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Table 1 Parameters of material properties and equation of state for a propellant

v Cy/Ikg VK™! S/m?s~? po/kgm~% Tp/K Go/MPa Yp/MPa Cop/ms~! Q/kJkg™?!
3.59 1335 3.71 x 108 1842 300 67. 5.9 1929.3 6795

B AE, FER 6= 6, 8 = Gy.
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Table 2 Results of simplied and numerical model for various piston impact velocities

Pressure /MPa %TMD
u,,/m-s“1 Simplified Numerical Simplified Numerical Simplified Numerical Simplified Numerical

Wave speed/m-s~!  Compaction length/mm

17. 11.1 13.5 0.9 0.863 200. 230.6 120.2
48. 274 35.2 0.96 0.913 300. 312. 92. 97.5
69. 47.1 52.9 0.99 0.941 400. 420. 50. 58.2
88. 72.7 76.6 0.999 0.97 500. 542, 41. 49.3
100. 109.4 0.9999 0.977 660.7 24.5
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Table 3 Results of uumerical mode] for various initial volume fraction

Initial volurus fraction Pressure/MPa Volume fraction Wave speed/m-s~! Compaction length/mm
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AN ANALYSIS OF COMPACTION WAVE IN
GRANULAR MATERIAL V

Sun Jinshan Zhu Jianshi Jia Xiangrui
(Institute of Applied Physics & Computational Mathematics, Beijing 100088, China)

Abstract A one-dimensional, two-phase flow model and the intragranular stress function is used
to describe the structure and its formation of compaction wave in granular material. The piston
impact problem for a compressible porous solid has been solved using a simplified model neglecting
gas phase effects. With this model, it is possible to obtain an solution for the compaction wave
speed, final porosity, and final pressure. At low piston velocities, the compaction wave travels
at speeds less than the ambient solid sound speed. The structure is characterized by a smooth
rise in pressure from the ambient to a higher pressure. As the compaction wave travels at speeds
greater than the ambient solid sound speed, a discontinuous shock preceeding the compaction wave
structure is predicted. The simplified model result shows that subsonic compaction wave is a direct
consequence of nonideal state effect, and there exists a shock preceeding the compaction wave for

supersonic compaction wave, but no leading shock exists for subsonic wave.
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1) In memory of academician Kuo Yonghuai’s 90 anniversary.
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The dynamic compaction process of granular bed is simulated using two-phase flow model. A
numerical technique of method-of-lines is used to solve the coupled multiphase flow equations. The
space and time variation of pressure, volume fraction and particle speed are determined. From
numerical analysis, a steady compaction wave following a short time transient is predicted in the
porous bed. The structures of the compaction waves are also studied for various piston-impact
velocity and initial volume fraction increasing the compaction wave speed, final pressure, final
volume fraction and particle speed will increase, but the compaction zone thickness will decrease.
The results of simplified model and numerical analysis are comparcd for various piston-impact
velocity and it is shown that the simplified model results arz good approximsziion to the numerical

results, so that the neglection of gas pbase effects in the simpiificd model is reasonable.

Key words compaction wave, shocl wave compacted, deflagration to detonation transition



