Contents

I Introduction ................ ... oot e 1

L1 Introduction ....o..oviiiieiii i e 1

2 Some Basic Air Blast Definitions .............................. 3

2.1 Formation of a Shock Wave .. ..........ccooiiiiiiiiiiiiiit, 5

2.2 Methods for Generating a Shock Wave ..ot 6

3 The Rankine-Hugoniot Relations ........................................ 9

3.1 Real AirEffectson Gamma ...........c.cociiiiiiiiiiiiiiieiiiinenans 10

3.2 Variable y Rankine—Hugoniot Relations ...................... 11

3.2.1 Some Useful Shock Relations ...........c.cooieiiiiiiiiiiann.. 12

|13 5] (5 1 (oL S O U 15

4 Formationof Blast Waves .......... . ... i, 17

4.1 The Taylor Wave ......ccooiiiiiiiiiiiiiiiiiiiiiiniiiiaiiiaainene, 17

4.2 The Sedov Solution ...... ..o ittt 18

4.3 Rarefaction Waves ...........iiiiiiieriieianiiaiatiaiairenaaarnaaaans 20

4.4 Nuclear Detonation Blast Standard .......................oo 23
4.4.1 Description of Blast Wave Formation from

aNuclear SOUrce ........iiiiiiiiii it 23

4.4.2 Description of Energy Deposition and Early Expansion ...... 23

4.5 The 1 KT Nuclear Blast Standard ..................ccoooiiiiiaa.. 28

4.5.1 Constructionofthe Fits .............o..coiiiiiiiiiiii. 33

|15 15115 1101 - SN 36

5 Ideal High Explosive Detonation Waves _.............................. 37

5.1 Chapman—Jouget Relations ................ooooiiiiiiii 37

5.1.1 Equationof State ..o 38

5.1.2 Analytic Integration ................ccoooiiiiiiiiiiiniiL 39

vii

|
Bibliografische Informationen digitalisiert durch E : |1_E
http://d-nb.info/997432330 f\B I0THE!



http://d-nb.info/997432330

viii

Contents

5.2 Solid Explosive Detonation .............c.cooiiiiiiiiiiiiiieeiinnnn... 40
5.2.1 TNT Detonation ......c.coieeiiiiiiiiiiieeeriannieeaaannnnnns 41

5.3 High Explosive Blast Standard .................c.. 48
5.4 Ideal Detonation Waves in Gasses .......c.cccceeiieeieiiiiiiinannnnns 51
5.5 Fuel-Air EXplOSIVES .. ...t 56
5.5.1 Gaseous Fuel-Air Explosives ............ooociiiiiiiiinnni. 57
5.5.2 Liquid Fuel Air Explosives ...........cc.oocciiiiiiiiiiannn. 59
5.5.3 Solid Fuel Air Explosives (SFAE) ... 60
References ..o e 63
Cased Explosives ....... ... e 65
6.1 Extremely Light Casings .........cccociiiiiiiiiiiiiiiiiiiiiiiiiiiiees 65
6.2 Light Casings ......ccoviiiiiiiie it eaeaaeas 68
6.3 Moderate to Heavily Cased Charges .............ccoooiiiiiiiiiinnee 69
6.3.1 Fragmentation ..........c.ccceeeuiiiiiiiiiieiieiaiiiiiiniaiaanes 71
6.3.2 Energy Balance ............ccooiiiiiiiiiiiiiiiiiiii 72
6.3.3 Gurney Relations .........cccooiiiiiii i 75
6.3.4 Mott’s Distribution ....... ... 77
6.3.5 The Modified Fano Equation ................coociiiiiiio. 80

6.4 First Principles Calculation of Blast from Cased Charges ........... 81
6.5 ACHVE CASES ...ooieiiiiiii ettt 82
References .........ooooiiiiiii s 85
Blast Wave Propagation ............. ... ..., 87
7.1 One Dimensional Propagation ....................c.cooiiiiiiiiia... 89
7.1.1 Numerical Representations of One Dimensional Flows ...... 91

7.2 Two Dimensional Propagation ...............cccoooiiiiiiiiiin.. 92
7.2.1 Numerical Representations of Two Dimensional Flows ...... 93

