Chinese Physical Society

ME*E Acta Physica Sinica

€D Institute of Physics, CAS

MEMET V' EAANARSRRES

FRE WFHE O ERE LRH

Instability and turbulent mixing of shocked “V" shaped interface

Li Jun-Tao Sun Yu-Tao Pan Jian-Hua Ren Yu-Xin

5| H15 2. Citation: Acta Physica Sinica, 65, 245202 (2016) DOI: 10.7498/aps.65.245202

7E 2% %32 View online: http://dx.doi.org/10.7498/aps.65.245202
2N 2¥ View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/124

AT RERCH B BB S &
Articles you may be interested in

Bk 5 SFe BRIE A ILAE I BB BT 7T
Numerical investigations on the interaction of shock waves with spherical SF; bubbles
YH%4.2015, 64(1): 015201 http://dx.doi.org/10.7498/aps.64.015201

FETHT A R BIK 5 <2 J 7 T AN A R R BB ST 5
Simulation study of interface instability in metals driven by cylindrical implosion
VP 2242014, 63(15): 155201  http://dx.doi.org/10.7498/aps.63.155201

o5 SFe BRI A ELAE FH 0 B B AR

Richtmyer-Meshkov instability induced by the interaction between shock wave and SFg isosceles trape-
zoid cylinders

VP27 4%.2014, 63(8): 085205  http://dx.doi.org/10.7498/aps.63.085205

() B BX ) FRY A J3 A o ok P I KR ) A A PR I 5

Variations of implosion asymmetry with hohlraum length and time in indirect-drive inertial confinement
fusion

YH % 4.2013, 62(22): 225204  http://dx.doi.org/10.7498/aps.62.225204

{17 Atwood % Rayleigh-Taylor fil Richtmyer-Meshkov A~F& 52 P i 3 BE T 5%

The bubble velocity research of Rayleigh-Taylor and Richtmyer-Meshkov instabilities at arbitrary Atwood
numbers

YE=4.2012, 61(7): 075207  http://dx.doi.org/10.7498/aps.61.075207


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.245202
http://dx.doi.org/10.7498/aps.65.245202
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I24
http://wulixb.iphy.ac.cn/CN/abstract/abstract62375.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62375.shtml
http://dx.doi.org/10.7498/aps.64.015201
http://wulixb.iphy.ac.cn/CN/abstract/abstract60309.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract60309.shtml
http://dx.doi.org/10.7498/aps.63.155201
http://wulixb.iphy.ac.cn/CN/abstract/abstract59008.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract59008.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract59008.shtml
http://dx.doi.org/10.7498/aps.63.085205
http://wulixb.iphy.ac.cn/CN/abstract/abstract56727.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract56727.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract56727.shtml
http://dx.doi.org/10.7498/aps.62.225204
http://wulixb.iphy.ac.cn/CN/abstract/abstract47198.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract47198.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract47198.shtml
http://dx.doi.org/10.7498/aps.61.075207

32 % R  Acta Phys. Sin. Vol. 65, No. 24 (2016) 245202

HEMB TV EABNRRES HRER”
ERED INFEI FEELYD HFEZHY

1) (b E TR AR 7R, dER 100088)
2) (AL B FAE ST BCE SR, Jb5 100094)
3) (R FEM AR BE, Jbal 100084)
(2016 4£ 7 7 19 HYEl; 2016 £ 8 A 19 HILBIE 4k )

SR A 2 21008 5 W T HEORSE PR AR i/ (0 IR 42 AR IO 2 v 0 - AT BRAR AR D ik, BB AL T 5538t
M AR I <V 23S, /SFe 41 1] Richtmyer-Meshkov AN P 7] . s vh o SL T, 76 5T T
B, 2R F T RN HE S R e T 4 40, RIS 5 T 10 3h e I SRAT S5 4. ASSC et 1 5 /e 3 7%
23 AN SR 5 90 B K R SRR AL AL LR, OF 5 O M SRIR 45 REEAT 1P L, B 75 S 8. Wik
T TR T AR B AR i TR S R SR R, R S I e 45 A BT AL, R ai A 1T da R AEAR LS T IR
LR, I REAL LA X, 112 R S5H B DR e (0 75 54 P AR I 2 DX 3grh 7 . Sl ) el 3 i M0E
SCHMBAE REEHEAT 734, R T BA BRI A B RO DR T AR, X shBERENE IO AT AL T —5/3 X iR
T H B, X R U0 B 7 B RO XA B e T L TR 5 e 4 S A RURE DX T Je — 50D, R T Bl

