38 % 4R Acta Phys. Sin.

Vol. 63, No. 8 (2014) 085205

AR S SF o Bh I, SAEHE EAE A RV BUERRIL

I R E 4

BAX?Y  FiEY

1) (b5t 7 LR AT 5T, JEBT 100854)

2) (RIS T A, WRAFLE 5 S0l 150 210004)

(20134 11 A 16 HIH; 2013 4 12 A 8 HUREIMEEH )

BT ORI, 455 TUR AL A TE IR 1 3C UL S TR I FHE X1 NS B 5 P il SFe BT B AL I
LA R RRREAT T BB, BE S Ris i SR 7 3% T Richtmyer-Meshkov ANES € 1 Bir 5 B P
BRTE B S AT AR, VEAR T 1 NSO PR B T Jh R S T R A S S 37 55 - G DA AT S B 53
S AE R N R [ S AR, IR TT T I R R A M R A AR A R R R S AR R A R
55 A B A IR SRR AT 1 04 SR S A S DU AR RS IS 1] AR A2 o A s 2 A v 4 AN

AL AR BEAT 1 BT

K H#ia): Richtmyer-Meshkov AN e, B SAE, RE, ¥

PACS: 52.57.Fg, 47.35.Lf, 47.27.ep

15 =

PO WA [RS4SR
SAE FU I AT R A SO AT DL R SR R LR, [
i, F I A8 2 7= A4 Richtmyer-Meshkov (R-M) A
2 PE I % A Kelvin-Helmholtz (K-H) A& € 74
R, BT B AR T, X eI R A i
AT H R A i R B AL R A (A5
ML % AR PR K 2 ) DL R AR A EE
F T AR A T S Y A T BRI R
BEAR, R-M AR E P I b 40 5 s A e 1 e e
Wik SR AR BRI A S AR B I &
117 EAT AR B E ) 2 AR

R-M A Fé 5 14 B % i Marksteinl® 15 48 $2 H,
1960 4E Richtmyer () % i 25 YO AT 7 7™ % 11 2 16
I A0 43 AT T, B S Meshkov!™) 5t k47 T 52
IS, UK, [ A b S AN
L AN TR B A S TR B A A AR Y R-
M AT R HEAT T KB BB L 5250 DL S BB

RE
DOI: 10.7498 /aps.63.085205

7t 5161 Haasl®) %t 55 Bk 55 R22 B A M S LA
S He B8 A0 A IO AE I #2047 T SR B A 5T,
XA AR TS S B AT 7R iR H. Zhai
2 O] R F VAS2D (2-dimensional and axisymmet-
ric vectorized adaptive solver) J5 %%} *F [H A 4
W5 Ke S L J SFe IAE L AR kAT 7
TYHEBUE R, EE N Bk S EAEAEH
FEEHRMA L. Bates 2 100 xF 5 $ o8 1.26
FR 1 TN 5 9800 5 SFe T8 AU A I A2 3t 47
T MBUE I, BESERESLRERMEE
Bt JE M R OoR T AER-M AR EEREHE T
SFe J7AE AR T (R I 7., JF X AURE F T B AR T AT
TE BT, Hoi 55 ISR FHAH R O] 46 4 1, F)
FI TCFC (thermodynamically consistent and ful-
ly conservative) J7 % 45 & A% B & B0 % R
XFIO 5 SFe J7 A AR B AT 1 BUE B AR,
FH L T Bates &5 1) #50 (A B0 45 R, AR AT B B E
A5 A0 5 L 5 S 06 5 L 101 B S AR A%, 3 T s
TAREREEEERL LT RERZEAEKHEA
FaEMEAE N RS E R R B B L . Zou

* [E K EHARIE RS (il 11272156) g 53 TR % @ FRML TH R 52 Bh 1 R,

T IBIEE . E-mail: shashal9890629@163.com
© 2014 FEYIEF S Chinese Physical Society

http://wulizb.iphy.ac.cn

085205-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.63.085205
http://wulixb.iphy.ac.cn

) I8 % 3R Acta Phys. Sin.

