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Table 1 Characteristic quantities for He and SFe.

He (M=4) SFs (M=146)
Initial Pressure P, 0.1 atm 0.1 atm
Initial Temperature T, 28865 K 288.65 K
Initial Density p, 1.69%x10-% g/cc 6.17x10-* g/cc
Speed of Sound @ 916 m/s 152 m/s
Shock Velocity D 3664 m/s 608 m/s
Specific Heat Ratio 7 14 1.4

Table 2 Characteristic quantities of water and the droplets
used in the calculation

Water Iﬁlr%l:gc ) llilr?)l:;ltit @
Initial Pressure P, 0 atm 0 atm 0 atm
Initial Density p, 1.0 g/cc 0.5 g/cc 20 g/cc
Speed of Sound @ 1512 m/s 1217 m/s 1825 m/s
Shock Velocity D 3024 m/s / /
Constant A 3268 atm 1046 atm 9399 atm
Index n 7 7 7
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Fig.2 Effect of the parameters in the Van Leer method
on 1-dimensional shock profile.
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Fig.5 Pressure and density profiles at different time steps for a SFg bubble in He.
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Fig.6 Isobars and particle velocity diagrams corresponding to Fig. 5.
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Fig.8 Isobars and particle velocity diagrams at different time steps for a He bubble in SFe
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Fig.9 Isobars and particle velocity diagrams at different time steps
in the case of a light liquid droplet in water.

Fig.10 Pressure and density profiles corresponding to Fig. 9.
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Strong Shock Propagation in Heterogeneous Media

by Tadayoshi SUGIMURA?* Kazushi TOKITA* and Toshitaka FUJIWARA**

In order to analyze the interactions between a strong shock wave and a gas/
liquid bubble in gas,/liquid, a numerical analysis is performed in the present
paper.

Nonsteady two-dimensional interactions are simulated for the following com-
binations of bubble and environment: (1) A SFs lump in He gas. (2) A He lump
in SFe gas. (3) A light liquid droplet in water. (4) A heavy light liquid droplet
in water. Prior to the analysis of interactions, a shock wave is numerically
produced from a discontinuous step profile. The Mach numbers of the shock waves
propagating in gas and liquid at rest are 4 and 2, respectively.

According to the simulations using the explicit first-order Van Leer method,
a strong reflected shock wave begins to propagate upstream and a very high pressure
region is formed right in front of the SF¢ bubble in Case (1). As a result of this
steep pressure rise, great acceleration of environmental gas occurs in the form of
jet penetration into the bubble. On the other hand, in Case (2), strong expansion
effect prevents environmental gas from rapid flowing into the He bubble, while a
convex shock wave is formed during the passage through the bubble.

In Cases (3) and (4) of liquid-liquid combination, it turns out that a normal
shock wave proceeds through the droplet. After the collision with the incident
shock wave and the droplet, a rarefaction wave propagates upstream in Case .(3),
but a reflected shock wave in Case(4). The maximum pressure attained in the
latter is 2.96 x 10* atm, 1.24 times as high as the Rankine-Hugoniot pressure be-
hind the incident shock wave.
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=+ Department of Aeronautical Engineering, Nagoya University,
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