commission 1700 1707 1722 

Atomization, vaporization by 1441 

Atmosphere, standard 1293 
defining properties 1294 
thermophysical properties 1257 

Austenite    18 20 

Autodesk 3-D 310 

Autoignition temperature, liquid fuels 1445 

Automation: 
defined      1188 
guided vehicle system 1234 1238 
reasons for 1188 
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Automation (Continued) 
storage and retrieval system 1234 1236 1239 
see also Computer 

Automobile: 
gas turbine applications 1728 1757 

Available heat 1435 
fuel oils    1438 
natural gas 1437 
rations      1456 

Averaging decibels 715 

Avogadro’s number 1343 

Awards, quality 2180 
comparison 2190 
Deming Prize 2180 
European Quality Award 2184 
Malcolm Baldrige National Quality Award 2182 
Shingo Prize for Excellence in American 

Manufacturing 2185 2187 2191 
state quality awards 2188 

Axial flow turbine 1734 

B 
Bags, bulk materials packaging 1214 1216 

Bainite      18 23 

Balance sheet 2100 2112 
accrural accounting 2102 
current assets 2102 
current ratio 2103 
example      2101 
fixed assets 2103 
interest-bearing current liabilities 2102 
net working capital 2103 
second year comparison 2104 
total capital 2104 

Balanced capacity method 2008 
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Balanced pressure loss method 2008 

Ball bearings 576 
angular-contact 577 579 598 
applied load 595 
characteristics 576 
elliptical contact, capacity formulas 606 
geometry     582 
radial       584 
radially loaded 595 
self-aligning 577 
split-ring 578 
thrust-load-axial defection curve 601 
thrust-loaded 597 
see also specific types of bearings 

Band friction cutting blades 1074 

Band saw blades 1074 

Base-load LNG plant 1959 1961 
plants in operation 1959 

BASIC        302 
k-out-of-n network 489 
parallel network 488 

parallel network diagram 489 
series network 488 

block diagram 486 
standby system 488 

block diagram 490 

Bar bending stress 361 

Basic oxygen furnace, design 357 
oxygen demand cycle 357 
oxygen production system 357 

BCS theory 1965 

Beam         207 
axially loaded 222 
bending moment 209 213 
cantilever 207 222 
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Beam (Continued) 
constrained 207 
continuous 207 217 
curved       219 
dangerous section 209 
deflection 212 
design       212 214 
elements of sections 210 
equilibrium conditions 208 
flexure      207 209 
impact stresses 220 
impulsive loading 224 
impulsive stresses 224 
reaction an supports 207 
rectangular, uniform strength 218 
restrained 214 
shear center 215 
simple       207 

safe load    216 
timber       214 
types        207 
vertical shear 213 
vibration load 224 
web shear    215 
welded       357 

Bearing: 
asperities 616 
balancing machines 672 
elliptical 528 
exaggerated deformation 1139 
externally pressurized 520 
four-lobe    528 
gas-lubricated 545 
hydrodynamic film 512 
journal, see Journal bearing 
load per unit area 513 
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Bearing (Continued) 
lubricated surfaces 616 
oil-impregnated porous metal 514 
recommended lubricant viscosities 517 
rolling-element, see Roller bearings 
rubbing      514 
selection    514 
slider       512 520 
squeeze film 520 
three-lobe 528 
thrust, see Thrust bearing 

Bearing-type connection: 
complex butt joint: 

sample problem 1139 
preliminary calculations 1140 

simple lap joint: 
strength     1138 

Behavior, evaluation 791 

Benchmarking 477 483 
competitive 483 
industrial 483 
internal     483 
shadow       483 
world-class 483 

Bending: 
cold working 1114 
of fasteners 1159 
and torsional stresses 229 

Bending moment 213 

Benefit-cost ratio 2157 

Bernoulli’s equation 1300 1327 1682 1834 

Binary cycle conversion 1588 

Biofilters 2024 

Bituminous coal 1455 1539 
suitability for gasification 1752 
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Black-body radiation 1464 
absorptivity 1465 
charts       1465 
coefficient for source temperature 1467 
electromagnetic spectrum 1403 
emissive power 1402 
emissivity 1400 1403 1465 
exchange, shape factor 1410 
as function of load surface temperature 1467 
Planck’s distribution law 1402 
Stefan-Boltzmann equation 1402 1464 
view factors 1465 1468 
Wein’s displacement law 1403 

Blade aerodynamic considerations 1796 
analytical techniques 1797 
local Mach number distribution on transonic blade 

surfaces 1798 
transonic blade flow 1796 
water table test results with interferometry air test 

data, comparison 1797 

Blade-to-blade: 
calculation region 1797 

flow analysis 1796 

Blading: 
gas turbine 1724 1736 

Blanking     1117 

Blasius equation 1317 

Blast furnace gas, available heat ratios 1458 

Blasting     1128 

Block diagram: 
armature-controlled dc motor 875 
digital controller 906 
feedback-control system 868 
position control system 871 
pressure regulator 869 
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Block diagram (Continued) 
thermostat system 868 
velocity-control system 882 

Blow molding 1126 

Bode diagrams 830 

Bode plot    896 898 

Boiler       1419 
heat recovery, see Heat-recovery boiler 
feedwater heaters 1613 

Boiling      1420 1422 
film pool    1422 
nucleate     1420 1422 
pool         1420 
in water, simplified relations 1422 
wire in pool of water 1420 

Boiling-water reactor 1704 
containment 1720 
control system 1720 
power production 1720 
fuel assembly 1707 
vessel and core configuration 1706 

Bolt stretch 1156 
ultrasonic measurement 1156 

Bolted joint: 
behavior     1143 
clamping force 1144 
combined loads 1145 
connectors 1137 
critical external load 1148 
design-allowable stress 1144 
efficiency 1138 
elastic curves 1147 
flange rotation 1145 
gasket crush 1145 
load         1145 
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Bolted joint (Continued) 
preload      1145 
shear stress allowance 1145 
stress-strain curve 1143 
stress cracking 1145 
thread stripping strength 1133 
torsional stress factor 1144 
ultimate strength 1143 
very large external loads 1149 
yield strength 1144 1147 

Bonding      4 

Boolean logic, used in graphics software 301 304 

Boring       1048 

Boundary layers, see Fluid mechanics, boundary 
layers 

Boxes, bulk materials packaging 1216 1218 

Boyle’s law 1851 

Brabbee’s design 1325 

Brainstorming 773 

Brainwriting 773 

Brayton gas turbine cycle 1724 1742 1749 

Brine, see Indirect refrigeration 

Brinnelling 379 

Brittle fracture 379 

Broaching    1068 

Brush seals 654 
applications 657 
cross section 654 
flow modeling 656 
leakage performance comparisons 655 

effects of speed 655 
installed performance 655 

on-going developments 657 
materials    656 
multiple     655 
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Brush seals (Continued) 
single-stage 655 

Bucket, air-cooled, gas turbine 1735 

Buckingham Pi theorem 1304 

Buckling     313 382 

Budget process 2077 
budget as authorization document 2077 
contingency funds 2078 
functional overhead budgets 2079 
operating budget 2077 
planned value of work 2078 
procedure    2079 
sample work process 2078 
work package 2077 

Buffing      1079 

Building: 
commercial, energy consumption 1593 
materials, thermal properties 1373 
unsafe conditions 2221 

