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Experiment on variable tip clearance characteristics of
compressor cascade with suction-side winglet

HAN Shao-bing, ZHONG Jing-jun
(Marine Engineering College,
Dalian Maritime University, Dalian Liaoning 116026, China)

Abstract: In order to further explore the effect mechanisms of suction-side winglet un-
der different tip clearance sizes, an experimental investigation on the variable tip clearance
characteristics of the compressor cascade with/without suction-side winglet was carried out.
Results showed that at 1% relative tip clearance size, the tip leakage flow suppressed three-
dimensional separation on the corner of suction surface and endwall, the cascade loss and
endwall blockage were both minimum; and this clearance size was found to be optimum tip
clearance. The suction-side winglet reduced the strength of tip leakage vortex but resulted in
a stronger passage vortex, and the three-dimensional separation zone was formed again. For
the particular tip clearance, the loss and endwall blockage of cascade with winglet were both
higher than the baseline tip cascade. In case of 2% and 3% relative tip clearance sizes, for
the cascade with suction-side winglet, the tip separation became stronger, and the strength
of tip leakage vortex was reduced. In case of these two tip clearance sizes, the total pressure
loss coefficients of the cascade was reduced by 8. 9% and 12. 5%, respectively by the suction-

side winglet, and the blockage coefficients with winglet were 6.9% and 6.3% lower

KRB :2015-10-26
ESTE :FH %K A RFHEE S (51436002,51406021) 5 12T 49 545 A 37 FH BA 52 #5141 (L T2015004) 5

LT BT REBEE — BIH (L2014197) 5 rp g gy B AR IRl 55 2% % 01 9% 43 (3132015208, 3132014319)
EB B A ik (1983 —) 93 T Ag 95 T )% L PR 11, 3 B e WL S B i ) 2 07 T G R 9.



848 o= 9 o R

LRI

compared with the cascade without winglet. For these three tip clearance sizes, the compres-

sor cascade performance sensitivity to tip clearance variation was improved by the suction-

side winglet, and the degree of outlet flow angle’s underturning and overturning induced by

leakage vortex was reduced by the suction-side winglet.
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Fig. 1 Schematic diagram of experiment wind tunnel
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Fig. 2 Picture of compressor cascade experiment section
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Fig. 4 Schematic diagram of suction-side winglet
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Fig. 6 Secondary flow velocity vectors and contours of axial vorticity at cascade exit



852 LT

= % % i

LRI

U555 . 2 UM e P /G DR 55 1Y R ) b i BE B D2 I
DA [m] I 7 W Ty T AT A 1 A 5 38 T 19 109 A%
SEAT I W g TN R TN B BELR L 2R
TP 3 TG 1% B e W R i 8 g T B TR AR RE AR
W e X SCH R B 1A R B T e TSV E ik
A v 7 i 5 B B 2 i Y TR e /N T 7 BT s R TG
[ia] i o A e 101 B s . SCRRL23 TRy o 3R T
A vh B0 7 s DR T W T T b B A iR MR e
s FETE 1) A R A e AR O T e
BRI A. ¢/c=2. 0% Fl ¢/c=3. 0% B}, it
TR I AZ AL ©/c= 1. 0 %% B 55y 376 35 0 R % ) 1
3 105 o 1) 3 B B 52 R T8 TE 0 e A% BE S G A
AR B T T S e R R AT A T A W
E SIS Rl IL A Wi o N R R ol oy R B e
W2 73 15 165 » U B R o 0 g T /N B S 09 i 0 R

G B I8 A I T A7) R 52 Ax RE L
iy T ——

B 7 JEn g fa) B A
iz A

Fig. 7 Secondary flow velocity vectors and contour of

UL I BE 2R e A 1)

axial vorticity at cascade exit without tip clearance

2.3 MMHOZREREXZRH

B8RP 9 45t 1 ASTA] ] B2 R 4% 07 58 Al i
BEPSVER P (& TN SVAR P O 5 &

Cp = (po — p‘)/%pUi (3

Horp po FETEE S po S E D R TR

XF LGP 8Ca) FHEN 9 FTLAR I . o/c=1. 00},
2 e O B AR RO B T HE ARAE R R )
6T/ i B AR BE (A AR B A 41 ) T i R g T A X
B TET J2 B = 48 43 5 e 0 2R DX R I 2 i
163 118 T 169 5 3 i B 000 A 16 )2 O A 2R 4 XL Y
T INER S L 52 3 e T8/ 3 R BE DR 55 1Y 5 ) ] i R
W 3 TR A A% 1 i B o 1T 23 9 AR o 1 R R IX
IR R R A= S R N A T TV N

