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Fig. 1. Pressure values under different incident angles

for Aveille’s detonation experiment.
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Fig. 2. A refraction flowfield under ZND detona-

tion wave.
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Fig. 3. Refraction styles about detonation wave: (a) ag = 30°; (b) ag = 70°; (c) g = 78°; (d) g = 90°.
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Analysis on refraction of detonation wave at the
explosive-metal interface”
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Abstract

This paper analyzes theoretically and numerically the refraction phenomenon of detonation wave at the explosive-
metal interface, motivated by the problem that there exist large discrepancies between the experimental results and
the classical shock polar theory. After pointing out the major defects of the classical shock polar theory based on CJ
model of detonation, an improved shock polar theory based on ZND model of detonation is presented to give the styles
of the refraction of detonation wave and the pressure values at the interaction point between the refracted shock wave
and the incident shock wave, to show the pressure values at free-surface of copper remarkably lower than the ones
at the shock interaction point due to the attenuation effects from the chemical reaction expansion and the following
Taylor rarefaction. A second-order cell-centered Lagrangian hydrodynamics method with high resolution based on the
subcharacteristics theory is develped to solve the reactive flow equations of detonation in condensed explosive, and
then to numerically simulate a representative refraction experiment about T2 explosive interacting with copper. The
simulated pressure values at the interaction point agree well with the ones from the improved shock polar theory, and
the simulated pressure values at free-surface of copper agree well with the experimental values, meanwhile, the refraction
styles predicted by the improved shock polar theory are confirmed by the numerically simulated flowfield images. From
the theoretical and numerical results, there exist three kinds of refraction styles of detonation waves at explosive-metal
interface: i) the regular refraction with reflecting shock wave, ii) the irregular refraction with Mach reflection, and iii)
the regular refraction without any reflecting wave; in particular, the regular refraction with no reflecting wave is a kind
of refraction style unable to be predicted by the classical shock polar theory, meanwhile, the pressure values at the
free-surface and the interaction point inside the shocked metal both monotonically decrease with the increase of the

incident angle.

Keywords: detonation wave, refraction, shock polar theory, ZND model
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