Building air distribution 2000 
fans         2000 
variable-volume systems 2003 

airflow in ducts and fittings 2004 
balanced capacity method 2008 
duct design 2005 
dynamic losses 2005 
equal friction method 2008 
high-velocity duct design 2008 
lost head due to friction 2006 
low-velocity duct systems 2008 
pressure changes during flow in ducts 2004 
rectangular duct 2005 
return air systems 2008 
steady-flow energy equation 2004 
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Bulk material handling: 
conveying    1206 
packaging: 

bags         1214 1216 
boxes        1216 1218 
drums        1219 

storage      1212 1214 
transportation 1218 

Bulk modulus 1832 1844 1845 

Burner       1439 
delayed-mix 1440 
draft-type 1439 
dual-fuel    1492 1494 
fuel-directed 1440 
gaseous fuels 1439 
high-velocity 1442 
integral fan 1440 
liquid fuels 1442 
nozzle mix 1440 
oxy-fuel     1447 
packaged     1440 
ports        1494 
premix       1440 
sealed-in, power 1439 
types        1489 1491 

air inspirator 1493 
dual fuel burner 1494 
flame pattern, burner without premixing 1491 
high-pressure gas inspirator 1493 
one-way fixes furnaces 1489 
venturi tube mixing 1491 

vaporization by automization 1441 
wall radiating 1440 1443 
windbox      1439 

Burnishing 1114 
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Butt joints 1137 

By-product fuels 1435 

C 
C.           300 

and BR Toolkits 323 

C++          301 
and VR Toolkits 323 

CAD software: 
applications 314 

compared with VR system 320 
computer-aided manufacturing 317 
optimization applications 314 
rapid prototyping 315 

common sweep methods 305 
editing features 304 
graphical representation of image data 309 
graphics definition 302 
solid modeling 302 
Solid View 940 
transformations 307 

CAD Standards and translators 309 
ACIS         310 
analysis software 311 
DXF          310 
IGES         309 
STEP         310 

Cams         513 

Canada, patent filing 2265 

Capillary tube 1906 

Capital: 
cost of      2107 
fund allocation 2148 
net working 2103 
stock        2104 
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Capital (Continued) 
total        2104 

Carbide      1046 

Carbon       1873 

Carbon/carbon matrix material (CCCs) 132 143 
characteristics 133 
design and analysis 187 
manufacturing process 163 
mechanical properties 153 
physical properties 153 161 

Carbon dioxide: 
condensed and saturated vapor, thermophysical 

properties 1258 
emissions    1731 
emissivity 1416 1418 
enthalpy-log pressure diagram 1260 
gaseous, thermophysical properties 1259 

Carbon monoxide 2022 

Carbon steels: 
cast, microstructure 32 
cold working 34 
effect of surface finish 407 
heat treatment 34 
hot working 33 
microstructure and grain size 32 
properties 32 
residual elements 35 
standard numerical designation 32 
variations in mechanical properties 33 

Carnot cycle 1928 

Carnot efficiency 1767 1771 

Carousel     1236 1241 

Cartesian coordinate system 1295 

Cascade algorithm 1670 

Cascade control 893 
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Cascade refrigeration 1921 

Cash flow    2108 
adjustment of historical data to reflect changes 2152 
accelerated depreciation 2108 
annual       2155 
conversion to constant dollar representation 2153 
discounted 2144 
establishing 2152 
exponentially increasing continuous 2146 
exponentially increasing series 2147 
gradient     2147 
interest factors, conversion to present amounts 2149 
mixed        2157 
pure investment 2156 
single equivalent 2154 
types        2146 
uniform continuous 2148 
uniform series 2146 

Casting: 
centrifugal 1121 
ceramic process 1125 
cost comparisons of systems 1124 
full-mold    1125 
investment 1125 
methods      1120 
permanent mold 1123 
plaster-mold 1125 
sand         1120 

Casual loop diagrams 775 

Catalytic oxidizers 2023 

Catastrophe analysis 2198 

Causal diagram 2054 

CD-ROM and Desktop database 2283 

Central air systems 1991 1993 
air-and-water 1994 
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Central air systems (Continued) 
all air      1991 1993 
all-water    1995 
dual-duct    1994 
variable-air-volume 1994 

Centrifugal casting 1121 

Centrifugal pumps and fans 2001 
axial flow 1687 
backward curved blades 1687 1689 
Bernoulli equation 1682 
blade inlet angle, importance 1689 
characteristics 1486 1492 
comparison 2002 
compared with hydrostatic pumps and motors 1838 
D’Arcy equation 1682 
determination of fluid heat required 1682 
diffuser ring 1687 
efficiency curve, fixed geometry, and constant 

angular frequency 1690 
energy transfer 1687 
engineering data for pressure loss 1685 
equivalent lengths 1683 
Euler’s theory, velocity vector relationships 1688 
flow coefficient 1688 
fluid system 1682 
forward curved blades 1689 
friction loss 1685 
head coefficient 1688 
hydrokinetic system 1838 
limit load 1689 
mixed flow 1689 
modeling     1691 
motor size 1693 
nondimensional performance characteristics 1687 
performance curves 2002 
power coefficient 1688 
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Centrifugal pumps and fans (Continued) 
power requirement 1691 
pump and fan similarity 1681 
scroll       1687 
selection    1692 
specific speed 1690 
systems head curves 1684 1686 
tip speed    1687 
total developed head of fan 1684 
variation of physical appearance and expected 

efficiency with specific speed 1690 
volute       1687 
see also Fan, Pump 

Ceramic matrix composites (CMCs) 132 138 142 
characteristics 132 
design and analysis 187 
manufacturing process 163 
mechanical properties 150 152 
physical properties 161 

Ceramics: 
class-ceramics 15 
crystalline 14 
for use in electronic packaging 345 
noncrystalline 14 
process      1125 
structure    14 

Cetane number 1527 1810 1813 

Chain reaction 1712 1715 
effect of delayed neutrons on reactor behavior 1717 
multiplication factor 1716 
neutron generation time 1716 
reactor behavior 1715 
utilization factor 1716 

Charette     773 

Charpe impact values, steel 1945 
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Chart: 
activity relationship 1229 
assembly     1224 
process flow 1224 
operations process 1223 
see also specific charts 

Chemical Abstracts 2284 

Chemical conversions 1132 

Chemical exergy 1357 

Chemical machining 1096 1098 

Chemical oxide coatings 1132 

Chemical precipitation and clarification 2036 

Chillers: 
direct fired 1892 
heat-recovery 1892 
indirect fired 1892 
water-lithium bromide 1892 

Chip module thermal resistance 1656 
definition 1656 
external     1658 
flow         1660 
internal     1657 
substrate or PCB conduction 1658 
total, single chip packages 1660 

Chromate coatings 1132 

Circuit design 1847 

Circular saw 1073 

CLAIMS/US Patents Abstracts 2283 

Clamping force limits 1144 
chart for design decisions, hypothetical joint 1146 
combined loads 1145 
design-allowable bolt stress and assembly stress 

limits 1144 
flange rotation 1145 
gasket crush 1145 
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Clamping force limits (Continued) 
shear stress allowance 1145 
stress cracking 1145 
thread stripping strength 1144 
torsion stress factor 1144 
yield strength of bolt 1144 

Classification systems, history 949 
see also specific types of systems 

Clauded cycle, see Expander cycle 

Cleaning     1128 

Clean Water Act 2031 

Closed-loop system 868 

Clothing     2214 

Cluster algorithm 1671 

CNC system 1198 

Coal: 
agglomerating character 1537 
approximation formulas 1537 
ash, see Ash 
burning characteristics 1541 
caloric value 1538 
chemical and physical properties 1540 
classification 1537 
cleaning     1546 2015 
combustion 1541 
compared with gas 1751 
cost comparison with gas 1753 
cumulative washability data 1547 
fixed carbon 1538 1540 
float and sink tests 1546 
free swelling index 1538 
froth floatation 1546 
gasification 1455 
gravity separation 1547 
grindability 1541 
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Coal (Continued) 
heavy-media vessels 1547 
mineral-matter-free basis 1537 
nature       1535 
Parr formulas 1537 
percent ash 1540 
percent volatile matter 1540 
proximate analysis 1540 
pulverized output 1541 
reserves     1535 
sampling     1545 
sulfur content and form 1540 
types        1539 
ultimate analysis 1540 
uses         1539 
washability data 1547 