/N Ffy DRI v G 7 i S IR RE
BRPK.

t/c=2. 0% Ml «/c=3. 0%k, 23t U i 3h
i Xof Ry T TR b 1 R R X Ay O g i R )
TR R i BE L W% TG /N B KRR T U R X
5 2R AL B 5 W 0 O o 5 ) P 2 43 0 X
A T DXORI I W g T /N B 5 B AL Y
ﬁ]EE’J?ﬁ'S’%ﬁFf’riﬂu W R W g T B T2 37 U

163 52 W 114 752 o) 8 0 R /0N 38 DG 308 A 1A )2 98 4K AH B A

JEFJ/\EFﬁ LA (WCV) I =B 52 46 b VK i 6
W R ks A TG 52 e, i Rl AR A8 R 3l i 2R A
A F AR
2.4 M OHEFHSH

B 10 Sy b AR S 38 8 R R R O
W oy A BRI X A o/c=1.0%
Mc/c=2.000 M AHmIGEIN, c/c=3. 0015
v/c=2. 0 Yo} /) 43 A B2

RS- 45 B R R R EOE U

Coe = | pUCodef[ pUde 0
0 0

Horb UL Sk =00 il 1) 8

i 1 10 W] LA 5 5 TG 8] B o A AH L, 5 7
MEE o/ c=1. 0% B 5] A i 2 1t U 0 A 200
il T W T/ R AR XA 4 B AR R KR
REAR T 6026 ~85 0 I J 1w [l N 19 A< sl 46t 2k [l i)
Tk A R T 85 %0 ~ 95 %% I J 3 1R B B TR 45
IR B8 W T /0N E () 0 2B FB A R TR IR )
T = 4 43 85 1 B CRT AL 6 Cb) e 4 v 9% 38 1)
BT B D Kot R/ TN A XA BE TR
TR 4 8 G 8L 70 %0 ~ 90 96 I R A 451 2k 186 i
90 %6 ~100 %4 I J&& 3 [l P el 30k U 5% 96 55 % K 19
12 4 14 i %) 3 S R B UK TR, o/ c=
2. 000, 55 I8 /INFRL 1 H KL MR L L A g T/
E R R a3 (I8 R IAK G R 7 8 N 5
JEAR TE 8026 ~ 90 % il J& 5w [l P BH I B AIK. 7
90 %6 ~100 Y4 I Je& 715 1Bl P, 3 A1 3 1 208 43 B3 30 45
ST BRI 2% FETH 7 58 3 ek 59 194 30 Y 364 B A1 )
SRR S FEASAT /TRy T /N3 A R
Bl 2R AR fE A K.

11 Ry AS [ 18] Bt Bt 4%y 2 b i o 101 26 e A
14 % e - 349 0 R . A 0 o A T ) T T2

o h h t
C,. :J J oU. C[ldrdy/J J pU.dxdy (5)
0 0

XF AR SO 5 1 T8 /N 364 8 R0 Al L A7 A B

TR R AL X AP AE



4

T A A <A I 3 TR /N B T AL I AL i B S 853

[ 5 I |
n 005 015 025 035 045 055

"0 02 04 06 08 1.0

PS SS T

(a) NW, t/e=1.0%

c R T T T T 1 e
w005 015 025 035 045 055
1.0 =
0.9 H£
=
0.7
0.6
0 02 04 06 08 1.0
PS SS -
!
(c) NW, 1/c=2.0%
c R T T 7717 e
w005 015 025 035 045 055
1.0 =
09 f
08§
=

"0 02 04 06 08 10

PS SS T

(e) NW, 1/c=3.0%

B mEmmmm———
w005 015 025 035 045 055
1.0 =
0.9
0.8
0.7
0.6
0.5

0 02 04 06 08 10
PS SS —~

I

(b) SW2.0, t/c=1.0%

. NN T T T T .
Cu 005 015 025 035 045 055

0 02 04 06 08 10

PS 8§ 7

(d) SW2.0, /c=2.0%

. NN T T T
Cu 005 015 025 035 045 055

1.0 =

09 HA
0s |
0.7
0.6 _
0.5

0 0 2 0.4 0.6 0.8 1.0

PS S8 7

() SW2.0. 1/c=3.0%

B8 i SRR RS

Fig. 8 Contours of total pressure loss coefficient at cascade exit
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