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Experiment on_clearance leakage flow-and aerodynamic

performance in shrouded turbine cascade

LIU Yan', LIU Pan-nian"s-JIANG Wo-han's LU Hua-wei*, ZHAO Peng-fei'

(1. School of Energy-and Power Engineering,
Dalian University of Technology, Dalian Liaoning 116024, China;
2. Marine Engineering College,
Dalian/Maritime University, Dalian Liaoning 116026, China)

Abstract.~Flow structure at the exit of turbine cascades and aerodynamic performance
were studied experimentally in a low speed wind tunnel for unshrouded and shrouded blades
with a turning angle of 108. 1°. The secondary structure, distribution of flow angles and to-
tal pressure loss coefficient on exit planes were investigated under various working condi-
tions, including different clearances between the blade and the casing and different angles of
incidence. Experimental results show that, compared with the unshrouded turbine cascades,
the shroud can effectively control tip clearance leakage flow and reduce aerodynamic loss of
cascade. With the growing clearance between the shroud and casing, the amount of leaked
fluid increases. Consequently the mixing loss induced by the leaked fluid becomes larger. For
the cascade studied hereto, the clearance should be less than 1% span of the blade. Variation
of angle of incidence influences three-dimensional vortex structures and their intensity in cas-

cade passages. Also it clearly affects static pressure distribution on the suction surface of the
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blade. Proper and positive angle of incidence helps improve the flow field, thus enhancing

aerodynamics performance for cascades with large turning angles.
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aerodynamic performance
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Table 1 Main geometric parameters of cascade

ZH ol
M 5% b/ mm 130
M H/mm 160
A5 HE ¢/ mm 100
Him 5% K C./mm 100
JLAT S Bra/ () —40.7
JUA] B S Baa/ (O 67. 4
MRV AR/ () 108. 1
THA B/ (O 40. 2
EATH S 1.3
[l JE B e/ mm 1

B2 My ALZ
Fig. 2. Blade profile

15 S Ry A i EE 2R 80 mm Al 4 mm
Ab 4y A E 8 AN H AR N 0. 6mm By #HESL . 7E 6 5
W B W TR (] R 1) A AR S i A R 14 A H
220 0.6 mm 4 & L. 33X 26§ R L ok I 5 i
Jr e ER 5 TR S % i 3R T s I S T
JE LA B B AR W& 3 Jr 7S S 56 s i 2ok o 4 i

Sy B V‘L b

A.-. ............ —+ A

.............. 3
i

0

TR iR

B3 mf f 3 0E R AL AL E A A s B R R mm)
Fig. 3 Schematic diagram of distributions of
pressure taps on blade surface

(unit: mm)

T S AR R R A TS I T ) B S R £ S
WK 4 Pros. B 5 E i BE 22 (6] 69 18] B
ABIR0. 5% H Y% H F 1. 5% H =F T.00. 247
Wit v 2 A IS ) I R e R R AR AR A
P] I e 3 10 S L 1 R G 37 PT R kA T/
Ak A B 2 Y 4 X AL AN S, BT 80 mm Al

4 mm.

S
i

4_AEIE WS-t S K 5

Fig. 4 _ Rectangular\turbine cascade test rig

AL B R B Ma = 0. 23, T
G TOLP- 3R R R TR it 1R RO AR
Re=38.32X10°,

R S St 15 22 R IR TR A b R GG
(0.006-25 mm) & Jf g 152 25 (H T Al IR 2 25 R
005 %) B % R HE iR 25 (0. 05%0).

2 KWERMOH

AR SO B S A0 % 2 MR R T i [ R B 2
HORER I i S MR B R R BORN 2K T
Je R B R IE il

C, = Pml_Poz D
Ze
C, = b D (2)
) DPor — P2

(DR (2) 1 oy B pucd 49345 WA 1O

SRS B T3k 5 poo 2o M 11 B 5
Sy R SR S pe S S
ARSCE L PN i =B B Horh B -l
HEE S AR e 0 2 A
2.1 wHEWS kBT A L L
TEFA R R) B s B g 1Y% H Fmpf i =0 I, 52
5 00 5 A AR R T 36 26 C 7 T I 4R IR &l 5 p
S B S Ca) S 1 2 TG LA I L B 5
QORT RN PR R el - RV ) A S ST
Bl 5 00 B 5 Ca) T LA H T 1 B 3 A