Coatings     15 1130 
organic      1130 

Coefficient of friction 524 
as function of shear strength 621 
atmosphere and 623 
copper lubricated with hydrocarbons 620 
fixed-incline pad thrust bearings 534 
load and     621 
pivoted pad thrust bearings 537 
relationship of film thickness 621 
speed and    621 623 
temperature and 623 
type of lubrication 616 623 

Coefficients of thermal expansion 1462 

Coiled-tube-in-shell exchanger 1931 
Dittus-Boelter equation 1933 
section      1932 
winding relationship 1933 

“Coke button” test 1541 



2321 
Index terms Links 

Coke oven gas 1456 1458 

Cold plate 1672 

Cold roll forming 1116 

Cold-working processes 1112 
advantages and disadvantages 1112 
bending      1114 
classification 1112 
drawing      1118 
forming with rubber 1119 
high energy rate forming 1120 
shearing     1116 
squeezing processes 1113 
values of percent penetration and shear strength 1117 
types        1112 

Colebrook-White equation 1317 

Collocation services 262 
application sharing 263 
audio technology 264 
computer-supported meetings 262 
desktop conferencing 263 
electronic messaging 262 
transmission technology 264 
video technology 264 

Columns      229 
definitions 229 
eccentric loads 231 
end designs 229 
slenderness ratio 230 
steel        232 234 
subjected to transverse or cross-bending loads 231 
theory       230 
wooden       232 

Combined creep and fatigue 380 443 
creep-limited static stresses 442 
failure prediction 444 
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Combined creep and fatigue (Continued) 
frequency modified strain-range method 444 
governing life prediction equation 448 
hysteresis loop 448 
strain-range partitioning method 447 
summation of damage fractions 447 
total time to fracture 447 

Combined loads 1145 

Combined stresses 199 

Combining decibels 712 

Combustion 1431 
air deficiency 1433 
air-fuel ratio 1431 
autoignition temperature 1445 
available heat, see Available heat 
catalytic    1733 
characteristics of fuels 1433 1435 
control equipment 1494 
convection 1439 
equivalence ratio 1433 
excess air 1433 
explosion hazard 1433 
flame monitoring devices 1443 
flame radiation 1436 
flash point 1445 
gas turbine 1730 
heat transferred from 1436 
lean ratio 1433 
oxy-fuel firing 1447 
oxygen       1431 
oxygen enrichment 1433 1459 
products, sensible enthalpies 1287 
purposes     1435 
requirements for 1444 
safety       1442 
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Combustion (Continued) 
Sankey diagram 1436 
stability    1433 
stoichiometry 1431 1433 
vitiated air 1433 
see also Burner; Fuels 

Combustors 1724 
Nox x combustors 1732 

Compact heat exchangers 1611 

Compensation: 
capillary    543 
constant-flow-valve 545 
controller 893 
digital feedforward 904 
digital series 907 
feedback     869 886 
feedforth    894 
orifice      544 
see also Controller, compensation 

Completing square 816 

Complex butt joint, bearing-type connection 1139 
preliminary calculations 1140 
rivet capacity solution 1140 
strength     1139 
tearing capacity 1141 

Complex s plane 824 

Component mounting: 
discrete components 341 
general      341 
printed circuit board components 341 
specific components 341 

Composite Index of CRC Handbooks 2289 

Composite materials: 
applications 163 
characteristics 132 
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Composite materials (Continued) 
classes      132 
comparative properties 133 
design and analysis 184 
mechanical properties 144 
minimalizing stress 134 
physical properties 153 
pitch fibers 133 136 
properties 142 
reinforcement forms 133 
reinforcement and matrix materials 136 
specific tensile strength 134 
types        132 

Composite panel 721 
transmission loss of a composite wall 722 

Composites: 
coatings     15 
fiberglass 15 

Compounds: 
thermochemical properties 1286 
thermophysical properties 1251 

Comprehensive Environmental Response, 
Compensation and Liability Act of 1980 2032 

Compressor:  
air, see Air compressor  
axial        1728 
centrifugal 1728 1865 1871 1900 
crosshead    1867 
double-acting crosshead 1868 
dry screw    1868 
dual rotor 1868 
dynamic      1728 
efficiency 1728 
flooded      1870 1874 
helical screw 1871 
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Compressor (Continued) 
integral-gear type 1871 
jacket-cooled 1873 
liquid piston 1875 
liquid ring 1865 1874 
lobe         1874 
lubricating, double-acting 1868 
oil-flooded 1870 
oil-free screw 1865 1874 
operating time, space cooling 1991 
operation    1901 
pressure ratio 1724 1748 1751 
reciprocating, single acting 1865 1897 
reciprocating, double-acting 1868 
rotary screw 1865 1868 1898 
screw        1900 
scroll       1899 
single-acting, two-stage 1866 
sliding-vane 1871 
rotary       1865 
thermodynamics 1347 

Computed tomography 744 
of a flashlight 745 
of a pencil 745 

Computed torque method 904 

Computer: 
application to design process 278 
automated storage and retrieval systems 1234 1236 1239 
categories 284 
CISC         285 
central processing unit (CPU) 285 
engineering PCs 286 
engineering workstations 286 
evolution    284 
hardware     282 
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Computer (Continued) 
input/output, CPU 282 
mainframe    284 
microcomputer 284 
minicomputers 284 
parallel processing 287 
RISC         285 
supercomputers 284 
use in design of heat exchangers 1631 

Computer-aided design 275 1187 
analytical methods 279 
applications 314 
applying computers to design 278 
CAD software 301 
CAD/CAM part programming 1193 
computer     283 
design process 276 
hardware     282 
input devices 290 
historical perspective 276 
memory systems 287 
modeling     279 
output devices 293 
software     296 
standards and translators 309 

Computer-aided process planning 1203 

Computer-integrated manufacturing 1188 1197 
see also Group technology; Industrial robots 

Computer graphics: 
three dimensional vs. VR 324 

immersive VR systems 324 

Concurrent engineering: 
adoption     250 
and the individual 252 
applicability 252 
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Concurrent engineering (Continued) 
application of principles 258 
barriers to 251 
definition 250 
essence      250 
innovation 253 
lessons      253 
origin       249 
team         250 261 350 
teamwork leading to chaos 252 
technologies 253 

collocation services 262 
communication 253 262 
coordination services 264 
corporate history management services 271 
data-sharing 256 
electronic design notebooks 257 
information sharing 267 
negotiation/tradeoff 255 
process libraries 257 
task coordination 254 

Condensation 1423 
dropwise     1423 
effect of noncondensable gases 1424 
film         1423 

Condenser    1901 2024 
inadequate venting or drainage 1630 

Conditioning process 1975 1977 
adiabatic mixing process 1981 
air stream mixing 1980 
cooling and dehumidifying process 1978 
heating or cooling device schematic 1977 
heating and humidifying process 1979 
heat transfer 1980 
sensible heat factor 1975 
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Conditioning process (Continued) 
sensible heating and cooling process 1977 
space, humidification without heat transfer 1980 

Conductance, unit surface 1983 

Conduction: 
conduction shape factor 1377 1379 
defined      1369 
Fourier’s law 1369 1649 
heat conduction with convection heat transfer on 

boundaries 1381 
heat transfer 1369 1649 
interface/contact resistance 1650 
non-steady state 1474 
one-dimensional conduction 1649 
one-dimensional conduction with internal heat 

generation 1650 
one-dimensional steady heat conduction 1375 1378 
shape factor 1379 
spreading resistance 1650 
steady state 1472 
thermal resistance for circular heat source 1651 
transient conduction, see Transient heat conduction 
two-dimensional steady heat conduction 1377 1381 

Conductivities, refractory and insulating materials 1473 

Conformal surfaces 512 

Conjection molding 1126 

Contact stresses 242 558 
areas of contact and pressure 243 
bearing race 598 
elastic solids, geometry 569 
elliptical 558 563 
rectangular 563 

