Aerodynamics
aircraft, 24, 35
compressor, 254
turbine, 269
Acceleration
and climb, 62
horizontal, 27, 62
takeoff, 63
Additive drag, 193
Adiabatic flame temperature, 332
AEDsys software, 11
AEDsys program, 12
constraint calculatjons, 39, 195
contour plots, 48, 74, 92, 195
mission calculations, 72, 195
performance calculations, 41, 121, 156,
158, 170, 173, 190, 206, 234, 356,
483, 497
AFTRBRN program, 13, 384
ATMOS program, 12, 515, 516
COMPR program, 12, 254, 264, 269, 292,
295
EQL program, 13, 332, 335, 339,
368, 384
GASTAB program, 12, 443, 454
INLET program, 13, 443, 457, 484
KINETX program, 13, 339, 355, 368, 372,
384,392,402, 411
MAINBRN program, 13, 368
NOZZLE program, 13, 479, 481, 498
ONX program, 12, 96, 115, 126, 173
TURBN program, 12, 254, 292, 295
Afterbody drag, 199
Afterburner, 328
design tools, 384
efficiency, 108
fuel-air ratio, 105, 111
piloted, 390
screech and howl, 385
total property ratios, 103
vee-gutter, 328, 391, 415
AFTRBRN program, 13, 384
Alr partitioning, 369
Air-to-Air Fighter (AAF)
afterburner design, 404
constraint analysis, 39, 185, 222
component
operating lines, 249
performance, 242, 249
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Index

engine cycle analysis
parametric, 126
performance, 172
engine
design parameters, 178, 220
performance, 224
epilogue, 507
exhaust nozzle design, 492
fan design, 300
global and interface quantities, 241
high-pressure compressor design,
313
high-pressure turbine design, 307
inlet design, 483
installed performance, 504
low-pressure turbine design, 317
main burner design, 394
operational envelope, 184
Request for Proposal (RFP), 13
sizing the engine, 207
theta break, 245, 299
throttle ratio (TR), 47
thrust loading, 47, 185
uninstalled static performance,
227
weight, 80
wing loading, 47
Aircraft drag, 24
Aircraft performance, 19
Aircraft range, 59
Airfoils, 254, 262
Aluminum 2124 alloy, 624
Annulus, 237, 263
ANZ, 292
ATMOS program, 12, 515, 516
Atmosphere
cold, hot, and tropic day, 8, 511
standard, 8, 511
Augmentor (see afterburner)
Axial interference factor, 538

Best cruise altitude (BCA), 64
Best cruise Mach number (BCM), 64
Blade, cooling of, 281
Blades, 254, 269
Bleed air

boundary layer, 382

engine, 98, 104, 109, 240
Blowout, 342, 391
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Boundary layer
control, 449
separation, in diffuser, 360, 431
shock separation of, 449
Bragg criterion, 341
Braking roll, 31
Burner, main
air partitioning, 369
combustor loading parameter (CLP), 345
components, 326
design parameters, 369
design tools, 368
efficiency, 108
exit temperature profile, 328
flow path, 326
fuel-air ratio, 105, 111
liner cooling, 372
map, 165
total pressure loss, 380
total property ratios, 103
types, 577
Bypass air of supersonic inlet, 369, 378
Bypass ratio, 104
mixer, 105
optimum, 491

Carter’s rule
compressor, 262
turbine, 280
Cascade, 254
Carrier
approach (wave-off), 35
landing, 34
takeoff, 34
Ceiling, service, 33
Centrifugal stress, 284, 290
Chemical equilibrium, 332
kinetics, 355
reactor theory, 339
Climb
and acceleration, 62
constant speed, 26, 61
Combustion
Bragg criterion, 341
blowout, 342, 391
efficiency, 108
ignition, 368
process, 330
reaction rate, 337
residence (stay) time, 341, 391
stability of, 339, 346
systems, 325
Combustor (see Burner, main)
Combustor loading parameter (CLP), 345
Component
behavior, off-design, 163
design performance parameters, 107
flow path force on, 237

INDEX

matching, 168
operating line (see Engine operating line)
performance analysis, off-design, 148
COMPR program, 12, 254, 264, 269,
292,295
Compressible flow functions, 8, 547
Compression, inlet, 419
Compressor
aerodynamics, 254
airfoil geometry, 262
design parameters, 269
efficiency, 106
flow path dimensions, 263
performance map, 164
radial variation, 265
repeating stage/row, 255
stage design, 254
stall or surge, 164
Constraint analysis, 19
Control system (see Engine control system)
Convergent nozzle, 465, 478
Convergent-divergent nozzle, 465
Coolant mixer, 98, 111, 143
Cooling air, 98, 104, 240, 281, 372
Corrected
engine speed, 163
mass flow rate, 163, 236
pressure, 163
temperature, 163
Creep, 287, 625, 639
Larson-Miller parameter, 289
Cruise
best Mach number and altitude, 64
constént altitude/speed, 25, 63
Cycle analysis (see Engine cycle analysis)

