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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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(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

XM, FOBRE AW OV TIIRBERE LS.
KRIFFINET 0T 7 7 o O BRI R R S 2 BhE B8R
BEICL > TRETDIZLEEZRRETILOTHD. R
R D% il £S5 < BIR EIERER T ORI T IE RS S
T, EHERER & CFD BTIZ & > TR D% i & Bk
JE B H R O BRI S T\ D

2. EREBESLIUVAERE

B FEEPREONBIK EZ R LI2b D TH D, K
L IZZDOEEFENRENTWS. K 1@ 7 a7
T OPWETHY, R 1B T 77 OPIR
HTHD. MHOPREIZEIBMOY =T 7 NICHE
BHDHETT, ZOMOEROEF-HEFIFR L THD.
PBEOKE K ERETTHHRIE, TrXT 77
DOEADTEHENTWS., NTH(v=Dyww/ D)X, W
Thb 0424 L7725,

B 2137 7 o HEREORBEE OB Z R LTz b O
ThHDH. MEROWEIZ ImxIm DEFETHY, i
BOREIIN 4m THDH. PUREORY (1) EHELL &
5 600mm EFAOBENE F—FIZ Lo THIES
L, BEBEOMEIZZOBEIZ Lo TRESN TS,
MEITHEER O ORI b s v =itk » T
FEE NS . RO LW E RO W a5
400mm FRMNCER T DN TFHEFIC L > THIES
5. BEMEOEEY SN Fov s g CRNEFRIIE 5 SS-500)

5-h¢le Pitot Tube
Pitot Tube |Hot-wire Static Pressut
. 1\

Tube

400

3990

oui 700 ‘ 1050 500
! ;i‘ Torque 1ot
M rut Meter
% =
er \Pﬁ ;
H H Damper

| E—
il T

Fig. 2 Experimental apparatus
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Fig. 3 Measurement method of fan noise
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Outlet ( P,= 0Pa)

Impeller

Boundary Layer »
(*=100)

Inlet ( Q = constant )

Fig. 4 Model of propeller fan for numerical simulation

T D B /N TF-IR L y'=100 FRE ISR E ST W 5.
FEEERNB LES ICL > THEIN TV, A Ol
R E —Eo&ENE 2 b, HOsERIIRRE
DBERFUEREZ SN TN,

3. HEARHEET OFMEAE
Curle I B EHE S RAET LR NBEEDEEL
RQ)ELTHEZTWS.

__ L no
P dra, r’ Ot

I P(?) ds @)

ZIT, O p ITEE, FLO PMOITHETHD.
PR HE DT jet-wake AR L S N D & (2T,
PR O FERFE R 12 b 3R ER IR L2t
EEPFERENDZ L ERETH. ZOMETIE, #E
K EIZRL S D B0 22 E S BB X (3) 0 B i
BEOLEEIC L > TIHMES TV 5.

N

P, =§{uz—W(z‘)2 } (3)

ZITC, u TPREDEEE, w TR HETH .
@)D EHEDIEFE LGN EXKETEZLOND
L, Bl LoE N 2 KR 22 28k 2R3 (4)
2725,

0 ==

EP(t)E—pww wcos(wt+¢) )

=L
2ww' @ cos(wt+¢) > Wza)sin(2a) t+2¢)

K@) OFFELB RIS TIT, BERUE BEEEE 1%,
M L ZOEBEIZEART D LR bnrD.

l'l"l'l

N =1200 rpm ‘:-0— Propeller Fan (EFD)
08 Z=14 -+-©— Propeller Fan (CFD) | 0.6
: --®— Ring Fan (EFD)

0.6 H0.4
S% S
0.43
0.2
0.2
0 0.2 0.4 0.6 0
¢
Fig. 5 Aerodynamic Characteristics
110 T T i — y T
—O— Propeller Fan
—e— Ring Fan
100
g
- 90
5
80r i N=1200 i
o =o.35\3 S
70 . I LN . I
0 0.2 0.4 0.6

¢

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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