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Abstract

The physical phenomena of rectangular open cavity are numerically investigated in this paper. Two-dimensional cavity problems with
laminar boundary layers in upstream are simulated by using the compressible Navier-Stokes equations. The high-order and
high-resolution numerical schemes are used for the evaluation of spatial derivatives and the time integration. Cross-correlation is used
to analyze the characteristics of wave propagation along time and spatial. Sudden phase shifting of 90 degrees is appeared near
downstream edge, and this is coincident with the phase lag suggested in original Rossiter’s equation. The results give a further
understanding of the physical phenomenon of noise generation, and the resonance of flow and acoustic in cavity. Moreover, modified
Rossiter’s equation, which is more accurate and can be applied in various conditions, is suggested. The distance from the point of
vortex generation to the point of vortex collapsing acts as effective distance of cavity resonance, and the phase difference between the
point of vortex collapsing and the point of acoustic source acts as phase lag. The mechanism of acoustic generation is fully understood
in this paper. The mechanism of acoustic generation is fully understood in this paper.
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3.2 Cross-correlation analysis
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Figure 1 : Schematic diagram of cavity configuration
and Computational domain

(M=0.5, L/D=2,8/D=1/25, Reg=200)

Figure 3 : Acoustic fields of entire domain except the buffer zone

(M=0.5, L/D=2, 0/D=1/25, Re;=200)
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Figure 4 : Cross-correlation of pressure at y=0
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Figure 5 : Cross-spectral density of pressure at y=0
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Figure 6 : Cross-spectral density of pressure at y=0.02
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Figure 7 : Characteristic speeds of each region at y=0.02
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3.3 Modified Rossiter’s equation
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Figure 8 : Coordinates of the foremost three vortices
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Figure 9 : Root mean square (RMS) of pressure near cavity
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=1 =2 n=3 n=4 |
Eq (9) &B=0 0.3695 | 0.7390 | 1.109 1478 |
Rossiter's £q: Eq (5)| 0.3596 | 0.8390 | 1.319 1.798 |
(8) Me0.3 (Stouer=0.7473)
n=1 n=2 n=3 n=4
Eq (9) &B=0 0.3341 | 06682 | 1.002 1.336
Rossiter's Eq: Eq (5} ] 0.3024 | 0.7056 | 1.109 1.641

(5) Me=0.5 (St,0,=0.6609)

n=1 n=2 n=3 n=4
Eq(12) &8=0 0.3041 0.6083 0.9124 1.217
Rossiter's Fq: Eg (7)) 0.3017 0.704 1.106 1.509
(€) Mo=0.7 (St=0.5986)
Table 1 : Predicted Strouhal numbers
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