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Fig. 1. Evolution of tin under different impact pressures by proton radiographyl’: (a) Spallation; (b) micro spallation.
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Fig. 2. Spherical tin droplet in micro spallation zone collec-
ted by recovery shield!®..
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Fig. 3. Initial state of gas permeation into metal micro spal-

lation zone.
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Fig. 4. Gas permeation into metal micro spallation zone un-

der quasi-static condition.
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Fig. 5. Gas permeation process considering the movement of

metal droplets.
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Fig. 7. Parameter sensitivity of a typical tin micro spallation gas penetration obtained by theoretical analysis.
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Abstract

After high pressure shock, the shock wave in the metal is unloaded at the metal-gas interface, and micro
spallation occurs when the metal melts. When the micro spallation develops to a certain extent, the high
pressure gas penetrates the zero pressure vacuum gap between the metal melt droplets. In this paper, the
phenomenon of gas penetrating metal micro spallation zone is analyzed theoretically. Based on the regular
hexahedron periodic arrangement of metal droplets, the calculation formulas of the maximum penetration
depth, the sealing time of the penetration channel and the maximum mass of the gas penetrating the metal
micro spallation zone are given through theoretical analysis under the quasi-static and semi-dynamic conditions.
The quasi-static process is considered to be the gas penetration process that can be approximated as the escape
process of gas into the vacuum, and the gap in the metal micro spallation zone will be filled with gas. The semi-
dynamic analysis is based on two basic assumptions: one is the equal droplet size and spacing in the micro
spallation zone and the other is the critical sealing condition of gas penetration. In the process of semi-dynamic
analysis it is demonstrated that the initial critical sealing distance is independent of the shape factor of the
droplet single control volume. The semi-dynamic analysis can give various critical sealing information when the
gas stops penetrating the metal micro spallation zone. The results of quasi-static analysis can be used as the
upper limit of gas penetration, and the semi-dynamic analysis results can be used as the lower limit of gas
penetration. From the sensitivity analysis, it can be seen that the change law of physical phenomena given by
theoretical analysis accords with the basic physical understanding of the problem. Through this study, the
upper and lower limit of the mixed state of gas penetrating the metal micro spallation zone can be estimated,
which can provide more accurate initial metal-gas mixed state for subsequent research of the evolution of mixed
state. The theoretical analyses given in this paper are based on a lot of uncertain assumptions, and the in-depth
study of this phenomenon is still needed based on the law summary and mutual confirmation of experiment and

simulation.
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