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Fig. 1. (a) Simulation model; (b) distribution of helium components along y = 0.

#1
Table 1.

SRS H
Gas parameters.

Density e I Molar mass Speed of sound
Gas p/(kgm %) Specific-heat ratio ¥ M (g-mol cy/(ms1)
Air 1.176 1.40 28.96 347
He 0.162 1.67 4.00 1021

K, r AR R NEEE, o BRERINZ
ARTTHRTEL, WAEECR o = 0.8.

32 WARSCIRZ G 3 Fh TOARME. b T8
W7 X SRR R PR e, B SR T FL S
BUAE B2, 43 T ) AV Ta) 2 By e
Gyt oY, TR WM E 81 =
(B*/u)/(2p) = 0.0005.

F 2 AR R IR A

Table 2.  The initial conditions of different cases.

Case a gt Magnetic field direction
1 0.8 0 —
2 0.8 0.0005 Transverse
3 0.8 0.0005 Longitudinal
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2 PHEBDS He TAEAR I RIS &5 2R (T) SARCSEIR AR O L) AT IE
Fig. 2. Comparison between simulation results of this study (down) and experimental results [ (up) for the interaction between a

shock wave and a helium gas cylinder.

t=0.09 ms t=0.15 ms t=0.31 ms t =0.54 ms
IS
(a) (b) WS R, (c) s (d) . v,
. )
R T T, WS J 5o .
- 1 ~3 »
e o Z qu"'j Vi
= M )M /
() Va v, (2)
g V4 2 D o=,
A ﬂ He = B
~0 " 5§
22 N
2 S

t =0.80 ms t=0.96 ms

Bl 3 EREHERR, Mok He SR R 00 152 1A

Fig. 3. Shadowgraph images for the interaction of a shock wave with a helium cylinder in HD condition.
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R T | /} Jg
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)&/
Heb B
S g
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4

VBT, B il He UM AR 19 B 2 4]

Fig. 4. Shadowgraph images for interaction of a shock wave with a helium cylinder in the presence of a transverse magnetic field.
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Fig. 5. Shadowgraph images for the interaction of a shock wave with a helium cylinder in the presence of a longitudinal magnetic

field.
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Fig. 8. The variation curves of characteristic dimensions of helium cylinder during the interaction process with the shock wave:
(a) Length of helium cylinder, L; (b) height of helium cylinder, H; (c) axis width of helium cylinder, W.
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Fig. 10. Time history of the flow energy: (a) Total energy E, internal energy E; (b) magnetic energy E; (c) lateral total kinetic en-

ergy Ey,; (d) vertical total kinetic energy Ej,.
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Fig. 11. Distribution of internal energy over time.
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Fig. 13. Velocity vector distribution near the He cylinder.
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Fig. 14. Magnetic tension and magnetic pressure distributions on the vorticity layers.
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Abstract

Based on ideal compressible magnetohydrodynamics (MHD) equations, the interface instabilities induced
by the interaction between planar shock wave and the light gas (Helium) cylinder under the influence of the
magnetic fields with different directions are investigated numerically by using the CTU(corner transport
upwind)+CT (constrained transport) algorithm. The numerical results elucidate the evolution of flow field
characteristics and wave structures with and without magnetic field. Moreover, we examine the influence of the
magnetic field direction on a characteristic scales (including the length, height and width of the central axis of
gas cylinder), as well as the volume compressibility. Then, the mechanism of the magnetic field direction
affecting the interface instability is studied in depth by integrating the analyses of the circulation, energy,
velocity and magnetic force distribution within the flow field. The core of this study, is to explore the
suppression mechanism of interface instability by magnetic field force. The results show that the magnetic
pressure plays a crucial role in driving vorticity away from the interface, thereby reducing its deposition on the
density interface. Simultaneously, it adheres to the divided vortex layer, thereby effectively isolating the
influence of Richtmyer-Meshkov instability on the interface. On the other hand, the magnetic tension adheres to
the separated vortex layer, and its direction is opposite to that of the vorticity generated by the shear of
interface velocity. This action effectively suppresses the Kelvin-Helmholtz instability and the rolling-up of
vortices on the density interface. Additionally, under the control of a longitudinal magnetic field, the direction
of magnetic tension is opposite to the direction of the central jet, effectively suppressing the development of
Rayleigh-Taylor instability.

Keywords: Richtmyer-Meshkov instability, magnetohydrodynamics, shock wave, Gaussian-distributed
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