%104 X1

0.95F>
0.90
0.85
0.80F"
0.75F [
0.70 .\
0.65
0.60 f(
0.55
0.50

z/H

o NN ~ — 4 il
0 0.2 0.4 0.6 0.8 1.0 12
x/t

(a) JTCHAF

ossb
0.90
0.85F
0.80
0.75
0.70 £
0.65 F
0.60 F
0.55
0.50 F
0.45

z/H

x/t
(b) AR

P54 H T B A 36 04 C.
BT L 4k 5]
Fig.5 Streamlines on cascade\exit _plane of

36 % C, for/clearance of 1% H

T 5 43 90 2 1) B I s ( TLV) L3838 98 (PV) Al
B CTV). ] B il s 5 130 18 9 2L A AH I 1)
T 2% 7 1) o A6 AT E A 422 ik ) b 5 23 B B 1)
O 7. 30 30 R 5 R 2 R L f L 17 A
FENTHA FA IS 00T - I 5 (b)) AT LA H, (8] Pt
TR I 1 T A T TS AR R R 1 TR R A G BB A
15 LU E5 T, ELIR A A BB ) i BE L 150 BH 32 U I
RNy SR [y o R/2) B e I el oW A (O R % -2
IR A

B 6 45 T R BE T 00T . G [l 5 ]
A 36 0 Co I B 2k R B .
6Ca) nf LA H . JC A 1 B0 T . BE B L i BE 2
10 2% W e ¥ B DY A7 7E — 2 H [ B 9S 308 5 | S 1
G DXL A i R R SR I R T A Y
2t 1] AT B M L S R R B8 2k % A 7 1]
Bt ot O o Ak 32 R T AR B R R g 5 i e
TOU [0 552 3 1) W A0ty it 9 9 4 5 3 3 PN 32 o 2

G A 7 BT 1 109 %6 0 B0 1) B O 9 B 5 R B I RE SE 2295
C

B P

0.95 p 3.7

o0 33

29

0.85 25

0.80 2.1

§ 0.75 :Z

0.70 -

0.9

0.65 05
0.60
0.55
0.50

0 0.2 04 06 08 1.0 12
x/t

(a) TCH?

0.95
0.90
0.85
0.80
0.75
0.70
0.65
0.60
0.55
0.50
0.45

0

w/H

0.2 0.4 0.6 08 1.0 12
x/t

(b) AP

6 1% H (] i i 11 36 %6 C i T
BE R R A

Fig. 6 Distributions of C, on cascade exit plane of

36 %C,, for clearance of 1% H

R . X A L A T S A AR i
AT AT D SYAE (7 87E% ¥ G 11704 N i o1 & i g DRV Wl
AR FER AR E S E g BE ] 0 A5 Ll
TE 5 R R 008 I R 0 X8 AH B R A8 R B A A 2
L5 LT b 1 AR A DX 3 B ity B T

7 b 1 TG L A e B A L A A A
T R T 36 96 Cu B TET Y I ST E Y R
2% Z BT i B 20 A R OO X AR IR 5 AR 6, [
T HE— AR TR T A A RE A O O
TCHIAF B OCT B 1 45 2% 5 R XA YR A [a] Bt i
T T 388 3 109 1 R % 10 B O 5 49 1B 49 0 e S A
K X IR YR Ay iy B X 38K 3 T i R R T X
B EIE W A% AL Bt e b DX A L A
P S A R AR I 2 D T TC LA A A
SR TE Vi BE R

TG A i 5 2 RS i Bl A — 107, 0° R 4-10°



2296 it

¥

3

DA %28 &

1.00 ]
F e D —o
i )

