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– test 415
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activation energy 167
– ammonium perchlorate 119
active polymers
– azide polymers 318
– nitropolymers 317
adiabatic flame temperature 27
– of HMX-CMDB propellants 260
adiabatic flame temperature vs. burning rate
– AN-GAP composite propellants 245
– AP-GAP composite propellants 248
ADN composite propellants 249
afterburning 376, 377
ammonium dinitramide 81, 132
ammonium nitrate (AN) 121
– characteristics 78
– composite propellants 104
– disadvantages of 78
– fuel oil explosives 114
– physicochemical properties of 79
– pyrolants 367
– thermal decomposition 78
ammonium nitrate fuel oil (ANFO)
explosives 282

ammonium perchlorate (AP) 77, 94
– AP-GAP propellants 103
– AP-HTPB composite propellants 101
– burning rate 121
– combustion wave structure 121
– pyrolants 482
– thermal decomposition 119
ammonium perchlorate (AP) composite
propellants 375, 376

– binders 205
– combustion wave structure 200
– granular diffusion-flame theory 199
– LiF negative catalyst 213
– particle size 203
– positive catalyst 211
– premixed and diffusion flame 195
– SrCO3 negative catalyst 216
– temperature sensitivity 209
AN-(BAMO-AMMO)-HMX composite
propellants 246

AN-GAP composite propellants 243
AP-CMDB propellants
– burning rate 255
– flame structure and combustion

mode 254
AP composite pyrolants 490
AP-GAP composite propellants 247
AP-nitramine composite propellants
– binder 238
– particle size 236
– theoretical performance of 235
atmospheric windows 361
azide polymer 87, 318, 322

b
band spectra 361
B-AP pyrolants 347
bis-azide methyl oxetane (BAMO) 142
2,2-bis(ethylferrocenyl)propane (BEFP) 209
B-KNO3 pyrolants 336
black-body radiation 360
black powder 113, 326
black smoke emitters 365
Boltzmann constant 3
brittle fracture 21
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burning rate 321
– ammonium perchlorate 121
– AP-CMDB propellants 255
– AP-nitramine composite propellants 236
– bis-azide methyl oxetane 142
– characteristics 411
– catalysts 397, 398
– catalyzed HMX-CMDB propellants 269
– GAP 139
– HMX 122
– HMX-GAP composite propellants 224
– HNIW composite propellants 249
– NC-TMETN propellants 171
– nitramine-CMDB propellants 261
– nitramine composite propellants 220
– nitro-azide propellants 173
– pressure exponent 66
– SrCO3 negative catalyst 216
– TAGN 130
– TAGN-GAP composite propellants 242
– temperature sensitivity of 66
burning surface transition 428

c
catalyst activity, HMX-CMDB propellants
272

catalyzed double-base propellants
– burning rate 179
– combustion models 184
– dark zone reactions in 182
– fizz zone reactions in 184
– LiF 188
– Ni 189
– super-rate plateau, and mesa-burning

characteristics 176
catalyzed HMX-CMDB propellants
– burning rate 269
– combustion wave structure 270
catastrophic explosion 95
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Chapman–Jouguet points 46
chemical bond energy 23
chemical smoke 363
CHNO explosives 279
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– combustion 334
– aluminum particle 325
– B-AP pyrolants 347
– B-KNO3 pyrolants 336
– boron particles 326
– burning rate augmentation 424
– effects of aluminum particles 425
– GAP-AN pyrolants 345
– Li-SF6 pyrolants 327