7.3 Three Dimensional Propagation ..................cociiciiiiiiiiaae... 94
7.3.1 Numerical Representations of Three Dimensional Flows .... 94

7.4 Low Overpressure Propagation ...............cccooiiiiiiiiiiani., 96
7.4.1 Acoustic Wave Propagation ... 97
7.4.2 Non-Linear Acoustic Wave Propagation ...................... 99
References .........coioiiiiiiiiiiiiiiiiiii i 99
Boundary Layers ............ooiiiiiiiiiii s 101
8.1 General Description ...........c.ciiiiiiiiiiiiiiiiiiiiiiiiiiiaanes 101
8.2 Boundary Layer Formation and Growth .................. ... ..., 102
8.3 Termination of a Boundary Layer .....................ooiiiiii 103
8.4 Calculated and Experimental Boundary Layer Comparisons ...... 104
REferences ......oooiineiiiiii i e 113
Particulate Entrainment and Acceleration ........................... 115
9.1 Particulate Sweep-up ........coiiiiiiiiiiiiiiiiii e 115

9.2 Pressure and Insertion Velocity ... 116



Contents ix

10

11

12

13

9.3 Drag and Multi-Phase Flow ...l 17
9.4 Particulate Effects on Dynamic Pressure ........................... 122
9.5 Effects of Water ........ooiiiiiiiiiiiii 123
ReEfErences ... ...oooiiiiiiiiiii i 125
Instabilities ... ... .. .. 127
10.1 Raleigh-Taylor Instabilities .....................oo . 127
10.2 Kelvin—Helmholtz Instabilities ...............c.......ooiin 132
10.3 Richtmyer—Meshkov Instabilities .......................oo.... 135
References ..........c.oeiiiiiiiii it 137
Measurement Techniques ............................o 139
11.1 Use of Smoke Rockets ..., 139
11.2 Smoke Puffs ... ..o o 140
11.3 Painted Backdrops .........cooviiiiiiiiiiiiiiiiiiiiieii e, 142
11.4 Overpressure Measurements ............ceeooiiiiiiniiiiinnunnaon. 142

11.4.1 Passive Techniques .....................ooo..... e 144

11.4.2 Self Recording Gauges ..............ccoveviiiiiiiiiinnn... 145

11.4.3 Active Electronic Gauges ..........coceevviiiiiiiniiennn.. 146
11.5 Density Measurements ............ceeouuiiiiiieiiieeneninunennnnnn. 147
11.6 Velocity Measurement ...........cceiiiiiiniiiininiiiniiiaenn. 148
11.7 Angle of Flow Measurement ................ccoviiiiiiiiiiinnaa... 148
11.8 Temperature Measurement ...............ccoooviviiiiiiniiiiiin, 149
11.9 Dynamic Pressure Measurement ...................viiiinn 150
11.10 Stagnation Pressure Measurement .......................... 153
11.11 Total Impulse Gauge ...........ccocoiiiiiiiiiiiiiiiiiiniii .. 154
References ......oooiiiii 154
Scaling Blast Parameters ...................c.oiiiiiiiiiiiieni, 157
12.1 Yield Scaling .....oovnniiiiiiiiiii 157

12.1.1 Application to Nuclear Detonations ....................... 159
12.2 Atmospheric Scaling ... 161
12.3 Examples of Scaling ... ... 168
Blast Wave Reflections .................... ... 171
13.1 Regular Reflections ........... ..., 171

13.1.1 Regular Reflection at Non-perpendicular Incidence ...... 172
13.2 Mach Reflection ... 173

13.2.1 Simple or Single Mach Reflection ........................ 173

13.2.2 Complex Mach Reflection .......................oooe 175

13.2.3 Double Mach Reflection .......................o 176
13.3 Planar Reflections ..............ccociiiiiiiiiiiiiii ., 182