Contamination control 1832 
contaminant levels 1834 
dirt         1833 
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Contamination control (Continued) 
filtration 1832 
positive aspects 1833 

clearances in pumps 1833 
Ferrographic method 1833 
piston pump clearances 1833 
spectrochemical method 1833 

Continuous versus noncontinuous fields 752 

Contraction coefficients, potential flow theory 1303 

Control charts 482 

Control laws 880 
derivative control 884 
integral     883 
PD control 885 
performance specifications 889 
PID control 885 

algorithm    905 
op-amp implementation 889 
open-loop design 898 

proportional control 881 
proportional-plus-integral control 884 

Controller: 
compensation 893 
design       886 904 
digital      902 906 
digital process, diagram 911 
electronic 886 
hardware     886 
motion       910 
performance and nonlinearities 893 
process      910 
programmable logic controllers 909 
single-loop system 886 
two-loop process, application 912 

Control systems design 867 



2330 
Index terms Links 

Controller (Continued) 
adaptive control 914 
block diagram 863 871 
closed loop system 868 
dead-time elements 898 
design       899 
disturbance rejection 868 
Fuzzy logic 913 
gain margin 897 
integral absolute-error 890 
integral-of-time multiplied absolute-error 890 
integral-of-time-multiplied squared-error 890 
neural networks 914 
nonlinear control 914 
nonlinearities and controller performance 893 
Nyquist stability theorem 896 
optimal control 891 914 
performance indices 889 
phase margin 897 
reset windup 893 
standard diagram 870 
steady-state error 872 
structure    869 
system-type number and error coefficients 872 
transfer functions 871 
trends       912 
Ziegler-Nichols rules 891 
see also Control laws 

Convection 1385 1389 1391 
coefficient 1381 1652 
combustion products 1439 
configuration factors 1484 
forced, see Forced convection 
formula      1481 
free, see Free convection 
heat transfer 1481 1652 
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Convection (Continued) 
log-mean temperature difference 1400 
natural      1653 

see also Free convection 
see also Boiling, Condensation 

Convergence loops 1631 

Conveyors: 
belt         1207 
chain-driven 1230 
continuous-flow 1208 1214 
gravity      1229 1231 
pneumatic    1208 1215 
power-and-free 1232 
powdered     1230 1232 1233 
roller       1232 
screw        1207 
types and functions 1207 
unit material handling 1224 
vibrating    1208 1214 

Cooling load 1988 

Cooling-load-temperature-difference method 1989 

Coordinate system, Cartesian 1192 

Coordination services 264 
common visibility 265 
constraint management 266 
managing workflow 266 
tracking design progress 266 

Copper: 
composition 59 
corrosion    60 
fabrication 60 
hardening    60 
lubricated with hydrocarbons, coefficient of 

friction 620 
properties 59 
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Copper (Continued) 
relationship of friction and thickness of films 621 

Copper alloys 59 
application 61 
bridge bearing plates 68 
casting specifications 65 
conductivity 68 
fabrication 62 
gear bronzes 68 
piston rings 6 
properties 63 
sand cast    60 
selection    62 

CORBA Standards 268 

Corona destruction unit 2024 

Corporate history management services: 
issues       271 

creation and update 273 
environment of a VTM 274 
navigation 273 
process modeling 271 
representation 272 
retrieval    272 
security     273 
user acceptance and validation 274 
user interface 273 

CORPTECH     2283 

Correction for background noise 715 

Corrosion    379 462 491 
alloy 600    81 
alloy 625    81 
alloy 798    81 
alloy 823    81 
alloy C-276 81 
alloy G, 81 alloy X-748 81 
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Corrosion (Continued) 
aluminum     54 
biological 380 467 
cavitation 380 466 
classification 379 463 
copper       60 
copper nickel alloys 80 
crevice      378 464 
decarburization 467 
defined      462 
direct chemical attack 380 463 
dry          81 
erosion      380 466 
of fasteners 1159 
fatigue      382 
fretting     381 454 457 
galvanic     380 463 
high-nickel 81 
hydrogen damage 380 467 
hydrogen embrittlement 380 467 
intergranular 380 466 
nickel alloys 72 
nickel content, effect on air oxidation 82 
nickel-copper alloys 81 
of materials selected for electronic packaging 345 
pitting      82 85 380 466 
potentials in flowing seawater 83 
prevention 379 463 
protection 1132 
pure nickel 81 
rate data    464 
selecting leaching 380 
S-N curves affected by 408 
stress-corrosion cracking 82 380 382 
titanium alloys 99 
variables    463 
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Corrosion (Continued) 
wet          81 

Corrosive wear 382 

Cost estimating 2117 
administrative 2123 
by analogy 2129 
anatomy      2118 
assembly     2123 
basic steps 2123 
detailed     2129 
direct       2129 
earnings     2123 
engineering activities 2134 
factors      2142 
fee          2123 
firm quotes 2129 
generalized equation 2119 
geographical factors 2124 
growth allowances 2141 
handbook estimating 2130 
indirect costs 2123 
in-process inspection 2137 
labor        2121 2123 2140 
labor-loading methods 2131 2134 
learning curve 2130 
management 2141 
manufacturing activities 2136 
manufacturing startup ratios 2139 
materials    2122 
overhead     2123 
parametric estimating 2131 
preparation, required resources 2119 
profit       2123 
estimating relationships 2131 
scheduling 2132 2134 
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Cost estimating (Continued) 
shop-loading methods 2134 
software     2139 
special tooling 2140 
statistical estimating 2132 
subcontracts 2122 
supervision 2141 
symbols      2120 
test equipment 2137 
work description 2124 
work element structure 2125 

Costs: 
air heating 1643 
aggregate planning 1004 

holding      995 
inventory    1004 
item         995 
ordering     995 
production 1004 
shortage     995 
workforce and production rate changes 1004 

analysis     2134 
direct       2121 
drafting     2134 
fixed        2121 
indirect     2121 
initial acquisition 2121 
nonrecurring 2121 2128 
nuclear power plants 1706 1709 1757 
overhead     2123 
recurring    2121 2128 
variable     2121 

Cost-benefit analysis of ergonomics and design 
research 337 
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Crack: 
cyclic-load range, effect 432 
growth to critical size 434 
growth rate 432 
initiation period 429 
ram-flow cycle counting method 430 
safe-life-with-cracks requirement 436 

Crack propagation: 
coordinates 388 
crack-opening mode 386 
critical stress intensity 389 
forward sliding mode 386 
influence of crack length on gross failure stress 385 
model for crack-tip stress 386 
modes of crack displacement 386 
plane strain 389 
plane stress plastic zone adjustment factor 389 
plastic zone at tip 390 
side sliding mode 386 
stress intensity factors, see Stress intensity factor 
see also Fatigue 

Crack-tip stress field 386 

CRC Handbook of Chemistry and Physics 2289 

CRC Handbook of Energy Efficiency 2289 

Creep        382 437 491 
buckling     382 
constant rate 440 
cumulative 442 
curves plotted against on log-log coordinates 441 
definition 195 203 
determination rate 205 
equations    204 
failure      381 437 
log-log stress-time creep law 442 
long-term behavior 439 
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Creep (Continued) 
mechanism of failure 204 
melting temperatures 437 
multiaxial state of stress 442 
parabolic    441 
Robinson hypothesis 442 
rupture      438 
strain       442 
stress relaxation 204 
uniaxial state of stress 440 

Critical point 1346 

Critical-state properties 1346 

Crossflow: 
coefficient 1400 
cylinders    1394 1663 
liquid metals over banks of tubes 1396 
noncircular cylinders 1394 1663 

Cryobiology 1969 

Cryogenic heat transfer, see Coiled-tube-m-Shell 
exchangers, Plate-fin heat exchangers, 
Regenerator 

