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Turbulence Characteristics of a Leakage Vortex
in an Axial-Flow Fan
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ABSTRACT

Detailed Measurements were made to investigate the turbulence characteristics of a leakage vortex in an
axial-flow fan using: three-dimensional LDV. The turbulence in the leakage vortex has highly anisotropic
characteristics with the radial value being the maximum. The turbulence intensity components in the vortex
in the streamwise and tangential directions increase up to a certain downstrean position and then decrease.
This increase is mainly due to the rapid decrease of the streamwise velocity of the vortex and partly due to
the radial gradient of the streamwise velocity caused by a velocity deficit. As the vortex decays moving

downstream, turbulence intensity also decrease gradually.
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(a) Front view

(c) Dimension

(b) side view

Fig.1 Axial-flow fan

Table 1 Fan specifications

Number of blade 3

Tip radius 113.5mm
Hub radius 40.0mm
Tip chord length 220mm
Hub chord length 85mm
Solidity at the tip 093
Solidity at the hub 1.0
Maximum blade thickness 3mm
Sweep angle 425

pm 1500
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Fig.2 Measurement positions
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(a) position 7 (b) position 13
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Fig. 5 Secondary flows ¢ = 0.3
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Fig. 6 Turbulence intensity (T!) for ¢ = 0.25
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Fig. 7 Turbulence intensity (T) for ¢ = 0.3
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Fig. 9 Turbulence intensity for ¢ = 0.25

"o position 7
.
1

04

0.2
(R-R)/Ruy,

—_
0.3

0.2

(ReRjRyy,

0.30
020}
o.t0f

E
3
a

0.00,

03

< - pu
csw b ®
+ a0y D¢
siey o 0O
a®w 00
sape® 0O
s » 0 O -
s W O AAo
absvo O
<« »omo
s®ve
N s
3 3 b 3

(c) Radial(r) component

(b} Tangential(t} component

(a) Streamwise(s) component

0.3

Fig. 10 Turbulence intensity for ¢
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Fig. 11 Streamwise velocity along the survey line in Fig. 8

(2)

{ﬂ_

A 2% FEHoE e oY

[e]
e

ﬁo

=
-

o

402 ww,

A%

B8
o
o~

¢

gt 3

28t ol tedl =& o

4F

o
=

ww, oW,

2

a

I

i
r

+2w,w,

W,
o

-2w,

A4

=
e

ks

#HEAM Fig. 89 HFA df

s

ct.

&3} o] Fojnl

yge

-231 -



200, Ty A2,
MW TR +AQww, +4Qww, (3)

- - 2
F - ZWSWI % — 2W"W' % _2w_'%
[ d‘ &' r d
— W
2
—2w =402 w,w, )

g7l WE A ZFA A Fd&EEg
Uehdisl we dF AEoln, Qo+ 34 Zéx
& uehdt.

Fig. 89 #RMoNe MN/& Wia

MId WId gge ZAE + U @A
A (2), 3), @& T3} Zo] FeE.

_ -3 W, W,
wir TIWS I 4w,
)]
—_— zm """'—W
WrZ: “2 +2WW—r—+4.wa’
+4Qww, (6
2. —2ww, ﬂV———2ww ﬁ—2 LA
w, ! & & r
—-4!2ww, 7

A Fig. 1161 debd olde 477 o5y
GF7l AT A 4 AFBAN &9 3
58 7ty M,/ &g Ws 2 kg AAA €
o o ge FuAez wlgpe
Nk wad W IEge i 4¥E 27}

Qolo] gy M, /age w' e A

44e 37

sA s
de ARHez JdE A
o W' Zrtel rldg se

t}.(18) ALl MW,/ &go] Sojm
ge FAs M /de g gg 7AAA 2

o A 6)elN % M /dge iy 2% 4
g F2A71E 9%8E A 84 baM w3

“_;-;qn}- w ,/\-]_‘?.

e

o2 Z4dA du siAd AR ww,
I YE ‘J o gk "é—-—°ﬂ/‘1
3 s9 tARANME

rir
g
o
T
}O‘l

l
A N AEE B o”'é
A 71dste e ¢ 5 A

E
Sf:‘-
tlo
14
X

& BN 2FA w4 959
UF 540 0@ 978 Btk v4 A=
T4 RN 2 UR Fe JHNE W g
Hgol 7% @A dehte HSEEe dE
o SRS FRE BB PALLY UF 4R
e AAAAE F7hehe