Wik K i

K §#18): Richtmyer-Meshkov AFE M, “V” TEFLH, IW4EH), IRFLIRA

PACS: 52.57.Fg, 47.32.cb, 47.27.Cn

1 5 =

AN TR B B IR AA S S H 32 B b AR I, B
I _E R sh 2 A fa e K, 7E gk MR 26 1t
B B WA BRI RS, AT R
(8] VR A, X AP ST AN 2 MEFR N Richtmyer-
Meshkov (RMI) ANFeE 4. X RMI 85T, 7E5 P
LIRIZ R (ICF) KARPIEL 2 g K LR i
TRAR BRSEE N2 SIS A EER . e, £
ICF Wik R B, B IR IRSN k=4 2 AN b ik,
FEESARAA T RSN E ;72 ICF W IR
B, B0 phar e N I 2 OO, AN S TS
PRIE R RE. IR L, RMI 220 ICF A 2 s 46 Fl
BRI a5 K B IR 3 2 — [ RMIT AT DL SR g g
TR 1987A HIBRIE VB sk RIS, H ATENE

* ERHRRIERES (HHES: U1430235) % BhIH UL
T #EVE#E. BE-mail: sun.yu.taoQqq.com

© 2016 FEYIEF S Chinese Physical Society

DOTI: 10.7498/aps.65.245202

BACRA o — AN R R R EVF 2 IRR
KRG, S KA AR RSB AR
SEPEAE A b IR R ke s AR, fEH
R v S S R R Eh AL, RMI A] PR &
BRELRI AT 2 T R & ke P B BA, RMIT 4558
PR 2 UITAH O, fEA Sl e & F FHM, L2812
A i, /A, A A LU e AR, W
fek. R RMI f) 32 i 72 A 1R H SR A 2o 3 28 77 Tl
HAEZME, X RMIBEF R A+
WA A

H A, B A A 3 2 s A [\ 28
R ST AR BAE ), SR A ELL A SEIS AT SR A
EBLADN T B, X S EAREh i3 DL 75 1) i
T AR AE 55 30 2 VA T 2 R AT I A 43 B, %t RMIT
() RN % R AL 3547 151 8 ATE 78 11, Rudinger
H Somers [ SR F H A4 AR N 45 AR T 1l %

http://wulizb.iphy.ac.cn

245202-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.245202
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 24 (2016) 245202

SRR (A RS SFe), IR IS0 5 30
THERRE, KISIEARX T8 SRR shiE
&5 N AR E K/ %, Haas F Sturte-
vant ] 7E 7K - B0 B e R R S 43 B R T
AT R22 BRI T, H R K AEBA S B AR 52 T 5t
T 7 V- T 55 B b i N BT AL I R, Zhai 25 9 R
FH AR R R AR 7L T 1 55 s o 2 SORT SFg
BRIE FUHE 2, RGP R ER S A S T TR B
VER N WS AN 45 0, Bt i Py 3 38 S
REBIMRE T Tl HRgsir=4mERE. Bates
28 171 36 T A 5 1.26 1691 T N S5 380 o o SFg 48
AR R AT T ST SO R B AR, R T
RMIYEF F SFe A HEAS 3t 72, Hoi 25 1B 72 41 [H]
PRI, 255 WU 30 7 238 45 AR S g
i SFe AL I FREAT T HUE BT 7T, A AT 0 B E A
P2t 5 5 06 2 S O AR T, I8 R S B T SR
AR TS 3 DL F i #2 2 7E Kelvin-Helmbholtz
et (KHI) /EH TR Fe G R IR0 & 1id 2.
Zou %5 10V | Fi 1 8 4 5 B0 A X 1 T N 5 g o o
SFe M5 S AE 3k FRHEAT 7 SRIRBIE AL, BRI T MR
{17 A L o ST S8 A (O 2. Fran 25 0100 of T i 4
N 1.2 [P TR ph o R R TR 25T LA O
Filt = A T2 S TR A [R] FE AR 16 SFg AR 1) 3 F2 14T
TEUE AL, 3BT E T I LR R ST B R
W DL S SR R A R 4 SRR, AFTE
R G 0 RMI (1 5 J& 25 A HH R, & FhOR R 5 1w i
i 2 57 E B2 W R WA E KNS 565
i), 7E AT W52 9% R EK, 1M e A 32 25 AHE iR
2HK.

