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Fig. 1. (a) Schematic of the computational model; (b) the
distribution of R22 mole fraction along the symmetry axis

of column.

1.01325 x 10° Pa) 5 T = 300 K, K H:4M A
RS, SAENFRA R R22 AU, AHE A T4 5y
SRS, WE 1(b) B, BARS LA A

Yra(r) =
2]

7] < Ro,
0.0, |r| > R,
K, Ry WAKRERAR, v 5L IR ] B,
Yioo A R22 SARKY BT 7348
NSV A ) A A4 R T SR AL Ma =
1.22. BRI BRRSA S, AR A
FA. TR SR P4 2] 40 A O R 7R R A, 28
P A% e S I U, TR UM AR B EOC 2500 x
800. 7K SCHFSE 2T R X R AR B 2 T B
VeGSR B = 10. i TR Z s, 1%
I NNt N

0.5+ [1.0 — exp <—5.78

(7)

3 #XR5it%

K 2 ATEHiYs (B = 0) B, Vst (1) 55
E R22 S (A) fEHE AT EIRE (L) 558
B I 21 ) 5% L, 35 ELA AH R A0 da 45 4
AT UL, BB A5 SR st 1) U | Bt B SO S v 1
RS S AR 5 S a0 2 R ) A

W SRR (K 2(a), AFHRIEES
FENIBET, T RGE S T. N R22 SRR A BT
KT, T AR AT A GBI ks
Jei, 24 S A 3 T R A T AR . AR AR
it B T AR A, A KH AR M
TERTR, SRR ERTE BRIk A KH /M, a0
[ 2(a) FE 2(b) Fis.

M 0 S BRI (¢ = 0.105 ms) A,
Hm AL M S ST, I 9 ¥k D, 5 D,
(1 2(a)). BFHTEDE T 5550 E0E D n <M T iiF
SRR R R, B TICR X T, B
R E RIS, FFAE ¢ = 0.215 ms I, 7E%FFR%
KR, IR SRR EEE. Z )5, TR
R AT, AL R PR B | A A%
T B S Keim) 1T P AL 4K 1 s i
W Ry 5 Ry, [RIHCZR 114 Ja il g i X R B o 24
AR, AP TR S, e —18
A LG ) R22 B J.

184701-3


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. 69, No. 18 (2020) 184701

K2 B S E I R R PIR AR (L) 55 gs
(d) ¢t =1.20 ms

(F)BXTE  (a) t = 0.09 ms; (b) ¢t = 0.215 ms; (c) t = 0.25 ms;

Fig. 2. Comparison of our numerical (up) and experimental®! (down) shadowgraph images of the interactions between shock wave
and gas column: (a) ¢ = 0.09 ms; (b) ¢ = 0.215 ms; (¢) ¢ = 0.25 ms; (d) ¢ = 1.20 ms.
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(a) t=0.12ms; (b) t = 0.2 ms; (c) t = 0.25 ms; (d) t = 0.29 ms; (e) t = 0.425 ms; (f) t =

Fig. 3. Numerical shadowgraph images of the case in the presence of a magnetic field: (a) ¢t = 0.12 ms; (b) ¢ = 0.2 ms; (c) ¢ =
0.25 ms; (d) ¢ = 0.29 ms; (e) ¢t = 0.425 ms; (f) ¢ = 0.85 ms; (g) ¢ = 1.20 ms; (h) ¢ = 1.55 ms.
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Fig. 4. Vorticity distribution in the absence of a magnetic field: (a) t = 0.3 ms; (b) ¢t = 1.2 ms.
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B 5 i fE R ImE S (a) t = 0.12 ms; (b) ¢t = 0.2 ms; (c) ¢t = 0.29 ms; (d) ¢ = 0.425 ms; (e) t = 0.85 ms; (f) ¢t = 1.2 ms
Fig. 5. Vorticity distribution in the presence of a magnetic field: (a) ¢t = 0.12 ms; (b) ¢ = 0.2 ms; (¢) ¢t = 0.29 ms; (d) ¢ = 0.425 ms;

(e) t=0.85ms; (f) t = 1.2 ms.
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Fig. 6. Spatial distribution of various physical quantities at ¢ = 0.2 ms: (a) Transverse magnetic field; (b) longitudinal magnetic

field; (c) magnetic energy; (d) transverse magnetic tension; (e) longitudinal magnetic tension; (f) vorticity.
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energy; (c) magnetic field gradient and magnetic tension.
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drawing.
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Fig. 9. Distribution of the magnetic energy and the magnetic field lines during the evolution of gas column: (a) ¢ = 0.2 ms; (b) ¢t =

0.425 ms; (c) ¢ = 0.85 ms.

(a) fBo/N —20-13-7 0 7 13 20

(b) fB,/N —20-13-7 0 7 13 20

/N
\/

t=0.2 ms

a
)

(c) fB/N 20.0 26.7 33.3 40.0 46.7 53.3 60.0

N

t=0.425 ms t=0.85 ms

10 @k RN TRE R RIE ] () BERIRETK ST (b) DA RETK TT; (c) RETK 1 R4k

Fig. 10. Effect of magnetic tension on interface instability: (a) Transverse magnetic tension; (b) longitudinal magnetic tension;

(c) magnetic tension vector.
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Abstract

Based on the ideal magneto-hydro-dynamic equations (MHD) and adopting the CTU (Corner Transport
Upwind) + CT (Constrained Transport) algorithm, the Richtmyer-Meshkov (RM) instability of the Gaussian
distribution R22 gas column generated by the interaction of a planar shock wave with the gas column in the
presence of magnetic field is investigated numerically. The numerical results show that the evolution of shock
wave structure and interface instability during the interaction between shock wave and gas column are
consistent with the experimental results of Haas and Sturtevant (Hass J F, Sturtevant B 1987 J. Fluid Mech.
181 41) in the absence of a magnetic field. In the presence of a longitudinal magnetic field, the evolution of the
shock structures is almost unaffected, while the density interface appears very smooth and interfacial vortex
sequences vanish, which is a clear indication of the RMI suppresion. Moreover, as the shock wave impinges on
the interface, the magnetic field lines refract on the interface, resulting in the generation of magnetic field
gradient in the flow field, which is not consistent with the scenario in the above case. As a result, a stronger
magnetic tension is produced on the inner and outer vorticity layer. Simultaneously, the magnetic tension
produces a moment on the interface fluid, which is opposite to the rolling direction of the velocity shear.
Therefore, the interface instability and the main vortex rolling-up are effectively suppressed. In addition, the
non-uniform distribution of magnetic tensions along the interface changes the aggregation degree of the
magnetic lines, amplifying the magnetic strength, and finally enhancing the suppression effect of the magnetic

field on the interface instability.

Keywords: Richtmyer-Meshkov instability, magneto-hydro-dynamic, shock wave, gas column
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