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A Full Scale Hydrodynamic Simulation of High Explosion Performance
for Pyrotechnic Device

Bohoon Kim - Jai-ick Yoh'

A full scale hydrodynamic simulation that requires an accurate reproduction of shock-induced detonation was
conducted for design of an energetic component system. A detailed hydrodynamic analysis SW was developed
to validate the reactive flow model for predicting the shock propagation in a train configuration and to quantify
the shock sensitivity of the energetic materials. The pyrotechnic device is composed of four main components,
namely a donor unit (HNS+HMX), a bulkhead (STS), an acceptor explosive (RDX), and a propellant (BPN) for
gas generation. The pressurized gases generated from the burning propellant were purged into a 10 cc release
chamber for study of the inherent oscillatory flow induced by the interferences between shock and rarefaction
waves. The pressure fluctuations measured from experiment and calculation were investigated to further validate
the peculiar peak at specific characteristic frequency (@, = 8.3 kHz). In this paper, a step-by-step numerical
description of detonation of high explosive components, deflagration of propellant component, and deformation
of metal component is given in order to facilitate the proper implementation of the outlined formulation into a
shock physics code for a full scale hydrodynamic simulation of the energetic component system.
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Table 1. Modeling constants for HNS, HMX, RDX(pure) and CH-6(97.5% RDX)

Model parameter HNS HMX RDX CH-6
n (kg/m’) 1430 1700 1570 1640
A (GPa) 33180 952200 - 77810
B (GPa) -2.5154 -5.944 - -5.031
Reactant
R 11.5 14.1 - 11.3
Ry 1.15 1.41 - 1.13
o (J/g-K) 0.568 0.887 - 0.894
A (GPa) 536.25 333.88 313.11 311.19
B (GPa) 27.02 5.92 4.97 5.69
C (GPa) 1.00 1.35 1.46 1.36
Product
R 54 3.63 3.71 3.61
Ry 1.8 1.02 0.99 1.01
o (J/g-K) 0.45 0.37 0.36 0.36
I(s™h 1.4x10° 44x10° - 58x10°
a 4.0 4.0 - 4.0
Chemical kinetics . 5 P . .
G (s"Mbar”) 185x10 850x10 - 380x10
b 3.0 2.0 - 1.1
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Table 2. Material properties for STS[12,13].

Property STS
Mechanical constant

Initial density (kg/m’) 7900

Young’s modulus (GPa) 200

Shear modulus (GPa) 77

Thermal constant

Heat capacity (J/kg-K) 423

Room temperature (K) 300

Melt temperature (K) 1683
Mie-Gruneisen EOS

Co (m/s) 4570

So 1.49

Gruneisen coefficient 1.93

Strength model

Yield stress (GPa) 0.34
Johnson-Cook model

Ao (GPa) 0.79

By (GPa) 0.51

Co 0.014

m 0.26
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Fig. 6. Time trace of shock attenuating pressure along
STS bulkhead (dot : experimental data, dotted line :
calculation data, red line : fitted data)
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Table 3. CBT Experimental Result

Bulkhead thickness Go/No-go(trial)
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Table 4. Nominal Arrhenius law and JWL EOS parameters
for BPN

Arrhenius parameter Value
Initial density (kg/m) 1300
Z (1/s) 9.16x10°
Ea (kJ/kmol) 1.80x10°
k (kJ/m's’K) 3.20x10°
¢, (kI/kg'K) 2.87
JWL EOS parameter
A (GPa) 116.58
B (GPa) -0.097
R 4.96
R, 0.50
o (J/g’K) 0.07

"""" Reaction rate at A = 0.1 f"

14 | |[—-—-Reaction rate at \ = 0.5 /1014
— — Reaction rate at A = 1.0 /[

12 r |——Regression rate 0.12
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Fig. 13. Reaction and regression rates of BPN based on the
Arrhenius temperature dependence
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Fig. 15. Shape comparison of pyrotechnic device between
calculation and experiment
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Fig. 16. Comparison of pressure signal inside the chamber
between calculation and experiment
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SW : Software

HNS : Hexanitrostilbene (C;4H¢NgO12)

HMX : Cyclotetramethylene-tetranitramin (C4HgN3Os)
STS : Stainless steel

RDX : Cyclotrimethylene-trinitramine (CsHgNgOs)
BPN : Boron - potassium nitrate (BKNO;)

M&S : Modeling and Simulation

SDT : Shock-to-Detonation Transition



PMMA : Polymethyl-methacrylate (CsO,Hs)

CBT : Closed Bomb Test

KYP : Kim-Yoh-Park detonation model

JWL : Jones-Wilkins-Lee EOS

EOS : Equation of State

VISAR : Velocity Interferometer System for Any
Reflector

FFT : Fast Fourier Transform

DSC : Differential Scanning Calorimetry
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