e R

A0 A43. 2005. 12 / 51

ad

OH
-1N
2
Lo
(]
Wt
e
NE

TWO- AND THREE-DIMENSIONAL SUPERSONIC TURBULENT FLOW
OVER A SINGLE CAVITY

CH. Woo' and J.S. Kim™

The unsteady supersonic flow over two- and three-dimensional cavities has been analyzed by the integration of

unsteady Reynolds-Averaged Navier-Stokes(RANS) with the k — w turbulence model.

The unsteady flow

characterized by the periodicity due to the mutual relation between the shear layer and the internal flow in the
cavity. An explicit 4th order Runge-Kutta scheme and an upwind TVD scheme based on the flux vector split with
the van Leer limiters are used for time and space discritizations, respectively. The cavity has a L/D ratio of 3 for
two-dimensional case, and same L/D and W/D ratio of 1 for three-dimensional case. The Mach and Reynolds
numbers are 1.5 and 450000 respectively. In the three-dimensional flow, the field is observed to oscillate in the
‘shear layer mode’ with a feedback mechanism that follows Rossiter's formula. In the two-dimensional simulation, the
self-sustained oscillating flow has more violent fluctuation inside the cavity. The primary fluctuating frequencies of
two- and three- dimensional flow agree very well with the 2nd mode of Rossiter's frequency. In the
three-dimensional flow, the Ist mode of frequency could be seen.
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Fig. 1 Computational grid for the three dimensional
calculation
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Fig. 3 Residual history of three dimensional cavity
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Fig. 4 Pressure history at the cavity leading edge and the cavity
center of floor for two dimensional cavity
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Fig. 5 Pressure history at the leading edge and the center of
floor for three dimensional cavity (z/D=0.5)
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Fig. 6 Pressure history at the leading edge and the center of
floor for three dimensional cavity (z/D = 0.0)
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Fig. 7 Two and three dimensional pressure history at the
leading edge
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Fig. 8 SPL distribution for two dimensional cavity
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Fig. 9 SPL distribution for three dimensional cavity
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Fig. 12 Streamlines of two dimensional cavities flow (Total
time=10.4, Sampling time=1.3)
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Fig. 13 Streamlines of three dimensional cavities flow (Total
time=10.4, Sampling time=1.3, /D = 0.5)
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Fig. 14 Streamlines of three dimensional cavity(Total time = 5.2, Sampling time = 0.65, 2 /D= 1.5, 2/D = 0.9)
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