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Fig. 1. Illustration of the strength media/vacuum

interfacial growth problem under explosion driven.
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M Cu PIRZE T 128 % X 7S 7 2 (wide regime
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P(p,T) = Pe(p) + Pu(p, T) + Pe(p, T),  (3)
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AR HE, BRI A XA & 2%, B
SRR %, ]S SCHR [25]. Cu bRl 1A fy 4 7Y
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3
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Table 1. Comparison of the numerical and experimental results of the interfacial growth in Cu material

driven by explosion.

k&o &o/pm gg)a‘)(/“m S5/ U;?)aX/.Cm.”s*l v;?,a"/‘cmps*l
Sk i Sk i

0.12 11 T+4 10.55 0.017 0.0168

0.35 31 160 155.3 0.057 0.0575

0.75 66 — — 0.130 0.1392

1.50 131 — — 0.189 0.1893
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RN R 7 ) B SR LT S e U
MK N = 450600 pm, FRIMFE = 16—
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n=1—po/p M IHT G N RAE 3, p AR
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G k&)Y WIAG. W WAEKE)Y < 0.7 GPa~l i,
PR LR 3G K, i 5 4 ik I ST R PR M 38 K (R 1
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PESEC, KA A FE il — 2D 5K
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Fig. 2.

(color online) Plots of the Cu/vacuum interface at (a) the bottom position shocked state, (b) perturbation

freeze-out state, (c) phase inversion state, and (d) growth saturated state.
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T 18 A 8 1 BT o R, AR SN N TE
k&o 112 507 [A) AT TE 2R MR R 9 0E TS L. 2%
FEM R R FE AN HIAE F S, k&o/Y RAF T 5 B FEHL
BLH (5) FAE P B 26 M 1 K i 1038 FH S L, B3 o
2R 1 1) AR 2R 1 B e 1 A B AR R T Cu bRl R
FE OO E J T 4 30 28 1 18 K 10 3 PR IR A
0.7 GPa=t. BT HH M BB AU 7 D21 R 25 1k
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Fig. 3. (color online) Distributions of the calculated
growth factor of spikes with the ratio of varied initial
perturbation configuration k&p and strength of mate-

rials Y.
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Cu (¥ Hugoniot £ # PO-SU 0] kit J5 % ¥ hp =
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ey, REBPERIAR R, WAL EB LD W, = w,/ po.
—ﬁnﬁ\ﬁgﬁﬁlﬁmaﬂﬁﬂ‘] E R MR AE 0.9 1.0
) 31 AR SR B YR T A e A A v P i, U
@Iﬁiﬂﬁglilﬁﬁ/ﬂnﬂ‘ﬁ
%% Y&

AT, = Tpp = ,OTCI;’ (7)
Hort e, 2 s LE IS, XTT Cuttkl e, = 0.383
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Fig. 4. Shock-Hugoniot data curves of OFHC material.
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SRR, BN 5B AR
PR T2 1 B A, 2% 030 I o R AR S80S M N AR
max(&,) AR B EIRT AT, WK 2.

PR A S T s K RS T
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I A R Ul A ok D R 47 51 S IR TR AT AN
P2l 1Y A A B D e e SR IR T AT, H
RTIR X AT T 0, #EHE TN AT = AT, + AT, =~
477—720 K, HIHEIRE Ty = 300 KB APEHE i &
211020 K. CuM BHE & & T IS LR A
1790 K B4 [RIHAE 3 2 1 Kok A2 mp 5 BHE (9 Cu
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Fig. 5. (color online) Distributions of the cumulated

effective plastic strains inside the spikes.

®2 PATAEFRFI Y EAR S
Table 2. Physical states of the materials inside the spikes.

k&o

MR kG S/ GPal  max(z)  ATy/K
0.335 0.71 1.61 221.99
0.383 0.81 2.65 365.39
0.423 0.90 3.37 464.66

3.3 ETHhRETRARINSINREL ST

FHER B AR 2RI K R b, DL R 2K
TAPE S AR AE AT B AR T B B ) kAN
[ k&o AR B2 Y IF AR AT P9 T 10 B K R AR A
AR, HBEIET MR AELARIE REn 1) 73 AT U & 6 TR,
Ve F S8R 20 A7 R D A AR i . 181 6 AR AE—
BB ZIEX, EE RN

lg (max(&,)) = 0.03364 + 0.654251g (k&™) , (8)
BB G H

max(g,) = 1.08 (kgm) "7, 9)
Bl 6 1 1g(kemax) > 0.85 i, S2BR L i X 7 (9%

ETHRIE kemax > 7, fFEE 1R X T Fg > 20 MIX
3, AR SR DX A IR ET W BEAL AR T, JRy ) e K
IS 77 B e R ASER S T AR R W R, AR AT
O AR T 2L

