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Influence of the Wake Vortices on the Broad Band Noise
Generated from a Multi-Blade Fan

by

Souichi SASAKI*, Hidechito HAYASHI*, Yoshio KODAMA*
and Kiyotaka SATOH**

In the prediction theory for the broad band noise generated from a multi-blade fan, the wake was divided into »n

vortices. Moreover, the characteristic of the sound pressure distributed over the wide frequency domain has been as-

sumed as spatial distributions of the local lift and the frequency accompanying the diffusion of the vortices. As results

of the measurement of the internal flow of the fan, it became clear that the noise was related to the wake character-

istics of the specific location in the scroll casing where the relative velocity was high. The fan noise operating above

the maximum efficiency point was distributed over the domain of 500Hz to 1200Hz. The sound pressure in the domain

of the frequency was proportional to the sixth power of the flow rate coefficient, and it was in inverse proportion to

the second power of the frequency. When the distribution of the predicted sound pressure level was agreed with the

measured broad band noise, it was found that there was no longer influence of wake vortices on the noise in the do-

mains of the high frequency and the low frequency.
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Fig.1 Impeller of the multi-blade fan

Table 1 Main dimensions of the impeller

Impeller SC99
Inner diameter , D; mm 99
Outer diameter, D, mm 125
D,/D,ratio ,e - 0.792
Chord length, C mm 14.7
Inlet angle , £, deg. _ 53.2
Outlet angle , 5, deg. | 144.5
Number of blade, B 100
Span length, b, mm . 50
Thickness, ¢ mm 1

Scroll Casing ~—_

Microphone \
. [i]

Static pressure tap 1.0m
\, Bell mouth
S
Damper ~” % Tmoeller
Chamber Motor A

Fig.2 Experimental apparatus of SC99
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Fig.3 Spectral distribution of -the sound pressure level
generated from SC99
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Fig.6 Schematic view of the wake at the impeller outlet
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Fig.9 Distributions of the span direction of the relative
velocity and the scale of the wake vortex

Table 2 Summary of the wake characteristics .

Main Flow Domain | Vortex Flow Domain
(z/b, <0.6) (z2/b,<06)
w, m/s 6.821 2.693
d» mm 1.368 1.717
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Fig.11 Distributions of the wake characteristics around
scroll casing
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Table 3 Summary of the wake characteristics around
the scroll-casing o

MP & w, m/s d, mm f, Hz
MP4 6.373 1.404 908
MP3 4.880 1.004 972
MP2 4.271 0.971 880

- MP1 3.877 0.885 876
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Fig.12 Relationship between flow rate coefficient and
the sound pressure level with A-weight of SC99
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Fig.13 Relationship between flow rate coefficient and
the sound pressure level of SC99

Table 4 Summary of the overall sound pressure level
of the broad band noise and the fan noise (BBN :
500Hz < f <1200Hz )

Broad Band Noise Fan Noise - Ratio

¢ SPL (BBN) dB SPL (A) dB |p (BBN)/p? (Fan Noise)
0.20 40.7 42.3 0.692
0.23 42.5 45.2 0.537
0.25 43.6 47.6 0.398
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