Bk 5 AR TR () 4 ST 7 F & 7= A 5 4
ANTR )% 2R G5, TR FR AR [ R 10 7 T B 3 3
JERE T T AN TR], DR R HE RO 5 5t PR e v AR 45 A
FHIF]. ARSCE BT 0 R i i 1 R ST S THT s 4L

RGN AT 46 S TG R 1 FH i B AR A5 R R
B VT IR, S b, AT BRI 4R L
A AEAEAF MR V7 A4, SR
THE— 58 ]RE T ] LR FEMURN P TH, SR <V
TSR — 2. A SCEFST 0 SANF M B “V7 R
THI I AR ELAE R HEAT T 9T

7E RMIBF L H, BUE BEAAE y— Fh 2 F
B, WRAN T SCER R ST ABS AN BT IO R, AT 45 F
TTZMNH. B T EAN ] DO B B AT
BOAE, I8 AT AT S50 25 AR AL BN 4 b, 7R

TRB R e R b, i BA AR E A 2 R
G5, R R R AR AR A B B
WE e, DA 5246 fE 77 DLIIEE R R XK, A a4t
T3 W RT BAAT B A i g A R i Bh HdlE, BE g
NNFNIZ IR - AR KA Bl P BLBOR
SR EA. ASCMBAE R A, R ERRAESE T
R ST, KR GG 1 — Rl & TR
%, ZAMIRE VIR > BT A /MO BT 24
HU(MDCD) 4 2 U2 ) 43 B AT BRAR AR 5 V0T
ST 555 0 AN [R] A R <V I AR/ SFg ST
RMI il AT 1 — AR5 B B E AR AU 5 A 21 73 #,
RAAFEVE R IO @it 5 O s g R
XFEE, SR T EUE S R A IEwR . G2 b e Y
Bz, WAVREE T — LB R ARAL. Tt iR & Fe i
{7 A AV RUBE X R — B, A SCEE T itk
ST T R IR AR R RS A

2 HEFEfITEEA
2.1 EHAERESIHERZE
2 FE BN ME ) 22 4 o A s D R AT DA Dy (1)

op  Opu;
o om (12)
Opu; ~ Opujuy Op | 0oy
= — 1
ot | ox; oz T oz (Y
OpE N I(pu; E + pu;) _ 94 O(u;0i5)
ot 89(:]- 8:1:j 8.’Ej ’
(Lc)
Y, Y, _
E_'—ujaTj_O’ l—1,2, <1d)
00 00

XA F G R, y Mz ZAMERTT AL p, uFlp
3 D9 R LR o B Dy R R Y e
B Y ONE IR R B, & U
ol R Y = 1; o3y J A AR 1 R J oK
oij = u(0u;/0x; + Ou;/0x; — 2/30;;(Ouk /0rK));
p AT TE R B g vk A AL A B
R BRI, ¢; = —NOT/Ox;, T AR BIIER
B, N N AR GFRARE 0=1/(y-1), v~
UL, 375 R P e m — AN ORI 1 R e
JF SR THT B AN = A AR 3 (14

FERME T b, AR SCHE T IRAR R TR 425 il
JiFEAT B, SKH MDCD J7 ik i (7 B, SRIF 5

245202-2


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

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 24 (2016) 245202

A AIRSE. KA HLLC # 2% Riemann 1) #%,
FoRo@EE. AR H =B Runge-Kutta 7774,

2.2 HEER

ARSI E AR BT R, PR A
1.28 m, %55 0.08 m. FTH N 5 8 I i S8 A4
i ) A AR SR BN 1.20. WIART ZI, kS
VST AR T A 34 7 BE S 8k A2 3 0.05 m 1)
S, PN S AV S s o =5t
X 5k, 25 X sk P RIS A AN 380 A5 A TR ORI S A
BRI SUR SF M. I AT 23 SR SFg AR I 4A
SR FTA, B JE S AR ST e ok R AR
3. BN R R A, A TN S
FAF, AT D R RS EE X VY
G0 2 60° HOAEL, X ST AN e 1 1 R R it
177 A 4 ik R HORE 40 B AR SR 43 BT, X6 T
128 120° F1160° (IS L HREAT T — R 51 £ E A5
PL, DA Sz 45 S AT Ex, TR B SRR 0 I
BlE. 2 WM USSR B0 IR 5, A SCHT SR
WA B HCA 8192 x 512.

