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Noise increase phenomenon of the air flow through a perforated metal plate
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Abstract

The aerodynamic noise generated from a perforated metal plate varied by air-flow direction. In the case of expansion type
perforated metal plate, it generates very large level aerodynamic noise with a prominent peak in the frequency characteristic.
In this paper, velocity fluctuation at some measuring points is measured by a hotwire anemometer to examine its cause. In the
experiment, coherent output power (COP) of velocity fluctuation is calculated. The coherence function is defined by the
relations between the generated noise and velocity fluctuation of air flow behind perforated metal plate. The expansion type
perforated metal plate generates orderly vortex shedding and it brings the vibration of perforated metal plate. The distribution
of partial overall value of COP indicates strong correlation with the plate vibration mode. That phenomenon is predicted as
lock-in phenomenon between vortex and vibration of the plate.
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Fig.1 The suction type wind tunnel has anechoic measurement room. The floor size of anechoic room is 2100x2100 mm and room
height is 1900mm. The inner diameter of circular nozzle is 88mm.

Fig.2 The photo of mounting condition of a perforated metal plate. Opening type is hexagon. The ring jig thickness 9 mm is used
to hold the perforated metal plate. Outer diameter is 140mm, inner diameter is 88mm that is the same to the diameter of
duct.
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Fig.3 Measurement equipment for generated noise. The microphone is located at 500mm from center point of perforated metal
plate on horizontal plane. The height of microphone is 1000mm from floor lattice plate. Precision sound level meter (LA-
3560) measures the noise generated from perforated metal plate and the frequency characteristic of noise is analyzed by

FFT analyzer (DS-3200) and it is recorded by PC.
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Fig.4 Hole arrangement and cross-sectional view of hole on a perforated metal plate. A cross section of "Expansion type" is
expanded toward the downstream. "Shrinkage type" is opposite shape of "Expansion type".
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Fig.5 Example photos of hole shape of perforated metal plate. The material is aluminum alloy. The diameter of hole on expansion
side is de=4.74mm, the diameter of hole on shrinkage side is ds=4.43mm.



Table 1 Dimensions of perforated metal plates. The diameter de is a hole diameter on expansion side of the plates, the diameter ds is

a hole diameter on shrinkage side of the perforated metal plates. The plate thickness is ¢. Expansion ratio is defined as de/ds.

Diemetem]| thicknes fmg| 2 171 |« o)) =R
D3.0t0.5Al 3.0 0.5 3.00 2.97| 0.490 1.01
D4.5t0.5Al 4.5 0.5 4.42 4.41] 0.489 1.00
D4.5t2.0Al 4.5 2.0 4.74 4.43| 1.982 1.07
D4.5t3.0Al 4.5 3.0 5.08 4.60] 2.954 1.10
D9.0t0.5Al 9.0 0.5 9.19 9.19| 0.489 1.00
D9.0t2.0Al 9.0 2.0 9.21 8.97| 1.970 1.03
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Fig.6 Partial overall value (POA) of acrodynamic noise generated by Expansion type perforated metal plates. In the cases of D
=4.5 with thickness ¢ = 2.0 and 3.0, the noise increase phenomenon occurs. In the case of =0.5, POA values are almost the
same.
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Fig.7 Partial overall value (POA) of aerodynamic noise generated by Shrinkage type perforated metal plates. In the cases of
D=3.0, 4.5 and 9.0 with thickness =0.5, POA values are almost the same value. In the cases of #=2.0 and 3.0, noise
increase phenomenon occurs, but the increment values of POA are smaller than those of Expansion type.
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Fig.8 Comparison of flow direction and plate thickness in the case of D=4.5mm. In the case of Expansion type, the increment
values of POA are larger than Shrinkage type.
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Fig.9 Frequency characteristics of aerodynamic noise generated by Expansion type perforated metal plates (D=4.5mm). Red dots
indicate a large noise peak component. The peak varied in a staircase pattern by flow velocity.
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Fig.10 POA value and frequency characteristics of aecrodynamic noise generated by D4.5t2.0Al Expansion type perforated metal
plate. Variation of POA value is synchronized with peak generation.
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Fig.11 Measurement points for flow fluctuation by hotwire probe. Red points indicate the measurement points behind holes.
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Fig.12 Frequency characteristics of aerodynamic noise generated by perforated metal plate in all open condition. The prominent
peak appeared at 13162Hz.
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Fig.13 Distribution of partial overall value of COP (12500 - 13550Hz). High COP value is measured at X=3, Y=24. This point is a
behind point of the antinode point of 8th vibration mode of perforated metal plate.
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Fig.14 Vibration mode of perforated metal plate (D=4.5mm, ¢ =2.0mm, Aluminum metal).
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