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Effect of Blade Loading on the Structure of Tip Leakage Flow
in a Forward-Swept Axial-Flow Fan
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Department of Mechanical Engineering, POSTECH, Pohang 790-784, Korea
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ABSTRACT: An experimental analysis using three-dimensional laser Doppler velocimetry (LDV)
measurement and computational analysis using the Reynolds stress model in FLUENT are
conducted to give a clear understanding of the effect of blade loading on the structure of tip
leakage flow in a forward-swept axial-flow fan operating at the maximum efficiency condition
( $=0.25) and two off-design conditions ( $ =021 and 0.30). As the blade loading increases,
the onset position of the rolling-up of tip leakage flow moves upstream and the trajectory of
tip leakage vortex center is more inclined toward the circumnferential direction. Because the
casing boundary layer becomes thicker and the mixing between the through-flow and the
leakage jet with the different flow direction is enforced, the streamwise vorticity decays more
fast with the blade loading increasing. A distinct tip leakage vortex is observed downstream
of the blade trailing edge at ¢=0.30, but it is not observed at ¢=0.21 and 0.25.

Key words: Axial-flow fan(£%3% ), Leakage vortex((¢+4 $§), Tip clearance(®d +3),
Blade loading(£d o= 3t%F), LDV(Fo]A =& #%4), Reynolds stress model
(gAlolsz €8 =d)
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(a) Front view

(b) Side view

Fig. 1 A schematic view of test fan.
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Table 1 Geometry specifications

Number of blade 3
Tip radius 1135 mm
Hub radius 40.0 mm
Max. blade thickness 3.0 mm
Tip clearance size 5.0 mm
Blade type Circular arc
Blade design Free vortex
Rotational speed 1,500 rpm
Flow angle; outlet 60.5°
Sweep angle 42.5°
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Fig. 2 Measurement positions.
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Fig. 4 Performance curve.
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Fig. 6 Contour of the normalized axial velocity component inside tip region ( /R y,==1.004).

(a) $=0.21

(b) $=0.25

(c) $=0.30
Fig. 7 Particle traces and the distribution of the reverse flow inside the blade passage (computation).
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Fig. 12 Normalized streamwise vorticity distribution inside blade passage ( ¢ =0.25)-computation.
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Fig. 13 Normalized streamwise vorticity distribution inside blade passage ( ¢=0.30)-computation.
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Fig. 14 Turbulence intensity distribution inside

blade passage ( ¢ =0.21)-computation.
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Fig. 16 Turbulence intensity distribution inside blade passage ( ¢ =0.30)-computation.

T =
v § M B
Rotation : H : 8
02 é M 02 3 4
—- . Dn it - 2
[ = .
30,4‘!. .'!!'
3] o, '4‘. 01 '53“ .,
o ,"" Qo0 “"l o
°‘°‘§l!;!8l‘ on -a!sn
1] (5] 7] o9, L1 (3] LE] T4
(Rt-r)IRﬂp RTVRyy
(a) Coordinate system based on vortex center (b) Streamwise
03 030 03 03
TR T T ey
B 4 ;4 T
wl e o o i H 0 Do
v 3 i 3 b 3 H ° 3 I
I - e LBeiv.
il N B et b
oif B st 010 ?:,g':. v‘.. o1 3.‘2!: ISR
] 018 031y o [
%o °’5:=4 DO n"f’{': 5 b-.an.gh! °°°6 "%i;‘
TR TH °olgpteininid
8 [ [F} (5] T4 O L] 133 LE] T4 (1] 1} 5] T4 02, L3 L] 5} .2}
RrYRy, ®RTVRy, R TYRy, ®RDRy,
{(c) Normal (d) Radial

Fig. 17 Turbulence intensity along the survey line (left; ¢=0.25, right; ¢=0.30)-measurement.

A Jebgt, dFe] F/E4E Gf AEY 2
e ZF7HERm, Aol RIAA 4R BEY
arizt & REo] wAwgoz FdHArt o]
B olf& dFol FUIEA AAZF FAH
Ax g 74 %59 £5 A7 F71EA FHof
S5 #5739 43Fgd ¥ FF EF F
7vet7] wWEolth 8 $=0309 7Z-$(Fig. 16 &
z), 3l BEAM F¢ /59 w(gA 11 ¥
15), ¥ ¥4 959 BHols FH H53E
(92 2122 o] AYAA FF FEE A U
133~ ¢=%

] ¥ e EA4e 2o FAHeR ot
7] Y3A Fig. 17(a)+ Zol 4 879 F4
& ER3tE HEA(s, 1, r)E BYFIAT. 97

A FANFE re ST, o Y
g2 Jeldd Fig. 179 (b)~(d)—‘e z whako
o] UE ZTE Jedt ¥ $A4 odF5E d
T dR 2= MR 2 %E A c]-l:s_} H]
5 54€ YEhdt ojd ¥
HEWAL dolsz 8 B Algo "WaAe
AwAg 3 Fo| F/ETFE UF A= 2
A FRFHAYew, oldF AFAE Figs. 14~169)
A ANE ANZEFHY BEAde R Fo