13.3.1 Single Wedge Reflections ...................c. 182

13.3.2 Rough Wedge Reflections ...............c.ciiiiiii 192
13.4 Reflections from Curved Surfaces ...l 194

|20 (1 1 = U TN 198



X

14

15

16

17

18

19

Contents

Height of Burst Effects .................. ... 201
14.1 Ideal Surfaces ........oooiiimmiiiiiiii it it 201
14.1.1 Nuclear Detonations ...........c.cociiviiiiiiieinanaan.. 203
14.1.2 Solid High Explosive Detonations ........................ 205
14.2 Range for Mach Transition ...............ccoooiiiiiiiiiiiiinn... 216
14.3 Height of Burst Over Real Surfaces ......................ol. 218
14.3.1 Surface Response ............coooiiiiiiiiiiiiiiiiiiiiiaian, 219
14.3.2 Surface Roughness Effects .......................ooo. 222
14.3.3 Dust Scouring Effects ...................ooo 222
14.3.4 Terrain Effects ..........ooooiiiiiiiiiiiiiiiiiiiiiiiienann, 224
14.4 Thermal Interactions (Precursors) ...............ccoceiiiinnnnnnn.. 227
14.4.1 Free Field Propagation in One Dimension ................ 230
14.4.2 Shock Tube Example ..........coooiiiiiiiiiiiiiiiiianan. 230
14.4.3 Thermal Interactions Over Real Terrain .................. 232
14.4.4 Simulation of Thermal Layers .................ccoooeeiae. 241
305 1 15 1 o= N O 245
Structure Interactions .................c i 247
15.1 Pressure Loads .......oooiimiiiiiiii e 248
152 Impulse Loads .......cooiiiiiiiii i eeane 251
15.3 Non Ideal Blast Wave Loads ................coiiiiiiiiiiiennann. 254
15.4 Negative Phase Effects on Structure Loads ....................... 256
15.5 Effects of Structures on Propagation ..........................c.. 257
15.6 The Influence of Rigid and Responding Structures ............... 261
References ... 269
External Detonations ................... ..., 271
Internal Detonations .................... ... 281
17.1 Blast Propagationin Tunnels ........................o ... ... ... 287
References .......oiiiiiiiii i 291
Simulation Techniques .................... 293
18.1 Blast Waves in Shock Tubes ..o, 293
18.2 High Explosive Charges ........c..ooiiiiiiiiiiiiiiiiiiaeeanne.. 294
18.3 Charge Arrays .......oooiiiiiiiiiiii i aieaaanens 296
18.4 Use of Exit Jets to Simulate Nuclear Thermal Precursor
Blast Environments .............co.iiiiiiiiiiiiiii s 298
References .......... i 302
Some Notes on Non-ideal Explosives .................................. 303

19.1 Properties of Non-ideal Explosives ............................... 304



Contents xi

19.2 Combustion or Afterburning Dependency of

Non-ideal Explosives .............coooiiiiiiiiiiiiiiiiii 304
19.2.1 Charge Siz€ .....cconiiiiiiiiiiiiiiiiii i, 304
19.2.2 Casing Effects ... 304
19.2.3 Proximity of Reflecting Surfaces .......................... 306
19.2.4 Effects of Venting from the Structure .................... 306
19.2.5 Oxygen Availability ... 308
19.2.6 Importance of Particle Size Distribution
in Thermobarics ........cooooviiiiiiiiiiiiiiii e, 310
References ........eiiiiii e 312
20 Modeling Blast Waves ..ottt 313
20.1 Non-linear Shock Addition Rules ...................oooaae. 313
20.2 Image BUISES ....oounueet e 314
20.3 Modeling the Mach Stem ................ 318
20.4 Loads from External Sources ..., 320
20.4.1 A Model for Propagating Blast Waves
Around COmers ........ooieiiiiiiiiiiiiiiiiiiiiiieieaaees 320
20.5 Blast Propagation Through an Opening ina Wall ................ 325
20.5.1 Angular Dependence of Transmitted Wave ............... 327
20.5.2 Blast Wave Propagation Through a Second
Opening ... 328
References ... 330



	IDN:997432330 ONIX:04 [TOC]
	Inhalt
	Seite 1
	Seite 2
	Seite 3
	Seite 4
	Seite 5

	Bibliografische Informationen
	http://d-nb.info/997432330