=4e F4% 3% &
J Aex serdth £%
Hol o= HE 7lelg &
55w o

AEE ASH

Zo 3% Z4 gE
o A HEE u5%
v RAoE gotgch % oz
F7t el o 9F9 i
o2 7A4sA "ok

#n g8

[1] Hunter, LH., Cumpsty, N.A., 1982, Casing
Wall Boundary Layer Development
Through an Isolated Compressor Rotor,
ASME Journal of Engineering for Power,
Vol.104, pp.805-818

[2] Inoue, M., Kuroumaru, M. and Fukuhara,
M., 1986, Behavior of Tip Leakage Flow
Behind an Axial Compressor Rotor, ASME
Journal of Engineering for Gas Turbines
and Power, Vol. 108, pp.7-14

[3] Inoue, M. and Kuroumaru, M. 1989,
Structure of Tip Clearance Flow in an
Isolated Axial Compressor Rotor, ASME
Journal of Turbomachinery, Vol. 111,
pp.250-256

[4] Murthy, K.N.S. and Lakshminarayana, B,
1986, Laser Doppler Velocimeter
Measurement - in the Tip Region of a

-232-



(5]

(6]

(71

(8]

(91

(11]

{12]

Compressor Rotor, AIAA Journal, Vol.24,
pp.807-814

Lakshminarayana, B, Zaccaria, M., and
Marathe, B., 1995, The Structure of Tip
Clearance Flow in Axial Flow
Compressors, ASME Journal of
Turbomachinery, Vol.117, pp.336-347

Furukawa, M. Saiki, K, Nagayoshi, K.,

Kuroumaru, M., Inoue, M., 1997, Effects of
Stream Surface Inclination on Tip Leakage
Flow Fields in Compressor Rotors, ASME
GT Paper 97-GT-43

Myung, H.J.,, Rew H.S, and Baek, JH,,
LDV Measurements of Tip Clearance
Highly  Forward-Swept
Axial-Flow Fan, Experiments in Fluids,
submitted

Goto, A. 1992, Study of Internal Flows in
Mixed-Flow Pump Impeller at Various
Tip Clearances Using Three-Dimensional
Viscous Flow Computations, ASME
Journal of Turbomachinery, Vol. 114, pp.
373-382

Stauter, R.C. , 1993, Measurement of the
Three-Dimensional Tip Region Flow Field
in an Axial Compressor, ASME Journal
of Turbomachinery, Vol.115, pp.468-476
Foley, A.C., Ivey, P.C., 1996, Measurement
of Tip-Clearance Flow in a Multistage,
Axial Flow Compressor, ASME Journal of
Turbomachinery, Vol. 118, pp.211-217
Copenhaver, W.W., Hah, C. Puterbaugh,

Flow in a

SL., 1993, Three-Dimensional Flow
Phenomena in a Transonic, High-
Throughflow Axial-Flow Compressor

(13]

[14]

{15]

(16]

17

[18]

{19

-233 -

Stage, ASME Journal of Turbomachinery,
Vol. 115, pp. 240-248

Copenhaver, W.W., Mayhew, E.R,, Hah, C.
and Wadia, AR., 1996, The effect of Tip
Clearance on a Swept Transonic
Compressor Rotor, ASME Journal of
Turbomachinery, Vol.118, pp.230-239
Adamczyk, ].J., Celestina, M.L., Greitzer,
EM.,, 1993, The Roll of Tip Clearance in
High-Speed Fan Stall, ASME Journal of
Turbomachinery, Vol. 115, pp. 28-38
Suder, K,\L. and Celestina, ML. 1996,
Experimental and Computational
Investigation of the Tip Clearance Flow in
Axial Compressor
ASME Journal of Turbomachinery,
118, pp.218-229

Puterbaugh, S. L. Copenhaver, W. W,
1997, Flow Field Unsteadiness in the Tip
Region of a Transonic Compressor Rotor,
ASME Journal of Fluids Engineering, Vol.
119, pp. 122-128

Myung, H.J. and Baek, J.H, 1999, Mean
Velocity Characteristics behind a
Forward-Swept Axial-Flow Fan,
International Journal, Series B, Vol.
3, pp.476-488

gg3 WAd, 1999, 3x4¥ LDVE
25 9 FF % A, TV ¥F ¥
&3 FA e wXH3

Chow, J. S., Zilliac, G.G., Bradshaw, P,
1994, Turbulence Measurements in the
Near Field of a Wing Tip Vortex, ASME
Forum on Turbulence in Complex Flows,
Chicago IL, Nov. 6-11

a Transonic Rotor,

Vol.

[e]
O‘ﬁ_—z
ofo

o