0.90 f §A e
=

0.80 & —o— Unshrouded blade

E Ao —A— Shrouded blade

[ X

UF:
o ju]
L 4

0.60 F f

Bl 7 49 R T B R R R O i o
Fig. 7 Pitchwise mass-averaged C, distuibution

along blade span

Al R R B P 2 R R R R R BUR T 8.
5 TG 7 A B A — 107, 07T+ 10° ph 1 R R
FAHS Bl A A 3 2 AR k4 i R T 35, 1%,
53. 6% 60.4%. g1 LA i, Bl XF T B AKIE h
Pk B A 2 (IR TR) B A S P g A
MAAE — 10"~ + 15" HE W (F: B T2 45 IR
il SL B0 HA R +10°, iR =+ 15 I B 2k
TN = 20° BF 451 2% I 06 3 O AR oF A 1Y
NI TOPSE T Y

0.75—
0.6F \ .
0.5k B
o L\\
O 0.4F
~
0.3k \\
N
0.2k o-\Unshrouded blade T
' A~ Shrouded blade
0.1 ) L L
-10 -5 0 5 10
i1°)

& 8 v BE T o - 3 0 B R R R AR v A AR b
Fig. 8 Pitchwise mass-averaged C, varying with

angle of incidence

2.2 BT 5 E S E X B e R
=AU

S v [ 5 v RE 1) A ) B B 43l
WM O0.5YHL Y% H M 1.5%H =F TH. % 5
PEH A =0 TOLHEAT AR 2. 1 W e Al T
Bk 106 H O 25 58 AT 45 s HC Al 195 b 1] gt B
0.5% H F11.5% H Bysi 25 1.

9 57N 1A A2 T Rl R] B s I T 36 260 Cs
TR R R R R R B A HLER IR 9 () (BT 6 (b)) Al

9Ch) ] LA H Bt 18] Bt o5 32 1R 38 K » i BE 7 3l
58 % DX I A K (AR 1 DA 3ok 2 A M B A 1L PR D
T 5 7 A 0 /0N P ) i e 9 0 O gl 45 2k L
H T 5 AR IR BE AR 5 A R R R . T L
RE 451 % . [ 0B A i O 0 A L 9 900 % A
R PR T i 4 2 il K

c

0.95 14

0.90 12

0.80 ‘1~0

0.85 g-z

0.75 |-

% 0.4

0.70 02
0.65
0.60
0.55
0.50
0.45

0 02\ 04 06 08 10 12
x/t
(a)T=0\5%H
C

0 0.2 0.4 0.6 0.8 1.0 1.2
x/t

(b) =1.5%H

B9 WA B A ok O 36 06 Co i T
Fig. 9 Distributions of C, on cascade exit plane of

36 %C., for two clearances

B 10 52 7% 114 2 R 0 ) B bt oAl 1 36 26 C,
B E R 2 A LA 10 Ca) (] 5 (h) il A
10Ch) AT L& 30« Bl 45 8] Bt e B 7 186 K, R & It A
Tz i UG 5 b TR 0 1B TR AE 5, 5 5K
3 T AR R b [R) I T s BE T R
ol SR A A A - R Sl R

A [ri) ] 0 g B8 s 4 B8 T - 2 ) A R A R R
BRI O 5 £ I v o oA s T 1T R
12, 3@ bW ER I 11 FOE 12 A] D& B, Y (8] it e 32



%104 XA A AR 0 A8 A ) U I Bh S S TR RE S R 22917

095k
090F /7,
085} /,

0.80 '/

0.75 B
0.70
0.65
0.60
0.55
0.50
0.45

z/H

0.95F -
0.90
0.85
0.80
075k
0.70F
0.65F
0.60
0.55
0.50
0.45
0

z/H

0.2 0.4 0:6 0:8 1.0 1.2
x/t

(b)T=1.5%H
10 PABA] Rt B R 136 Y0 Co 8 Th .46
Fig. 10  Streamlines on'cascade exit plane of

36 % C,, for two clearances

AKTF 100 H B, BlAE (8] B s B 03 K, - T X35,
ORSYASE PR {7 C: b | Y SR o N NIE (EP S [
Bl v B KB 1.5 96 H I 3t 8h 45 2 i 3% K (AL
L) S0 R i B 52 7™ 5 (UL ] 12) i ] J i)
stk R 30 Ao B s 174 D AR 2 kR iy
6 30 ) I 3 b s 9 S 5 R T AR BB TR T
S0 RE 1t R0 Bt B 2R R R OR . AE AR SO R 4 TR
Wt v 82 9 1 AT o ) Bt v R A A xof it e b R RN I
T B0 3 B0 R e A /N, B Vs R L R I TR
Bl EE R U LA 5 o BE 2 () % [ B v BE AR AR
BRF 1%H.

