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Progress in experimental studies on the evolution behaviors of non-shock
initiation reaction in low porosity pressed explosive with confinement

HU Haibo, FU Hua, LI Tao, SHANG Hailin, WEN Shanggang
(Laboratory for Shock Wave and Detonation Physics, Institute of Fluid Physics, CAEP, Mianyang 621999, Sichuan, China)

Abstract: The progress in explosive safety studies related to experiment achievements with precise diagnostics and
understanding of non-shock initiation of explosive phenomena in recent 20 years is reviewed. Some widespread
misconceptions and misleading in non-shock initiation reaction behavior and corresponding process modeling is commented
and suggestions for improvement are given. Recent experiments focused on the reaction propagation and violence evolution
conducted by the author’s team in recent years are introduced and interpreted in detail as an illustration of the basic mechanism
of non-shock initiation reaction. For low porosity explosive, the abnormal reaction behavior is dominated by the surface
conductive burning and the convective flow of hot, high pressure gaseous reaction products through confinement slot and
cracks in explosive bulk, which should be taken as the basic kinetics during the reaction propagation and reaction violence
growth process. The evolution of reaction violence is unstable when the surface combustion is coupled with the dynamic
evolution of crack network in explosive, but the utmost violence is usually limited by the mild conductive combustion rate of
typical secondary explosive and confinement failure. Especially, the deflagration to detonation transition could hardly come
true in low porosity explosive system with confinement of limited strength.
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Fig. 1 Convective gaseous products flow along explosive slot and surface combust evolution
in middle strength confinement
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(a) Convective flame propagation inside seam of PMMA (b) Recovery explosive after experiment.
tube wall and wxplosive
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Fig. 2 Convective products flow along seam between HE charges and PMMA tube wall,
and explosive residual
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Fig. 3 Deflagration evolution in thin wall tube confinement
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Recovery tube wall and explosive in thin wall DDT experiments
P4 SERENFINIR T FL A WERE AL 7 2 SR 25 AR I i f) i U5 2R 25

Fig. 4 Typical explosive residual after experiment in thin wall tube confinement with diagnostic drills in tube wall
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Fig. 5 Non-shock initiation reaction evolution in thick wall confinement experiment and tube wall fracture
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Fig. 6 The crack evolution at the early half after center ignition (20 mm steel wall with PMMA window)
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Fig. 7 The pressure and velocity profiles inside confinement of 20 mm steel wall with PMMA window
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Fig. 8 The crack evolution and reaction growth after center combustion ignition (20 mm steel wall with PMMA window)
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Fig. 9 Character of deformation and fragmentation of typical pressed explosive under impact loading™**!
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Fig. 10 The difference of energy release behavior of explosive in Steven test with varied thickness'”
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