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Fig. 1. Schematic of the computational domain.
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Fig. 2. (a) Comparison of the wave configuration of the diffracted shock; (b) comparison of the triple point trajectories of the dif-

fracted shock.

a) 0.052 ms
0.107 ms

.. 0.364 ms

Numerical

Experimental

[d 3 BUE AL A SL B 25 R0 L

10 (b) = Experimental
b —— Numerical (Wall) _
— — Numerical (Non-reflective) _ -
8 -
g L
E 6
~
<=
4+
2L
0 . . . .
0 0.1 0.2 0.3 0.4

t/ms

(a) Fr AL PR (b) ST & b

Fig. 3. Comparison of the numerical and experimental results: (a) The interface morphology; (b) the interface height h.
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Fig. 5. Incident Mach reflection wave configuration for three cases.
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Fig. 7. Longitudinal velocity along the interface imparted
by the Mach reflection wave configuration.
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Fig. 8. Evolution of the interface for case I.
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Fig. 9. Quantitative analysis of interface evolution for case I: (a) Interface perturbation amplitude; (b) interface perturbation growth

rate; (c) the velocity of the bubble head; (d) the height of the cavity shoulder and cavity bottom.
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Fig. 10. Contour of vorticity at different evolution time for case I: (a) ¢ = 70 ps; (b) ¢ = 200 ps; (c) ¢ = 300 ps; (d) ¢ = 400 ps.
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Fig. 12. (a) Time variations of amplitude for three cases; (b) time variations of dimensionless amplitude for three cases.

245201-10


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 74, No. 24 (2025) 245201
4.25 9.0
(a) ® Casel (b) e Case I
¢ Case 11 ¢ Case 11
4.50 1 A Case III A Case III
9.5+
475} P A
% & ;; o { Xﬁo.
S 5.00¢ ‘3 5 1001 by °
8 8
T 525t W‘ - &v)
10.5
5.50
5.75 . 11.0 .
-2 -1 0 1 2 -2 -1 0 1 2
y/d y/d
10 (c) ® Casel (d) e CaseI
C L] ase L] ase
* Case IT STy Case 11
14.5 F A Case III A Case III
22.0 |
= o) ‘.-“" f ""x = s .»”.s'g‘%.“e..
§ ' g “Le
\‘H, 15.5 ﬂ‘?“"‘. ‘o\ ‘} \‘5 23.01 &*é‘ .g;;.
°a T4
; o : 23.5 f‘“‘ g
16.0 ' v
24.0 f
16.5 . .
-2 -1 0 1 2 -2 -1 0 1 2
y/d y/d
K13 =FEEREIESME  (a) 7= 8.85; (b) 7 = 17.70; (c) T = 26.62; (d) 7 = 35.82
Fig. 13. Comparison of the interface morphologies at different times for case I, II and III: (a) 7 = 8.85; (b) 7 = 17.70; (c) 7 = 26.62;
(d) 7= 35.82.
20— e LI BT T 207 SRR B, ThRRT
S Cwell | AR RS, S SR O P T 45 M
800 ¢ PR, RN T M1 AT ARG B i R AT Sk
A KIE.
£ 2801
BN g 3.4 W #
260 F -7
TE b 5 5t B A ks P T AL T 5 S A AR AR e
o . . . RM AFEE M, S TEA R AL B B . 3 M
e es e Tlea o W B BB S U, ke
FRIE 5 280 RM G PR AL i 95T L <A
B 14 =FEIE 7 = 17.70 2050 3 % Bk 5 5 43 A

Fig. 14. Velocity distribution in cavity symmetric plane at
7= 17.70 for three cases.

L FIRITHT I, ST RUBETE S S Sk

FR PR BE A SRR AR OC R, EZN

AR 77 D6 S AL A . e, Shf AR

E%{J%XETE’%EME’LE’JW%JJ“U&?%E%%%

PR R L, SR RORE X 53 25 5 i 4 1

Fo 2 i3 i A 2 LA K R 2 465 ot A it -5 2 T A+
VRIS 1] B A EE B0, 0 S i e A F e

EARB. N, 2 RM AFE e,
P SRS TR AN B3 AR, “BHRIR A Y
HBETE AP RN IE AR (E, IF BAE M
AR 3y, IRt Sk S i &%
FHYAEARME RM AR E M R B8, X ix SEHAIE
R 3 R 5 TR L T 2 RMOANARE P 1 B TE
W, BT, 25K F i M IR PR T TR PR A A
s Z G R Ie] v S R ST Sh PR R, B
AT R 73 R ARG K B B AN e AR L A
PIABT B, X 5248 RM A E VA AE ARl 2 Ak

245201-11


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 74, No. 24 (2025) 245201

FEL M RM ORRRE b, A0 S bigl . S
A i 34T 7 25 S HA R i TG 3 ) i i A
WA P T U A S SRR Ak T T Sk S S
e RIEFAERRE RM AR 0E e, HYEHL i
ANTE I, B AL 2 | ST MR SR Ui ok
FayEfl, 52 mRAFAIF ST A FF ARk 2 () R