Cryogenic insulation 1939 
insulating powders and fibers 1943 
multilayer insulations 1942 
superinsulation 1941 
vacuum insulation 1940 

Cryogenic processing 1955 
air separation 1956 
helium purification and liquefaction 1962 
merchant oxygen plant flow sheet 1957 
natural gas liquefaction, see Liquid natural gas 

Cryogenic refrigeration 1921 
cascade refrigeration 1921 
expander cycle 1924 
Gifford-McMahan cycles 1930 1932 
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Cryogenic refrigeration (Continued) 
Joule-Thomson cycle 1923 
minimum work 1921 
sequence of steps 1930 
Stirling cycle 1928 
Vuillemeumer cycle 1929 

Cryogenics 1360 1915 

Cryogenic separation 2026 

Cryogenic service: 
materials    1943 

glass        1953 
lubricants 1953 
metals, see Metal, cryogenic service 
polymers     1947 
seals and gaskets 1953 

see also Low-temperature instrumentation 

Cryogens: 
air          1917 
ammonia sythesis gas 1917 
helium       1917 
hydrogen     1917 
minimum work required to liquefy 1922 
P-H diagram 1918 
properties 1916 
T-S diagram 1917 
useful in vapor pressure thermometers 1954 

Cryosurgery 1969 

Crystallography 5 

CTE          133 
minimalizing stress 134 
variation of, with particle volume fraction 135 

Cu-Au system 9 

Cubic boron nitride 1046 

Cumulative damage theory 410 413 430 

Current liabilities, see Liability, current 
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Current ratio 2103 

Customer needs mapping method 482 

Cutoff       1118 

Cutting-off, metal cutting 1073 

Cybernetic: 
behavior of formal and informal activities 2057 
failure modes 2050 2052 
framework    2048 
model        2047 
paradigm     2050 
potential failures in project steerability 2052 

Cyclic stress-strain behavior 425 

Cylinders: 
press fit    236 
thick wall 235 
thin wall    235 

D 
Dahlin’s algorithm 909 

Damage tolerance 436 

Damper: 
system, single unit 695 697 

Dangerous Properties of Industrial Materials 2289 

D’Arcy equation 1682 

Darcy friction factor 1315 

Data: 
reduction    364 

DC motor: 
armature-controlled 875 
field-controlled 876 
position-controlled system 869 
stepper motor 876 

Dead-time elements 898 

Decibels and levels 712 

Decision analysis approach 2198 
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Defects      8 
dislocations 11 
grain boundaries 12 
point        10 
solid solution 9 

Deformation 558 
impact       380 
maximum      562 564 
resistance 82 
strain hardening 82 84 
wear         379 460 

Defrost methods 1909 
air and water defrost 1910 
hot refrigerant gas defrost 1909 

Deming’s approach to TQM 47 

Deming Prize 2180 

Depreciation 2103 
accelerated 2108 
expense      2108 
linear       2103 
rate         2103 

Derwent World Patents Index 2283 

Density, lubricants 521 

Describing function method: 
backlash nonlinearity 857 
dead zone nonlinearity 854 
defined      853 
saturation nonlinearity 856 
three-position on-off device with hysteresis 858 

Design: 
computer, heat exchangers 1631 
cyclical tension loads 1158 
ergonomic factors 330 
hierarchy    2240 
product      935 
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Design (Continued) 
documentation of process 2244 
practices    935 

quality      477 
guidelines for improving design quality 479 
Kumes’ approach for process improvement 480 
process design review 479 
product, design review 477 
Taguchi's quality philosophy summary 480 
top quality management 475 

reliability-based 491 
selected documents developed by the U S 

Department of Defense 492 

Design for manufacturing and assembly 935 
analysis     940 
comparison of results 946 
components 938 
definition 936 
human factors test 946 
importance 950 
machining analysis summary report 942 
methodology 946 
metrics      949 
motor drive assembly 938 940 
new products checklist 949 
principles 940 
redesign of motor assembly 944 
role of management 942 
team environment 946 950 

Design life-cycle costing 501 

Design research methods 337 
competitive product analysis 337 
product performance analysis 337 
usability studies 337 
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Design reliability tools 492 
failure modes and effects (FMEA) 492 503 

procedure for performing FMEA 493 
failure rate modeling and parts count method 496 
fault trees 494 503 
Markov modeling 498 
network reduction method 498 
safety factors 500 
stress-strength interference theory approach 497 

Design solution sources: 
computers    244 
testing      245 

Design techniques 340 

Development of aids for the systems design process 786 
detailed design, testing and implementation phase 788 
evaluation phase 788 
operational deployment phase 789 
preliminary conceptual design phase 787 
requirements specification phase 786 

Devices: 
gyrating     1214 
machine safeguarding 2210 
whirlpool    1214 

Dew point temperature 1974 1978 

Diagonalized canonical form 839 

Diallyl Phthalate 129 

DIALOG, search example 2279 2282 

Diamonds, metal cutting tools 1046 

Diathermal 1334 

Die casting 1124 

Diesel engine: 
advantages 1820 
applications 1822 
comparison with gas turbine and steam turbine 1762 
descriptions 1526 1528 
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Diesel engine (Continued) 
diesel index 1527 
direct injection 1808 
fuels        1526 1810 1813 
indirect injection 1808 
knock        1810 1813 
properties 1530 
requirements 1529 

Difference equations 861 

Diffuser: 
behavior     1998 
thermodynamics 1352 

Digital control 901 
controller structure 902 
forms of PID control 902 
hardware     909 
software     911 
structure    902 

Digital signal processors 909 

Digital simulation: 
Adams-Bashforth predictor methods 844 
Adams-Moultron corrector methods 844 
continuous-system 841 
critical step size 845 
Euler method 842 
general state-variable equation 841 
languages    846 
numerical integration errors 845 
predictor-corrector methods 844 
Runge-Kutta methods 843 
selecting integration method 846 
time constants and steps 845 

Digital-to-analog 902 

Dimensionless numbers 1304 

Dimensionless parameters 1653 
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Direct steam conversion 1587 

Disaggregation: 
levels       1005 

Discrete and hybrid systems: 
dfference equations 861 
pulse transfer functions 864 
uniform sampling 862 
zero-order data hold 863 
z transform 864 

Disk: 
abrasive     1072 
steel friction 1073 

Distributed-parameter models 850 

Distribution function 850 

Dittus-Boelter equation 1392 1933 

DNC system 1198 

Document suppliers 2281 

Double sampling 1184 

Drag         1323 

Drag coefficient 1309 
infinite circular cylinders and spheres 1323 
three-dimensional shapes 1324 
two-dimensional shapes 1324 

Drawing      1107 
cold         1118 
hot          1107 
blank diameters 1109 
pressure estimation 1110 

Drilling machines 1051 
accuracy     1057 1060 
advancing rate 1055 
cutting speed 1054 
drill geometry 1051 1054 
metal removal rate 1051 
motor power 1058 



2345 
Index terms Links 

Drilling machines (Continued) 
oversize diameters 1060 
recommended feeds 1056 
spade-drill blade elements 1057 1060 
thrust forces and torque 1051 1054 
torque and thrust constants 1055 
work-material constants 1055 

Drinking     1118 

Double walls 723 

Duct: 
adiabatic flow 1311 1322 
airflow      2004 
design       2005 
drag coefficient 1323 
expansion factors 1328 
expansion losses 1319 
flow         1290 1305 
flow meters 1327 
head losses 1315 1317 
high-velocity design 2008 
incompressible flow 1311 1313 1315 
installation 2007 
isentropic flow 1310 1328 
isothermal flow 1320 1322 
laminar flow 1314 1320 
loss coefficient 1321 
lost head due to friction 2006 
low-velocity systems 2008 
noise        2006 2009 
pipe fitting losses 1319 
pressure gradient 1314 
subsonic flow 1320 1322 
total pressure profile 2007 
turbulent flow 1316 

