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Influence of Wake on Blade Rotating Noise of a Ring Fan

by
Soichi SASAKI™, Tatsuya TOKUSHIGE * *, Ikki TORISE * *and Hidechito HAYASHI *

Ring fan is a propeller fan that applies an axial-flow impeller with a ring-shaped shroud on the
blade tip side. The fan has been expected not only to improve the aerodynamic characteristics but also
to reduce the aerodynamic noise. In this study, the influence of wake on aerodynamic noise of a ring fan
has been discussed by comparison with the characteristics of a current propeller fan. The blade rotating
noise was assumed for the mechanism of the discrete frequency noise in the ring fan. Moreover, the
theory for the estimation of the blade rotating noise based on the wake characteristics has been
proposed. The overall noise level of the ring fan was decreased 3 dB than that of the propeller fan due
to the discrete frequency noise in the first harmonics. As a result of CFD analysis, it is considered that
the discrete frequency noise was generated from the blade surface of the impeller by the periodic
pressure fluctuation synchronizing with the blade passing frequency. According with measured flow
patterns, the relative velocity of the ring fan became slightly high than the propeller fan whereas the
velocity fluctuation of the ring fan decreased approximately 71% than that of the propeller fan in the
near wake. From results of the estimation based on the proposed theory of the aerodynamic noise, it can
be considered that the discrete frequency noise of the ring fan was decreased by the perturbation of the
jet-wake flow in the wake.
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1. Fi 3dB (K B Z L R A EHHBRTH LM LD,
UV777Vi%%M’UV7%@V:?7F%ﬁ FIEBRTIE, R EETIXY 77 7 o BRI
T AR OPREIZ L L T a5 77 o ThHh oD, BERENERDOTa T 7 7 Ly RS Z &

— i4$§ﬁ@7 0T 7y DO & U HEBRAVIZIH S A STV 5. Lakshminarayana 5@
V3ial—valilLoTHITL, V777 DZE 1%, & — RO EIERER S D A7 b Vs EpAS A
NENLE OFEXHHEE L A OB L > TRKEL TOZWRKNEDHBEERET Z L 2RE LTS, R
RH L EZTORBRECESHTHL NI LED. ELCNT, Vxy b7 b RET LN OO
Eol, Vo7 7y romad®iE, RUCESHRTY  BEEERSOREEMEZ RL WD, 1tk o
BT 7 DB 115% M ETA L, Vs BRI BRI BN B AL & I E 0T, B DHVIEA

7YDBEE VAR O T e RT T 7 R0 B A OELIC K D ELIfEE S TH D L L TR Hibi T

FRk2 34 617 %

*

%k 3k

%k 3k sk

VAT ABEERRY  (Department of System Science)
A ER AR ZE R AT HIEE R (Graduate School Student, Graduate School of Science and Technology)
TR ZERHE TR FE  (Graduate School Student, Graduate School of Engineering)



Vo777 OBRIAERERE 2 &I F TR ORE

(a) Propeller Fan

(b) Ring Fan

Fig. 1 Test impeller

Table 1 Main dimensios of impellers

Propeller Fan Ring Fan
D (mm) 613
Dy, (mm) 260
v=Dyyw/ Dy, 0.424
t (mm) 3
Shroud without shroud with shroud
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Fig. 2 Experimental apparatus
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Fig. 3 Measurement method of fan noise

1000
|
[k
g
T E
=]
=3
I &

WL TRHAl S, EEMEONELZRT D2 &8 T
5. EEBEOWERE o, FHERE v, R
BLOHER IRk > TEBRENATWS.

2P
W, =—75,9= 4
pU 60r DbU
e
P =2V
prDbU*’ A

PIRHLO B HIT WA L TR RFFRIZE N T
BIREFHZ Ko TIE SN TV 5. F#lih moRlE
MOMKEE Somm TH5H. X312k, 77 U EEOH
EFEPRRINTWD. 7 7 RS IPARE o [aldx
b 1.om BRI T, MEREFHIIR AT 6T
12 AvFvA7uR AkoTHIESATWS. FE
BREHNL ORI EBEXFFT 774 F~A &S,
JEEE T ENTRRE AT FABBELILD.

M4 ZCFDICHWO N7 a XT3 77 v DETILE
RLEBLOTHS., BEVIa2L—TaiTHOYLR
TEPMRE LHE S 7 P OFEIRIT, FEH & R U -HEICR
EINTWA., 7 holofiliciih s —kbsd 5
7oOIZ, —H 4.0m OFEFERBIEY T o Tn
%. FHEAEFIIA 400 HEF TR I TWD. BE



Per Adh— - fEEED - Sl - KB TA

Outlet ( P,= 0Pa)

Impeller

Boundary Layer »
(*=100)

Inlet ( Q = constant )

Fig. 4 Model of propeller fan for numerical simulation
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Fig. 5 Aerodynamic Characteristics
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Fig. 6 Noise Characteristics
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(a) Comparison of EFD and CFD (propeller fan)
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(b) Comparison of propeller fan and ring fan (EFD)

Fig. 7 Spectra of sound pressure level generated from the
fans
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Fig. 8 Distribution of measured absolute velocity
on the meridional plane in the wake
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Fig. 9 Velocity fluctuation in the wake

40—

| —O— Propeller Fan i i

- 30‘—‘—RjngFan i ; N
Eﬁ 20k MA‘ ]
S .

10} N =1200rpm Propeller | Ring !
L ¢ =035

Fan . Fan 3 (a)_
L . L \1 . \l
N

| —O— Propeller fan Lo o (b) ]
3.0 R —e— Ring fan E;(r)lpeﬂer | i};rllg | (®)

-~ 2.0 y=1200 rpm
> r ¢ =0.35
1.0+

Fig. 10 Distribution of the relative flow in the wake
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