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NUMERICAL STUDY OF THREE-DIMENSIONAL DETONATION

WAVES USING PARALLEL PROCESSING

D. R. Cho and J. Y. Choi

ABSTRACT

Three-dimensional structures of unsteady detonation wave propagating through a
square-shaped tube is studied using computational method and parallel processing.
Inviscid fluid dynamics equations coupled with variable~y formulation and simplified
one-step Arrhenius chemical reaction model were analysed by a MUSCL-type TVD
scheme and four stage Runge-Kutta time integration. Results in three dimension show
the two unsteady detonation wave propagating mode, the Rectangular and diagonal mode
of detonation wave instabilities. Two different modes of instability showed the same cell

length but different cell width and the geometric similarities in smoked-foil record.
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Fig."1 Computational grid overlaid by initial
distribution of reaction progress variable for
2-D model.

(a) Rectangular Mode (b} Diagonal Mode

Fig. 2 Initial distribution of reaction progress
variable for 3-D model.
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smoked-foil record

Grid System Minimum spacing | Domain size
122x42 Axm;,.=Ay=0.025 35x1.0
uniform 83x42 + 29
5,100 cells stretching 39x42 . )
2023102 AxXmn=0y=001 | 35x10 Fig. 3 The numerical
2D uniform 203x102 + 2% from 502x202 grid
30,000 cells stretching 99x102
502x202 AXmin=8y=0.005 | 35x1.0
uniform 402x202 + 3%
100,000 cells stretching 100x202
129x49x42 | DXemin=Ay=A2=0,025 [ 35x1.0x1.0
uniform 83x42x42 + 2%
D 215,000 cells stretching 39x42x42
302x102x102 | AXmin=Ay=A2=001 [3.5x1.0x1.0
uniform 203x102x102 + 0.74%
3,142,000 cells stretching 99x102x102

Fig. 4 The numerical smoked-foil record for
three gird caseFig.
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Fig. 5 Pressure contours on

front at N=19000, 20000 for
Mode in 302x102x102 gird, k=4000.

Fig. 6 Pressure contours on

302x102x102 grid, k=4000.

the wall

boundaries and surface plots of the leading
Rectangular

the wall
boundaries and surface plots of the leading
front at N=19000, 20000 for Diagonal Mode in
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Fig. 7 The numerical smoked-foil record from
2-D and 3-D in 102x42x42 grid , k=2000.

Fig. 8 The 3D numerical smoked-foil record
for Rectangular Mode in 302x102x102 grid,
k=4000.

Fig. 9 The 3D numerical smoked-foil record
for Diagonal Mode in 302x102x102 grid,
k=4000.
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