%36 % 456 M w5 i Vol. 36, No. 6

2016 4 11 H EXPLOSION AND SHOCK WAVES Nov. . 2016

DOI: 10.11883/1001-1455(2016)06-0739-06

NEMBEEFEAREENBESHT

il (R RN -t S R
(L. A6 R 38 5 T = W5, b 5t 100094 5
2. bt Y 5B R AR AT S B E R SR & L BT 100088
3. i E AR BB 5 B 0 5T A2 L 5T 100088)

FEE: R AATHHR A 240 5030 58 P R 07 2 BRBLRR T X R 8 48 0 3 4 8 e AR R AT T B
WEFE  BUE B 25 R 5 SOk S I HE W) G 4007 . BOME 25 AL 3 Y b Rk o B2 X 570 TN AR R SR A AN ] 22w 1Y
A I 5 A R T I 5 Sk A v A 50 S et e g R I 0 ) 5 R T B D) R e % AN R M R R Y s el A 1R B

TR X R 55 5 4 Je I THT AN R R M B K A A SR AN R MR, e A R A e R e RE G i s L 9 i AL S
Hﬁﬂi&ﬂ@xﬁ%ﬂzi&r@é%;%%nﬂ@@&ﬁd»ﬂuzﬁﬁg Kk,
KB WA T A RO SRR S B s DY AR S 4
hESZES: 0357.41 E#RZERMEE: 1302531 XHkRERG: A

B2 A o S B I A BT, A ﬁ%ﬁ*ﬁ/\ﬁﬂi Rayleigh-Taylor A& E M (RTD , AN fa @ik &k 7
BN A PP AR AT 1= A A B, 5 o0 Jon 00 kA B A JB 5 T 2 RO o o B BRI, & R AR
Richtmyer-Meshkov R @GmmlmHMk% SRR O RTT & S i 4 4 25 R AR E P
AR ZAFTE T RARY B 3Ky 3 M 20 R SR (TCF) 48 40U, 0 2 i A4 1 AN A2 PR 3G R e e, £7
FEZ AR AL, Lo Al v 3R ET 5K Ty R BE RS RE AFRLSR B BT AR XE TR T, ] WL Miles™ 45
T IE RS A BT RT AR M3 K i #E 3% K D. C. Drucker ™ 45 H T 308 A Bt RT ASFaae o4 3
KRR ; AL L Lebedev 885 45 T 47 BRIF b A it RT ANAR € 4 & e Bk Pt sh Bk i 5 K LR

ZIIMSEFR . J. F. Barnes %50 il 5o B 22 4040 92 56, 60\ T &8 AL E RT ANHae My & R A fE ik
WK APRIE . J. W. Swegle ZEU XA MEAN Tt RTI 347 T 7840 09 BRIE 40 A DL B BB AL TAE . A ol 3
IR A TS T AN AR E Pk R AN AU T e sh I AR 0 BRI 5 i a Oy XA R ARG, K.
Mikaelian"™ £ H 26 ¥ 30 12 RMI (946 808 KA A, T, D. Colvin 88145 83 M A BN ) 5 Zh R 25 1L, 4%
BT S 0EPE A 5 BT ASFRUE M L AL R. Piriz S XS0 B RTT LA & RMI #6417 T & W FIS i
Prfk g, S AR e P02 52 S A 55 b R 08 P S B R L B A B AR PR BB T B L R R
AT ANFRUE P T B A A S L SR g ICF FROL R4 L S ACRE M EZE N K Z —. V. Frachet
S I B R AL WY T ORI PRI 3T AR DA K 4 TR A A S e 1 HL S, Park 88U A
JEH AR TR A TR R AR, X5 % Sesk[12] b iy 290 HEAT T RUE R,

A Al E AT B G 220 B R AR ) 2 R RR P (MEPH2Y) ™, % FE T P 8 T 48 4 )@ 5t
T ARG E P AT BB, 2 B s i) 4 @ B T AN AR PR R SR I IR 2 IR R & 8 ST A FeUE 1Y R T LA

1 t&EFZE

1.1 tE&ER
K 5 SCHR 12052 56 AR LA LA A8 80 CRR IR 1 BF7R) W A2 SR NS, 1] Hos 20 591 8 5 e 4 25 L4 5 |

« IR BEHE: 2015-04-30; 1EEIHHE: 2015-08-17
EL2TH: EXHARB#IESTIH(11402029,11372052,11371069,U1430235) 5
i [ AR My BB 50 B Bk 2 B R R R k4 T8 H (2015B0101021)
£ —1E&H . MM 980 ), B W5 AR BIWFSE B . hao_pengcheng@iapem. ac. cn,