Vol. 63, No. 8 (2014) 085205

2 120 ) i v AR R A AR 1 T N B 5 S AV
[ AR R AT T SEER T AT, IR E i AR A
B PR AR L, X O R A0 46 T2 R A I 2 11 5%
WA BEAT 1T T, SRR, WA BT IR T R
M2, SR AR, BARRBEZL.
56 2 15040 e F ARk T R, 454 VAS2D
A PRAR R MUSCL-Hancock £% 28 LA K AR 45 49 1k
WA [ 3 SN AT SRR A 1.2 1P s S
FETE R [ 22 T8 LA KPR b = A1 T2 T AN [E] T IR 1
SF g S AH AR AT FEREAT 7 B, 2 #xf B
TR JUBR TR 1T R 38 2  d  DA R AR S T ) 6
A GERFW, AFRTEAR S 1) R-M ANEE & 1 1 &
JE&AMIE, S FTR I AR 2 57 EEZ R
SRR K /N5 40 A B 52, A8 T 52 3 R R
BOR, TAE J5 3 3 22 5 B RS AR i R B A %
W R, W 5 A A AR R
R-M A€ 23 32 FHH AT AR I 0, B0 5 A
[F AR )46 T 25 77 A AN [B] I R 454, [R] I E
T AR AR 1) ST B AT 25 FE o P2 7 M AN ], BT =
BOR R A B AR, R 5 R e T A B
ANEL BT S = /AT BE KA E T2
AR R SRR R I S TP R ¥ 2R 1 AW =
F 1A ELAE R AR F0 0 AR B b AR SRR T T
¥5% WENO (weighted essentially non-oscillatory)
WX, B UTR A FHER B S PR TE SFe /S
FEAH BLAE 5 3 00 R-M AR GE 3T 1 BUE .
K AR &5 S I B ke T OB AE B SR T Bk
A SR SR AT S B AR R B 2 I R A A, (RN T
PARRTZAR B0 TR S A T R AT T 3R 7.

2 S A
2.1 HEG%

KRB (LES) 77 72 i 3 A JELARL 2 o Jif o v
KT WIS R B IR AT B V5, TR G R A%
JRUBE 7N B ey DU 30 2o 3 ST ) 7 R AT B,
G T HEAUERI (direct numerical simulation,
DNS) A4 iR Vi 1y 52 2% K 4 445 1 0 7R 1 ~F 35 7 v
(Reynold averaged numerical simulation, RANS)
XF R BT IE  SR BN BIAR A RIS BLEE T DNS
T3 R SRR R 0 DA & RANS J7 7 18 7 v
~F- 15 45 i U R 2R AN G 1 3 s R AN BE S IR 4
TR, BRITEAERAZ 2 1) 2 M.

A LES #% il 75 #2 4£ %} 7] 5 N-S  (Navier-
Stokes) J7 #£ #EAT Favre JEB 5 BIAT 43 2], AR 3CKR
B SCHR [15] AH R Hfl 1 5007 3%, BV A BR AR
R S 428 1] 7 R 2R AT B Ak, T O0 IR 0 SR H
B WENO A 20 071810 86 1 350 0 ) o0 22 93 v ik
AT B HC. I At R A = FrkS B2 B TVD Runge-
KuttaiZ.

2.2 HEER

A EARTNE 1R, TR < %A
0.2 m x 0.1 m, BRI SAETEEI N 0.02 m, K
Ui 7 MG 9 1H PR B 2301 09 0.06 F10.02 m, #RTE 1
FR T 2 4373 LA R sty T AR i T 0 ) SR 3R 7 ). <
FE K H SFe 7 8 3 5 A, RSN BN
R, RAEWANE 138 1 atm. TN S8
KR AL, RIS Ma = 1.26, L Ty
BN A S 5, A9 A, 2 A I
SAMERT IS 5, PO B v SR U T A A B
2000 x 1000. Hf[E]5 K At = 8.67 us. FTHSMAR
SN 1 iR,

£1 ALFAASY

SR SFs g
L EL ~ 1.09 1.40
¥ p/kgm 3 6.03 1.18
JE R i = / g-mol 146 29
M # /mes ! 135 345
(a)
g g 7
©
s =
0.04 m
0.2 m
(b)
g g
- N gt
s =
0.2 m

M1 HERAR (a) BB 1 (b) BRIE 2

085205-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 2 48 Acta Phys. Sin.

Vol. 63, No. 8 (2014) 085205

3 ARG’
3.1 TEEA

N T 3SR CA_EBUE 5 v i Ay SR, BATTRLT
NSRS R22 B AR EAE S R E N e 5
1, W62 15 SOk [8] — 2, 45 R I 2.

X AT, AR SC AR AU 5 RAE 25 AN I % 5 50
HR 8] F S8 45 RIIAF & R AF, 15 I3 S 1
S G 3 S 7 A B AR G DL AR TR
AR, IR R I I R i R DA 5 iR T, 46
UE T ASSCHTR BB T iR 1 AT S A

3.2 BES#H1

S A 7T 0T SR, W S AR SR TR F i
R, AR 0N A T o 7 A I A — SRR R
J3E 5 s 713 6 B 22 T (1 ST A K, A ol e B AOK
P 3 it 5 TR I S E I RE , Vp 5 V)p
(7 150 LA S AT SRR B = 2 ) T B LR 715 e
H I AR S i FE AR L R 2 WL B3

k.