– magnesium particles 325
– metal-GAP pyrolant 339
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– Mg-Tf pyrolants 329
– NaN3 pyrolants 342
– nitramine pyrolants 346
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– Ti-C pyrolants 341
– Ti-KNO3 and Zr-KNO3 pyrolants 338
– zirconium particles 326
– Zr pyrolants 328
combustion wave 41
– burning rate model 62
– Chapman–Jouguet points 46
– chemical reaction rate 69
– deflagration wave 52
– detonation wave 49
– flame stand-off distance 64
– propagation of 43
– Rankine–Hugoniot equation 44
– thermal model of 56
– thermal structure in condensed and gas

phases 59
combustion wave structure
– ammonium dinitramide 132
– AP 121
– AP propellants 200
– bis-azide methyl oxetane 146
– GAP 142
– HMX 124
– HMX-GAP composite propellants 224
– HNF 135
– LiF 215
– NC-NG double-base propellants 152
– NC-TMETN propellants 173
– nitramine composite propellants 221
– nitro-azide propellants 174
– SrCO3 negative catalyst 216
– TAGN-GAP composite propellants 242
– TAGN 130
composite-modified double-base (CMDB)
propellants 110

composite propellants 94, 101
condensed-phase reaction zone 154
conductive heat 393
continuous emission 359
convective and conductive ignition 393
convergent-divergent nozzle 462
critical friction energy 354–356
cross-flow velocity 407
crystalline oxidizers 309, 310
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cyclo-1,3,5,7-tetramethylene-2,4,6,8-
tetranitramine 80

cyclo-1,3,5-trimethylene-2,4,6-
trinitramine 80

d
damping factor 424
dark zone 153
deflagration model 121
deflagration to detonation transition
(DDT) 324

deflagration wave 49
degrees of freedom 3
destructive force formation 20
detonation temperature 279
detonation transition to deflagration
(DTD) 324

detonation wave 52
detonation wave propagation 286
diffusional flamelets 196, 321, 430, 431
diffusional mixing process 210
diffusion flame 42
direct-connect flow (DCF) test 491
dissociation process 23
double-base propellants 378, 396, 402, 403,
409, 411, 428

dual-thrust motors
– burning interruption 450
– design parameters 448
– mass generation rates 447, 448
– physical parameters 450
– physicochemical parameters 449
– pressure deflagration limit 450
– pressure vs. burning time curve 449
– principles 444
– single propellant grain 445
– thrust modulator 451
ducted rocket propulsion 471
– combustion of variable-flow gas

generator 493
– combustion test facility 491
– computational process 474
– design parameters 474, 475
– flight altitude 476
– flight Mach number 476
– fuel-flow system 477
– high-temperature gaseous products 472
– multi-port air-intake combustion

efficiency 497
– ramburner 472
– structure 472
– thrust and drag 473
ductile fracture 21

e
electromagnetic radiation 359
elements 297
– heat of combustion 299
– periodic table 297
– physicochemical properties 299, 300
energetic explosive materials 280
energetic material 400, 401
energy density 92
enthalpy
– definition 1
– stagnation 6
entropy 4
equilibrium constant 26, 29, 30
erosive burning 463
– erosive ratio vs. mass flow rate 458
– head-end pressure 455
– overall erosive ratio vs. L/D 459
– peak pressures 457
– propellant grain internal geometry 456
– thrust versus burning time

relationship 456
erosive burning model 406
erosive burning phenomena
– cross-flow effects 404
– heat transfer through boundary layer 404
– Lenoir–Robilard parameters 406
– threshold velocity 402
erosive burning rate equation 405
erosive ratio 457
ethyl nitrate 136
explosives 293, 294
– ANFO 114
– CHNO explosives 279
– critical diameters 285
– detonation process 277
– detonation velocity 279
– detonation velocity and pressure 278
– energetic materials 280
– equation of state for detonation 280
– industrial explosives 281
– lens 285, 286
– military explosives 283
– plastic-bonded 115
– Rankine–Hugoniot equations 277
– slurry 11
– TNT-based 115
– uses 114

f
first law of thermodynamics 1
first-order reaction 32
fixed fuel-flow ducted rocket 478
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fizz zone 153
– flame stand-off distance 161
– heat flux 166
– reaction models in 157, 184
flame stand-off distance 64
– catalyzed HMX-CMDB propellants 260
flame structure
– AP-CMDB propellants 254
– nitramine-CMDB propellants 258
flame temperature 409
flame velocity 138
flame zone 153
flammability limit 55
flat detonation wave formation 285
flow Mach number 11
freejet (FJ) test 492
friction sensitivity 353, 354
fuel components 314
– metallic fuels 314
– metal particles 487
– non-metallic solid fuels 316
– polymeric fuels 317
fuel-flow system
– fixed fuel-flow system 478
– non-choked flow system 478
– variable fuel-flow system 478

