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Abstract

In this study, simulation of weak shock waves are peformed by a two-dimensional thermal fluid or compressible fluid model
of the lattice Boltzmann method. The shock wave represents an abrupt change in fluids properties, in which finite variations in
pressure, internal energies, and density occur over the shock thickness. The characteristics of the proposed model with a simple
distribution function is verified by calculation of the sound speeds, and the shock tube problem. The reflection of a weak shock
wave by wedge propagating in a channel is performed. The results agree well with those by finite difference method or by
experiment. In the simulation of unsteady shock wave diffraction around a sharp corner, we show a flow field of vortical

structure near the cormner.
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Table 1 Companson between theoretical and simulated
values of sound speed

(Present | 1,
ey e ©4 ©1 esen
result) (Theory)
0.26 0.26 121 12.0 072 0721
0.3 03 121 120 077 0775
0.32 032 121 120 0.79 08
04 04 121 120 089 084
05 05 121 120 09 1.00
0.263 0.26 120 120 0.72 0.721
0.303 03 120 120 077 0.775
0404 04 120 120 088 084
0505 05 120 120 098 1.00
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Table 2 Comparison between theoretical and simulated
values of shock Mach number and pressure ratio

P,/ Py P,/P Ms '
P4/P1 84/61 gl;rseuﬁsél)t (T}feoryl) (rl:(;l‘seuigl)t (Theory)
40 10 1.8 185 1.28 1.290
30 1.0 166 1.669 121 1.225
20 1.0 1.39 1.393 1.11 1138
30 15 177 1.864 127 1284
2.5 15 162 1690 121 1232
15 15 125 1.269 108 1.0%6
30 2.0 184 2.010 128 1.326
2.0 20 147 1.566 116 114

Periodical boundary conditior\

\ Solid walls /

(Slip bounce-back condition)

Fig. 1 Definition sketch for the shock-wave problem
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Fig. 2 Shock wave reflection over a wedge (Angles of
wedge: 15 degrees, Ms=1.15)

Fig. 3 Schlieren photograph of SP.PCk reflection
on a wedge(Ms=1.15)
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Fig. 4 Trajectory of incident shock wave
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(c) 1500 time steps

Fig. 6 Unsteady shock wave passing though the corner with angle
90 degrees. Density distribution, Ms=1.15

Fig. 7 Unsteady shock wave diffraction by experiment, Ms=1.5""