Ductile materials, fatigue failure 424 
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Ductile rupture 379 

DXF          310 

Dynamic balancing, in-place 673 

Dynamic imbalance 668 

Dynamic response 314 

Dynamic seals 638 
brush seals 654 
emission concerns 644 
honeycomb seals 653 
initial seal selection 638 
labyrinth seals 650 
mechanical seals 642 
non-contracting seals for high-speed/aerospace 

applications 646 

E 
Economics: 

furnace, fuel-saving improvements 1502 
metal cutting 1043 

commercial services for mechanical engineers 2279 
desktop      2283 
DIALOG       2279 2282 
document suppliers 2281 
important databases for mechanical engineers 2282 
Knowledge Express 2281 
STN International 2280 

internet: 
access options 2278 
approaches 2271 
ftp          2276 
future       2278 
listservs    2276 
telnetting 2276 
terms        2270 
usenet groups 2276 
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Economics (Continued) 
World Wide Web 2272 

intranet     2277 
options for use 2284 

Electronic packaging: 
component mounting 340 
conditions 340 
design techniques 339 
fastening and joining 342 
interconnection 344 
manufacturability 350 
materials selection 345 
protective packaging 350 
scope        339 
shock and vibration 345 
structural design 347 
thermal design 348 

Electric power: 
costs, nuclear power plants 1706 1709 1757 

Electricity generation, gas turbine applications 1753 

Electrochemical 1087 
deburring    1087 
discharge grinding 1088 
grinding     1088 
honing       1089 
machining    1089 
polishing    1090 
sharpening 1090 
turning      1091 

Electrohydraulic systems: 
analog       1856 

advantage    1856 
Moog 1500 valve 1856 
noise        1860 
potentiometers 1857 
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Electrohydraulic systems (Continued) 
typical system 1858 

digital      1860 
advantages 1860 
control system 1861 
purpose      1860 
stepping motor 1861 

Electron-beam machining 1092 

Electroplating 1131 

Electropolishing 1098 1130 

Electrostatic precipitators 2021 

Electro-stream 1091 

Elements, thermophysical properties 1249 

Elenbaas number 1654 

Elevators, bucket 1208 1212 

Embossing    1119 

Emission concerns 644 
sealing approaches 644 
application guide 647 

double seals 645 
properties of common barrier fluids for tandem 

or double seals 646 
single seals 644 
tandem seals 645 

Emissions, see Air pollution 

Emissivity 1404 
carbon dioxide 1416 
correction factor 1418 
furnace      1465 
mean         1471 
metallic surfaces 1407 
nometallic materials 1407 1409 
water        1418 

Employment agreement 2233 

Enamel       1131 
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Encyclopedia of Polymer Science and Engineering 2289 

Energy: 
management 1600 

see also Energy audit 
transfer analysis 2234 

Energy audit 1591 
auditor      1591 
capital-intensive conservation measures 1600 
defined      1591 
electric motor efficiency 1601 
energy savings as result of implementing, 

recommendations 1592 
evaluating conservation opportunities 1602 
heat recovery 1601 
HVAC, see HVAC  
identifying opportunities for saving energy 1597 
lighting, see Lighting 
low-cost conservation 1598 
presenting results 1604 
procedure    1592 
records of energy use 1592 

Energy conversion, thermal to mechanical 1776 1781 
Euler’s turbine equation 1782 
general energy relationship 1781 
process      1776 
turbine blade row steamtube 1781 
turbomachinery blading, purpose 1776 

Energy Management Handbook 2289 

Engine: 
comparisons 1820 
diesel, see Diesel engine 
performance measurements 1814 
radiator fins 1383 
spark ignition 1802 

advantages 1820 



2350 
Index terms Links 

Engine (Continued) 
applications 1806 
direct injection stratified charge 1807 
divided chamber 1806 
fuels, see Fuels 
knock        1808 1813 
processes    1802 
2-stroke     1803 1805 
4-stroke     1803 
theoretical modeling 1816 

types        1801 
see also specific types of engines 

Engineering activities, estimating 2134 

Engineering Information Inc 's Global Engineering 
Village 2273 

Engineering Index 2287 

Engineering materials 959 
energy requirements 962 
shortages    962 
taxonomy: 

availability 966 
basis        963 
chemical properties 965 
condition    965 
customizing 963 
families     964 
format       964 
material code 964 
mechanical properties 965 
objectives 962 
physical properties 965 
processability 966 

varieties    962 

Engineering organizations, authority patterns 2088 

Engineering societies, as information sources 2290 
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Engineering system components 1347 

Engineers: 
contractual obligations 2234 
financial concerns 2099 
financial tools 2114 2116 

decision-making with accountant 2116 
record-keeping 2116 

insurance    2235 
liability, see Liability, Product liability 
management tools 2164 

see also Total quality management 
professional needs that affect performance 2086 
professional responsibility 2245 

Enthalpy     1339 
combustion products 1287 

Entropy      1337 
generation 1337 

minimization 1359 
transfer     1338 

Environment 
thermodynamic definition 1331 

Environmental pollution, see specific types of 
pollution 

Environmental Protection Agency 2195 

Epoxy resins 128 

Equal friction method 2008 

Equipment: 
maintenance 2140 
repair       2141 
rework       2141 
see also Electronic equipment. Fabrication, 

equipment classification Ergonomic analyses 
anatomical analysis 334 
biochemical analysis 333 

accelerometers 334 
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Equipment (Continued) 
data glove 334 
force plates 334 
force sensors 334 

cost-benefit analysis of ergonomics and design 
research 337 

design research methods 336 
link analysis 335 
low-speed cine analysis 336 
motion analysis 335 
task analysis 335 
thermographic imprint analysis 336 

Ergonomics: 
analyses     332 
design process 330 
design research 331 

methods      336 
generally    329 
human performance 329 

general interdisciplinary nature of human factors 330 
perceptual and cognitive ergonomics 330 
physical ergonomics 330 

body dimensions 331 

Error analysis 923 
external estimates 925 
internal estimates 923 
introduction 923 
probability curve 924 
use of normal distribution to calculate the probable 

error in X 924 

Error: 
coefficient 872 
detectors    874 
steady-state 872 

Eschka method 1540 
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Estimating relationships 2131 

Euler equation of motion 1300 

Euler method 842 

Euler’s formula 230 

Euler’s theory 1688 

Euler’s turbine equation 1782 

European Foundation for Quality Management 2184 

European Quality Award 2184 

Eutectoid steel 19 22 

Evaluation methodology and evaluation criteria 790 

Evaluation test instruments 791 

Evaporators 1903 
baffled-shell 1906 
fixed-tube sheet 1905 
flash-gas distribution 1904 
flooded-shell-and-tube 1905 
gas-liquid separation 1904 
oil return 1903 
short-tube restrictors 1907 
spray type 1906 
submergence effect 1904 

Exergy       1353 
analysis     1353 
chemical     1357 
physical     1355 
symbols and units 1353 

Exhaust heat, gas turbines 1749 
efficiency of electric power 1750 
LM500 aero-derivative gas turbine 1754 
performance of combined cycle arrangements, 

comparison 1753 
plant costs 1750 
power plants, multi-unit 1753 
regeneration 1750 
simple combined cycle power plant 1752 
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Exhaust heat, gas turbines (Continued) 
three-pressure, reheat cycle 1752 

Exhaust system, gas turbine 1738 

Expandable-Bead Molding 1126 

Expander, thermodynamics 1347 

Expander cycle: 
calculation of W 1 1928 
comparison with Joule-Thomson cycle 1927 
cooling curves 1927 
diagram      1925 
N 2          1956 
T-S diagram 1926 

Expansion devices 1905 
capillary tubes 1906 
constant pressure expansion valves 1906 
electronic expansion valve 1906 
thermostatic expansion valve 1905 

