Y] 32 2 3R Acta Phys. Sin. Vol. 74, No. 19 (2025) 195202

% E % Richtmyer-Meshkov A2 E TR
SN EREEITA

THRY waEH? #Him

B2

MEHD WARY BAEMHD
27

1) (Abmin B S H AT, dEaT 100094)
2) (P TR RS B AR EESE BT, 48P0 621900)
3) (ALzmR2ER YR S HORBIF LG, LT 100871)

(2025 4£ 5 4 29 HUkE); 2025 48 7 A 23 B BHESH)

R 85 N7 AR 258N R Bl A A A B RUATT Y () S (R A, 4 J® F R T Richtmyer-Meshkov AN E T S50 R B T
AW v 1o I A SRR B RL SR BEAT Ry AR SCER X b FE ) 5.5 GPa (948 E i T Richtmyer-Meshkov A% @ 4 52 5
KT 3 Fh A BRI AT AN T T Pk S AR O MR AR AR AT 5 SE e — B0 B ER TP Bl AR BT AR R AE B AT A
ByAE L OR I, R INSREEAE~100 s 1 N AR RS LU HEFR AR ~10 74 s ! N AR R K 2y 64 %, N AR FAE AL 4 2
L FRAE YE AR RN Steinberg-Cochran-Guinan A% %Y 5 BE i JE Q5] H BE R M, (HA C L E ML E T
o 11 S 2 R T 7 AR A RN ) 0 ) A AR R AR AR T S SR — U R A R ET B DD AR MR TR B N AR
FRAG )5 0 T gE P B & SR ek R, T (3t g 25 AR A R U BIF 5 A9 S 00 A5 A DA B — S A R A R O A AR
FEM 2R, KRR PR T 52U AR 00 R AR X i v AR R T B A A AR Y B BN

X $EA: Richtmyer-Meshkov AREME, SR, BN ARR, AL

PACS: 52.57.Fg, 62.20.fg
CSTR: 32037.14.aps.74.20250699

1 5 =

Richtmyer-Meshkov (RM) A% G P e 7 &
BT AR, Y epids il 2 Bl s, FUE RS
FResfi i | e, SR EE IR TE FARBL 2R T AR
W B SCH T, — ERE T RS IO . SR
JEAS R 2, 4 i o B LA HE BT BT U AR IR 1 g
RM AFE MK el S AEsk, E e
AR, I FH R BE X ) E TP Bl 4 B
i, RV ASES R P B A A 9 W ity g 7 A8 38 4 S A

t iBfE1E#E . E-mail: pan_hao@iapcm.ac.cn
T BIEMEE. E-mail: wu_zihui@iapcm.ac.cn
© 2025 FEYIEZS Chinese Physical Society

DOI: 10.7498/aps.74.20250699

HHEh 5 0m EEAT N R E Tk B YL bl e = A
YT K AR IR, G AL T # OIRAS, WA 1E %
Pezh Hh BUARGL B B AR ET A A A i 3,
FESEFE VR M s A e TAE, it fe
e WA 107 s 1, [ RSl Ak S
J A0 S e IO A R Y < R R SEA TR

e, 4xJm R T RM SRR E P R i e R
P TTIE, ST ik AR SRR 4 A B Bh
IETIRMEIN KRS 3R Z AIFFAE FLIOC R, R AR
AR R VPG R R ) TR 8L SEaJy I, R e AE
LR A v A e, T AR

http://wulixb.iphy.ac.cn

195202-1


http://doi.org/10.7498/aps.74.20250699
https://cstr.cn/32037.14.aps.74.20250699
mailto:pan_hao@iapcm.ac.cn
mailto:pan_hao@iapcm.ac.cn
mailto:wu_zihui@iapcm.ac.cn
mailto:wu_zihui@iapcm.ac.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 74, No. 19 (2025) 195202

YL AT IR IR SIG E VPAL T &8 i A2 R T )
SRR D1 ORI, Prime 45 W2V AR A, @
AR E IRy R, SRADG T2
#H (PDV) £ AR R P 20 o B % e e, 42
R AR T B AR AR A58 B )PP A b . H
FTE MR T4 | 4 | S 2R G R R Y S5 T MR
WAL (12141 38 B 5 FHAR 9 PSS A () B5 (AR,
ST 2R e B AR, — R B TR
JE R AR AR A0 91, (B, i sh &k it b s
BA 2 AR AR S A RRAE, ShASsR BEXTARET
TR A T AR ) SE MR AR 224560

GBS B R AR S LA AR R, 2R
Ui A A N AR S T AT AT SRR R BT XS
BT RIGE JE | Soares Al Hokkal'o) JF Ji& 1 v 6 245 5K
By (NAEFR2) 107 1) IR 4 AR EFT (SHPB) 52
B (N AEFRL) 10° s7), RPN AS R | H RT3
PR AR SRAE AT N . Schill 25 17 SR 745K 5 in 2%
SCETAEGY TN AR R YE M 104108 s, nER Ik T
20 GPa T 8M Bl SR EE, HAL g 45 Bl G T I
AR JT MRS Z R RN . RM AR E M S 56
FEA AL T AR 4230 W R 45, IR AT adE k5 2
BT A BHRAE, — @R Bl i T SR
14 077 R AGON (1121 SR, R L4 B B RM AR
FE PRSI I A TERE , X5 b A o e o A8 8 R 1Y
SR EAT N RHEI AN TEAE.

