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Table 1 The single shock Hugoniot theretical data for liquid helium

v/ Cem® /mol) pu/GPa Tu/K Ape/ (N/K) Ey/(kJ/mol) d/a,
13. 38 0.733 03 470. 58 516.814 8 7.070 62 3.715
13.04 0.930 30 603. 35 638.251 7 9.106 28 3.620
12.70 1.196 90 786. 85 794.299 7 11. 888 86 3.520
12.32 1.598 78 1 069.11 1 015. 816 16.152 85 3. 400
11. 94 2.163 39 1 475,58 1 305. 645 22.251 37 3.270
11.58 2.937 74 2 047.68 1671.505 30.655 58 3. 145
11. 22 4.058 31 2 899. 28 2 155,157 43.078 58 3.005
10. 86 5. 660 40 4 143.09 2 778.097 61.086 39 2.855
10. 50 8.118 66 6 105.02 3622.791 89.024 75 2.695
10. 14 11.968 3 9 259.01 4763.873 133.338 8 2.520
9.78 18.270 6 14 560. 18 6 322.756 206.801 9 2.325
Ve :vo=32.4 cm®/mol,po=0.1 MPa.e,=0.1 kJ/mol,T,=4.31 K,
x 2 HE K XM T Hugoniot 1B it £ 18
Table 2 The double shock Hugoniot theretical data for liquid helium
v/ (em® /mol) pu/GPa Tu/K Apg/(N/K) Ey/(kJ/moD) d/a,
9. 47 17.744 3 13 304. 92 6 248. 606 190.532 9 2.365
8.75 20.851 4 14 132.98 7 038. 600 204.410 2 2.335
8.03 24.905 0 15 123. 81 8 017. 146 221.546 2 2.295
7.31 30.450 0 16 398. 87 9 272.392 243.355 8 2. 255
6.59 38.291 2 18 087. 56 10 926. 00 272.831 7 2. 200
5. 87 50.309 8 20 622. 21 13 239. 38 316.140 9 2.135
5. 15 70.213 2 24 766. 56 16 662. 37 386.396 3 2.040
4. 82 84.142 4 27 679. 85 18 833.41 435.330 8 1. 980
4. 43 107.95 0 32 789. 88 22 202.19 518.773 6 1. 895

Y v, =9.79 em®/molp, =16.577 7 GPa,e, =185. 041 4 kJ/mol, T, =12 966.01 K,
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Theoretical research on shock compression properties of liquid helium

at high temperature and density

YANG Jin-wen' ", SHI Shang-chun', LI Qiao-yan*, SUN Yue®
(1. Laboratory for Shock Wave and Detonation Physics, Institute of Fluid Physics,
China Academy of Engineering Physics, Mianyang 621900, Sichuan, China;
2. Institute of Atomic and Molecular Physics, Sichuan University ,
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Abstract: Considering the quantum-mechanical effect at lower temperatures, the modified Weeks-
Chandler-Andersen theory and improved variational perturbation principle were used to develop the
single and double shock dynamic equations of state of liquid helium at the pressures ranging from 0 to
108 GPa and the temperatures ranging from 471 to 32 790 K. The appropriate exp-6 potential parame-
ters were obtained by fitting the experimental data based on determined interactions of molecules in
liquid helium. The calculated results are in good agreement with the experimental data.
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