%520 % 456 wOE 5 W ik Vol. 29, No. 6

2009 4 11 A EXPLOSION AND SHOCK WAVES Nov. » 2009

XEHS: 1001-1455(2009)06-0601-06

“HSRRAESTFRNEBRAIAREENBERY

Mok BEL.K B.HLF. &R
o[ T 400 BT 55 5 90 V40 80 9 7 o 00 0 25 02 0 B B P 940 DI 4B 621900)

= . | CE/SE(conservation element and solution element )& A 5T 1 4% 10 £ B % A8 SR & 4% i+
V6] DT T 194 A A 5 1] A0 T3 o T 94 072 () 51, 9 ) P leveel set PRBICIE B3 7 3R 3 40 4 45 0% R A A 1] T 10 194 % e 5
&, B T KA Rayleigh-Taylor (R-T) #l Richtmyer-Meshkov (R-M) /N4 % 1 & & 1% 30 5 1 “ 98§77
SRR EE A BRI IR XA T RS BB A R A TR RI G S5 R R CE/SE R FEW K ST
WA P AT,

FKEEIA : Wik )% s Rayleigh-Taylor NEGE M ; CE/SE ik 2R s level set 2

hESES: 0357.5 EfRFERMEE: 130 - 25 MEARERD: A

1 3531 &

T B BR T 22 3R o B R R R AR S S S R EE TR RS ER MRS S AT
AL 0 7 T A B o A ) B 2 SR SR AR S v, Oy T X R T B R A 2R T By
FORLLR W01 il 2 B 1 o el Rl A R 3 R v 00 X R e AR I A G SRA) T I TR A A W B0 3 R
o] A i . BRAE A AL SR b i DR T — LTI B R s B Jm T g = A 0 A S ) A
SRR I B A A sl B (B B 90 7 kY A AR B R AR 2 AR T 1 32 3l vh i w23 30 4 Ml B TS AR OE
CE/ SE #ik S. C. Chang" $2 Ht , J& 5 725 (] 38 & 5 B 5] 38 & 9 <3 18P R A 3 i ke iy . 5 b O
AR EE . %5 B AN MR O (1) A I ) 5 s [R] i gE— A B A T A IR 5 SR
i iz E AL F A (B3 5 5 (2) 1 TR R AR T A T B AR 5 AR AE T ok O BLAS [ SR i T Z 8] B9 )
BB DAANESE, BT OB EJE 22 00 I AR L 2 PR b AR A 2 g o 1 AR 5 ARt R Y 5 (3) KB, B
i I 23 30 B R SR A TT b — B 28 S R T X AR RS BE AR I 2= BB TR (4) 5 A A0 KUA% =X
TVD #30O A0 T B2 01 5 (5) CE/SE Jr 0 KL IE /Y 22 4 4 2, 78 1155 45 (1] 38 & I T8 5 07 1] 73 2R
SR, CE/SE J7 8 B4R 5 2 oR A n] T 48 <7 18 £ 07 12 L 76 5K f#f £ 4k Euler Ml Navier-Stokes J7 2 i 15 3|
TARGF BB . 3T vk © 28 B N B T LA B 2 AT IR A U D T R B AR A AR S AR A A
AR S AV ARSI A ) R HLEA TR B2 IR o R i SR

ASCr i CE/SE BUE J7 6 48 E 5290 2h A T 23 3 e 25 A b A% 1 1 [R) R AT 440, 15 3 2 3R
W32 B TR 04 R T A5 4 0 A1 P15 90 s 2 ik DX 82 4 A7 A 0 DA K [R) T T E TR B ) AR AR
TE MR R ISR “ARET” S 7 454 . I level Set pRUBIE By BK 31 A 558 s A4 18] 15 1H1 38 2 3 72
B H R R EIR

2 HETEEN

2.1 Euler 7728 CE/SE X B &
CE/SEJy & 4B s [8] 5 25 (8] 4 8 55— B9 Ak ds i 47 AL B, XF <7 45 B 7 B AE B~ E o0 N AR IESF1E , X

« R B HE: 2008-06-27; f&[E HHP: 2008-08-31
ELWB: BERARPBIEEETH (10772166) ; F BB Tolk 5 AR Ffili 5 i 5 o) FE M RHF5 H (Z112009B004)
o TR B 5T B Bl 2R R R R Sk 4 3 H (2008B0202011)
EBEF N X142 A980— ), F Wi s b,



602 DS 1 5 et i %29 %

FEFEA R IR AR P E A . B 1) AR L 2 X G BSFEIC A E 1T i
ABCD fr [l X 38, 5K fi# 68 AEDF FiE X3, PI—4E Euler 71 NF, /-4 CE/SE #8 R B 87 1.

