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INTRODUCTION

Acoustic consideration of automotive cooling fans has become imperative due to new regulations and
the call for environment-friendly products.  Although the dominant source of noise for most axial fans
are known to be of dipole (due to surface pressure fluctuations) in nature, the formidability of flow field
calculations have kept many attempts of analysis to only those of empirical formulations.  The rapid
advances in computer technology have, however, motivated the development of a non-compact fan
noise analysis tool with the flow field data from accompanying flow analyzer.  The main challenge in
this venture lies in bridging the gap between the two different time scales involved in solving for the
flow field and the acoustic field.
  The present work describes the noise prediction procedure and the result of the developed
numerical analysis tool, which couples time domain acoustic analogy with flow field analysis via free-
wake panel method.  The time domain acoustic prediction utilizes one of the most rigorous
formulations, and is implemented for use in predicting aerodynamic noise of the most complex
geometries often found in axial fan blades.  Although free-wake panel methods usually yield relatively
accurate results when predicting the flow field around axial fans, its use in aerodynamic noise
prediction has been limited by two shortcomings.  The time resolution of flow analysis is usually of an
order larger than that required for noise predictions.  Free-wake panel method also suffers from wake
instabilities in the absence of free-stream as in static fan operations.  Since the two problems are not
irrelevant, a solution is sought which will resolve the two problems at once.   The prediction method is
applied to an axial fan operating with shroud and the resulting noise predictions show a favorable
agreement with the measured data.

NUMERICAL FORMULATION AND PROGRAM DESCRIPTION

Farassat [1] has formulated the following equation, which is very convenient in embodying the time-
domain analysis of Ffowcs Williams-Hawkings equation into a computer code.  The formulation does
not lose the generality of being able to handle blades of arbitrary shape and motion while enhancing the
accuracy of the code by eliminating numerical time differentiation.
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Fig. 1 Fan geometry with initial wake panels
(only the inner surface of shroud shown)

Fig. 2  The wake geometry
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Fig. 3 Comparison of measured and predicted noise spectra, 1m away from the hub center

(a) Microphone on the fan axis (b) Microphone 30 deg from the fan axis

(c) Microphone 60 deg from the fan axis (d) Microphone on the plane of blade rotation

INTERNOISE 99 4 Ft. Lauderdale, Florida USA


