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Table 1 Intermolecular (@-exp-6) potential parameters for the H,-H, ,He -He and He -H, systems *!

Interaction e/ky/(K) r* /(nm) a Set
H.-H, 36.4 0. 343 11.1 a
He-He 10. 8 0.2967 13.1 b
He-H, 17.3 0. 328 12.49 c

He-H, 15.5 0.337 12.7
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Table 2 Effective potential parameters of a-exp-6 for mixtures of H, and He

S H; : He=1:1 H, : He=1:3 H;, : He=3:1
et
r./(nm) e, /(K) a, r,./(nm) e,/ (K) a, r./(nm) e, /(K) a,
(abc)  0.3248 21.685 11. 861 0.3123 15. 746 12.426 0. 3349 28.559 11.429
(abd)  0.3294 20. 546 11.938 0.3158 14.990 12.523 0.3382 27.568 11.467
10%g 10° 10
E F — (abo) C
L w C ---- (abd) r
103‘:‘_‘ 3 L OF
2 % El g f
= § |HyHe=lll H, He=1:3 s I
=102 S 10? - = 101
E o o E L
2 B C 2 i
= 1 s f H,:He=3:1 = t
3 ,‘He=3: onl
10 37 2 201 — (abo)
i \ I i ---- (abd)
| I T T T AN Y1 S | [V} I EE N R =300 . Mo
0.2 022 024 026 0.28 0.30 0.4 0.5 0.6 0.7 0.8 0.2 0.4 0.6 0.8
Distance/(nm) Reduced distance (r/r*) Distance/(nm)
(a) Repulsive region (b) Mostly attractive region

2 A ARAMe: Ho=1:1,1+3,3 DEIEH 6 MTAERHH
Fig. 2 Effective a-exp-6 potentials for He+ H, mixtures with different He : H, compositions
(He: H;,=1:1,1:3,3:1)
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Table 3 Comparison of pressures of the fluid He+ H, mixtures with different H, : He compositions

between Monte Carlo simulations and the present calculations

V p(alyc) AP&\I;TO p(d’)(l) APS‘I\,\?‘) p( M’C/) [7]
T/(K) H, : He
/(em® /mol) /(GPa) /(MPa) /(GPa) /(MPa) /(GPa)
1:1 0.1076 43 0.1192 48 0. 0480
50 20 1:3 0. 0599 18 0.0648 19
3:1 0.1773 89 0. 1895 93
1:1 0.5770 92 0.6221 95 0.337
100 14 1:3 0. 3376 30 0.3598 34
3:1 0.8931 181 0.9388 193
1:1 2. 300 96 2.459 107 1. 858
300 10 1:3 1.482 49 1.558 54 1.417
3+ 1 3. 290 158 3.428 166 2. 315
1:1 4.177 4. 459 4.416
1000 9 1:3 2.981 3.127 3. 643
3:1 5. 497 5.708 5.172
1:1 10. 292 10. 875 12.15
4000 8 1:3 7.679 7.987
3+ 1 12.930 13.269
1:1 13.891 14.713 15. 96
4000 7 1:3 10. 468 10. 895
331 17.332 17.812
1:1 47. 364 50. 139 52.53
7000 4.5 1:3 37.722 39. 215 47.70
3:1 56.105 57.447 54. 54

Note: p™ and p“"® represent the application of the effective potential parameter of the set (abc) and (abd) in

calculations. respectively. Apqu refers to the quantum mechanical contributions.
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Study of Equation of State of the Dense Fluid He+ H, Mixtures

CHEN Qi-Feng' *,CAI Ling-Cang”,CHEN Dong-Quan',
JING Fu-Qian*,ZHAO Xian-Geng'

(1. National Key Laboratory of Com putational Physics,Institute of Applied Physics and
Com putational Mathematics sBeijing 100088 ,China;
2. Laboratory for Shock Wave and Detonation Physics Research ,
Institute o f Fluid Physics \CAEP ,Mianyang 621900,China)

Abstract: The mixing rule and the variational perturbation theory together with van der Waals one-
fluid model have been used to study the equation of state of the dense fluid He+ H, mixtures with dif-
ferent H, ¢ He compositions in this work. The first-order quantum correction is included. To test the
model and computational code, the isotherm of the fluid He+ H, mixtures at 300 K is calculated by
using the existing a-exp-6 optimization potential parameters. The calculated isotherm for the fluid He
+ H, mixtures is in agreement with the experimental data and molecular dynamics simulations. Then
the equation of state of the fluid He+ H, mixtures with different He + H,(He : H,=1: 1,1 : 3
3 : 1) compositions have been further investigated in the pressure range 0~60 GPa and temperature in
the range 50~7000 K. Comparisons of the present results with Monte-Carlo simulations indicate that
the quantum corrections for the calculation of the thermodynamic properties become significant at
lower temperatures.

Key words: equation of state;fluid He+ H, mixtures; mixing rule;a-exp-6 potential
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