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ABSTRACT

We study the gap effect on detonating high explosives using numerical simulation. The characteristic
acoustic impedance theory is applied to understand the reflection and transmission phenomena
associated with gap test of high explosives and solid propellants. A block of charge with embedded
multiple gaps is detonated at one end to understand the ensuing detonation propagation through
pores and non uniformity of the tested material. A high-order multimaterial simulation provides a
meaningful insight into how material interface dynamics affect the ignition response of energetic

materials under a shock loading.
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Fig. 4 Schematic of the gap test.
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Fig. 6 Pressure distribution — detonation propagation through high strength steel gap.
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Table 1. Material property and coefficients for 6082-T6 aluminum and high strength steel.
Material Property 6082 — 76 aluminum High strength steel
Mechanical constant
Initial density (kg/m®) 2700 7850
Shear modulus (GPa) 26 77.3
Poisson ratio 0.35 0.30
Thermal constant
Specific heat capacity (J/kg— K) 1000 134
Reference temperature (K) 300 300
Melt temperature (K) 855 1723
Mie — Gruneisen EOS
G (m/s) 5328 4570
S, 1.338 1.49
Gruneisen coef ficient 2 1.16
Johnson— Cook model
a(MPa) 428.5 1500
b (MPa) 327.7 569
c 0.00747 0.003
n 1.008 0.22
m 1.31 1.17
Table 2. Material property and coefficients for QM-100.
JWL Coefficients
n k(Pat) A(Pa) B(Pa) A Pa) R R, w
7.0 102 < 10~ 4.870215< 10" | 0.02548871 < 10! 0.00506568 10" | 5.0 | 1.0 0.3
General Property Chemical constants
Gruneisencoeff. [m'.dﬁ'n,.s’ity(kg/rrﬁ) Ref. Temp. (K) Ref.energy(J/kg) G(Mbar™"/s) b Q
2.96965 1260 300 0.0367 < 10" 9.1x10° 1.0 0
Table 3. Pressure transmission ratio (calculated by theory of characteristic acoustic impedance).
plkg/m?®) | c(m/s) | pelkg/m*—s) s 7, (=T, T,)
QM—100 7 o
(unreacted) 1260 882 0.111x10
QM—100 7 _
(reacted) 2000 3500 0.700 < 10
6082 — 76 aluminum 2700 5328 1.439 107 1.35 0.143 0.193
High strength steel 7850 4570 3.587 < 107 1.67 0.06 0.100
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Fig. 7 Density distribution — detonation propagation through 6082-T6 aluminum gap
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Fig. 8 Density distribution — detonation propagation through high strength steel gap.
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Fig. 9 Density distribution inside gap — detonation propagation through 6082-T6 aluminum gap.
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Fig. 10 Density distribution inside gap — detonation propagation through high strength steel gap.
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Fig. 11 High strength steel multi-stage gap pressure
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Fig. 12 High strength steel multi-stage gap pressure
distribution at 85 ps, 185 us, 30.0 us, 425
us (right before contact with gap material).
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