g
GAP-AN pyrolants 345
GAP-B pyrolants 488
gas constant 2
gaseous high-temperature flames 362
gas-generating pyrolants
– AP composite pyrolants 490
– burning rate and pressure exponent 483
– fuel components metal particles 487
– GAP-B pyrolants 488
– GAP pyrolants 486
– metal particles on combustion stability 490
– physicochemical properties 482
– used in VFDR 485
– wired gas-generating pyrolants 484
gas-hybrid rocket
– liquid oxidizer 464
– mixing process 464
– principles 463
– pyrolants 466
– schematic diagram 464
– self-regulating oxidizer feeding

mechanism 465
– thrust and combustion pressure 466
– types of 465
gas-phase reaction 123

gas-phase reaction HMX-GAP
propellants 224

gas-phase reaction rate 59
gas phase reaction zone 156
gas-pressurized system 465
Gibbs free energy 25
glycidyl azide polymer (GAP) 87
glycidyl azide polymer (GAP) pyrolants
483, 486

granular diffusion-flame (GDF) theory 199
granulated propellant 95
green propellants
– ADN-and HNF-composite propellants 390
– AN-composite propellants 389
– characteristics 388
– nitramine composite propellants 390
– nitropolymer propellants 391
– oxidizer components 389
– physical and chemical properties 388
– TAGN-GAP composite propellants 391
gun cotton 135
gun propulsion
– internal ballistics 18
– thermochemical process 17

h
HCl reduction
– acid mist formation 384
– ammonium perchlorate composite

propellants 383, 384
– booster propellant 384
– by metal chlorides formation 385
heat balance, HMX-CMDB propellants 273
heat conduction zone 152
heat of detonation per mole 279
heat release process 321
heats of explosion 25, 36
heats of formation 25, 35
heat-transfer coefficient 394
heat-transfer process 426
heterogeneous pyrolants 322
hexanitorostilbene 75
hexanitrohexaazaisowurtzitane 75
HMX
– burning rate 122
– combustion wave structure and heat

transfer 124
– gas-phase reaction 123
– thermal decomposition 122
HMX composite propellants
– chemical properties 232
– compositions of 232
HMX-GAP composite propellants
– burning rate 224
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– combustion wave structure 222
– physicochemical properties of 224
HMX-PBX materials 284
HNF composite propellants 249
HNIW composite propellants 249
homogeneous pyrolants 322
Hopkinnson effect 288
hot particles 362
hot-spot ignition 400
Hugoniot curve
– definition 45
– detonation and deflagration regions on 49
hydrazinium nitroformate 134
hydrazinium nitroformate composite
propellants 106

hydrocarbon polymers 317, 318
hydroxy-terminated polybutadiene
(HTPB) 103

hydroxy-terminated polyester (HTPS) 85

i
igniters 323
ignition 397
– for combustion 398
– defintion 41
– physicochemical parameters of 54
– system 322
– thermal theory of 54
– transient 393
– industrial explosives 114
– ANFO 282
– nitroglycerin 281
– slurry and emulsion 282
inert polymers 84 see also hydrocarbon
polymers

infrared emission 387
infrared light 361
infrared radiation 361
infrared spectra of TAGN 129
inhibitory effect of lead oxide 178
internal ballistics gun 18
internal burning 440

l
laminar flame 42
laminar flame-speed theory 156
L* combustion instability 411
lead-catalyzed double-base propellant
412, 413

lead stearate 228
LiF-catalyzed double-base propellants 187
light attenuation 372, 373
line spectra 361
liquid ramjets 471

