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Study of Wake Interaction and Discrete Frequency Noise of a Forward Curved Fan

by

Soichi SASAKI

In order to clarify the physical mechanism of unpleasant fan noise, the discrete frequency noise

(DFN) generated from a forward curved fan is evaluated quantitively based on the wake characteristics.

The volute tongue of the scroll casing is replaced by a cylinder as an obstacle in order to simplify the

mechanical model. Moreover, an analytical prediction model for the DFN generated by the wake

interaction to the volute tongue of the scroll casing based on the wake characteristics of the impeller is

proposed. To compare the prediction and measurement of the noise level, the influence of the clearance

of the volute tongue on the DFN of the fan from the viewpoint of fluid dynamics is evaluated. The

aerodynamic noise source was formed at the rear side of the impeller, which had large momentum in the

wake. The momentum was rapidly lost by the diffusion in the near-wake field. The evaluated noise

indicated that the noise level of the DFN was lower in the far-wake field than the broadband noise level.

These results imply that the sinusoidal pressure fluctuation caused by the impingement of the jet-wake

flow became weaker than the pressure fluctuation induced by the turbulence on the blade surface.
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Fig.1 Experimental setup

Table 1 Main dimensions of the impeller

Outer diameter, D (mm) 125
Chord length, C (mm) 9
Number of blades, Z 40
Span length, b (mm) 50
Thickness, t (mm) 1
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Fig. 2 Schematic image of the wake flow
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(b) experimental apparatus

Fig.3 Noise spectra of the wake interaction noise
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Fig. 4 Flow regime in the meridional plane
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Fig.5 Spectral distribution of the velocity fluctuation in

the wake
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Fig.6 Relationship between the interference distance and

the velocity fluctuation
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Fig. 7 Distribution of the auto correlation coefficient
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Fig. 8 Comparison on the cross-correlation coefficient
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Fig. 9 Relationship between the interference distance and

the wake interaction noise
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