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Table 1 Material parameters

Materials ~ * Q g b 3 i p b
/(g/cm?®)  /(GPa) /(g/cm?) 2 /(g/moD)  /[u]/(g+ K] /[W/(cm + K)]
Al 2.698 37.230 8. 388 2.7558 —0.1430 26.97 41.53 2.37
Cd 8. 642 17.413 11.928 8. 8814 1.2529 112. 40 14.93 2.31
Cu 8.932 56. 690 9.911 9. 0606 1.0962 63.57 17.45 4.01
Mg 1.776 25.311 6. 620 1. 8183 0.4292 24. 31 54.71 1. 56
Ni 8.907 80. 621 9.403 9. 0039 1. 0405 58. 68 18.03 0.91
Pb 11. 341 18. 480 10. 342 11. 6048 —0.6247 207. 20 10. 45 0. 35
AW 19. 200 188. 726 6. 987 19. 2845 0.0235 184. 00 8.39 1.74

Zn 7.134 25.796 10. 433 7.3076 1. 1864 65.38 19. 57 3.89
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Table 2 Results of numerical simulation with different grain dimension

(76.80%Cu-23.20% Al mixture;w=4 km/s)

d/(pm) pu/(GPa) Ty /(K) v tr/(ns) tp/(ns)

0.5 82.59+4.17 1733.1+18. 4 1.5 1.8
1 81.7144.43 1738.6+21.9 0.721040. 0446 3 3.6
1@ 81.76+4.70 1718.1+244.1 0.720740, 0427 3.6
v 81.81+4.54 1743.9%+22.0 0.721040. 0445 3 3.6
2 81.56+2.29 1701.7£26. 1 0.722240.0413 12 7

3 81.22+2.29 1705.4+48. 8 >22 11
10 81.7444.55 1717.9+146.5 35

Note: (a) Ignoring the heat conduction. (b) Considering the elasticity and yield of materials.
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Table 3 Results of numerical simulation with different loading velocities

(76.80%Cu-23. 20 % Al mixture;d=1 pm)

w/(km/s) pu/(GPa) Tu/(K) v en/(k]/cm®) tr/(ns)
0.1 14.12+0. 80 395.0+1.7 0.900540. 0225 1.6640.09 4
0.4 81.71+£4.43 1738.6+21.9 0.7210740. 0446 12.1340.58 3
0.7 185.89+9. 57 5941.8+58.5 0.624440.0517 35.24+1.62 3
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Table 4 Shock compression behavior of alloys(d=1 pm)

Alloys o ) “ P T ) i

/(g/em®)  /(km/s) /(GPa) /(K) /(ns)
52. 46 % Cu-47. 54 % Al 4. 400 4 62.71+2.68 1461.54£16.0  0.7328+0.0392 3.0
76. 80 % Cu-23. 20 % Al 5. 904 4 81.71+4.43 1738.6421.9  0.721040.0446 3.0
90. 85 % Cu-9. 15 % Al 7.262 4 99.09+4. 36 1961.6+13.9  0.717540.0436 3.0
50 % Ni-50 % Cu 8. 920 4 128.7742. 64 2218.4+66.8  0.722040.0158 4.0
45%Cu-55% W 12.700 4 168. 7746. 40 3396.6+£27.3  0.6998+0.0334 3.5
35%Pb-33% Cd- 1 jog 4 46.6741.70 2205.14£67.4  0.659340.0450 5.0
30 % Mg-2% Zn 7 111. 3046. 94 77324226.9  0.5517£0.0570 5.0
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Fig. 7 Hugoniot curves for Cu-Al mixture
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Studies on the Equilibrium State of Mixture

Following Shock Compression

LIN Hua-Ling' , HUANG Feng-Lei' s HU Yu-Xin®,
YU Wan-Rui* , FANG Jian-Qing”

(1. College of Electron-Mechanics Engineering ,
Beijing Institute of Technology .Beijing 100081 ,China;
2. Department of Applied Physics,College of Science,
National University of Defense Technology .Changsha 410073 ,China)

Abstract; The mixture is as a randomly distributed component grains in three-dimensional meshes. The

shock compression behavior of mixtures is simulated numerically by using the 3D thermodynamics fi-
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nite element method. We have studied the course of tendency to the thermodynamic equilibrium, the
characteristic time of temperature equilibrium,the characteristic time of pressure equilibrium and the
equilibrium state of mixture following the shock compression and found the relation between the char-
acteristic time of temperature equilibrium and the square of the grain dimension of mixture and the
linear relation between the characteristic time of pressure equilibrium and the grain dimension. The
shock compression behaviors of some alloys are simulated numerically,and the results are compared
with the fraction volume model of EOS, the superposition principle of the first shock Hugoniot,and
the experimental results. Except for the shock temperature, the results are in good agreement with
each other. The fraction volume model and the superposition principle cannot yield reasonable shock
temperatures,but the numerical simulation method does.

Key words: mixture;numerical simulation;thermodynamic equilibrium ; characteristic time;shock temperature
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