54 &

2 a7dME 349 LDV 34 2 44 4%
#4 =zagel FLUENTE o834 gdol=



e
k)
o,
I
ok
ofN
o
A
]
oft
g

< AU
(1) Edol=
Hol AFHE 9xEe
s i A 9Fo
NEARAM HA 35S
2) Edol= 3F F7HA H
A ey &= Avie Frhske, ¥4
2 o T4 F dEA Aol FAHAM LA
e 979 arie Frrsdoh
(3) Bl 3% F7HA A FAF F
54 T2 FEH A
Z7held A G/ 2
Aoly FEIZAAM o

T

-
A

SHRZ YA 43 2sdt

(4) $=030%0 Sl & T4 &F7 Eelof
= FA HolA BFH v, 6=021 £ 0.259)
A BRYA Fouth o9 Zo] H T4 gF
o] EALE EHol= 37 W 473 dFS
HEThe AS A4

(B) 74 979 #AY 2 Av|E XTI WA
A AxdZdde d¥dned Aoz 4 43
st

z 71
ZIAE 7Y “BlR A4 matching &

R i
218 Impeller W% F5 4" A € BK21 X
Aoz o) FAHFUL

Hnzs

1. Lauchle, G.C., MacGillivray, J.R. and Swan-
son, D.C., 1997, Active control of axial-flow
fan noise, ]J. Acoust. Soc. America, Vol. 101,
pp. 341-349.

2. Quinlan, D. A. and Bent, D. A., 1998, High
frequency noise generation in small axial
flow fans, J. Sound Vibration, Vol. 218, No.
2, pp. 177-204.

3. Pandya, A. and Lakshminarayana, B., 1983,

10.

11.

12.

13.

AN § ¥4 fFEFZA A= I 303

Investigation of the tip clearance flow inside
and at the exit of a compressor rotor pass-
age—Part I' mean velocity field, ASME ].
Eng. Power, Vol. 105, pp. 1-12.

Pandya, A. and Lakshminarayana, B., 1983,
Investigation of the tip clearance flow inside
and at the exit of a compressor rotor pass-—
age—Part II! turbulence properties, ASME
J. Eng. Power, Vol. 105, pp. 13-17.
Lakshminarayana, B. and Pandya, A., 1984,
Tip clearance flow in a compressor rotor
passage at design and off-design conditions,
ASME ]. Eng. Power, Vol. 106, pp. 570-577.
Ro, S.H. and Cho, K. R., 1999, Numerical
analysis on the blade tip clearance flow in
the axial rotor (II) — Variation of leakage vor-
tex with tip clearance and attack angle,
Trans. KSME(B), Vol. 23, pp. 1106-1112.
Hunter, I. H. and Cumpsty, N. A., 1982, Ca-
sing wall boundary-layer development through
an isolated compressor rotor, ASME ]. Eng.
Power, Vol. 104, pp. 805-818.

Myung, H.J., 1999, An Experimental Study
on the Tip Region Flow in an Axial-Flow
Fan, Ph.D. thesis, POSTECH, Pohang, Ko-
rea.

Myung, H.J. and Baek, J.H. 1999, Mean
velocity characteristics behind a forward-
swept axial-flow fan, Int. J. JSME(B), Vol
42, pp. 476-488.

FLUENT, 1998, User’'s guide ver.5, Fluent
Inc.

Myung, H. ], Baek, J.H. and Lee, 1. S., 2000,
A study of the flows of an axial flow fan,
Proc. 1st National Cong. Fluids Eng., Muju,
Korea, pp. 667-670.

Myung, H.]J., Baek, ]J.H., Rew, H.S. and
Lee, 1. S., 1999, Turbulence chracteristics of
a leakage vortex in an axial-flow fan, Proc.
of KFMA Meeting, Seoul, Korea, pp.227-
233. '
Myung, H.J. and Baek, J. H., 1999, Mea-
surement of the flow behind an axial-flow
fan using three-dimensional LDV, Proc. of



304 o] FE - FEF - YAY

SAREK Meeting, Seoul, Korea, pp. 563-567. 17.Lee, G.H. and Baek, J.H. 2002, Numerical

14.Lee, G.H., Myung, H.J. and Baek, ]J.H, analysis of internal flow through impeller for
2002, Structure of tip leakage flow in a matching turbocharger, Final report, KIMM.
forward-swept axial-flow fan, Proc. of KFMA 18.Inoue, M. and Kuroumaru, M., 1989, Struc-
Meeting, Seoul, Korea, pp. 131-136. ture of tip clearance flow in an isolated

15. GAMBIT, 1998, User's guide ver.1, Fluent axial compressor rotor, ]J. Turbomachinery,
Inc. Vol. 111, pp. 250-256.

16.Lee, G.H., Baek, J.H. and Myung, H.], 19. Lighthill, M.]J., 1952, On sound generated
2002, Structure of tip leakage flow in a aerodynamically: 1. General theory, Proc.
forward-swept axial-flow fan, submitted to Royal Society, A211, pp. 564-587.

Flow, Turbulence and Combustion.