Degree of reaction, 257, 271
Design process, 3, 6
Diffuser (also see inlet)
afterburner, 328, 365, 387
main burner, 326, 362, 375
pressure recovery, 359, 362
subsonic, 429
supersonic, 435, 460
total pressure ratio, 102, 109
total pressure recovery, 109
total property ratios, 102
Diffuser duct, 326, 328, 358, 429, 435, 460
Diffuser, dump, 362
Diffusion factor, 255
Dilution zone, 327, 369
Dimensionless engine performance
parameters, 163
Disk
of uniform stress, 294
shape factor, 295
thermal differential stress, 286, 298
torsional stress, 297



Dome, combustor, 327
Domestic object damage (DOD), 286
Drag
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mixed-stream turbofan, 96
assumptions, 109
component efficiencies, 106

additive, 193

afterbody, base, or boattail, 199
aircraft, 24, 35

exhaust nozzle, 199

forebody, 190, 361

inlet, 190, 427, 429

nacelle, 429

Dynamic pressure, 10

Efficiency

afterburner, 108, 330
burner, 108, 313
compressor, 106, 258
diffuser, 359

fan, 106

inlet, 420

mechanical power transmission, 109
nozzle, 462

power takeoff, 109
propeller, 591, 602, 621 .
propulsive, 115, 538
overall, 115, 538

thermal, 115, 538

turbine, 106, 279

Endurance (see Loiter)
Endurance factor (EF), 66

Energy height, 22
constant, maneuver of, 68

Engine

back pressure control, 398
control system, 125, 159, 233, 525, 663
components, 673
logic and processing, 666
requirements, 663
schedules, 669
cooling and bleed air, 98, 240
data, 519
design, 6, 7
fuel system, 239
global and interface quantities, 233
installed thrust, 23, 38, 55, 189
lubrication system, 239
operating line, 164, 249, 467, 527, 664
performance, 523
measures, 539
pressure ratio (EPR), 665
speed, 157
starting, 240
shafts and bearings, 239
static structure, 238
systems design, 238
uninstalled thrust, 97, 189

Engine cycle analysis, Parametric (on-design),

95
high bypass ratio turbofan, 571

computational inputs and outputs, 115
engine performance analysis, 110
mass flow rates, 104
performance, 117
station numbering, 96
summary of equations, 557
total property ratios, 102
turbine cooling model, 105
turboprop, 590
Engine cycle analysis, Performance
(off-design), 139
high bypass ratio turbofan, 577
mixed-stream turbofan, 140
assumptions, 141
component behavior, 121, 163
component performance analysis, 148
computational inputs and outputs, 152
dependent variables, 158
high-pressure turbine and coolant
mixers—performance, 143
independent variables, 141
iteration solution scheme, 156
summary of equations, 563
variation in engine speed, 157
turboprop, 597
turbojet, 529
Engine life, 283
Engine life management, 635
development and qualification testing, 655
failure modes, 641
fracture critical parts, 638
inspection, 645
laser shock peening (LSP), 639
lessons learned, 635
lifing concepts, 641
nondestructive evaluation (NDE), 638
retirement-for-cause, 644
Enthalpy
of formation, 332
of reaction, 333 .
Equilibrium, chemical, 332
EQL program, 13, 332, 335, 368, 384
Equivalence ratio, 331
Euler pump and turbine equation, 258, 270

FAIR, 100

Fan
aerodynamics, 254
efficiency, 106
performance map, 164
total property ratios, 102

Fatigue, 285, 623

Flame spread, 393

Flame stability, 324, 346, 389

Flameholder, 328, 366, 390
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Flameholding, 339
Flow path force, 10, 237
Flutter, 285
Foreign object damage (FOD), 286, 636
Free-vortex flow (see swirl distribution)
Fuel nozzles, 379
Fuels, 367
Fuel-to-air mass flow ratio
afterburner, 105, 111
main burner, 105, 111
overall, 105
stoichiometric, 330

Gas model
calorically perfect gas (CPG), 99
constant specific heat (CSH), 99, 116
modified specific heat (MSH), 116
variable specific heat (VSH), 99, 116
compressible flow functions, 547
Gas properties, variation of, 11
GASTAB program, 12, 443, 454
Ground roll
landing, 31
takeoff, 28, 29

