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Three-Dimensional Numerical Analysis of Spinning Detonation Wave

Deok-Rae Cho, Jeong~Yeol Choi and Su-Hee Won

ABSTRACT

Three-dimensional numerical study was carried out for the investigation of the
detonation wave structures propagating in tubes. Fluid dynamics equations and
conservation equation of reaction progress variable were analvzed by a MUSCL-type
TVD scheme and four stage Runge-Kutta time integration. Chemical reaction was
modeled by using a simplified one-step irreversible kinetics model. The variable gas
properties between unburned and burned states were considered by using variable
specific heat ratio formulation. The unsteady computational results in three-dimension
show the detailed mechanisms of rectangular and diagonal mode of detonation wave
instabilities resulting same cell length but different cell width in smoked-{oil record. The
results for the small reaction constant shows the spinning mode of three-dimensional
detonation wave dynamics, which was rarely observed in the previous numerical
simulation of the detonation waves.
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Table 1. Summary of computational grids

Grid System  Minimum spacing Domain size
AXmm:Ay:O.OZ:_) 35)(] 0
122x42 4 .
uniform 83x42+2% stretching 39x42
Axmin=8y=0.01 3.5x1.0
2p 302x102 uniform 203x102 + 2%
stretching 99x102 3
Axmin=0y=0.005 3.5x1.0
502x202 uniform 403x202 + 3%
stretching 99x202
A min:A :A4: . 5 a. . .
199542 X, y=Az=0.025 3.5x1.0x1.0

x42 uniform 83x42x42 + 2%
stretching 39x42x42

AXmin=Ay=42=0.01 3.5x1.0x1.0

uniform 203x102x102 + 0.74%
stretching 99x102x102

3D
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x102
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Fig. 2 Initial distribution of reaction
progress variable for 3-D model.
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Fig. 6 Evolution of diagonal mode of
detonation wave oscillation from the
twisted initial condition.
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Fig. 7 Evolution of diagonal mode of
detonation wave oscillation from the
twisted initial condition.
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Fig. 13 Unfolded smoked foil record of four
walis for the 3-D spinning detonation;
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Fig. 14 Experimental smoked foil records
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