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Study of broadband noise prediction generated from a low-pressure fan based on
machine learning
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Among the aerodynamic noises generated by low-pressure fans, broadband noise

is considered an important issue in the field of fluid mechanics. In this study, we developed a
low-noise wind tunnel with an anechoic room and used machine learning to generate pressure power
spectral density (PSD), which is a key parameter for predicting broadband noise. Based on this
pressure PSD, it is possible to predict the broadband noise generated from a flat plate with high
accuracy. Moreover, from the comparison between the measured aerodynamic noise in the experimental
apparatus of a low-pressure fan and the noise predicted by machine learning, we revealed that the
broadband noise generated by the fan was caused by the pressure PSD of Karman vortex shedding.
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Fig. 1 Experimental setup of wind tunnel with an anechoic room
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Diameter , D (mm) 115
Hub ratio , v 0.56
Casing size , L (mm) 120
Chord (tip) , C (mm) 62.7
Number of Blades , Z 5
Number of Vanes , B 13

Fig.2 Axial flow fan and its main dimensions
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Fig.3 Experimental apparatus for the measurement of the fan performance
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Fig.4 Comparison on the measured broadband noise and the prediction by pressure PSD models
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Fig.5 Comparison on the measured noise levels and the prediction at each frequency

X 6 1, ARETE T 7 o OFRAMEOFHERFEEZFE Y I 2L —va VOFEE L2 O
Thbd, 77 DEENHRIL 6m3/min 15T 48.7% Th o 7. B R i <. FERIE 4 K
YL LEEHEY S 2L —2a VOBEDREIL52% ThoTl-, BV I 21—y a3 itk-T
T SN IE R ALY b EREMOFFEITEAELERT Z LN TE -, K712, FERED
Mkl SN 7 7 o OFEORENEH I TV, PREOREEZEIE 6000rpm 7> 5
12000rpm T 5, MHEFRQ)IZ L > TEK TIL I TN D,

B 4Q )
= Ta—vpwr
2T, QR E, vidTe, DIRPREAME, UNEECEEEE TH S, 6000rpm DR TT
I PSD 1 E OMOEHAEROERS L0 b R& <, ZOBREREICEIT 25 EIITFHEEPER 22,
—7J7. 8000rpm LA EDEHAETIX, ZO7 7 VOFEIZIFMHEER S S Z bl

X 8 IXRRDIMEICBIT D7 7 VEEED AR NS EE LD TH D, (a)ddEHME
DEEF AR NS TH Y . (D) E I L TRIIECH D, 2 2Tk, #E E, 6m’/min
ZARJE &, 8m*/min % &AL & MRS, PR O EIEAENL 12000pm TH D, D & &, BILHD
JERE X 73.2m/s TV . Z O E T EGREFER CHIE S - EihT — 2 O R RKEE (32.0m/s) D
2fELETH D, ZoHA. BHMEOHENT — 2 W EET VIcEDEEEA D L, T




T T T 100 — T i T
| N=12000 (rpm) —o— P, (Experiment) . C=627(mm)  ——N=12000 (rpm)
15 z=5 . 2P (%FD) iment) 180 = 5oL U=723(ms)  —o—N=10000 (rpm) |
I : 7 (Experiment) | o Re = 3.0X10 —o— N = 8000 (rpm)
< I i 160 «~ —>— N = 6000 (rpm)
£ 10F * : 8 2
o’ [ ! 140 & F
0.5} ; 1 2300 -
[ Off-design Design i +20 8.’
Point Point 1 , =)
o i . \ll . |\:. . - ! . | .
0 2 4 6 8 18 0.1 0.2 0.3
Q, m®/min o ()
Fig.6 Aerodynamic characteristics Fig.7 Normalized noise characteristics

HHMED 7 7 VB AN/ N SN D ENR H - 72, ZOMEZ TTIRT 572012, Z O JIEHIEER S
OFHITIXRFEEDIE S PSD 23X(3)D & 5 IZHER el S v, BT Z%TWW%%éﬂTW

S,qa(w,0) 3
Ppp(,0) = %
T 2T Sgq 1 TR EDET) PSD, p 1TEE, SIIBSEHRE S ThH 5. 7 7 VEEOTHITIE

B I 2L — a0 ;ofmﬁéntﬂﬁ$%m®Mﬁ@Ekmuﬁ%ﬁ#_wﬁﬁmﬁ
J£ 71 PSD O TFHET MZHZ HIVTWD, ()@ EHMETIX, 1000Hz 2> 5 10000kHz (Z4534f
T OREEO LA EEEE AR E <725, (b) DT I HES < THITTIE, 3 X% 1000Hz 2L B
JR A SRS AN R O R BRF OB EZ T W ENEETHH, ZOoTHEOKREIZE TS
4000Hz JT13% OFRHARERE 13 7 L~ LD ik £k o ﬁ% Tho, IO E RGO
T I oD B vAWi%MﬁkH&E_&oto:ﬂ%@ﬁ%i%%@77yw6%éféﬂ
IG5 O IR i B 23 . BEN OB SN D DL~ I X > TAER SN D EEBIC &
THAETDHILETRT O TH D, BHFEICK 2 THICIE, REE O R EEE & 75>mﬂg0>%
BEVORELRDLIELERT LN TE ., Lav L, Wb B B BOR £5 00 R s i 139
NORETHERAME Y LKL, HIiT — X Z2WUNCE5 2D 2 ENSHROREERD.

100 LA BLELRLR | T LENNLEN LU | T LENNLEN BLELRLAY | 100 T T T '|""|; T T
FN=12000 fpm)  —— Q=6 m¥/min | Fpog oM e e mymin (Messured)
Z=8 —— Q=7 mmin | = 1000 (H2) —— 6 my/min (Predicted) |
80 ¥= 1000 (H2) e 80 7 m*/min (Predicted)
S 60f 4 B 6of i :
I 7 A '
40 40
A | P B | P B 2
20 10° 10° 10 0
f, Hz
(a) Measurmed noise spectra (b) Predicted noise spectra

Fig.8 Comparison on the noise spectra in the different flow rate
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