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Fig. 1. Comparison of variations of displacements of outer
and inner interfaces (Ol and II) and shock waves of experi-

mentall¥ and numerical results.
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Fig. 2. Verification of the mesh resolution.
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Table 1. Structural parameters of cylinder of different

cases.

Case  Ry/mm  ry/mm  ay/mm pn A/mm a/A

Case 1 20 10 1 6 20.94 0.048
Case 2 20 10 05 6 2094 0.024
Case 3 20 10 2 6 20.94 0.096
Case 4 20 5 1 6 20.94 0.048
Case 5 20 15 1 6 20.94 0.048

*2 MRS

Table 2. Parameters of gases.

Gas Y M/(g-mol ') p/(kgm)
Air 1.399 28.967 1.23
SFg 1.103 128.491 5.45

K3 FREBERUREE (s, IR R, SMRHINL S Ry,
AN AR my, PIFLIEAR ap: WIAR AL Sh IR (E)

Fig. 3. Hlustration of computational model (is, initial shock;
R, location of outer interface; R, mean radius of outer in-
terface; ry, initial radius of inner interface; a, initial amp-
litude).
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Fig. 4. Evolution of the interface and shock wave structures of case 1 (ts, transmitted shock; rs, reflected shock; rrw, reflected rar-

efaction wave; m, Mach stem; T, triple point; SF, shock focusing; srs, the second reflected shock; spike, “spike” structure; bubble;
“bubble” structure; sts, the second transmitted shock; trs, the third reflected shock; tts, the third transmitted shock. The meaning

of these abbreviations is similar hereinafter).
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Fig. 5. Distribution of vorticity at different times of case 1.
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Fig. 6. Evolution of the interface and shock wave structures of case 2.
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Fig. 7. Evolution of the interface and shock wave structures of case 3 (frs, the forth reflected shock; fts, the forth transmitted

shock).
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Fig. 8. Evolution of the interface and shock wave structures of case 4.
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Fig. 14. Distributions of turbulent kinetic energy (TKE) of (a) case 1, (b) case 2, (c) case 3, (d) case 4 and (e) case 5.
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Evolution mechanism of double-layer heavy gas
column interface with sinusoidal disturbance
induced by convergent shock wave®
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Abstract

Based on Navier-Stokes equations, combining the fifth-order weighted essentially non-oscillatory scheme
with the adaptive structured grid refinement technique, the interactions between converging shock and annular
SFg layers with different initial perturbation amplitudes and thickness are numerically investigated. The
evolution mechanism of shock structure and interface are revealed in detail, and the variations of the
circulation, mixing rate and turbulent kinetic energy are quantitatively analyzed. The dynamic mode
decomposition method is used to analyze the dynamic characteristics of the vorticity. The results show that in
the case with large initial perturbation amplitude, the transmitted shock wave forms Mach reflection structures
both inside and outside of the inner interface of SFy layer, and multiple shock focusing phenomena occur in the
center. After the transmitted shock wave penetrates the outer interface, the circulation increases faster, and the
“spike” and “bubble” structure on inner interface develop faster, so that the amplitude of the inner and outer
interfaces and the gas mixing rate increase. As for the case with larger thickness of the gas layer, the phase of
the transmitted shock wave changes inside the layer, which forms “bubble” at the crest of the inner interface
and “spike” at the trough. When the thickness of the gas layer decreases, the crest of the inner interface does
not move inside after being impacted, and “spike” and “bubble” are generated in the late stage. The dynamic
modes show that the main structure of vorticity and the exchange of positive and negative vorticity on the
main structure are determined by the modes with weak growth and low frequency, but the modes with weak
growth and high frequency determine rapid exchange of positive and negative vorticity at the interface in the

cases with weak coupling effect.
Keywords: convergent shock, double-layer heavy gas column, Richtmyer-Meshkov instability
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