H S TN S 5 6 1 S AR B AR AL R
T BN USHEEAKIRR, ASCUL R A xs
B 5 A AR L R H R B R G AT T
PREE. P4 RS SFe URE (B E 1) A AR i
RE FF IR AN IR 2 ) 37 S R e R 4.

K5 D91 T\ S0 5 SFe UkE (B0 1) 1E H
MRERTHRERE (L) LR ES T (F). B, A
SR T 5 R TR A e i T R 4, T RS 1) A
(S SR R, R BT P B 9 S e LA
Hh ) — BB BRSO = FB - AL k. RIS TR R — 1
[ R PN A 0 1 e BB SO T, i TR R
DNER TR, DAL S e T (0 A 8 AR 1
NG T AL R . B8 Ja NS TAE < |
NRHEA S LR AT, I8k 2 5B S T
IR R A By S, T BB A B B 4 A =

B I A A WS, T TR 1 L R i
a7 i (5 (a).

T e

2 WS R22 S BEA SO AR (1) 550K [8]) SEESRASYE (F) ME  (a) ¢t = 165 us; (b) t = 250 ps;

(c) t =450 ps; (d) t = 945 ps

G
\Z%
Vp
< SFg —>
NI
—>
(a)

=5
\74
vp
<« —
SFg
NS
(b)

&3 P S PR TE AR LA AL R ERATE L (a) BETE 1; (b) BETE 2

085205-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

4 32 % 3§  Acta Phys. Sin. Vol. 63, No. 8 (2014) 085205

K4 Bt SFe “UE (BRJE 1) fEFIE RIS R EE M I, ASFIGG R, WIRRATIGH; D, Seatia; E, BE
IR M, ST Z, T80 Rz, Ry, Ry, Raz, ITHBRAE; T1, T2, T, BB, Rp, SE0TE RN

B 5 ISR EERLRE B 1) (a) t = 61 ps; (b) t = 104 ps; (c) t = 173 us; (d) t = 225 ps;
() t = 459 us; (f) t = 945 ps
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Richtmyer-Meshkov instability induced by the
interaction between shock wave and SFj isosceles
trapezoid cylinders®

Sha Shal?  Chen Zhi-Hua? Xue Da-Wen?  Zhang Hui?

1) (Beijing Insititute of Electronic System Engineering, Beijing 100854, China)
2) (Key Laboratory of Transient Physics, Nanjing University of Science and Technology, Nanjing 210094, China)

( Received 16 November 2013; revised manuscript received 8 December 2013 )

Abstract

Based on the large eddy simulation, combined with the 5th order weighted essentially non-oscillatory scheme and
the immersed boundary method, the interaction between planar shock wave and two isosceles trapezoid SF¢ cylinders
is numerically simulated. Our numerical results clearly show that the deformations of isosceles trapezoid cylinders are
induced by the Richtmyer-Meshkov instability due to the interaction of shock wave with them. The reflecting, refracting
and diffracting process of incident shock are discussed in detail, and the complex wave structures induced during these
processes are revealed. In addition, the mixing mechanism of SFs gas and air is expatiated. Furthermore, the efforts are
made to understand the difference in the evolution of the interface between these two isosceles trapezoid cylinders by

analyzing the variation of four characteristic scales.

Keywords: Richemyer-Meshkov instability, isosceles trapezia cylinder, mixing, wave structure

PACS: 52.57.Fg, 47.35.Lf, 47.27.ep DOI: 10.7498/aps.63.085205

* Project supported by the National Natural Science Foundation of China (Grant No. 11272156) and the Specialized Fund
for Science Research of Nanjing University of Science and Technology, China.
1 Corresponding author. E-mail: shashal9890629@Q163.com

085205-10


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/abstract/abstract54492.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract54492.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract47198.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract47198.shtml
http://dx.doi.org/10.1006/jcph.1994.1187
http://dx.doi.org/10.1006/jcph.1994.1187
http://dx.doi.org/10.1006/jcph.1996.0130
http://dx.doi.org/10.1146/annurev-fluid-122109-160744
http://dx.doi.org/10.1146/annurev-fluid-122109-160744
http://dx.doi.org/10.1088/0256-307X/26/7/074704
http://dx.doi.org/10.1088/0256-307X/26/7/074704
http://dx.doi.org/10.7498/aps.63.085205

	1引 言
	2计算方法与计算模型
	2.1 计算方法
	2.2 计算模型
	Table 1
	Fig 1


	3结果与讨论
	3.1 验证算例
	3.2 梯形气柱1
	Fig 2
	Fig 3
	Fig 4
	Fig 5

	3.3 梯形气柱2
	Fig 6
	Fig 7

	3.4 气体混合
	Fig 8

	3.5 界面演变
	Fig 9
	Fig 10


	4结 论
	References
	Abstract

