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Structure of Tip Leakage Flow in a Forward-Swept Axial-Flow Fan
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Abstract

The experiment using three-dimensional laser Doppler velocimetery (LDV) measurements and the
computation using the Reynolds stress model of the commercial code, FLUENT, were conducted to give a
clear understanding on the structure of tip leakage flow in a forward-swept axial-flow fan operating at the
maximum efficiency condition. The tip leakage vortex was generated near the position of the minimum wall
static pressure, which was located at approximately 12% chord downstream from the leading edge of blade
suction side, and developed along the centerline of the pressure trough within the blade passages. A reverse
flow between the blade tip region and the casing, induced by tip leakage vortex, acted as a blockage on the
through-flow. As a result, high momentum flux was observed below the tip leakage vortex. As the tip leakage
vortex proceeded to the aft part of the blade passage, the strength of tip leakage vortex decreased due to the
strong interaction with the through-flow and casing boundary layer, and the diffusion of tip leakage vortex
caused by high turbulence. In comparison with LDV measurement data, the computed results predicted the

complex viscous flow patterns inside the tip region, including the locus of tip leakage vortex center, in a
reliable level.
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Fig. 1 A schematic view of test rig
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(b) Side view

(a) Front view
Fig. 2 A schematic view of test fan

Table 1 Geometry specification of axial-flow fan

Edol= A 3

ot w 113.5mm
38 w7 40.0mm
Ao Edol= F7 3.0mm
A 743 37 5.0mm

Eol= Y circular arc
Edjolz A4 free vortex
A &&= 1,500rpm
=T 4 60.5°
Az 42.5°

= AA Alolg A3 AR s LAsE 2%
& Zol7] A8iA A7t 4257 I A3z (forward
sweep angle)g 7Hth Edlol= FAe AAHL
2 gdAsin, A4, 4 & dddxe FAE F
A F e Axg IIlEY. Fig 2 £ A
o] A P& BAFH, FHE 7ETHY
A4EE Tablel o st

FEFE 3 A9 LDV A 2"& AEA 53
sttt A7) (transmitter)ol| A Bo]AE A|7}H]
HEoE B3l brag cell ol &34 40MHz 9
Fa4= o)yl 7lsiAcl. Probe & W Age
600mm ©]t}. Encoder & ©l-§3te #eo] Ao o}
E 58 AET F ensemble HHE F T
LDV 3 A3A AZ¥d FL 08mm T
plexiglass ¥2o.2 A 25 o] glojA U FH| o3t
LAE FAE 4 Utk

22 2 oY

dutxoz 3 XY LDV - Zeol Am
£ AEE2 v &= JEEEZNE HE ¥
ol A dojFd. ol ZE HLd, F
probe A}ol9] ZEE &% A¥e HFP AT
g 4TS "Ae Fog Jdjolth B A A
t 5 probe Alolo] ZA= & 30° & A3, LDV

[ 1
[ 1
[ f
[ 4
1 |
[ 1
131211109 6

A =

§
l
R84
R1185

( Dimension : mm)

Fig. 3 Measurement positions
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(b) Casing
Fig. 6 Static pressure coefficient on the blade surface
and the casing (computation)
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Fig. 8 Particle traces (computation)
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Fig. 11 Distribution of the normalized streamwise
vorticity inside blade passage

7t 4F Wgo 2 o|FsEA £ A YA
9%"‘] vm““"ﬂ’ﬂ dHUFZFoR o)F3ULt. I
2 97 AR 94X 17 G 9w 22
°ﬂ’\19] £E ZFo] AgAn vEY 45 54&
HaHoz sEa= e B & Yot

asaaseas

5
- 2 aan

* o gocad Aa.AA-’\“

LS ndatxh"ﬂ _"unuc.,aaucnccnﬂ

o
;m- 2,

osp

T
R
)

osf

PS ss PS 88
position 1

PS 88
position 7

..M..-u..
,....-::l"'"

