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Figure 1 Schematic of the initial conditions and computational
domain for vapor-liquid interface RM instability.
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Figure 2 (Color online) Validation of RM instability at the air/SF6 interface: (a) Verification of grid convergence; (b) comparison of the numerical
simulation results for the growth rate of perturbation amplitude with experimental results, theoretical models, and previous numerical simulations; (c)
comparison of the numerical simulation results for the growth of perturbation amplitude with experimental results, theoretical models, and previous
numerical simulations; (d) comparison of the numerical simulation results for the growth of perturbation amplitude with recent experimental results.
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Figure 3 Comparison of numerical schlieren images (lower) and experimental visualization results (upper) of RM instability at the air-SF interface.
Reprinted from Ref. [40] (Figure 3(e)) with permission from Cambridge University Press.
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Figure 4 Comparison between numerical schlieren images (top) and experimental visualizations (bottom) of the interaction of a planar shock wave
with a water column. Reprinted from Ref. [42] (Figures 6 and 7) with permission from AIP Publishing. (a) 5 ps, (b) 15 ps, (c) 30 ps, (d) 35 ps, (e)

40 ps, () 60 ps.
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Figure 5 (Color online) Comparison of the normalized upstream
interface stagnation point drift between the present results and previous
findings (experimental data by Igra et al. [43] and numerical data by
Meng and Colonius [44], and Kaiser et al. [37]).
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Figure 7 (Color online) Numerical schlieren images of RM instability at the vapor-liquid interface without phase change in early stage (Ma = 3).
(a) 4 ps, (b) 6 ps, (c) 8 ps, (d) 20 ps, (e) 30 ps, (f) 40 ps, (g) 50 ps, (h) 60 us, (i) 76 ps, (j) 98 ps.
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Figure 8 (Color online) Numerical schlieren images of RM instability at the vapor-liquid interface without and with phase change (evaporation,
condensation, Ma = 3). (a) Evaporation case; (b) no phase change case; (c) condensation case.
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Figure 9 (Color online) Vorticity contour of RM instability at the vapor-liquid interface without and with phase change (evaporation, condensation,
Ma = 3). (a) Evaporation case at 100 ps; (b) no phase change case at 100 ps; (c) condensation case at 100 ps; (d) evaporation case at 160 ps; () no

phase change case at 160 ps; (f) condensation case at 160 ps.
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Figure 10 (Color online) Interface evolution of RM instability at the vapor-liquid interface under three Mach numbers with and without phase
change (evaporation and condensation). (a) Ma = 2.0; (b) Ma = 3.0; (c) Ma = 5.0.
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Figure 11 (Color online) (a), (b), (¢) Comparison of the growth of perturbation amplitude for three different Mach numbers with and without phase
change (evaporation, condensation); (d) temporal variations of perturbation amplitude under real physical conditions with evaporation, condensation,

and no phase change.
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Table 3 The initial conditions for liquid water, as well as pre-shock and post-shock water vapor, under real physical conditions

ik it p (kg/m’) p (Pa) u (m/s) T (K)
AR A K 1093.67 1.0x10° 0 373
FHABER AT KRR 0.57 1.0x10° 0 380
ERMRr 3=y el 2.4 10.133x10° 1105.7 912.62
AR A K 1260 1.0x10° 0 323
SR BEN AT KRR 0.57 1.0x10° 0 380
SRR R R K ZE R 2.4 10.133x10° 1105.7 912.62
SARIMAIK 1093.67 1.0x10° 0 373
FHAERBEAIKES 0.506 1.0x10° 0 430
SRR FKER 2.138 10.133x10° 1172.63 1032.68
SRAR R A IK 1093.67 1.0x10° 0 373
TR RILRTKIER 0.454 1.0x10° 0 480
SRAER WG KR 1.9155 10.133x10° 1238.93 1152.76
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Figure 12 (Color online) Comparison of the interface perturbation amplitude under real physical conditions of evaporation, condensation, and no

phase change. (a) 300 ps, (b) 500 ps, (c) 1000 ps, (d) 1200 ps.
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Figure 13 (Color online) Contours of phase interface mass flux under real physical conditions of evaporation, condensation, and no phase change. (a)
Weak evaporation case, vapor temperature of 430 K, at 80 ps; (b) strong evaporation case, vapor temperature of 480 K, at 80 ps; (c) weak evaporation
case, vapor temperature of 430 K, at 600 ps; (d) strong evaporation case, vapor temperature of 480 K, at 600 ps; (e) weak condensation case, liquid
temperature of 373 K, at 200 ps; (f) strong condensation case, liquid temperature of 323 K, at 200 ps; (g) weak condensation case, liquid temperature of
373 K, at 600 ps; (h) Strong condensation case, liquid temperature of 323 K, at 600 ps.
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In this paper, using a recently proposed sharp-interface method for compressible multiphase flows with phase change, we
numerically study the Richtmyer-Meshkov instability problem of the vapor-liquid interface, both with and without phase
change. The wave structures and the interfacial evolution mechanism of a single-mode sinusoidally perturbed interface
under the impact of a shock wave are analyzed. First, the classical air-SF6 interface Richtmyer-Meshkov instability and
shock water column interaction are simulated in the paper to validate the feasibility of the numerical method. The
numerical simulations and experimental results are generally in good agreement, indicating that the present method can
accurately capture the interface flow evolution characteristics during the development of Richtmyer-Meshkov instability.
Next, we investigate the similarities and differences in Richtmyer-Meshkov instability at the vapor-liquid interface under
thirteen conditions: no phase change, evaporation, and condensation with three different Mach numbers. It is shown that,
unlike the air-SF6, a double spike structure is formed during the development of interfacial instability due to the large
acoustic impedance difference at the vapor-liquid interface. And the phase change process affects the local deformation
of the interface, as the evaporation effect inhibits the development of the interfacial instability, while the condensation
effect promotes the development of the interfacial instability. Finally, we compare the numerical simulation data with the
existing linear model and find that the impulsive model can predict the linear growth of the early stage, while the
nonlinear growth of the later stage will be investigated further.

Richtmyer-Meshkov instability, phase change, shock-interface interaction
PACS: 47.20.-k, 47.20.Ma, 47.40.Ki, 47.40.Nm, 47.20.Hw
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