Shocked
air

0.08 m

0.05 m

1.28 m
1 (MFRE) R
Fig. 1. (color online) Computational model.
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Fig. 2. (color online) Comparison between numerical density schlieren sequences and experimental schlieren se-
quences of shocked “V” shaped air/SFg interface: (a) 6 = 60°; (b) 6 = 120°; (c) 6 = 160°.
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Fig. 3. (color online) Comparison of numerical results between sharp tip (left) and round tip (right) (1.0 ms).
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Fig. 4. (color online) Movement of the leftmost inter-
face and the vertex (black rectangles represent exper-
imental results of the time-variation of displacement
Dg from initial interface vertex to leftmost interface,
others are numerical results: red circulars represent
the movement of leftmost interface on mesh 8192x 512,
blue triangles represent the movement of interface ver-
tex on mesh 8192 x 512, purple inverted triangles rep-
resent the movement of leftmost interface on mesh
4096 x 256, green diamonds represent the movement

of interface vertex on mesh 4096 X 256).
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Fig. 5. (color online) Growth of interface width (black rect-
angles represent experimental results of the time-variation
of distance between leftmost and rightmost interface, oth-
ers are numerical results: red circulars represent the growth
of distance between leftmost and rightmost interface on mesh
8192 x 512, blue triangles represent the growth of distance be-
tween vertex and rightmost interface on mesh 8192 x 512, pur-
ple inverted triangles represent growth of distance between
leftmost and rightmost interface on mesh 4096 x 256, green
diamonds represent the growth of distance between vertex

and rightmost interface on mesh 4096 x 256).
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Fig. 6. (color online) Pressure distribution (up) and density distribution (down) on the process of evolution
of flow field: (a) ¢ = 0.5 ms; (b) t = 1.0 ms; (c) t = 1.5 ms; (d) t = 2.0 ms; (e) t = 2.5 ms; (f) t = 3.0 ms.
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Abstract

Based on the mass fraction model of multicomponent mixture, the interactions between weak shock wave and
“V” shaped air/SFs¢ interface with different vertex angles are numerical simulated. The numerical scheme used in the
simulation is the high-resolution finite volume method with minimized dispersion and controllable dissipation scheme,
in which the dissipation can be adjusted without affecting the already optimized dispersion property of the scheme. The
grid sensitivity study is performed to guarantee that the resolution is sufficient in the numerical simulation. After the
shock wave interacts with the interface, the baroclinic vorticity is deposited near the interface due to the misalignment
of the density and pressure gradient, which is the manifestation of the Richtmyer-Meshkov instability, leading to the
vortical structures forming along the interface. The interface perturbations lead to the bubbles and spikes appearing.
The predicted leftmost interface displacement and interface width growth rate in the early stage of interface evolution
agree well with the experimental results. The process of transition to turbulence at the material interface is studied
in detail. The numerical results indicate that with the evolution of the interfacial vortical structure due to Kelvin-
Helmholtz instability, the array of vortices begins to merge. As a result, the vortices accumulate in several distinct
regions. It is in these regions that the multi-scale structures are generated because of the interaction between vortices.
It is shown clearly that in the regions where vortices are accumulated, the fluctuation energy spectrum has many large
and smallscale elements, which indicates there may be turbulent structures in these regions. To further examine if there
is mixing transition in these regions, the characteristic length scales of the flow fields are calculated. The separation
between the Lipemann-Taylor scale and inner viscous scale is observed based on the circulation-based Reynolds number,
leading to the appearance of an uncoupled inertial range. The classical Kolmogorov —5/3 power law is also shown in
the fluctuation energy spectrum, which means that the inertial range is developed. The appearing of this inertial range

confirms that the mixing transition does occur, and the flow field near the material interface will develop into turbulence.

Keywords: Richtmyer-Meshkov instability, “V” shaped interface, vortical structure, turbulent mixing
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