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FE AL ) R 5, N, R B N F R, A, R (g/mol), R A BRARSARHE £ (8.314 J/(molK)),
v.=2/3,
PR 1 A, e i DLEA 2%, Rkl
3RT
A,

2 AS Jhy [0 A, B A7 OHAR MR 3 2 R T,(V) D [ -0 AR IELEE , 1 Lindemann 22 H45 )

dInT, Vv 2
e

z 2
dinV vl T3 (22)

K yon HEIE T BIELAT) Grineisen 4L, a, N BIWE A1) Grineisen 72 44006 & 46 B2 22 AL 1Y 1L
(38

FIH RS vh i I o141k . iR R 2R . ik ge . wivils A3 s 45 S 00 50, v FH AEOS FE PRyt T
B0 1 [ - P AR AS Oy FR AR A, M HE R AR L S 80N 3% 1 B, Horb: T R TR T B99E AR IR .

#1 HWME-RBHERSHREER 1 HRESK
Table 1 Calibrated parameters of the solid-liquid two-phase EOS model 1 for tin

EWV,T)=E.(V)+ +%g(Ne,V)T2+ASTm(V) @n

Vy/(emg™) Cl(km's™) s Y a N
0.1341 2.612 1.482 1.47 0 4.0
AS TmO/K ’}/Om am
1.16R 836.9 2.20 0.035

FH AEOS F& 7 A6 8 1T 85 1 [ -V P ARDIR 75 7 RR AR RN 1, IR0 AR 1 318 A w7 L il D2
550K [20-23] WA 25 A T EL R, QiR 3 TR . X T e T4 p- vV O RS, A 1 ARG B
WHER G LR 6 78 3 % 247 W T - LR MR IR R 46 £, i T LSS B A RHY B-bet MR 1 7%
IEACZE R SRR R AR 2 1 B39, B TR AL 1 AR S T BRI R A AR 1, BB 6 1E 5% KA X T
ST R, BRI R 6 A 4 %, TT UL, BEAL 1 TR AE IR S I A5 R LA R AT — B, 5
TE T AEOS 2 /3 H 9 28 IR A8 5 AR TSR | Ak 3503k D R S 56 1 B A5 B 1) A R AN I P

T AEOS B2 7 1 Z AR A T 8 A e 41 Dy g L BCIR A T RS AR e o R 5500 F D g+
HTHEBNE B, bet WA BAH LA — AN 1) Z2 AR S Jr R R, IR AL 2 FELAY 3, 7648 REAL Al
J& i 3 T —> Birch-Murnagahan J5 #2JE 20978 REAL A Y, 6 Sk A by BEASE AU 2 AR 7 3 iy BEASE B
HA A T — A A U R TP ) RS T B, IR AEOS BRI AR T RE, U AL T W R B
S 1) Z2 AR S 7 AR
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Fig. 3 Comparison of the high-pressure compression properties of tin between
the experimental results and the theoretical results calculated by AEOS model 1
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F(V,T)=E¢+E(V)+F(V,T)+ F(V,T) (23)
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KBRS 2 FIA A 3, Al AEOS 43 il 3 HE T By & Z AR T BB AL S 8, ZEAC R 2 AL A 3
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Table 2 Calibrated parameters of the multiphase EOS model 2 for tin

Phase E/J-g" Vy/(em*-g™) B,/GPa a, v a AS
B 0 0.1369 56.75 1.39 1.85 0.78 0
bct 36.3 0.1329 59.78 0.70 2.66 3.57 1.23R

Liquid -16.6 0.1425 45.06 1.89 1.56 1.75 3.22R
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Table 3 Calibrated parameters of the multiphase EOS model 3 for tin

Phase E/(J-g ™ Vo/(em’-g™") B/GPa a, Y a c/(J-g K™ AS
B 0 0.1369 56.7 0.75 1.54 1.64 0.233 0
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Liquid -14.7 0.1413 48.0 1.75 1.53 1.74 0.302 3.43R
LR 2 FIRLHR 3 T H A 08 0 IR SR p-V,y/V 1.7

S el T B2 -V e D S 7 S 0 4 Lo L e el 2
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Fig. 4 p-V,/V Hugoniot relationship of tin calculated
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Fig. 5 The theoretical results of the three AEOS models for tin and
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Automated Calibrated Modeling Method of Multiphase
Equations of States: Applied to Tin

SUN Yi, XIANG Shikai, GENG Huayun, GAN Yuanchao, WU Fengchao, WANG Yufeng,
CHEN Han, LI Jun, GAO Junjie, YANG Jing, DAI Chengda

(National Key Laboratory of Shock Wave and Detonation Physics, Institute of Fluid Physics,
CAEP, Mianyang 621999, Sichuan, China)

Abstract: Equations of state (EOS), combined with the partial differential equations of describing
conservations of energy, momentum and mass, form a complete set of fluid dynamics equations on solving
dynamic compression behaviors of material. Under dynamic compression, phase transition of material may
lead to discontinuous changes of its internal energy, density, strength and other properties, and a multiphase
EOS is needed to accurately describe these changes. An automated modeling code of multiphase equations of
state (AEOS) is developed, which can construct multiphase EOS model in an automatic way and calibrate
parameters of EOS models with a computer intelligent optimization algorithm. By applying AEOS to tin, we
obtain three sets of multiphase EOSs. The theoretical results of all the three sets of EOSs are consistent well
with the experimental results, which validates the good performance of the AEOS code. And we find that the
isentropic release path of tin passes through the three-phase point of the 3, the body centered tetragonal (bct),
and the liquid phases, when tin is impacted to 17 GPa and then isentropically released to atmospheric
pressure. In addition, this result can well explain the experimental phenomenon that tin ejection particles are
in a solid-liquid mixture state under the very low impact pressure of 15.4 GPa. The good performance of
AEOS insures that it can be widely applied to integrated digital scientific research platforms and scenarios of
high-flux material property calculations in the near future.

Keywords: multiphase equation of state; automated calibrating; high pressure; tin
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