(a) The relative positions of SE s and CEs (b) SEs and CEs
S 8% P— n+l T F yan
A A 1V 1V
\\>s AV
o I T
A N D
S e N
D D H— n-1
(I A 9 15
O x
1 CE/SE 4+ 4i &
Fig. 1 The relative positions of SEs and CEs
— Y SPT BREFR LA e BR XS R Euler #5881 7 2 7] 48— 5 i R IE
d J
;J;” an'”:aQ,,, m=1,2,3 (D
J_:t':,j: U]:peUz :‘07/{9 U3 :p/(7_1)+pu2/2 ‘F1 :U29F2 :(7—1)U5+(3—7)U§/(2U1 )9F3 -
. 5 U, U3 F. N . NI .
7U2U3/U1*(V*I)Ug/(ZUI)ﬂQl:*7&22_ 72an i ° ,ﬁ\:tf:‘pjﬂ{;ﬁ%ﬁfg, u H L

B, p HRIE Sy WA EE, a=0,1,2 43 555 W — 45 1 Sl X5 40 0 R 6 g 1) 73t
L h,, = (F,U,) e i i 2 nr 15

$ hods=] aQuav )
s(V

LA sV FE 1) B E— K3k V B9 5. W 1) B JER 2 850 4 R s 4 Gan) o j=
0,1/2,1,3/24++sn=0,1/2,1,3/2,+++, XU, .F, TEG.n) H—NRHEI,Q, TW B, i i 245
PER AT AR E) U, 14 558y F
WU, —a(Q)1At/2 =[ WU, + WU, + (S, — (S0l 1/2 (3)
Hd: (S, =Ax/4) W, D"+ (At /Ax)(F,)" 4 (A2 /(4Ax)) (F,)"
XoF A (] VR f T A0, Ay 1 40 o A BRI 3 R TR Y e W (a6, PR U, SR i
W, =WLwW,, D;.WU,. Dy.p] 4
X
la |+ b ]P=0
(Tal®+[b )/l alP+]b]" la P+ b P #0
UL =+[WU, )01 — UDI T/ (Az/2) s (U, = WU, 4 (At/2) (U,
TG (DO T —48 CE/SE B iihg =X, it TaU ) etk BE 4L, >Rk H 4 i ik AR v LA
SR, AT H AT A HT— WL A EHE, A A U, X R (D h
WU, —alQ,)iAt/2—U, =0 (5)

Wa,b,p =

Hh A ik A7 T R
D WUH) (6)

u=u'

. . P\ !
+1 | =
Ut =u (an

A o) =W, —a(Q,))1A/2—U,
WU, AR U BIRIE B 5~ 10 2550 ] il A B2 20K,
2.2 level set FEEHYKE
level set J5 v 18 B I (8] 3z 2 (1% 4 o 5 T 76 RS A eR B0 2 45 (i T, 20K ek 800 {8, gt AT LA T



%6 H X A . 4o TR YAE A P A% 6 1 A 1 9 B (B A 4 603

A5 (I TE A 52 L AR AR R T SR Y S IR L A R D () o A AR AT B 2052 B B A R R o (x O I
SF L1, B

() ={x € Q:p(x,t) =0} (7)
QN R @ SRA# X TR I o Cx, 0)— BB x f5 AT T (0D B 755 1
d(x,I'(0)) x €0
o(x,0) =40 x € I'(D (8
—d(x,I'(0)) x €0,
P d(xEDONFEMR x SFAELOMEE.Q=0 Uro U, Q .02, 49135 R Hm D) Ml K
X []
T HE BB BE R BN level set TREN

o tup, +uvp, =0 9

K cw o AN vy IR E . RZRE o(x. ) WE KGRI o(xu o) 1Y 55 1 5t nT LA 2

BEER A E 0L E . HIRIE o, ) 78 BT B i o B B R B T X iRtk . 2 oo =9(x.0) v )
TR AL AT 9 pR (A

