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Investigation of Effects of End Plates on Cavity Tone by Direct Numerical Simulation
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Direct numerical simulations of flow and sound for cavity flows associated with self-sustained oscillations were
carried out. The flow conditions of cavity flows in the present computation were set to be the same as those of the wind
tunnel experiments. The free-stream Mach number was 0.09. The ratio of the momentum thickness of upstream
boundary layer to the cavity length was 0.073. The effects of the end plates and the free-stream turbulence on the
cavity flow in wind tunnel experiments were investigated. It was found that the coherence of the vortices in the
spanwise direction becomes low is due to the end plates and the free-stream turbulence. As a result, the peak sound
pressure level is reduced. In this computation used in periodic conditions at spanwise boundaries without the end plate
and free-stream turbulence, low frequency velocity fluctuations occur in the cavity flow.
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Fig.1 Configurations for flow over two-dimensional cavity.

Table 1 Present computational conditions.

Free-stream turbulence| Spanwise boundary
Label Tu [%] condition L
Tu0.0P 0.0 Periodic 1.0
Tu0.6P 0.6 Periodic 1.0
Tul.6P 1.6 Periodic 1.0
Tu0.0W 0.0 Wall + Periodic 7.5
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Fig. 2 Computational grids for Tu0.0P, Tu0.6P and Tul.6P. Every 5th
grid line is shown.
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Fig.3 Computational domain and boundary conditions.
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Fig.5 Schematics of experimental setup.
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Fig. 7 Comparison of predicted and measured sound pressure spectra
(/L =6.75,y/L = 235).
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Fig.9 \Vertical distributions of rms of vertical velocity v;,y/U, (WL = 0.5).

Table 2 Maximum rms of vertical velocity (Vims/Up )mex (/L = 0.5).

Label y/L (V rms/U O)max
Tu0.0P 0.000 0.2437
Tu0.6P 5.6x107 0.2162
Tul.6P 5.6x10°° 0.1761
Tu0.0W 5.6x10° 0.2164
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Fig.10 Power spectra of velocity /U, (XL = 0.5, y/L = 5.6x107) for
Tu0.0P, Tu0.6P and Tul.6P.
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Fig.11 Power spectra of velocity iU, (WL = 05, y/L = 5.6x10%) for
Tu0.0P and Tu0.0W.
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Fig.12 The coherence of velocity /U, (XL = 0.5, y/L = 5.6x10°) at
fundamental frequency in spanwise direction for Tu0.0P, Tu0.6P
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Table 3 Equivalent correlation length (> = 05, XL = 05, y/L =

56x107%).
Label L /L
Tu0.0P 50 < ()
Tu0.6P 0.1488
Tul.6P 0.0740
Tu0.0W 1.815
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Fig.14 Sound pressure spectra (¥L = 6.75, y/L = 23.5) for Tu0.0P,
Tu0.6P and Tul.6P.
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