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Frequency Characteristics of Fluctuating Velocity According to Flow Rates
in a Tip Leakage Vortex and a Wake Flow in an Axial Flow Fan

Choon-Man Jang, Kwang-Yong Kim and Tohru Fukano
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Abstract

The frequency characteristics in an axial flow fan operating at a design and three off-design operating
conditions have been investigated by measuring the velocity fluctuation of a tip leakage vortex and a
wake flow. Two hot-wire probe sensors rotating with the fan rotor, a fixed and a moving ones, were
introduced to obtain a cross-correlation coefficient between two sensors as well as the fluctuating velocity.
The results show that the spectral peaks due to the fluctuating velocity near the rotor tip are mainly
observed in the reverse flow region of higher flow rates than those in the peak pressure operating
condition. However, no peak frequency presents near the rotor tip for near stall condition. Detailed wake
flow just downstream of the rotor blade was also measured by the rotating hot-wire sensor. The peak
frequency of a high velocity fluctuation due to Karman vortex shedding in the wake region is mainly
observed at the higher flow rate condition than that in the design point.
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Table1 Design specifications of axial fan rotor

Flow CoefTicient 0.41
Total Pressure Coefficient 03
Rotational Speed 1000 rpm
Tip Radius 287.5 mm
Hub-Tip Ratio 0.52
Chord Length at Tip 131 mm
Solidity at Tip 0.65
Blade Profile NACAGS Series
Number of Blade 9
0.5 T T T
I
.
0.4~ i | L
Design Value
- I ” X
. | ! i [
|
0.3 1 : I
|| !
lgar stall” peak pressure l !
0.2 T L
0.20 0.30 0.40 0.50
@
Fig.1 Fan performance
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(b) Contour of velocity fluctuation
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Fig. 4 Contour of relative velocity and velocity
fluctuation on the quasi-orthogonal plane to the
tip leakage vortex (P = 0.28)
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Fig. 5 Contour of relative velocity and velocity
fluctuation on the quasi-orthogonal plane to the
tip leakage vortex (@ = 0.31)
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Reverse flow region
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Fig. 6 Contour of relative velocity and velocity
fluctuation on the quasi-orthogonal plane to the
tip leakage vortex (¢ = 0.41)
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Fig. 7 Contour of relative velocity and velocity
fluctnation on the quasi-orthogonal plane to the
tip leakage vortex (® = 0.47)
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Fig. 11 & T3P = 047) 2d23dA, &
Fo Au&E, dEg a2gn vsEEe Fas
E4¢ Jehia Ut} Fig. 11(a) 2 Fig. 11(b)oll Al
BEo| THo o7 A&z Zo] A n
olt}, FtEwt i 3 ¥ £ PFgo] ¥

Fol g3 A T #F9o] EAFS & F U

Fig. 11(c)x= €7 $AA 4% 2943 2= RvE
Z a7 AXT AA(Fg 11b)ANA HolA e 9
45 Fug EXE Ygdizn gtk &, ¥%
S0 o Fiee o 1700 Hz SARE 7HA
o, Ft2e o Fd & LAY & WESE @
dg0 Yebdg & F Aok o] nFH EAS
Z+= 1700 Hz 9 33 FI5E FEFF 2
A 470 Hz & 2t dd549Fy HEd
AZFn 93 gke FEE 0, Fukano 50 3
o] FRAddA FHR FF g9 FHAA
Aste Fo% daggolat AZ4dn

o oy
o

PS (a) Contour of relative velocity
(interval of contour lines = 0.04)

(interval of contour lines = 0.006)

eak frequencies due to the fluctuati
elocity of teakage vortex

‘i’\ja ;
¢ ‘E
wgr

(=) i

0 5000 “B”

() Spectrum of velocity fluctuation
at 4 percent axial chord downstream
from trailing edge (H at (b))

Fig. 12 Contour of relative velocity and velocity
fluctuation on the plane of 88 percent span in
the wake region (® =0.31)

Fig. 12 € ARZE B FHAM A€ AH
9 %, 0= 031) 24 ZHAA, Fig. 11914 1}
Bl A 2L 2% BEE JEhAD. &7
o oa AuiLEel FL Fig @9 AFH 27
gz AYstA RolAuk, Fig. 12(byollAl e
Ad Zro] Ft2 9gFo AT HFEE o F
< YehtA @a, 9EEE ghe 33 Fugd
FEig. 12()= HEYA S & F Ao o,
Fig. 12(0)9 &H8® o Ydebd g3Fsiee o
SrAdetRe HE&EE sI1g ol

