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[#FEAMEZE] This collaborated research is a preliminary attempt towards the prediction of the
broadband noise from a minimal knowledge of the flow features, compatible with industrial
constraints. Fukano et al. made prediction theory for the aerodynamic noise. This theory can predict
the fan noise generated from the wake vortices; however, it is difficult theoretically to predict the
broadband noise in the high frequency domain by Fukano’s model. Trailing-edge noise possibly
contributes to the broadband self-noise in the middle and high-frequency range. It has been assessed
using Amiet’s analytical model readdressed by Roger [2].

Figure 1 shows pictures of the investigated impellers, the main dimensions of which are listed in
table 1. The blade design is the same and only the number of blades is varied. In the following, the



impellers with 7, 14 and 21 blades are referred to as P7, P14 and P21, respectively. The predicted
noise levels according to Fukano’s model are superimposed on the measured spectra in Fig. 2. At
the maximum efficiency point, the flow of P21 remains attached along the blades because of the
increased number of blades; the broadband noise of P21 is lower than that of P7 because of the
stringent difference of parameters (lower characteristic speed). In contrast at the design point, the
broadband noise level of P21 exceeds that of P7. The relative velocities and wake widths used in the
model predictions do not differ a lot for this operation point. Therefore, it is concluded that the
increase of number of blades is responsible for the higher broadband noise of P21.

The high-frequency predictions made using Amiet’s model are plotted in Fig.3 for the two
selected operating points, and the fan P14. The trailing-edge noise appears as a good agreement in
the present case certainly contributes to the high-frequency part of the spectrum. In the tendency of
the broadband noise predicted by these two theories, the following characteristics of the broadband
noise were clarified; Fukano’s theory can predict the broadband noise in the domain from 100Hz to
1000Hz. In Roger theory, it is effective for the prediction of the broadband noise higher than the
1000Hz. According to these experimental results, it clarified contribution of the frequency band

related to the wake vortex noise and the trailing edge noise.
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Table 1 Main dimensions

Tmpeller 7| pPu P21
C {mum} 122
C pp (mum) 66
I {mum) 613
D {umay 260
v=D D 0.424
1 {mum) 3
Z 7 14 21

P7 P14 P21

Fig. 1 Test impeller
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Fig. 2 Comparison of low-frequency predicted noise levels with measured noise spectra
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Fig. 3 Comparison of high-frequency predicted noise levels with measured noise spectra

3. SBORBRLELBMA

1975 4E1Z Amiet D FF—IKEELE T AL MER S, T D 30 1% D 2005 4125 k% ik
BLEEFR 2 Michel Roger B IZ X > THFR I E Lz, ECLIEFICIE, Fimllo M EE)
RBICE > TERENDIZENEREEZBMEY I 2 —Ta ko THITL, B=0% 5%
GLIC KD ZE S FIROMATICE D A F LTz, Zd7 exXT 77 ORI L - THAE
95 BimR S ONT~GHT 5 Z ENTE £, ECL OJRJFE TEHH & 17 3 m iR o 8-
B2 RBE 9D EE e EBRT — & AN ILFRINFFEE O Marc Jacob JoE Dt S E Lz, 4%
COERT X EHEVI 2L —va O RELE LN, FHERETEELET VO
T2 ED TNE TN EB X CWET. £/, AIROFIEREIZ OV TIE, 201240 3 A
(2K E TR & D EERA#(ISROMACI4) TRETH T ETT.



