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Purpose of Research

@ Analyze the effects of the heat flux and
heating geometry on the cook-off
response of an explosive device

@ Understand the underlying mechanism(s)
of a Deflagration to Detonation Transition
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Combustion: Detonation

@ Deflagration

® Detonation

- Convective and Conductwe Deﬂagrat1on







Uintah Computational
Framework

® Material Point Method (MPM)
- Lagrangian
- Condensed phase models
® Multi-material CFD formulation (ICE)
- Finite volume-Eulerian
- Gas phase models

@ MPM-ICE

- Lagrangian/Eulerian

- Solves fluid-structure interactions
® ]J. Guilkey, T. Harman, and B. Banerjee. An Eulerian-Lagrangian approach

for simulating explosions of energetic devices. Computers and Structures,
85:660-674, 2007.









AMR MPMICE: Scaling
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Simulation Set Up
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Steel PBX9501
0.005110 0.8000

0.003832 0.6000

0.002555 0.4000

0.001277 0.2000

3.000e-24 5.000e-24
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0.23005 0.2301 0.23015 0.2302  0.23025 0.2303 0.23035

0.11005 0.1101 0.11015 Time (s) after Ignition

Time (s) after Ignition




Case Burst Detonation

Pressure Pressure
9.781e+07 Pa—- . 6.615¢407 Pa
7.338¢+07 Pa— — 4.964e+07 Pa
4.896e+07 Pa 3.312¢407 Pa
2.453¢+07 Pa 1661407 Pa

1.000e+05 Pa— — 1.000e+05 Pa
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.— 5.833e+08 Pa

3.88%e+08 Pa

[ 1.945e+08 Pa

1.013e+05 Pa
-0.000 Kg

1.35/e-11Kg

2./ 14e-11Kg

0/2e-11Kg

Pressure
2.452e+09 Pa

1.635e+09 Pa
[8.1739008!’0
1.013e+05 Pa

20 usec
PBX Temp

-

Gas Temp

~0.00V Kg

1.424e-11Kg
2.84/e-11Kg
2/1e-11Kg

130 u sec

Reacting PBX

120 u sec

140 u sec

2.174e+09 Pa

1.449e+09 Pa
[ 7.247e+08 Pa
1.013e+05 Pa

0000 Kg
1.34/e-11Kg
2.694e-11Kg
Udle-11Kg
-—2.7889+09 Pa
1.859e+09 Pa
[9.2949+08 Pa
1.013e+05 Pa

0.000 Kg

1.456e-11Kg

2913e-11Kg

369e-11Kg







Pressure

' 8.278e+07 Pa

— 6.211e+07 Pa
— 4.144e+07 Pa

2.077e+07 Pa

— 1.000e+05 Pa
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175 1 sec

-— 6.518e+08 Pa
4.346e+08 Pa
[ 2.173e+08 Pa
1.013e+05 Pa
—0.000 Kg

1.956e-11Kg
3.910e-11Kg
.865e-11Kg

2.232e+09 Pa

1.488e+09 Pa
7.439e+08 Pa

1.013e+05 Pa

0.000 Kg
1.090e-11 Kg
2.180e-11Kg

3.270e-11 Kg

Ga

170 usec
PBX Temp

185 u sec

e

-— 1.884e+09 Pa

1.256e+09 Pa

6.279e+08 Pa

1.013e+05 Pa

000 Kg
1.090e-11 Kg
2.179e-11 Kg

26%9e-11Kg

Praseuro
. ¥ e+ a

2.083e+09 Pa
1.042e+09 Pa

1.013e+05 Pa

Reacting PBX

0.000 Kg
1.618e-11Kg
236e-11Kg
855e-11 Kg







Pressure

' 1.078e+08 Pa

— 8.088e+07 Pa
— 5.395e+07 Pa

2.703e+07 Pa

— 1.000e+05 Pa










Spanish Fork Canyon, Utah
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"Truck Explosion Leaves Huge Crater On Highway." DREAMS OF THE GREAT EARTH CHANGES.Web. 25 Feb. 2012. <http://www.greatdreams.com/homeland-
security.htm>.




Large Scale Simulations

P // [T—
Fo 80,000 Processors on Titan
el lm x 1m x 1m Domain
6,000 Processors on Stampede
B 1.2m x 0.8m x 0.2m Domain

- 5.300 GPa

3.975 GPa
2.650 GPa

1.325 GPa

I 0.100 GPa

0.634 msec

0.534 msec
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