N1 =0 AN e S TS (O D S
THT 19 25 1T 1R 22 40000 A an 1B 13 Ca) il 13 (b)) TR
TEGNEE 11 FIE 12 i i o T B e B AR AR X i
R A s I AR /N (O] 13 Ca)) . AN ][] 0
FEALRIAL B R A T VAR A R I fef 45 i ik Ak
F1R) 00 (R A 22 S TR v B8 8 A F it T Bf 30 s
THT P14 25 T et 1 5 R A K (LGS Iy TRT 174) 2% T e 5

1.00 5—0
[ o ___o—O9
090 F géﬁ/o/o
N (e}
080F &
[ &
T I & —o— 1=0.5%H
070F 8
s —a— T=1%H
0.60 F i —o— 1=1.5%H
os0f L

0 05 10 15 20 25 3.0 35 40
@

p
B1T A I R 1 R A AR B i e A
Fig. 11 Pitchwise mass-averaged C, distribution

along blade span

1.00
L O\O\O\o\o
0.90
r 20
0.80-F &
S 2
BOT0F o 1=05%H\ B
[t T=1%H b
060 —o—"1=1.5%H iL
050 ’

80 90 100

~
SF

30 40 50 60
Yaw angle/(°)
12 1 R BT o V- 34 A AR AR T R A A
Fig. 12 Pitchwise mass-averaged yaw angle

distribution along blade span

Wi 5 Sk WY 5. A6 0. 5% H [R] B g JBE B i R W T
e He Y S JH At 7 b ) B o BE T 0 Hs. T 7R
1% HY 1.5% H [B]BRR i R % 77 T 26 1 i R AR 4k
RN, FEZY 50 Vol 5% UG » - R W T A e — B
WS ()4 B A3 » 33 FR AR5 ) (LI 2).
2.3 AR B A RE RS R M

VWU A A B oy 140 H T, 0=
—10°F1 i=— 10 P A Ik, MM 1 36 % C. %
BUERR R B A A 14 TR, AR TR AL B vp A
(=0 THLIEE LA 6 (). H B 6(b) FIE 14
ATLLVE 2 ofof i —10°, 0" 3G fin 2] + 1070, Fui
B XI55 D e 458 2 DX 328 ¥ ) W2 T O A% Bl HL 45 2K 328
AN B R D ER R R B0y 4.2,1.8 F10 1.8
CSEBR b o fe K A0 R & A A 5 30 i BE Ak {HL Hy
T HALREA S AH — & RoF, Jo ik il #2132 X 0.
A R ORI i BE DX 8 400 2 Xl AR
Wk, 5 =0 Mt . i = — 10°WF A9 3 3h 4 2%
PR R B 3G . & 15 R 2 R A o — 10° il



