62 / eH=RELFHSEE X AL1A A4S, 2006. 12

NUMERICAL ANALYSIS OF THREE DIMENSIONAL SUPERSONIC CAVITY FLOW
FOR THE VARIATION OF CAVITY SPANWISE RATIO

C.H. Woo' and J.S. Kim”

High-speed flight vehicle have various cavities. The supersonic cavity flow is complicated due to vortices, flow
separation, reattachment, shock waves and expansion waves. The general cavity flow phenomena includes the formation
and dissipation of vortices, which induce oscillation and noise. The oscillation and noise greatly affect flow control,
chemical reaction, and heat transfer processes. The supersonic cavity flow with high Reynolds number is characterized
by the pressure oscillation due to turbulent shear layer, cavity geometry, and resonance phenomenon based on external
flow conditions. The resonance phenomena can damage the structures around the cavity and negatively affect
aerodynamic performance and stability. In the present study, we performed numerical analysis of cavities by applying
the unsteady, compressible three dimensional Reynolds-Averaged Navier-Stokes(RANS) equations with the k— w
turbulence model . The cavity model used for numerical calculation had a depth(D) of 15, cavity aspect ratio
(L/D) of 3, width to spanwise ratio(W/D) of 1.0 to 5.0. Based on the PSD(Power Spectral Density) and CSD(Cross
Spectral Density) analysis of the pressure variation, the dominant frequency was analyzed and compared with the
results of Rossiter’s Eq.
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Open Cavity Flow
tength/Depth < 10

Closed Cavity Flow
Length/Depth > 13

Fig. 1 Classification of cavity flows
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Fig. 2 Computational grid for the three dimensional calculation
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Fig. 3 Pressure history at the leading edge (z/ D= 50%)
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Fig. 4 Pressure history at the bottom center (2/D=50%)
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Fig. 6 Re(CSD) distribution of 3D cavity at the 2.9kHz
(mode=1)

Fig. 7 Re(CSD) distribution of 3D cavity at the 5.4kHz
(mode=2)
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Fig. 8 Re(CSD) distribution of 2D cavity at the 5.4kHz
(mode=2)
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Fig. 9 Contour line distribution of dominant frequency
(2/ D= 50%)
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