TERL FS A SR, S0 S T R SR R R < A 2
SR R 25 3T Richtmyer Wi iR B I 10 £
BN BTl e = A B PRE S RE. Ishizaki &5 20
LS Rolb S AU R AR = (S W I 2dhe N3
N AR vph ST AR RN, A5 B b BER A
T SR IR R S R S B K R Z A E R,
A TR B vt 5 B 20 7E SR AR 2. SR
1117, Ishizaki 284 20 {33 F T/ MR BR 40 S 300E, *F
NSRRI I I T T T S S R B S I R T
i FH. Zhang 25 [0 )\ = 1808 48 #4) 76 - i 5 v Ao
STt A, MR T B i 2 e A AR By g 2
VoA 2 Hy ik S 5 I & by S B AT, A5 2
NS FR ENZIE R s B S 18] 15 25 T M
JETR T 5 Ishizaki #7201 Fl Zhang 45 (10
PSRN ES Ryt A, mil&l 15 AT L& B, Ishizaki
R 20 5 Zhang 45 10 RS U] i JRG B Al — 2k, 11
JE JE AR FEAR R 25 5. JE IR ZE T, Ishizaki A&7 20
1% R BB MR T i — R v AR, AR5 T ) b
TSP R U I T 5 5 1) S S Rk SR T
i B

30
Theoretical model
— Case 1
— — Case II
20 F —-- Case III
g bN
% o Ishizaki
E Qshoulder Zhang = -
z .
0 e
Ghottom
Zhang/Ishizaki
—10 L L L L
0 100 200 300 400 500
t/us

Pl 15 THUEJE AR L JRCHR 1 i A AL 5 B AR AL T X LE
Fig. 15. Comparison of the height variations of the cavity
shoulder and cavity bottom with the theoretical model pre-

dictions.

o L E BRI, Zhang 55 10 9 B JC 1k 58
ST T L2 AP B, B ek i

AL T MR AR S, A T M RS ER.
X 5 Ey i S SR R ISR ARSI S A G, B
TP B 3G A 52 By BiAT5 9 B8 L I BT o o o
A X R AR A Ry s B2 18] 16(a) R T
Case T I ASTIE R TE v ARITTZ) 3 ps INTE RS L
PN AMIN A ) 38 BE 3 A ] 16(a) AT LAURER, 4
FELRAT B = I sSAE T T X BRI A, — A DX AMI 3
] 2R/, WAL Z N AMIN G B 2538 K. T MR
JE BT S L VIR AR, e R R Rl
VAR, 238G KN B 42 N SIMIN 38 35 2 1 5 e, [
S T 8 R SR DT AU s AT, X R T M
R AR R T HES TONAE. 18] 16(b) 25 T Sk
T R 0% R T i v R O U — A X O X R
TR 1534 I 16(b) AR W, R IBEE
75 B U R TR TR/, O I O B R AR, B bk
TSI 7R 2 T 1) AR, ST I S R P
T, 3z 23R/ N T AE s 5 T AR A5 Y o i
E, X FEENOHA A T MR A .

400

375

350 .

325

w/(mes )

300

275

250

3.75 |

3.70 |

P/Po

3.60 L L L L L L L
—-4.5 —4.0 —-3.5 -=3.0 —2.5 —2.0 —1.5 —1.0

(@ —a)/mm

K16 I T RS REBEAE ST (a) WL NS
N3 B2 53 A1 (b) 982 J v 3 = A DX AR 1 T T 53 Af

Fig. 16. Velocity non-uniformity in the post-wave flow field
for case I: (a) Velocity distribution on both sides of the slip
line; (b) pressure distribution on the symmetry axis of the

high-speed triangular area.
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Abstract

In order to better understand and predict the complex interface instability phenomena induced by non-

uniform shock waves in practical engineering and scientific applications, a detailed investigation has been

conducted on the interaction between a Mach reflection wave configuration and a planar gas interface.

Particular attention is paid to the role of the Mach stem scale in governing the evolution of interface instability

and the associated mechanisms of perturbation growth. Numerical simulations show that when the Mach

reflection wave configuration interacts with the interface, the complex wave structures impart initial velocity

perturbations onto the interface, thereby triggering instability. This process is further influenced by the non-

uniform post-shock flow field, under which the initially perturbed interface gradually evolves into a concave

cavity and subsequently into jet-like bubble structures. These patterns are notably different from the spike and

bubble morphologies observed in classical Richtmyer-Meshkov instability. A systematic quantitative analysis of

the perturbation amplitude reveals that the instability growth can be divided into two different stages: an
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initial linear growth stage and a nonlinear development stage. The transition between these stages is governed
by interface deformation mechanisms, particularly the bending of the slip line intersecting the interface and the
subsequent formation of the curl-up jet. When the shock strength and incidence angle of the Mach reflection
configuration are kept constant, the Mach stem scale emerges as the decisive parameter controlling the
characteristic time of slip line curling and jet development. The results show that during the linear stage,
perturbation growth is primarily determined by shock strength and incidence angle, and is insensitive to the
Mach stem scale. In contrast, during the nonlinear stage, the perturbation growth rate increases with the
augmentation of Mach stem scales, highlighting the scale-dependent nature of the nonlinear stage. Furthermore,
theoretical models are critically examined against numerical simulation results. While existing models can
reasonably capture the initial velocity perturbations imprinted on the interface by the Mach reflection
configuration, they are unable to combine the effects of Mach stem scale and the sustained driving influence of
post-shock flow non-uniformities. This limitation underscores the need for improved theoretical descriptions.
Overall, these findings provide new insights into the intrinsic coupling among shock strength, incidence angle,
and Mach stem scale in determining the evolution of shock-induced interface instability. These insights not only
deepen the fundamental understanding of the non-stand RM instability but also provide valuable references for
the development of predictive theoretical models and the engineering applications such as inertial confinement

fusion and high-speed propulsion systems.
Keywords: Richtmyer-Meshkov instability, shock wave, Mach reflection, jet
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