AR 43 0 ) FH 5 BRAR S AR | Steinberg-
Cochran-Guinan (SCG) 71 18] i J7 #5574 &
TEAT B AR R, X ohii 57 5.5 GPa 04 8 %)
RM AFaE VS g AT T AU 5 X0 Le oA, 3k
BBUT A0 g ey IO 728 RS 4 J B M) S RN B 5 I AR R
WEARAT AR, S50 1 9 5 I A8 3R A0 X AR T 3k i
KRR, DL RM AFE M 5250 % 8 745
AR ST IVE .

2 THEHER

RS Z R WA 1R, A FRE AR
Yih4&EY, CA2HER 13 mm, B 4 mm &
F, AEARE 1.5 mm. FE 5 B ] A L 5%
Y5, WIHEEIE gy = 0.15 mm, J% K A = 0.8 mm.
THEMRE T 2, 2 ISR R . 2 7 I AR
RUMEAT T fai 4k, a1 i SR 0 s 3 2 i, Bl
BRI G B R — AN, 3R i T SR R o 7 )

5 ZAE 1 IR IESZIL S, BREIMUESh 230
A 52 e A1, HAR IR 20 1 5 T i A o 7R A AH
[], EA TR, X R iR Aot B S E ey 1
2 AT T R pa ) (Al 1 e s Sk B
AR, R RS R SR R — 3. R
FES 0.51 km/s. R AR50 B T IUHIE M
&, AR RUEE S A /80, IR RUEE T (11545 R 3k
AW S, WIS WSS T C A IGRT T AR rh I g 09
XHEAHGR.

1 AERE R

Fig. 1. Schematic diagram of calculation model.
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Fig. 2. Comparison of spike velocity history calculated by
elastic-perfectly plastic model with different Yrp and exper-

imental results.
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Fig. 3. (a) Pressure distributions of preturbation evolution as Ygp = 0.9 GPa; (b) effective strain rate distributions of perturbation

evolution Ygp = 0.9 GPa.
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Fig. 5. Comparison of spike velocity history calculated by
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Abstract

The strain rate effect on strength is a key issue in the study of dynamic constitutive models, and the
Richtmyer-Meshkov instability experiment on the free surface of metal reflects the strength behavior under

extremely high strain rates. After the shock wave propagates to the free surface and undergoes unloading, the
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metal enters a near-ambient pressure state and its strain rate exceeds 10° s . The initial sinusoidal perturbation
exhibits the phase inversion trend of forming spike and bubble structure, while the development of the
perturbation gradually stabilizes under the suppression effect of material strength. In the initial research,
equivalent strength of metal under high strain rate is usually estimated by total spike growth for perturbation
evolutions. Subsequent studies show that the maximum value of the spike velocity which can be directly
measured can be the metric to determine equivalent strength. However, the influence of the non-uniformity of
strength on the development of spike velocity has not been investigated. Tin is a critical material in the study
of dynamic mechanical behavior under extreme conditions. Currently, the experiments of dynamic strength on
tin usually combine various effects such as strain rate, pressure, and phase transitions. So far, no research has
been found on the Richtmyer-Meshkov (RM) instability experiment, which is a method to separate high strain
rate effect on tin free surface. The characteristics of tin dynamic strength behavior under extremely high strain
rates are still unclear. This study conducts numerical simulations on the Richtmyer-Meshkov instability
experiment of a tin sample with a pre-imposed sinusoidal perturbation with an amplitude 0.15 mm and a
wavelength 0.8 mm under a shock pressure of 5.5 GPa. Using our developed two-dimensional explicit finite
element program for elastoplastic hydrodynamics, the simulation results of three constitutive models, including
elastic-perfectly plastic model, Steinberg-Cochran-Guinan model, and stress relaxation model, on the spike
velocity curves are compared with the measurements. The equivalent strength of tin can be evaluated by
obtaining a consistent maximum spike velocity of free surface perturbation between the calculation with elastic-
perfectly plastic model and measurements. It is found that the strength increases by about 64 times at a strain
rate of ~10° s'! compared with that at a quasi-static strain rate of ~10* s !, indicating that the strain rate
hardening is extraordinarily significant. By adjusting model parameters, both the elastic-perfectly plastic model
and Steinberg-Cochran-Guinan model can capture the maximum spike velocity but fail to reproduce the
unloading process observed in experiment. Compared with the experimental results, the calculated spike
velocity decreases too rapidly. In contrast, stress relaxation model due to considering strain rate effects achieves
excellent agreement with the entire experimental spike velocity evolution, not only capturing the peak velocity
but also solving the problem of overly rapid velocity decay. This demonstrates that the strain rate effect on
material strength not only suppresses the maximum spike velocity but also affects the deceleration stage,
revealing that the influence of strain rate effect persists throughout different stages of perturbation
development. This study indicates that the experiment data available for dynamic constitutive model research
extend from a single peak velocity value to the complete velocity evolution. The utilization efficiency of
experimental data is greatly improved, providing important values for studying the dynamic constitutive models

under extremely high strain rates.
Keywords: Richtmyer-Meshkov instability, dynamic strength, high strain rate, constitutive model
PACS: 52.57.Fg, 62.20.fg DOI: 10.7498/aps.74.20250699
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