MR B R W RAT AR R B2k, H AT R
Z 48— HPDHAE . AR SOR A foc ) B 1 35 K B B
A5 e 1) T 2R A58 20 93 A 10 B0 90 K T R ) £ T 2R
A, 2 R B AR T 3] Wy 2 8 1 A R

I, & > b, MOpHpRIa e, B Cu MPRH 258 1
AR B ef = 2.8 51 I HR MR Wi 2 5%

gff 1/0.65425
kER™ > (16’8> =4.29.  (10)

MRETIRIE T 4.29 I, HLahib K S EERET N
ERRWT R, AR PAR LR =AY
R o Wiz B R %A, Kot k& /Y = 0.90 GPa™!
i, B R SRR R I B AR s T T 2R A
PRI R A T 2, P8 SRR 3.7 ps B Z1 (1 B4
WK 7 s, FUm R, k& /Y = 0.71, 0.81 GPa™!
I, H5e K B AR RO M 9 AR R R T L A, R
RBAEWR, AN KL T, HISET YK fE (135
X AT, kéo/Y = 0.71, 0.81 GPa~' IFR4ET Y
WAROE FEAE R EINHIE R T o %, 94T 50
BNV T8I (R A o R B AN T I, ARSI KR R e
), k& /Y = 0.90 GPa ™! I 24T B K 3d E AN N &
IRET 5 TCHR B~ TH 2 18] (R AF 6T BE 25 RS n, 82

M1 .
HEARE.
0'7 T T T T T T T v
ﬁv&ﬁ‘ 1
0.6 - t& ;.“ 4
4 |
0.5} 4 4
. 0.4} B
5
- 03} E
g
< o2t e Y=037GPa -
- A Y=047 GPa
01r v Y=057GPa |
ok — Linear fitting |
—0.1

(I) OI.2 0I.4 0I.6 OI‘S llAO 1I‘2 1.4
lg(k&ge)

6 (PITIR ) SRET A B R S AR 2008 M 7 7 i B

ONIER:paeiil

Fig. 6. (color online) Plots of the maximum cumulate
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forms.
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Abstract

In this paper, a stability analysis is given to study the unstable mechanism of the Richtmyer-Meshkov flow of
explosion-driven copper interface. The Richtmyer-Meshkov flow refers as an interfacial instability growth under shock-
wave incident loading. Numerical investigations are performed to check the applicability of the two-dimensional hy-
drocode, which is named AFE2D, and the physical models of detonation waves propagating in the high explosives,
equations of state and the constitutive behaviors of solids in the analysis of Richtmyer-Meshkov flow problems. Here we
theoretically analyze the two key issues of the unstable mechanism in Richtmyer-Meshkov flow in solids. The unstable
mechanism includes temperature related melting mechanism and the plastic evolution related tensile fracture mecha-
nism. In the analysis of the temperature related unstable mechanisms, the calculated temperature increase during the
shockwave compression from the shock Hugoniot data in the shockwave physics is not enough to melt the material near
the perturbed interface. On the other hand, the temperature increase from the translation of plastic work during pertur-
bation growth which relats to the distribution of the cumulative effective plastic strain is also not enough to supply the
thermal energy which is needed to melt the crystal lattice of solid, either. Therefore, the temperature related melting
mechanism is not the main factor of the unstable growth of copper interface under explosion driven. In the analysis of
the plastic tensile fracture related unstable mechanism, a scaling law between the maximum cumulative effective plastic
strain and the scaled maximum amplitude of spikes is proposed to describe the relationship between the plastic defor-
mation of material and the perturbation growth of interface. Combined with a critical plastic strain fracture criterion,
the unstable condition of the scaled maximum amplitude of spikes is given. If the spikes grow sufficiently to meet the
unstable condition, the interfacial growth will be unstable. Numerical simulations with varying initial configurations
of perturbation and yield strength of materials show good agreement with the theoretical stability analysis. Finally, a
criterion to judging whether the growth is stable is discussed in the form of competition between the temperature related

unstable mechanism and the tensile fracture unstable mechanism.

Keywords: Richtmyer-Meshkov flow, perturbation growth, explosion, stability
PACS: 47.20.Ma, 62.20.—x, 62.20.mm, 83.60.La DOI: 10.7498 /aps.66.204701
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