Hastelloy X, 373, 628

Heat of reaction, 332

Heating value, 334

High cycle fatigue (HCF), 285, 639
Hot day flat rating, 532

Ignition, 368, 390
Impulse function, 10, 114, 237, 441, 460
Inconel 601, 628
Inlet
area, estimate of, 203, 422, 454
auxiliary area, 206
boundary layer control, 449
buzz, 448
bypass air, 435, 439
drag, 190, 192, 195
efficiency, 420
external compression, 195, 435
flow distortion, 425, 458
flow separation from lip, 431, 461
functions, 191, 422, 432
installation loss, 190, 192, 195
internal compression, 195, 433
location, 429, 458
mass flow characteristics, 443
mixed compression, 195, 439
off-design behavior of, 422, 433, 453
pressure recovery, 109, 142, 422, 440
subsonic, 192, 421
supersonic, 195, 431
critical operation, 446
start, 434
subcritical operation, 436

INDEX

supercritical operation, 436
throat area variation, 434
unstart, 434

total pressure ratio, 102, 109, 142, 422, 440

zero flight speed, 431
INLET program, 13, 443, 457, 484

Installed thrust, 23, 38, 55, 189, 191, 206, 543
Installed thrust specific fuel consumption, 55,

60, 71, 206
Integral mean slope, 199
Intermediate zone (see Secondary zone)

Jets
round, 347
swirling, 352

KINETX program, 13, 339, 355, 368, 372,
384, 392, 402, 411

Landing
braking roll, 31
carrier, 34
terminology, 32
total distance, 32
Lapse, thrust, 23, 38
Larson-Miller parameter, 289
Level of technology, 107
Lifing (see Engine life management)
Lift, 24, 35
Lift-drag polar, 25
Liner, combustor, 326
Loading, air, 345
Low cycle fatigue (LCF), 286, 636, 639
Lower heating value, 334
Loiter, 66 =

Mach number, best cruise, 64
MAINBRN program, 13, 368
Mar-M 509, 630
Mass flow
parameter, 9, 142, 237, 547
rate, corrected, 163, 236
rates, 104
ratios, 104
Master equation, 24
Material properties, 287, 623
Micromixing, 340
Minimum climb time, trajectory for, 48, 74
Minimum fuel climb, trajectory for, 59, 92
Mission analysis, 55
Mission terminology, 17
Mixer
afterburner, 386
bypass ratio, 105
constant area, 113, 551
exit Mach number, constant area, 553
influence of, 125
off-design performance, 178
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total enthalpy ratio, 113

total pressure ratio, 114

total property ratios, 103
Mixer, coolant

total enthalpy ratio, 111

total pressure ratio, 103

total property ratios, 103
Mixing

fuel-air, 379

micro- and macro-, 339

jet, 347

shear layer, 355, 391

Nacelle and interference drag, 429
Nimonic, 634
NO,, 331, 370
Nozzle, exhaust
area, estimate of, 205
area ratio, 467, 495
coefficients, 472, 478
convergent, 464, 478
convergent-divergent, 465
drag, 199
efficiency, 462
engine operating line, and, 467
functions, 191, 461, 467
gross thrust, 472, 476
coefficient, 472
installation loss, 190, 199
pressure ratio, 467, 483
thrust reversing, 468
total property ratios, 103, 471
types, 464
NOZZLE program, 13, 479, 481, 498

a

Off-design (see Performance analysis)
On-design (see Parametric analysis)

ONX program, 12, 96, 115,126, 173
Optimum bypass ratio, turbofan engine, 577
Optimum turbine ratio, turboprop engine, 597

Parametric analysis, 95
Pattern factor, 384
Performance analysis, 139
Plug flow reactor (PFR), 338
Pollutants, 338, 371
Polytropic efficiency, 106, 110
Power, specific, 593
Power specific fuel consumption, 593
Power takeoff, 97, 109
Pressure recovery (see Inlet, pressure recovery)
Primary zone, 326
Programs (see AEDsys software)
Propeller, 609
actuator disk theory, 609
advance ratio, 618
blade element efficiency, 615
blade element theory, 613

diameter, 617

efficiency, 591, 602, 621

efficiency model, 621

map, 617

speed, 616, 620

structural design, 619

velocity diagram, 614
P, 22,48

Radial variation (see swirl distribution)

Range factor (RF), 65

Ratio of specific heats, 11

Ratios, total property, 100

Reaction, degree of, 257, 271

Recirculation, 326, 328

Referencing, 142

Rene’ 80, 633

Request for Proposal (RFP), 4, 636
Air-to-Air Fighter (AAF), 13
Global Range Airlifter (GRA), 679