Li-SF6 pyrolants 327
lithium fluoride (LiF)
– catalyst action on combustion wave 232
– super-rate burning 230
luminous flame front approach 163
luminous flame zone 154

m
Mach number 5
mass flux 11
mass variable fuel-flow ducted rockets (VFDR)
– generation rates 480
metal azides 318
metal-GAP pyrolants 339
metallic crystalline oxidizers
– barium chlorate 311
– barium nitrate 311
– potassium chlorate 311
– potassium nitrate 310
– potassium perchlorate 311
– sodium nitrate 312
– strontium nitrate 312
metallic fuels 314
metallized pyrolants 324
methyl nitrate 136
Mg-Tf pyrolants 329
military explosives 115
– plastic-bonded explosives 284
– TNT 283
molten jet stream formation 288, 289
momentum change 12
multi-port air-intake combustion
efficiency 497

Munroe effect 287

n
NaN3 pyrolants 342
NC-NG double-base propellants 98
– burning rate characteristics 151
– combustion wave structure 152
– energetics 162
– gas-phase model 160
– heat feedback 160
– temperature sensitivity 168
NC-TMETN propellants 99
– burning rate 172
– combustion wave structure 173
negative erosive burning 407, 408
neutralized propellants 386
Ni-catalyzed double-base propellants 189
nitramine-CMDB propellants
– burning rate characteristics 261
– burning rate model 267
– flame structure and combustion mode 258
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nitramine-CMDB propellants (contd.)
– thermal wave structure 262
nitramine composite propellants 104, 110
– binders 220
– combustion wave structure 221
– particle size 220
nitramine pyrolants 346
nitrate esters 82, 135
nitro-azide polymer propellants 99
nitro-azide propellants 173
nitrocellulose 322
nitro compounds 80
nitroglycerin 114
nitroguanidine 81
nitronium perchlorate 76
nitropolymer propellant 374
nitropolymers (NP) 317
– pyrolants 366, 483
non-choked fuel-flow system 478
non-metallic solid fuels
– boron 316
– carbon 316
– silicon 317
– sulfur 317
normal shock wave 8
nozzle discharge coefficient 12, 462
nozzle expansion 380
nozzleless rocket motor
– combustion performance analysis 462
– flow characteristics 460
– principles of 459

o
overall erosive burning ratio 458
oxidation and combustion process 325
oxidation reaction 33
oxidizer components
– chemical potential 309
– crystalline materials 309, 310
– fluorine compounds 313
– metallic crystalline oxidizers 310
– metallic oxides 312
– metallic sulfides 313
– metal oxides 309
oxygen balance 33

p
particle size
– AP composite propellants 203
– nitramine composite propellants 219
pentaerythritol tetranitrate 74
pentaerythrol tetranitrate 79
physical smoke 363
plastic-bonded explosives (PBX) 115, 284

plateau burning 232
poly(bis-azide methyl oxetane) 87
polybutadiene acrylonitrile (PBAN) 85
polybutadiene copolymer 85
polymeric fuels
– azide polymers 318
– hydrocarbon polymers 318
– nitropolymers 317
polymers
– azide 87
– inert 84
– nitrate esters 82
– physicochemical properties of 82
polysulfides 86
polyurethane 407
polyurethane copolymer 85
potassium nitrate 79
potassium perchlorate 78
potassium salts 379
premixed flame 42
preparation zone 154
propellants 293, 294, 393
– composite 100
– double-base 96
– and explosives 91
– formulation of 94
– nitropolymer 96
pulse rocket motor
– combustion test 454
– design 451
– operational flight design 452
pyrolants 92, 293, 294, 321, 393, 466
– burning rate 370
– categories 307
– characteristics 300
– chemical composition 368
– chemical ingredients 307
– combustion characteristics 305
– deflagration 305
– diffusional process 306, 307
– energetic materials 306
– energetics of elements see elements
– enthalpy and heat of reaction 297, 298
– flame temperature and gas volume 369
– fuel components see fuel components
– gas generators 306
– heats of explosion 369, 370
– heats of formation 297, 298
– heterogeneous materials 322
– homogeneous materials 322
– igniters 323, 369, 372
– metal azides 318
– oxidizer components see oxidizer