.
foevtt® ‘Ag'
B,‘:nm.mnicé"'

e gatloos b
« 063

5000EEHOTRCH00RC
PPPVNTVIvYS

s gRBOESaans
= 758

position 11

position 17

Fig. 12 Blade-to-blade  distribution of streamwise
velocity at several axial positions (measurement)

g T4 4Fe E4¢ ug TAHoE 3
o317 ANA Fig. 13@)% 2ol T4 S+Fel F4
e E3ats BEA (5r,r) 2 YA 714
s A4 Hhsc}:_o_ r = 4 wge Lo uA
B2 Ve Fig 130)s 20 2 vEdlA
o #4 WY S8 Yerdch T4 45 A
A BYE = AYOERH T4 GFe) X

o

ey

7t BEolE Fdoz T WY WY AEoE
st A &AL & Aok

Fig. 14 & (s r,r) WMoz UF A= T, &
depdch odw F4 ohiE WA ¥ 9F 3=
7h N 2 ghe e 2 R 54
BRI cleld A G NS e dolw

+8 29 A9 Bede eI
o

Fig 15 & R uRe A9 ASe gis

YEbdT)

pUL[2 ®



890 ol F 8 - HHF - WY

: pashcnx;
. 6
v 7
3 g
02 < 190
a o u
& ;:vgv
a93e8y; .
olf 2 e¥a .
o, Y.a
voa*
or & gTal,
» q"’
Cocoligiagas
12 oo 3 0‘1 0‘2 Ul3 04
x  postion 4 (Tip) (Rc'r)/RLip
5 .
H .. : § (a) Streamwise
1o .,%85, : ; 03
R 3 i
° $oag:r 1 postion 4
TSI I
R AEIERERERS L 7 :
v .‘>‘1§ o2l ° 9
< < 10
[¥] 29’ Dggesogga P ': ° :
§ o239 e [ gD
69,9 e
96} .gqqg.
. ory 8 « g%
05— BT 3 T3 2] a9,
(Tip) R-TYR, TR
. . . s 3 *
(b) Streamwise velocity CopoBiasaite
00 o1 P 3 Da
Fig. 13 Coordinate system based on the vortex center R-1)/Ryy
and streamwise velocity along the survey line (b) Normal
(measurement) 03
od7)4 r e HAFoRRH WA, G F W g
& dd £x ZE, P He A 1S Bl : :
- . = - - L - 9
= JFE vepdch #7e] A 25 33 " 5 i
ool fAlel & AL vehol, FHA BIE 2 o oot
o ZAEAFNAL W Aolg viehdch ¥4 T3 P
5% B3 #% Alolo 4E Ago] @ 44 mp RLTRLE
o = - v .
HO]-EO]: '{—:T_E E%Liof ?‘_Cg}_ Z‘éﬁ\é}gi L}'E}"}-:‘l, {"'_:jxl—'l o» 8 ;ia.;‘
of a2l wdEch 9% 3 o FYW A Ceolaiiiinis
&4 gL oo w4 {59 Tl ANAHE 00 & & o 5
AL RoFu Heolm Auknl Aol Atole] R-TYRy,
A 2FoF o 74 gdfFe Bdos T (¢) Radial
oZRE A Lol gHALR o]FsA Fig. 14 Turbulence intensity along the survey
Hoz, Ak 74 o fvt sFE Jygstds & (measurement)
Aol 2 9do] WA 4 HM wFo FAhHY
A 72 1) AH 19 9 21 s FRel  # AFAME olHd AR sHol o
o WAHE £42 3H B F 9 #E Aol BAE P AHE] A
F 4L, UR FE 3R 2 dolEz
44 BIESE X2 JlHel Metgt oct sa 5 FAAL R Al 1A A ALw R
£ Aa Zolol olxlE g B ARYE A8sio] AN ARE A )
59 9 UBdAE B3 453 gW FH Utk Fig 162 1 A 47 ARWE HEA
F Aolel HE 48 W g FH 4T 4% o Beolm U Aol yolde) A AF BE
oz Ags] Hid If fEel FAHEE, gy oug Baolrolxe Jg Alg BEo
Ao} AR AW G AEHE A REDG FAH o 5 4 g o Fie
5 2]
(e}



Ag 7Y dolAel

Fig. 15 Total pressure loss coefficient distribution inside
the blade passage (computation)

(a) Blade

(b) Casing

Fig. 16 Static pressure coefficient on the blade surface
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