2298 o= s 1 ¥ % 28 &

1.0

L B—=f=p A==

R=R =R

- ~ y =S

0.6 i\
. i —o— 7=0.5%H
—o—1=0.5%H o o02F —o— 1=1%H

i —o— 'L'::‘Vso'l;lH - [ —n— 1=1.5%H A

] —s—1=1.5%. A0 | 0

i — 02k K\D\n\ %g/é

L /@g@ K O—~0—q—

- —p=t L AN

L 1 1 L 1 L 1 L 1 1 _0‘6 L 1 1 L 1 L 1 L 1 1

0 01 02 03 04 05 06 07 08 09 1.0 0 01 02 03 0405 06 07 08 09 1.0

YIC, YIC,
(a) BH4R80 mmi - 216 (b) #2934 mmit 3R T

z/H

0.95
0.90
0.85
0.80
0.75
0.70
0.65
0.60
0.55
0.50

0.95
0.90
0.85
0.80
0.75
0.70
0.65
0.60
0.55
0.50

&l 14

& 13

W R 2 T T R RO A

Fig. 13 Distributions of C,, on blade surfaces

3.8
3.4
3.0
2.6
2.2
1.8
1.4
1.0
0.6
0.2

|| NERARNNENEENEN

0.2 0.4 0.6 L ; 1.2

X/b
(a) i=—10°

1.8
1.6

14
12
1.0
0.8
0.6
0.4
0.2

0.2 0.4 0.6 0.8 1.0 1.2

X/t
(b) i=+10°

R T B £ 136,06 C B

KRR R R A A

Fig. 14 Distributions of C, on cascade exit plane

of 36 % C,, with different

angles of incidence

0.90

0.80F

z/H\

070 F

0.60 ’{

0:50 E

x/t

0.90

080F//

z/H

0.70

0.60

0.50F

(b) i=+10°

A TR) o R B I 36 00 . 8 T I 2R

Streamlines on cascade exit plane of 36 % C,,

E 15
Fig. 15

with different angles of incidence

10 5 1A 14 AR [R] A7 A b T IO O
R 0T AE LB 5(b). Hh#RaxX 3 kT LA &
B« Bt b O A T T R
FERIH BB, 3 2 iy T vh A A2 AR e T AL



%104 X HEAE <A AR A0 A8 A ) U I Bl S S MR RE SR R 2299

1 = 4 T 2R 254 Je FLAR 2. KR 1 F 7S 3 B - Y
IR AR DO R 72 I 4l ) e 16 235 g A HG < gl
BB A T A SCHT IS 1 K i 2% A% B # T #
P g S0 A IR KR A0 I A EE A A5 2R AR RO
TR BL - AT UL AR X T IE oh A ek A 1
0T B S8 T AL Sl A8 R O A T S R ] B
Tk I A2 TR o 5tk 2L TR0 B b B/ L O 5 4
KA.

16 25 7 —10°,0° R+ 10w T, 5 BE
P R A AR B R o A B 1T R A
IR AT I 0 A O ) b A R B R R
BB B o A R LA B AR SO B i A
P PR AURR. BE A oA A B/ & 3L Bl 4 O I e
110 28] Pt T 9 94 A A A T X R 25 £ )
107, L S0 R H B B A3 K. i 17 AT
DA AR 7w R X AR — 107 nh iy L B
A ) S T 38 R U e A A R A% L T T T
SN A i T AT AR 2 8000 H AL i % AN 2 1Y
5. KT 8006 H LG » % "R GL . %& wi /i T

1.00 5

090F 407 o—"

0.80: Aﬁfi%/

[ £
0.70 &f‘?

z/H

0.60 [

0.50 I

04 0608 10 1.2 14 16 1.8 20
@

P
& 16 9 B BT S 24 09 A B 2R R B0 e A A
Fig. 16 Pitchwise mass-averaged C, distribution

along blade span

1.00 EL%% p
0.90 | o
A
Ao
080F %%
o L e,
et A0 0 i
8 i ALe —o— i==10°
0.70 ng P
osof 4@ oo
Ul
osof M

68 72 76 80 84 88 92 96 100
Yaw angle/(°)
17 5 BE BT 24 0 S AR TR R A
Fig. 17 Pitchwise mass-averaged yaw angle

distribution along blade span

S O . HBEE vh AR A R S I g 1 5 A
O°mhfInt PE B FomBEL 2. 5% H (i B XWX
TFERAS /N FE — 10° v ff BF B B | i BE 24 7 20
R LB A A IR AR /.

18 Bos i 3 Fprowfffr o 0 i To R
AT 3T IR AR RO A 1 OO i AT DU e
£ 8 Al oRE et e 55 i T50 R 3 F g T 1% 3% T AR AL
G3 A FE M AN R BT e W Ty T ) 2% T R AR R
G3 AT R W A Sk WY . B oA G OK L e ) TR R T
B R B B AE 7256 Ca B RS AR b
N R ME R R B ol T E A 7R R A
I T3 B 30 8 5 I 3 TR 43 I AE AT 2% & 42 %0 C
A8 040 C.o 30 BN & B A 80/ o I R 1) 2% T
FBHG R T AE R TR BORR 4y 1 B0 AR B
BV Ri 5 i A 1 /) o R T S AR O B 2
AN IE & LU= V7S N o 1 S @ B T e 4 0 A S
SRR IRAE 48 0 Con ib ) FE — 407, 0 F1 4 10° vfi £
s AR I R T A4 B A
4206 C,, 42 %€, F1 85 % Cy b, Bi W 1E op £ 18 L