components
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– physicochemical characteristics 304
– reactants and products 296
– smoke characteristics 368
– thermodynamic energy 294
– thermodynamic properties 295

r
radiative energy 362
radiative ignition 396, 400
ramburner 472
Rankine–Hugoniot equation 9, 44
Rayleigh equation 45
RDX-AP composite propellant 416, 419, 423
RDX-PBX materials 284
reaction rate 31
reduced-smoke propellants 376
Reynolds number 43
rocket flight trajectories 375
rocket motors
– burning rate 435
– combustion efficiency 437
– combustion phenomena 437
– erosive burning 437
– pressure versus burning time curves

435, 436
– propellant burning 435, 436
– stability criteria 440
– temperature sensitivity 442
– zones of burning 435, 436
rocket nozzle 377
rocket plumes 377, 380, 382
rocket propulsion
– characteristic velocity 15
– vs. gun propulsion 17
– pressure–volume and enthalpy–entropy

diagrams 14
– specific impulse 16
– thrust coefficient 15

s
second-order reaction 32
self-sustaining combustion 41
semi-freejet (SFJ) test 492
shaped charge 287, 288
shock wave
– formation 7
– and pressure 20
side-thrusters 451
simplified burning-rate model 185
single-base propellants 96
single-grain dual-thrust motor 445
six-pointed-star geometry 416
six-pointed-star grain 417
slurry and emulsion explosives 282

slurry explosives 114
smoke and flame 370
smoke emission
– black smoke emitters 365
– chemical smoke 363
– physical smoke 363
– white smoke emitters 364
smokeless pyrolants
– ammonium nitrate 367
– nitropolymer 366
sodium nitrate 79
solid-phase reaction zone 153
solid ramjet 478
solid rockets 471
sonic velocity 5
specific heat 2
specific impulse, rocket propulsion 16
stagnation point 6
standing pressure wave 422
step function model, for gas-phase
reaction 62

subsurface reaction zone 154
super-rate burning
– HMX-GAP composite propellant 229
– HMX-HTPE composite propellant 229
– HMX-HTPS composite propellant 228
– LiF catalysts for 230
supersonic nozzle flow 10
suppression of combustion instability
422, 423

t
TAGN composite propellants 108
TAGN-GAP composite propellants
– burning rate and combustion wave

structure 242
– physicochemical properties of 242
T-burner 415, 416
T* combustion instability 409
temperature sensitivity ammonium
perchlorate composite propellants 209

temperature sensitivity of burning rate 66
termolecular reaction 155
thermal conductivity of carbon 185
thermal decomposition 321, 357
– ammonium nitratre 121
– ammonium perchlorate 119
– AP 213
– bis-azide methyl oxetane 142
– GAP 139
– HMX 122
– TAGN 126
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thermal dissociation 31
thermal equilibrium 25
thermodynamic energy 36
thermodynamic potential 242
third-order reaction 32
thrust 12
Ti-C pyrolants 341
Ti-KNO3 and Zr-KNO3 pyrolants 338
TNT-based explosives 283
triaminoguanidine nitrate (TAGN) 80
– burning rate 130
– combustion wave structure and heat

transfer 130
– thermal decomposition 126
trinitrobenze 74
triple-base propellants 112
turbo pump operation system 465
turbulence 5
turbulent flame 42

u
underwater explosion 289

v
variable-flow gas generator 493
variable fuel-flow ducted rockets (VFDR)
– definition 479

– energy conversion 479
– high and low pressure exponent

pyrolants 482
– mass generation rate 479
– nozzle throat area controller 481
– pyrolants 485
Vieille’s law 17, 151
volumetric burning rate of propellant
grain 19

von Neumann spike 50, 51

w
white smoke emitters 364
wired gas-generating pyrolants 484
wired propellant burning
– burning rate augmentation 428
– heat-transfer process 426

z
Zeldovich von Neumann, and Düring (ZND)
model 50

zirconium pyrolants 328