740 1k Y 5 iy o %36 %5

FEARIE . BRANSE JREFE 2 cm MEZG , AMEE 42 10 em,
JEE 5 cm, INAPBE RS SR KR XE 2 5 N2 5¢ . )2 4 mm,
TE N2 5E 1Y N RE ZI 4RI 0. 5 mm Y IESZ 4K,
1.2 HEFE

TS ARG E Pk 0] b AR AR T R AR TR B4
PR S PRI A AU rh SR B AT O A ) BR AR .
it FH 04 22 A Jo 58 98 1k A ) 2E AR ¥ (MEPH2Y) R
FAAS R 7 0] 7 W R A7 B 6] 48 1F L A2 B4 O ) b 64T
$r LCTH B, 1M ) e 2 S5 4 A, IR T VOF 5
RE AP . IR A ) 2E R T R AR DL AR R S8 9
PEAY T . BEAE T T KE 25 18 22 I3 It S 5 R B AR A B 1 KR R A
HABREZNFERGEPL, EA BB IESCPR  Fig. 1 Computational model in cylindrical implosion
AR )Y N RE T .
1.3 REFEREHER

4 )& SR I BE SR A ot S AR S T 2

p=ci(p—po) + (y—Dpe

Kh:p AT .0 WERE cco RRIRFE 00 HRIIREFE .y I, BR800 50 R - SN R, 0o =
7.8 g/em’,c,=3.8 km/s,y=4. 075 ; FEAZ K . oo =1. 1 g/cm® ¢, =0.5 km/s.y=1.6, R ITE . LE
Ziffi ] CJ M2 455 Wilkins SO 38 1) s ] 2 0 75 20 4858 7 U R A SUAROIR S T /2. JEZG 2800
PR 1.8 g/cm” 7.5 km/s, LI EL 3.0,

oA Rk SR ) L AEL 3 8 P A R ASE Y L (i FH von Mises v DU B 22 A0 0 A0 33088 MR 28 MR BT DDA G O
B A RHE IRSE T Y 362 .Y = max(0,Y, (1 —e/e,)) (Y, W) UG JE MRG0 E e, ML BE) . %A # A AR
L B IR SRS TC 06 IR AL S N RE AR G BN A i R B, MOREAR R S B R - N5E .G
=83 GPa,Y, =2 GPa,e, =1. 3 kJ/g; FEBR I HEA Ry i A BAL, Y, =0. 01 GPa,G=0.01 GPa,e, =
0.1 kJ/gs KEZ) R TAR

2 EHRRSH

2.1 —HHERBER

A Aok X A A A — A7 D0 9 R AR 20 AT L RE RS I RICHE B % B0 T St iz 3 S &2 A i B0 L g itk — 2 23 i 5t
R E VR RS S % . BUEA T R 0.1 mm 5 MIAE . & 2 WSS RER R T B 3 &R
7C PN ) ST S8R, I 8] JE e Sy 4R S D 3 Ok AN 5T A BE B I 2. MR SR D AE 4 R A BE B TR ) W 20 K
45 GPa, JAE g w7 WAEIR BESIE M LB 2 6 ps WA 3 Ui i YA T 72 2 P4 5 TG A4 210 0 34 5 T 40

Steel outer shell

High explosive
Steel shell

Silicone rubber

N

—05F

Tr{) —1.0"
g
<

S -15f

-2.0r

00" 24 6 8 10 12 14 16 18 G e 8 0 12 14 1618
t/us t/us
2 GJRICHNBEIE & 3 4@ e PN e

Fig. 2 Pressure on outer interface of metal shell Fig. 3 Velocity on inner interface of metal shell
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Fig. 6 Effect of yield strength on perturbation growth
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A numerical study of the instability of the metal shell in the implosion
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Abstract: In this work the instability of the metal shell in the cylindrical implosion was studied numer-
ically using a multi-component elastic-plastic hydrodynamic Eulerian code. Agreeing with those of the
experiments, the numerical results show that the material strength restrains the growth of the interfa-
cial perturbation with an effect not to be overlooked. The material yield strength has an obvious re-
straining effect on the higher mode of perturbation, while that of the shear module is similar but less
sensitive. There exists a most instable mode number, which decreases as the yield strength increases
and is approximately linear with the logarithm of the yield strength, and the perturbation grows faster
as the shell grows thinner.

Key words: fluid mechanics; interfacial instability; elastic-plastic simulation; implosion; material pa-
rameters
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