Ex parte Jepson 2258 

Expected outcome approach, system safety 2198 

Explosion    1433 1442 

Express Mail, patent filing 2260 

Extended surface 1667 
arrays       1670 
assumptions 1668 
cascade algorithm 1670 
cluster algorithm 1671 
cylindrical spine 1670 
parallel algorithm 1671 
see also Fin 

Extruding    1126 

Extrusion: 
hot-working 1107 
cold-working 1113 
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F 
Fabric filters 2022 

Fabrication: 
equipment classification 974 

capital resources control 974 
customizing 977 
equipment code 977 
equipment identification 978 
equipment selection 975 
family code 978 
manufacturer code 978 
manufacturing engineering services 975 
model number 978 
operation codes 978 
process code 978 
quality assurance 976 
rationale    976 
specific sheets 978 
standard and special equipment 976 

process taxonomy 967 
basis        970 
capabilities 973 
classification rules and procedures 970 
code         973 
divisions    969 
nonshaping processes 969 
objectives 968 
purpose      967 
shaping processes 969 

strain hardening 82 84 
tool, see Tools 

Factors, use in estimating 2142 

Failure      377 
analysis     468 
bearing      1139 
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Failure (Continued) 
classification of structures by path load 437 
creep        437 
criteria     377 
data         504 

rates for selected mechanical parts 505 
sources      504 

defined      377 
fatigue      492 1158 
impact       380 
load         1139 
mode and effect analysis 479 
modes and causes 491 2198 
modes and effect 378 
modes and effects analysis (FMEA) 492 
plane strain fracture toughness as prediction 

criteria 389 
prediction: 

combined creep and fatigue 444 
equations    410 
maximum shearing stress multiaxial fatigue 

theory 410 
maximum shearing stress theory 383 
modified Goodman relationship 413 
Palmgren-Miner hypothesis 413 

retrospective design 468 
shear        1138 
shear behind connector 1140 
shear of rivet 1141 
static       491 
stress corrosion cracking 382 467 
summary      378 
synergistic 376 
tear out     1140 
tearing main plate of joint 1138 
see also specific types of failure 
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Failure modes and effects analysis (FMEA) 492 503 
procedure    493 

Failure rate modeling and parts count method 496 

Fan          1696 2000 
centrifugal, see Centrifugal pumps and fans 
effectiveness of methods of controlling 1697 
laws         2001 2003 
multirating table 1697 
noise        2001 
optimum match between system and forward-

curved blade fan 2001 2003 
power and efficiency 1696 
power requirement, air-cooled heat exchangers 1626 
selection    1696 1698 2003 
similarity to pumps 1681 
static efficiency 2001 
types        1696 2001 
variable volume service 1698 

Fanning friction factor 1315 

Fastening and joining: 
adhesives    344 
general      342 
mechanical fastening 342 
welding and soldering 343 

Fatigue      205 379 
accumulated fatigue damage 413 
combined with creep, see Combined creep and 

fatigue 
computer-controlled closed-loop fatigue testing 

machine 400 
cyclic loading tests 435 
cyclic strain-controlled, see Fatigue, low-cycle 421 
damage       413 447 
definitions 205 
design considerations 397 
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Fatigue (Continued) 
domains of cyclic stressing on straining 397 
fretting     379 
full-scale testing 435 
high-cycle 379 397 405 
impact       380 
influence of nonzero mean stress 411 
initiation 397 
life prediction, see Fracture mechanics, methods 

for fatigue life prediction 
limit        401 
loading, laboratory testing 397 
low-cycle    379 397 426 
modes of failure 200 
properties, fretted steel and titanium specimens 455 
properties, fretting under states of stress 454 
quasirandom stress-time pattern 399 
residual, subsequent to fretting 450 
service loading simulation test 435 
S-N-P curves, see S-N-P curves 
strain, nonzero mean 402 405 410 424 
strength     401 
stress-time pattern 398 
surface      379 
thermal      379 
see also Stress 

Fault tree 494 503 
analysis: 

symbols      494 2200 
see also Logic gates 

for kitchen without hot water 495 
system safety 2198 
technique    2199 

Federal Energy Policy of 1992 1772 

Fedworld     2273 
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Feedback: 
compensation 886 

amplifier    868 
cascade control 893 

control system 869 
properties 868 
pseudoderivative 896 
state-variable 895 
see also Systems engineering 

Feedback-control system, terminology and basic 
structure 871 

first order performance-time domain test 1855 
in hydraulics 1852 
open-loop servomechanism 1853 

Feedforth compensation 894 

Feedforward command compensation 904 

Feeding methods, machine safeguarding 2212 

Ferrographic method 1831 

Fiber-optic connections 344 

Fibers       137 
aramid       139 
based on alumina 139 
based on silicon carbide 138 
boron fibers 138 
carbon (graphite fibers) 138 
glass fibers 137 
high-density polyethylene fibers 139 
properties 137 

Field test verification, flow field design 1791 
aerodynamic loss 1793 
ASME Performance Test Code 1792 
flow incidence 1793 
in-service evaluation 1791 
kinetic energy 1795 
last rotating blade incidence 1795 
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Field test verification, flow field design (Continued) 
last stationary blade incidence angle 1793 
low-pressure blade, Campbell diagram 1792 
low-pressure turbine blade path 1791 
low-pressure turbine field test results 1793 
low-pressure turbine laboratory test results 1792 
Mach number relative to mast rotating blade 1795 
Navier-Stokes equation 1795 

Film condensation 1422 

Film temperature 1394 1396 

Film-based radiography 742 
density vs. relative exposure 743 
density or darkness vs. relative exposure for 

common films 742 

Fillets      1158 

Film coefficient 1985 
jet impingement 1482 

Fin          1383 
air flow across 1665 
combining into arrays 1670 
effectiveness 1383 
efficiency 1383 
heat transfer rate 1384 
radial       1669 
rectangular profile 1668 
singular     1672 
temperature distribution 1384 

Finance: 
needs of: 

accountants 2099 
middle managers of line functions 2098 
owners, investors, and lenders 2098 
staff groups 2099 
top managers 2098 

Financial-expenditure planning 2070 
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Financial model 2100 

Financial ratios 2105 2111 

Financial results, evaluating 2111 
cell formulae used for projections 2115 
comparison with budgets and forecasts 2111 2113 
identifying problems and solutions 2113 
initiating action 2114 
product line comparison 2114 
variance analysis 2112 

Finishing: 
surface      1078 

Finite element analysis 279 311 

Fire protection training 2223 

Firing temperature 1734 1747 

First law of thermodynamics: 
closed systems 1333 
open system 1338 
steam turbines 1769 

Fishbone diagram 480 

Fission      1700 1711 
cross section 1716 
emitted and recoverable energies 1711 
products     1707 1711 1719 
see also Chain reaction 

Fittings, air flow 2005 

Flammability limits 1445 1512 

Flange rotation 1145 

Flanging     1116 

Flare        2023 

Flash point: 
liquid fuels 1445 

Flashed steam conversion 1588 

Floating body 1294 
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Flow: 
coefficient 1327 
control valve, pneumatic 880 
maldistribution, heat exchangers 1629 
transducer 874 

Flow control: 
bleed off    1847 1849 
meter-in     1847 1849 
meter-out    1847 1849 

Flow diagram 1225 

Flow field: 
considerations 1789 
design, field test verification 1791 
solution techniques 1790 

Flow shops 1017 

Flue gas: 
convection coefficient 1482 
desulfurization system 2012 2015 
heat loss across tube banks 1486 
pressure drop 1487 
thermodynamic properties 1463 

Fluid: 
definition 1290 
flow furnace 1485 1494 
hydraulic    1831 
properties 1290 