Residence time, 341, 391

Reverse thrust, 32, 468

Rim web thickness, 268

Rotation, takeoff, 28, 67

Rotational interference factor, 614

Secondary zone, 326
Sensitivity analysis, 135
Service ceiling, 33
Shock
detached, 367
normal, 195, 374
oblique, 195, 197, 437, 442
Software (see AEDsys software)
Solidity, 255, 262, 272, 280
Solution space, 19
Space heat release rate, 325
Specific excess power, weight, 22, 48
Specific fuel consumption
power, 593
thrust, installed, 55, 60, 71
thrust, uninstalled, 97, 120
Specific heat (see Gas model)
ratio, 11
Specific power, 593
Specific thrust, uninstalled, 96, 120
Spool design speeds, 311
Stage, turbomachinery, 254, 269
Stage pressure ratio
compressor, 258
turbine, 279
Stage parameters of turbine, 273
Stagnation properties, 9
Stall, aircraft, 29
Station numbering
high bypass ratio turbofan, 569
mixed-stream turbofan engine, 97
turboprop, 589
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Stay time (see residence time)
Stealth, 191, 385, 394, 422, 431, 470
Stoichiometric fuel-air ratio, 330
Stoichiometry, 330
Strength, specific, 289
Stress

centrifugal, 290

rim web, 292

rotor airfoil, 290

thermal differential, 286, 298

torsional, 297

uniform, disk of, 294
Summerfield criterion, 478
Swirl distribution, 265

comparison, 268

exponential, 267

first power, 267

free vortex, 266

non-free or controlled vortex, 281
Swirling annular jets, 352, 381

Takeoff

acceleration, 63

carrier, 34

climb angle, 30, 33

ground roll, 28, 29

rotation, 30, 68

terminology, 30

total distance, 30

weight, 55, 68
Theta break, 117, 126, 245, 525
Throttle ratio, 38, 527
Thrust

installed, 23, 38, 55, 189, 191,

206, 543

internal, 468

lapse, 23, 38

loading, 19, 21

instantaneous, 57

specific, 97

uninstalled, 97, 190, 192, 541
Thrust augmentation (see afterburner)
Thrust reversers, 468
Thrust scale factor, 158, 207, 211
Thrust specific fuel consumption

installed, 55, 60, 71

uninstalled, 97, 572, 593
Thrust vectoring, 469
Titanium 6246 alloy, 627
Total property ratios, 8, 100, 234
Turbine

aerodynamics, 269

cooling, 281

design, 269

design parameters, 283

efficiency, 106, 279

high-pressure

enthalpy ratio, 103, 106

INDEX

off-design performance, 144, 147
pressure ratio, 103, 106, 108
temperature ratio, 108
impulse, 168
low-pressure
enthalpy ratio, 103, 106
off-design performance, 145, 148, 178
pressure ratio, 103, 107, 108
temperature ratio, 108
optimum turbine ratio, turboprop, 597
performance, 143, 163
reaction, 271
stage, 270
stage loading parameter, 283
TURBN program, 12, 254, 278, 292, 295
Turbofan
high bypass ratio, 569
parametric (on-design) analysis, 571
equation development, 571
example results, 576
exit pressure, 572
optimum bypass ratio, 577
summary of equations, 572
performance (off-design) analysis, 577
assumptions, 577
equation development, 579
example results, 584
exit pressure, 579
summary of equations, 580
mixed-stream
parametric (on-design) analysis, 97
assumptions, 109
equation development, 110
example results, 117
summary of equations, 557
performance (off-design) analysis, 140
assumptions, 141
equation development, 142
example results, 121, 224
summary of equations, 563
variation in engine speed, 157
Turbojet (see Turbofan, mixed-stream)
Turbomachinery, 237
rotor nomenclature, 266
Turboprop, 589
parametric (on-design), 589
assumptions, 589
equation development, 590
example results, 597
optimum turbine ratio, 597
summary of equations, 594
performance (off-design), 597
assumptions, 597
equation development, 597
example results, 606
summary of equations, 602
work interaction coefficient, 590
Turn, constant velocity/speed, 25, 63



Units
conversion factors, 509
system of, 8, 509

Velocity diagrams
of axial flow compressors, 239
of axial flow turbines, 253
of propellers, 614

Vortex generators, 431

Warm-up, 67
Weight, aircraft, 55
Weight fraction

empty to takeoff, 56, 71

INDEX

instantaneous, 23, 39
mission leg, 57
summary of equations, 60
type A, 57
type B, 59
Weight specific excess power,
Well-stirred reactor (WSR), 338
Wheel speed, 295
Wing loading, 19, 21
Work interaction coefficient, 590

Zero flight speed, inlet at, 431
Zweifel coefficient, 278
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