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

cylinder.

*1 RS

Table 1.  Gas parameters.
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Fig. 2. Comparison of Haas and Sturtevant!’¥ related experimental results (up) with our numerical results (down) for the flow field

structure during the interaction of the shock wave (Ma = 1.22) with a cylinder of He gas with a film.
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Fig. 3. Comparison of Jacobs2

related experimental results (up) with our numerical results (down) for the flow field structure dur-

ing the interaction of the shock wave (Ma = 1.095) with a cylinder of He gas without a film.
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Fig. 4. Numerical schlieren image of the interaction between the shock wave and the He cylinder at a = 0.8: (a) ¢ = 0.09 ms; (b) t =
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Fig. 5. Numerical schlieren image of the interaction between the shock wave (Ma = 1.22) and the He cylinder at a = 1: (a) ¢

(a) t =0.09 ms; (b) t = 0.15 ms; (c) t = 0.31 ms; (d) ¢

0.09 ms; (b) ¢ = 0.15 ms; (c) ¢t = 0.31 ms; (d) ¢ = 0.54 ms; (e) t = 0.65 ms; (f) ¢ = 0.80 ms; (g) ¢ = 0.96 ms; (h) ¢t = 1.25 ms.
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Fig. 6. Numerical schlieren image of the interaction between the shock wave and the cylinder at a = 0.5: (a) ¢ = 0.09 ms; (b) ¢

0.15 ms; (¢) ¢t = 0.31 ms; (d) ¢t = 0.54 ms; (e) ¢ = 0.65 ms; (f) ¢ = 0.80 ms; (g) ¢ = 0.96 ms; (h) ¢ = 1.25 ms.
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Fig. 7. Numerical schlieren image of the interaction between the shock wave and the cylinder at a = 0: (a) ¢ = 0.09 ms; (b) ¢

0.15 ms; (¢) ¢ = 0.31 ms; (d) ¢t = 0.54 ms; (e) ¢ = 0.65 ms; (f) ¢ = 0.80 ms; (g) ¢ = 0.96 ms; (h) ¢ = 1.25 ms.
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Fig. 8. Vorticity distribution at ¢ = 0.54 ms (up) and 1.25 ms (down): (a) a = 0; (b) a = 0.5; (¢) a = 0.8; (d) a = 1.0; (e) a = 0;

(f) a=0.5; (g) a=0.8; (h) a = 1.0.
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Fig. 9. Distribution of streamwise velocity u (a) and pressure p (b) along the axis of the cylinder at ¢ = 0.09 ms.
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Fig. 10. Different directional components of the density gradient (up) and pressure gradient (down) for the different component dis-

tributions.
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Fig. 12. When a = 1 (up) and 0 (down), cloud plot of the longitudinal kinetic energy Ej, of the flow field: (a) ¢ = 0.14 ms; (b) ¢

(a) t = 0.14 ms; (b) t = 0.25 ms; (c) ¢t = 0.46 ms; (d) ¢t = 1.25 ms; (e) ¢

0.25 ms; (¢) t = 0.46 ms; (d) ¢t = 1.25 ms; (e) t = 0.14 ms; (f) ¢ = 0.25 ms; (g) ¢ = 0.46 ms; (h) ¢ = 1.25 ms.
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Fig. 15. Cloud plot of the distribution of helium mass fraction f y, in the flow field at different moments under different initial con-
ditions: (a;) a =0, t = 0.6 ms; (by) a = 0.5, t = 0.59 ms; (¢;) a = 0.8, t = 0.51 ms; (dy) a =1, t = 0.46 ms; (ay) a = 0, t = 1.25 ms;
(by) a=0.5,t=1.25ms; (cy) a=0.8,t=1.25ms; (dy) a =1, t = 1.25 ms.
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Abstract

In this paper, the Richtmyer-Meshkov instability is studied numerically by using the high-resolution Roe
scheme based on the two-dimensional unsteady Euler equation, which is caused by the interaction between
shock wave and the helium circular light gas cylinder with different component distributions. The numerical
results are used to further discuss the deformation process of the gas cylinder and the wave structure of the flow
field, and also to quantitatively analyze the characteristic dimensions (length, height and central axial width) of
the gas cylinder, the time-dependent volume compression ratio of the cylinder. In addition, the flow mechanism
of shock-driven interface gas mixing is analyzed from multiple perspectives by combining the flow field pressure,
velocity, circulation and gas mixing rate. Then the effects of different initial component distribution conditions
on interface instability are investigated. The results show that when the diffusion interface transforms into the
sharp interface, the reflection coefficient gradually increases on both sides of interface. When the incident shock
wave interacts with the cylinder, the transmission of the shock wave will transform from conventional
transmission into unconventional transmission. At the same time, the reflected shock wave is gradually
strengthened and the transmitted shock wave is gradually weakened, which leads the Richtmyer-Meshkov
instability to be strengthened. Moreover, the Atwood numbers on both sides of the interface also increase as the
diffusion interface transforms into the sharp interface, which leads the Rayleigh-Taylor instability and the
Kelvin-Helmholtz instability to be strengthened. Therefore, the increase of instability will cause the circulation

to increase, resulting in the increase of the growth rate of gas mixing rate.
Keywords: Richtmyer-Meshkov instability, sharp interface, diffusive interface, Helium cylinder, shock wave
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