B A¥H dFE B9, QAAETG AGF
ZPqME THAA Y MFEE HI Fas
YElgR @AY 1 3t AgE ¢ F 9
o, ol ALFE 2AYSFS FF 4Hd
oo % # 43 FUt 2Rt &
gtc) &, 7 #HolA FrERE o}
A9 w3 Fdge g% 289
FH ool A Fgol e

du o g ¥R
do 2 Hojtjo X

o 2
N
-
fir
(i
X



188

ol
e
2

98 % span
93 % span
88 % span
83 % span

78 % span
73 % span

S

inidaicidl

(LA

68 % span
63 % span
57 % span
52 % span
47 % span

42 % span

0 He 50000 Hz 5000

(a) =047

g
S
o
=2

Fig. 13 Spectral distribution of the velocity fluctuation
along a blade span in the wake region

Fig. 13 & FHFF@ = 047) R ARFEO@ =
031) EAZAANA, 28YPA e FRY U
459 Fa$ EAHL vehla gt Fig. 13(a) °f
A BRol, dqRrdAF7t Fie Z§ ¥
NAE @) B¢ 2AHE Adstne A 2999
dA 3 FIF@E 1700 Hz, ®E 1050 Hz)7t
AL ¢ # o 23, Fig. BO)S ARF
ZPAME A 2WdA d3 Fagho] EAS

A 2ee ¢ & Aok

4 B E

5 A9 94 K54S Ass W) Bl
9 453} FHE ANBOE A% ol
dE SEWE FAE RS A nFeo
de @ee oeR 2

() 28 #% 2ANAE qVraRF A7
@ATHEe| ¥ FE 2E WFLE o]
EAHAR, 97} BYH WF AAFRSE

dehiA e,
@) 2% 49¢ AYF FFRANNE A4 B
vl 4RAQAA 439 Frhd A WEEE
o B2 FA57 F7HE, ok FuAEe &
27t F7hste) durdsFd 07 717 gob
Ag svlgh

@ JdWFAARY Frle FAGRY W2 F

F AR e ELR

grot AR & 5 AU
@ AAFFRG 2

Fiol 2T d5d g7
FRo o8 A FAEEY 2o He
9 Aoz deir, o wFd g F
1000 Hz ol4o2 ebpAdoiie 24
9 )3 Fad vE aF FHYE 2

Z 7

2 A7 doAM 29S¢ =4F 28 FFY
guo] Sato M7 #ALE EFTH

i

=t

it

(1) Murthy, K. N. S., and Lakshminarayana, B., 1986,
“Laser Doppler Velocimeter Measurement in the Tip
Region of a Compressor Rotor,” AIAA J., Vol. 24, No.
5, pp. 807~814.

(2) Inoue, M., and Kuroumaru, M., 1989, “Structure of
Tip Clearance Flow in an [solated Axial Compressor
Rotor,” ASME J. Turbomachin., Vol. 111, pp. 250~256.

(3) Lakshminarayana, B., Zaccaria, M., and Marathe, B,
1995, “The Structure of Tip Clearance Flow in Axial
Flow Compressors,” ASME J. Turbomachin., Vol. 117,
pp- 336~347.

(4) Ro, S. H. and Cho, K. R,, 1998, “Numerical
Analysis on the Blade Tip Clearance Flow in the Axial
Rotor — The Variation of Leakage Vortex with Tip
Clearance,” Trans. of KSME (B), Vol. 22, No. 3, pp.
336~345.

(5) Jang, C.-M. and Kim, K. Y., 2003, “Flow
Measurements and Performance Analysis Using a 5-
Hole Pitot Tube and a Rotating Hot-Wire Probe in an
Axial Flow Fan,” Trans. of KSME (B), Vol. 27, No. 12,
pp. 1750~1757.

(6) Inoue, M., and Furukawa, M., 2002, “Physics of Tip
Clearance Flow in Turbomachinery,” ASME FEDSM
31184, pp. 1~13.

(7) Jang, C. M., Ogata, N., Furukawa, M., and Fukano,
T., 2002, “Characteristics of Three-Dimensional Flow
Field and Velocity Fluctuation Near the Rotor Tip in
an Axial Flow Fan (Relation to the Noise
Generation),” Trans. of JSME (B), Vol. 68, No. 673,
pp. 2460~2466.

(8) Kameier, F. and Neise, W., 1997, “Experimental
Study of Tip Clearance Losses and Noise in Axial
Turbomachines and Their Reduction,” Trans. of ASME,
J. Turbomach., Vol. 119, pp. 460~471.

(9) Fukano, T., Saruwatari, H., Hayashi, H., Isobe, H,,
and Fukuhara, M., 1995, “Periodic Velocity
Fluctuation in the Near Wake of a Rotating Flat-Plate
Blade and Their Role in the Generation of Broadband
Noise,” J. Sound Vib., Vol. 181, pp. 53~70.