1.0

08
=5
056 [0

04 ?\OQJ

e;@;§§§§

%

Ot 02

—o— i=0°
Q )
0 g—A \ —a— =+10 /Q?Q;e
021 b %

—0.4 \

A—A =
70.6 -

0 01 02 03 0405 06 07 08 09 1.0
y/Cll\

(a) BiM480 mmM =1

1.0
0.8}
0.6k
04f

O 02k

0:

—02}

—04}

T

0 0.1 02 03 0.4 05 06 0.7 0.8 09 1.0

Y,
(b) Him24 mmit | E

& 18 AN[a] e ff Bsf i e 3% T e R B A
Fig. 18 Distributions of C,

. on blade surfaces

with different angles of incidence



2300 it

g,
7

i %28 &

o R R R g T e AR s Y A7 B
S0 R R 18] T 2% 07 170 % 3. X 2 P O B A O o
FRIER s R W i g 11 B R v VR B i = P
S A AL Sl AR G TR BE SN, BUR AR )
B R YT B B R KL B A 5T R
WY o g X ik 25 2 AT T g o A L B4 5 L
TR 0 10 W S5 0 e I A5 I R A AR K
KA AE— 10"~ + 15"y A 5 [ 4 L BE A ol £ 44
K BTk 2 A AR ) T LA i s g R
N TR] F T 22 1 O BT L 09 O S IE 1 A SOk AT Y
-2 J T HAT AT Sk AR 9 2 5 T A e A A
-7,

34 it

AR S ARG 3 X < L7 0 ROk L A 4%
WA SCIR T E 1T AT 168 %6 o Al e T O 3 3
BN ERE  WEFE 1A [F] BAE b 1) B R 50Kk
TRUIEDORIAE Al RS R =R A PR RV
B AR B L 258

1) 5 T [ 7 it A AH B o T80 R BHL A T 5
TOU [i) B ) A ik s 228 17T T 1) 5 i 00 7 A DA T
EREAR T U B . B AR S B A A
JE R AE BOR A AT T R R 1 A AR S it

2) [ b 1] BT ey 3R itk Y AR B 2
T g B R 11 R T O O R R A LB R
T 3 20010 RE 2 A 3l 5 450 2R B B X AR S
G0 A LT 5 o R 2 () ) [ R e o G A
KT 1%H.

3) X T AT RS I R HIT Sk EAR R 3T A
{18 v B A I R o oA A8 Ak X it e e T S R
TR V14t .0 A 52 ) A8 O B I R W ) T e T
A 52 M 2 R W 3 > 1Y OE b AR RE 68 0 T Ik
O, HETT H2 R B T fE.

S 3k :

L1 246 MM T8 55, 0840 2 a) Bt it O 0 3 3 3 4%
BT ] A2 3 241, 2008, 23(7) : 1260-1265.
LI Wei, QIAO Weiyang, XU Kaifu, et al. Numerical simu-
lation of active control on tip leakage flow in axial turbine
[I]. Journal of Aerospace Power,2008,23(7):1260-1265.
(in Chinese)

[2] Denton ] D. Loss mechanisms in turbomachines[]]. Jour-
nal of Turbomachinery,1993,115(4):621-656.
[3] Yoon S,Curtis E,Denton J, et al. The effect of clearance

on shrouded and unshrouded turbines at two levels of reac-
tion[ R]. ASME Paper 2010-GT22451,2010.

[ 4] Gier]J,Stubert B. Interaction of shroud leakage flow and

[5]

[6]

[8]

L9l

[107

[11]

[12]

[13]

[14]

main flow in a three-stage LP turbine[ J]. Journal of Tur-
bomachinery,2005,127(4) :649-658.

