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Influence of Karman Vortex Street on the Broad Band Noise
Generated from a Multi-Blade Fan

Souichi SASAKI*?, Yoshio KODAMA and Makoto HATAKEYAMA

* Department of Mechanical Systems Engineering, Nagasaki University,
1-14 Bunkyo-machi, Nagasaki-shi, Nagasaki, 852-8521 Japan

In the prediction theory for the broadband noise generated from a multi-blade fan, the vortices
in the Karman vortex street was divided into 7 pieces. The local lift produced by the multiple
vortices was substituted for the sound pressure of the fan noise. The frequency distribution of the
noise was estimated so that the Strouhal number could become constant even if the wake is spread
by the diffusion. From the results of the measurement of the internal flow of the fan, it was found
that the noise was related to the wake characteristics of the specific location in the scroll casing
where the relative velocity was high. The noise operating in the vicinity of the maximum efficiency
point of the fan was distributed over the domain from 500 Hz to 1 250 Hz. The sound pressure within
the frequency domain was in proportion to the sixth power of the flow rate coefficient, and it was
inversely proportional to the second power of the frequency. It was experimentally proved that the
influence of the Karman vortex street on the noise in the domains of high and low frequencies did not
exist when the distribution of the estimated sound pressure level corresponded to the measured
broadband noise.
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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, 5, deg. 53.2
Outlet angle , 5, deg. 144.5
Number of blades, B 100
Span length, b, mm 50
Thickness, t mm 1

Scroll Casing —_

\ vl
i 1450 45° ]
Microphone \ |
5 .
Static Pressure Tap x : : 1.0m
/D"" Bellmouth
pemper Impeller
Chamber Motor P

Fig.2 Experimental apparatus of SC99
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Fig.3 Spectra of the sound pressure level generated from SC99
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Fig.5 Configuration of the blade designed by an arc
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Fig.6 Schematic view of the wake at the impeller outlet
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Fig,9 Distribution of the wake characteristics to the span direction

Table 2 Summary of the wake characteristics in the main flow
domain and vortex flow domain

w, m/s |d, mm| f,Hz

Main Flow Domain
(z/b,<0.6)
Vortex Flow Domain
(z/b,>0.6)

6.821 1.346 1014

2.693 0.921 582

5.1 770D HN¥E  K8IISCI9IDZEHFHE
ERLIZDDTHD. EHREORERESERTL
OFES, XH4) ERUTHS. SCOIDFNR » DE
KIETFREEK ¢ 202065 T, BLEOXBETDH
ST BREHE (¢=0.23) IEETDT 7 > ODEIRE
b EPR IS, FIEKER T 7 AEREDOAEAED
TWiaWhZ &Evbhnb.

5:2 77 ORERFEIORNT Kok, FHxE
FE L BHRDIBD R/ RO HIRENTND,
U, WEMBEMPA TEHIZ N ERHEDO AT TH 2.
INTRNARIFR U 7= AR O W B ERE TH 5.
T, EELE A5OERERTREREFERI &I
TBHM, KoL, MATEELEROBICL> TRED
5= EFER & TR ORI ER R DSl 2 B
L=bDTHB. ROLBLITR(GS)DA hO—/NJUEK



ZHE7 7 O RET ILFEETICRET ANV VBTIOFE 2691

10*
SC99 B =100 & =023
N = 1400 rpm MP4

N
T 10° 0/0—0—0—’0\0\0_0/0
o~
Hub Side Bellmouth Side
102l : :

1 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0
z/b,

Fig.10 Distribution of the vortex shedding frequency in the wake
to the span direction
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Fig.11 Distributions of the wake characteristics around the scroll
casing
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Table 3 Summary of the wake characteristics around the scroll
casing

MP 8 w, m/s d, mm f, Hz R
MP4 6.373 1.404 908
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Fig.12 Relationship between the flow rate coefficient and sound
pressure level
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Fig.13 Spectra distribution of the fan noise with different flow
rate coefficients

Table 4 Summary of the composite sound pressure level of the
broad band noise and fan noise

Broad Band Noise Fan Noise Ratio

@ L ,(BBN) dB L, dB p *(BBN)/ p? (Fan Noise)
0.20 40.7 423 0.692
0.23 425 45.2 0.537
0.25 43.6 47.6 0.398
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Table 5 Relationship between the frequency in each 1/3 octave
band and the exponential characteristic of the sound pressure on
the flow rate coefficient

Frequency | Exponent | Frequency | Exponent
f Hz N f Hz S
400 6.2 800 6.2
500 7.1 1000 6.3
630 6.6 1250 55
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Fig.15 Comparison of the measured broad band noise of SC99
with predicted spectra
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