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Prediction of Frequency Modulation of BPF Tonal Noise for Random
Pitch Cross-Flow Fans by Unsteady Viscous Flow Computations
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Abstract

The unsteady flow characteristics and associated blade tonal noise of a cross-flow fan are predicted
by computational methods. The incompressible Navier-Stokes equations are time-accurately solved for
obtaining the pressure fluctuations between the rotating blades and the stabilizer. and the sound
pressure is predicted using Curle's equation. The discrete noise characteristics of three impellers with a
uniform and two random pitch (typc-A and -B) blades are compared by their SPL (Sound Pressure
Level) spectra. and the frequency modulation characteristics of the BPF (Blade Passing Frequency)
noise are discussed. Besides. a mathematical model is proposed for the prediction of discrete blade
tonal noise and is validated with available experimental data. The fan performance is also compared
with experimental data, indicating that the random pitch effect does not significantly alter the
performance characteristics at ¢)> 0.4.
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Fig. 1 A generic cross-flow fan
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Table 1 Impeller specifications
blade count Z) - 35
blade chord length (¢) B 14.24 [mm]
blade mammum thickness 1.2 [mm]
xmpeller inner diameter(D;) 81.62 [mm] i
impelle; outer (_ﬁameter(Dg) 106.0 [mm]
_impeller span (L) B 3400 [mm]
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Fig. 2 Uniform and random pitch (type-A and -B)
impellers

Fig. 3 Triangular meshes (uniform pitch. rotating part;
60.743 cells. stationary part: 28.345 cells)
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