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iand i + 1 are the indexes of the cell. ab and ef are the
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interfaces between the gas phase and solid phase, cd
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(a) Geometry of the computational domain in the x-y plane (b) Experimental result of mesh convergence analysis

K3 AR T S s T A

Fig. 3 Illustration of the convergence analysis experiment
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Fig. 4 Illustration of the computational domain setting in the x-y plane (The right plot shows the initial distribution of the
elliptical cylinder cloud. The red and blue regions represent the high-pressure and low-pressure regions, respectively.)
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Table 2 Mesh settings in numerical simulation of the interaction between plane shock and elliptical column cloud

A N, a b Ax/107* N, N, N/10°
2 440 0.029 44 0.014 72 4.59 3 894 2176 8.5
3 440 0.036 04 0.012 02 3.75 4763 2 666 12.7
4 440 0.041 64 0.010 41 3.25 5500 3078 16.9
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Fig. 5 Distributions of the dimensionless pressure at different dimensionless time when 4 =2 and 4= 0°
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Fig. 6 Distributions of the fluid velocity, fluid internal energy and fluid kinetic energy with different 2 when #equals to
0°, 45°, 90°, 135° at dimensionless time ¢ = 3.5 (The gray rectangular regions stand for the elliptical cylinder cloud.
Hereafter, RS, TS,UFC and DFC mean reflected shock, transmitted shock, the upstream front of elliptical
column cloud, and the downstream front of elliptical column cloud, respectively.)
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Fig. 7 Distributions of the fluid velocity, fluid internal energy and fluid kinetic energy with different &, when .4 equals
to 2, 3, 4, at dimensionless time ¢ = 3.5, where the gray rectangular regions stand for the elliptical cylinder cloud
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Fig. 8 Distributions of the fluid RMS velocity «”, v" and turbulent kinetic energy k& in the x-direction
at different .4, when #is equal to 0°, 45°, 90°, 135° at dimensionless time = 3.5
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Numerical Study of the Interaction between High-Speed
Gas and Elliptical Column Cloud

WANG Ya', JIANG Lingjie', DENG Xiaolong'*

(1. Beijing Computational Science Research Center, Beijing 100193, China;
2. University of Virginia, Charlottesville 22904, VA, USA)

Abstract: High-speed particle-laden flow has important applications in astronomy, natural disasters,
industrial safety, medical industry, and national defense. In this work, a direct numerical simulation method
based on the stratified flow model is used to study the interaction between a planar shock wave and an
elliptical column cloud. The influence of the aspect ratio and the tilt angle, the distributions of the flow
velocity, RMS velocities along x axis, kinetic energy, internal energy, and turbulent kinetic energy are
analyzed; energy values in the upstream region, the elliptical column cloud region and the downstream
region of the computational domain are quantitatively analyzed. The 1-D volume-average model is improved
for elliptical columns. Based on this model, the appropriate artificial effective drag coefficients are decided
by fitting the positions of the reflected shock and the transmitted shock from the direct numerical simulation
results, and the distribution of the optimal artificial effective drag coefficients is also discussed.

Keywords: shock wave; elliptical column; direct numerical simulation; 1-D volume-averaged model
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