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Numerical Investigation of the Cover-Plates Effects

on the Rectangular Open Cavity

Dae Nyoung Heo and Duck Joo Lee

ABSTRACT

The aeroacoustic phenomena in the simple rectangular open cavity are well published by
many researchers. But the geometry shapes of aircraft landing gear wells, weapon bays,
etc. are more complicate than that of the simple retangular cavity. They are more similar
to the cavity having cover-plates at adges, or Helmholtz resonator. Therefore, the effects
of cover-plates existing on edges of rectangular open cavity are numerically investigated
in this paper. The compressible Navier-Stokes equations are solved for two-dimensional
cavities with laminar boundary layers upstream. The high-order and high-resolution
numerical schemes are used for the evaluation of spatial derivatives and the time
integration. Physically correct numerical boundary conditions and buffer zone techniques
are implemented to produce time-accurate solutions in the whole computation domain. The
computational domain is large enough to directly resolve a portion of the radiated acoustic
field. Results show that the cover-plates existing on edges of cavity reduce the noise
convected from cavity, make the frequency of noise become higher, and change the
directivity pattern. So these results can be used in the design of a low noise cavity.
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Fig. 1. Schematic diagram of cavity
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Fig. 2. Cavity geometry
used for benchmark problem
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Fig. 3. Noise spectrum at the center
of the left wall of the cavity
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Fig. 4. Configuration of cover-plates
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Case H/D W/D _|St=fL/U|SPL(P1)|SPL(P2)
0 0 0 0.6612 | 151.5dB | 147.2dB
05-125 | 0.06 0.125 | 0.7153 |150.0dB | 149.9dB
05-25 | 0.05 0.25 | 0.7874 {151.0dB |151.1dB
05-375 1 0.05 0.375 | 0.9443 |140.7dB | 146.6dB
05-50 | 0.05 05 1.065 |143.9dB |143.7dB
05-75 | 0.05 0.75 - - -

Table 1. Variant length of the cover-plates

Case H/D W/D_|St=fL/U|SPL(P1)|SPL(P2)

0 0 0 0.6612 | 151.5dB | 147.2dB
05-25 | 0.05 0.25 | 0.7874 |151.0dB|{151.1dB
10-25 | 0.10 0.25 | 0.8172 |146.2dB | 148.4dB
15-25 0.15 025 | 0.8563 |145.0dB {146.7dB
20-25 0.20 0.25 | 0.8727 |143.8dB | 144.6dB

Table 2. Variant thickness of the cover-plates
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Fig. 5. Dependence of Strouhal number
on the cover-plates length (H/D=0.05)
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Case W/D | W/D |St=fL/U{SPL(P1)|{SPL(P2)
P-0 0 0 0.568 |128.7dB | 128.2dB
P-25 0.25 0.75 0.594 ]136.2dB | 138.6dB
P-50 0.50 0.50 1.031 |127.6dB |135.2dB
P-75 0.75 0.25 0.598 ]130.3dB | 134.6dB
P-100 1 0 - - -

Table 3. Variant position of opening
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