KRIBIRL TR . = sgnep, (1 —| Vo | il HUSCTF &

3 KR

—#IER
WA 2 fr 7R i R B 55 A0 B i) 8 1k MR B R
FHIR o B RS R 2 I 1] 52 4 B A, 3 RE A 8 TR SR
Gy FUE AR 2 T, — R IR B R Y vh i, )
— T 2 ] R TR B G AR B Ik . 1) 9 ALK 114 b o 0k o
T U0 R TP AT R T e A s R AR R R R T
EN VIR R, S EE: 0=20.0; p=20. 0; 1k
JEBt:0=1.0,p=1.0,y=1.4, Bz sh 3] d.o kb
JEE A TG 55 K ARME 4 H v g 8 B it A P S L
BTN ry RE S, Eﬂ*l‘lﬂﬁ%ﬁl:iﬁ%j rn<r<R,.
r =R, /80, R, =0.12,R,=0. 2, & H /P il 5 R I IC S5 30 FEA A 76 o A0SR BE SO 5648
p=1.0.p=1 oﬁ%ﬂxﬂ“ﬁ/ﬁEkWFT*”E’mrﬂnFﬁ,Lﬁxfailﬂﬁu%ﬁﬁﬁi%g(?
). B 3Ca) (b)) ()P hZ 1~8 435y 23. 7~189. 7 ws I %] 19 15 Jy .55 B A gt i 40 A [/ .l 181 3 7]
UL o St B3 A 2O0 95 D R U] DT EL AT A 1 43 R

WA, Ab o g

3.1

Membrane

High-pressure gas

&l 2 4 A A ] 5]
Fig. 2 Scheme of the physical model

(a) 11=23.7 us 20} (b) 1t=23.7 us /{1g (©)
5017 21t=47.4 pus 2 t=47.4 ps 0 1
3¢=71.1 ps 31=71.1 us \
i 4 1=94.8 s 15 4 t=94.8 ps -0.5
5t=118.5 ps \
. 6 t=142.3 us _
&30 7 t=166.0 ps Q 10 4 s> 10 7
20 81=189.7 us 4 5t=118.5 us _15
- 61=142.3 ps I/ W1 t=237ps 5t=1185ps
10 N 71=166.0 ps 90 2t=474pus 61=142.3 us
8¢=189.7 us : 3t=71.1us 71t=166.0 us
: : ) ! - . Yy 41=94.8 ps 81=189.7 us
0 0.05  0.10 0.15 0 0.05 0.10 0.15 i 005 0.0 0.5
R R R
Bl 3 RIRI 20 0 e % A

Fig. 3 Pressure, density and velocity distributions at different times
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Numerical simulation of instability of two-dimensional
convergent shock wave propagating in gas

LIU Jin-hong” » TAN Duo-wang, ZHANG Xu, ZOU Li-yong, HUANG Wen-bin
(National Key Laboratory of Shock Wave and Detonation Physics, Institute of Fluid Physics .,
China Academy of Engineering Physics» Mianyang 621900, Sichuan, China)

Abstract: The discontinuity instability and wave front evolution of a cylindrical convergent shock wave
propagating in gas were simulated by the CE/SE scheme. The evolution of the interface between the
high-pressure driving gas and the low-pressure driven gas was revealed by the level set method. Both
the typical “spire” and “bubble” discontinuity patterns due to Rayleigh-Taylor (RT) and Richtmyer-
Meshkov (RM) instability, and the “polygon” and “petal” patterns developed from the initial sine
convergent shock wave were obtained. Results demonstrate that the CE/SE scheme is feasible in nu-
merical simulation involving convergent shock wave propagation.

Key words: fluid mechanics; Rayleigh-Taylor instability; CE/SE scheme; convergent shock wave;

level set equation
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