Fluidized-bed: 
heat transfer 1483 

Fluid mechanics 1289 
boundary layers 1307 
contraction coefficients 1303 
drag         1309 1323 
dynamic similarity 1304 

dimensionless numbers 1304 
Froude number 1304 
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Fluid mechanics (Continued) 
Mach number 1304 
pressure coefficient 1304 
Reynolds number 1304 1327 
Weber number 1304 

dynamic similitude 1305 
energy       1301 
fluid statics 1290 
gases, see Gas dynamics 
kinematics 1294 

acceleration 1295 
circulation 1297 
continuity equations 1298 
fluid element deformation 1295 1297 
streamlines 1295 
velocity     1295 
vorticity    1297 

lift         1323 
mass flow fluid measurements 1326 
moments of inertia, plane surface about center of 

gravity 1292 
momentum     1298 
pressure measurements 1324 
sonic speed 1290 
velocity measurements 1325 
volumetric flow rate 1326 
volumetric measurements 1326 

Fluid statics 1290 
aerostatics 1293 
constant centrifugal acceleration 1290 
constant linear acceleration 1290 
liquid forces on submerged surfaces 1291 
manometers 1291 
stability    1293 

Fluorinated ethylene-propylene 125 128 
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Fluorinated thermoplastics 124 128 

Fluoropolymers, properties 125 128 

Flux-cored arc welding 1166 

Force field analysis 481 

Forced convection 1654 1662 
air flow over electronic components 1665 
boiling      1422 
correlation factor 1665 
crossflow, see Crossflow 
external flow 1393 1662 

average Nusselt number 1393 
across banks of tubes 1395 
circular cylinder in crossflow 1394 
critical Reynolds number 1393 
high-speed, over flat plate 1396 
high-speed gas, past cones 1396 
laminar, on flat plate 1393 
liquid metals crossflow over banks of tubes 1396 
noncircular cylinders in crossflow 1394 
past sphere 1394 
stagnation point handling for gases 1396 
turbulent, on flat plate 1393 

flow: 
across arrays of pin fins 1665 
across spheres 1664 
across tube banks 1664 
disturbance effects 1663 

internal flow:  
bulk temperature 1385 
Dittus-Boelter equation 1392 
fully developed turbulent, of liquid metals in 

circular tubes 1393 
hydraulic diameter 1393 
laminar, for short tubes 1391 
laminar fully developed 1389 1391 
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Forced convection (Continued) 
Nusselt number 1389 1391 
Peclet number 1393 
Sieder-Tate, equation 1391 
turbulent, in circular tubes 1392 

nucleate boiling 1422 
plane surface 1662 
Reynolds number 1663 
tubes, pipes, ducts, and annuli 1666 

Forecasting 988 
conclusions 994 
definitions 988 
error analysis 993 

mean absolute deviation 993 
general concepts 988 
qualitative 988 
quantitative 988 

basic regression analysis 992 
casual methods 992 
exponential smoothing 991 
index numbers 989 
methods of analysis of time series 989 
moving average 990 
quadratic regression 993 
weighted moving average 990 

Forced convection 1481 
convection coefficient 1482 

Forging: 
cold rolling 1113 
hot-working 1105 

Formation chemistry, nitrogen oxides 2015 

FORTRAN      299 

Fouling      1544 
factor       1545 
heat exchangers 1627 



2366 
Index terms Links 

Fourier’s law 1649 

Fracture: 
control      436 
in compression 196 
types        196 

Fracture mechanics 383 
analog of material at critical point in structure 429 
biaxial brittle fracture strength data compared to 

maximum normal stress theory 384 
fracture control 384 
maximum normal stress theory 385 
methods for fatigue life prediction 429 
monotonies fracture strength-ductibility 

combinations 428 
prediction for cracks 389 
stress intensity factors, see Stress intensity factor 
see also Crack growth 

Free convection 1397 1399 1983 
average Nusselt number 1397 
boiling      1420 
cavities between walls 1397 
enclosed spaces 1397 
flat plates and cylinders 1397 
Grashof number 1397 
heat-transfer correlation 1399 
Rayleigh number 1397 
spheres      1397 

Frequency and wavelength 712 

Frequency response 828 
performance measures 829 
plots        832 

Fresnel-type concentrators 1564 

Fretting     380 449 
abrasive pit-digging hypothesis 450 
asperity-contact microcrack initiation mechanism 451 
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Fretting (Continued) 
corrosion    382 454 457 
damage       450 
defined      449 
delamination theory 452 
fatigue      381 
friction-generated cyclic stress fretting hypothesis 451 453 
impact       380 454 
minimizing or preventing 456 
principal effect 454 
residual fatigue properties subsequent to 452 454 
S-N curves affected by 410 
variables    450 
wear         380 453 
weight loss 453 

Friction-type connections 1142 
tensile stress 1142 

Froude number 1304 

FTP          2276 

Fuel oils    1517 
analysis     1453 1518 1522 
API gravity 1518 
ASTM grades 1525 
available heat 1435 1457 
burners      1441 
classification 1517 
conditioning 1442 
flammability data 1445 
gravities    1520 
heating requirements 1521 
kerosene     1519 1525 
orimulsion 1528 1532 
properties 1519 
shale oils 1528 1531 
specifications 1523 
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Fuel oils (Continued) 
tar and oils 1528 1532 
viscosity-temperature relations 1444 
see also specific fuel oils 

Fuels        1433 
air ratio furnaces 1489 
available heat ratios 1457 
aviation turbine 1525 
by-product 1435 
combustion characteristics 1456 
composition 1813 
demand       1454 
diesel       1526 1810 1813 

cetane number 1527 1810 1813 
descriptions 1528 
diesel index 1527 
properties 1530 
requirements 1529 

diesel oil specifications 1814 
economy, federal standards 1824 
enthalpy of formation 1812 
enthalpy of vaporization 1812 
filters      1812 
flame stability 1509 
gaseous      1433 

analysis     1508 
burners      1439 
caloric properties 1512 
combustion characteristics 1510 
properties 1509 
see also Liquified gases, Natural gas 

heating values 1812 
heats of formation 1456 
higher heating value 1435 
hydrogen/carbon ratios 1506 
liquid       1435 
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Fuels (Continued) 
autoignition temperature 1445 
burners      1441 
flammability data 1445 
flash point 1445 
properties 1519 
uses         1518 
see also Fuel oils 

lower heating value 1435 1507 
octane ratings 1810 1813 
properties 1811 
shut-off valve 1446 
space cooling requirements 1991 
space heating requirements 1987 
spark ignition engines 1808 1813 
specific density 1812 
stoichiometry 1810 1812 
test specifications 1813 
units        1454 

Fuel switching 2015 

Fuel system, gas turbine 1739 

Full-mold casting 1125 

Full-scale testing 435 

Funds, source and application 2107 

Furnace      1449 
air pollution control 1496 
burner, see Burner 
capacity     1501 
cast or rammed refractories 1453 
classification by heat source 1453 
combustion control equipment 1494 
complex thermal processes 1499 1501 
construction 1453 
continuous-types 1452 
conversion of metric to English units 1452 
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Furnace (Continued) 
economics    1502 
fluid flow 1485 
fuel-saving improvements 1503 
furnace wall losses 1461 
heat content of materials 1460 
heating rates 1501 
heat transfer, see Heat transfer, furnace, Black-

body radiation 
industrial 2023 
modules, selecting 1502 
operating schedule 1503 
oxygen enrichment of combustion air 1459 
probable errors in calculations 1450 
regenerative, diagram 1459 
selecting number of modules 1502 
self-emptying 1452 
standards and conditions 1450 
symbols and abbreviations 1451 
temperature profiles 1501 
thermal diffusivity 1461 
thermal expansion of structures 1453 
thermal properties of materials 1460 
types        1450 1452 
waste heat recovery systems 1496 

see also Heat-recovery boiler 

Furnace bed combustion 2014 

Fusion       1701 1710 1712 
cross section 1713 
products     1712 
reactions    1713 

Fusion welding: 
spectrum of heat intensities 1157 

Fuzzy logic 913 2026 
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