Porreca L,Behr T, Schlienger J, et al. Fluid dynamics and
performance of partially and fully shrouded axial turbines
[J]. Journal of Turbomachinery,2005,127(4):668-678.
Giboni A,Menter J R,Peters P, et al. Interaction of laby-
rinth seal leakage flow and main flow in an axial turbine
[R]. ASME Paper 2003-GT38722,2003.

T AR E AR AN S BT R P UK R e R 4
F BT (1], TR ) B 2 4% . 2002, 23(5) : 553-556.
WANG Zhongqi, FENG Guotai, WANG Songtao., et al.
Study on secondary flow vortex structures in turbine blad-
ings[ ] ]. Journal of Engineering Thermophysics, 2002, 23
(5):553-556. (in Chinese)

B IR EIE W, F 5 M. A0 BB A T U O T
[J]. TR FIAE4] . 2003, 24(5) : 753756,

JIA Xicheng, WANG Zhengming, WANG Jiawei. Leakage
flow and leakage vortex in-furbomachinery[ ] ]. Journal of
Engineering Thermophysics+2003, 24 (5): 753-756. (in
Chinese)

IR R 2R VL S TR VR A B R SO R ) B U B
HIECE 43 A1 5 Heg LT 1. i 2508 1 2% 4. 2003, 18 (6)
827-831.

JING Ronggiangs LI ‘Minjiang, GUI Xingmin. Numerical
analysis and comparison\of-the tip-clearance flow of a high-
loading transonic compressor [ ] ]. Journal of Aerospace
Power,2003,18(6) :827-831. (in Chinese)

Pk, TR E AR AR L 55 3B T HILAR 2R 1) I 3 F 5 1
PR, Sy, 2001,31(1) :70-83.

Yang Ce, MA Chaochen WANG Yansheng,et al. A review
of studies on turbomachinery tip gap leakage flow[]J]. Ad-
vances in Mechanics,2001,31(1):70-83. (in Chinese)
AR - F T~ 3 T 3l i T[] B it 1) 2 30T =X R H
BF-PERE A m [ . VG 2 58 8 K % % i, 2005, 39 (3)
243-246.

QI Mingxu, FENG Zhenping. Representation formation of
tip clearance flow and influence on turbine performance
[J]. Journal of Xi’an Jiaotong University, 2005, 39 (3)
243-246. (in Chinese)

FE e AR S U S TR ] R 2R Y 5
ERFFELI]. M8 3 712 4 - 2009, 24(5) : 1096-1100.

SHI Baolong, QI Xingming, JIAO Jinyi, et al. Numerical
analysis of the secondary flow and tip clearance leakage
loss[J]. Journal of Aerospace Power, 2009, 24 (5);1096-
1100. (in Chinese)

A5t b B A dh 01 8 A e e T o 2l A TRAR U Y
BUE S LT AR AR ML A 2011, 24(2) £ 30-35.

YAN Jing, Yang Zichun. Numerical analysis of tip second-
ary flow in rotor cascades with or without shroud in power
turbine[ J]. Gas Turbine Technology,2011,24(2) ;30-35.
(in Chinese)

Fro A AR A 4R gl Y T U O 3 0 T 2
AR RE R R BCELAT ST LT ], AR B LA 4. 2007 . 28



%104 XA A AR 0 A8 A ) U I Bh S S TR RE S R 2301

[1

5]

(suppl. ) : 85-88.

LU Qiang., LI Jun,LI Guojun,et al. Effects of the tip leak-
age flows of the shrouded rotor blade on the aerodynamic
performance of the turbine stage[J]. Journal of Engineer-
ing Thermophysics,2007,28(suppl. ) :85-88. (in Chinese)
Behr T. Control of rotor tip leakage and secondary flow by

casing air injection in unshrouded axial turbines[ D]. Zur-

[16]

ich, Swiss: Swiss Federal Institute of Technology,2007.
kA B IRAR TS L BRI AR L S T T 4G A P O R 5 1
WRIEHFFE LT ]. ML T RE 24 4] . 2010.46(12) :155-160.
ZHANG Hualiang, TAN Chunging, CHEN Haisheng, et
al. Experimental investigation on vortex structures in line-
ar turbine cascades[ ] . Journal of Mechanical Engineer-

ing,2010,46(12) :155-160. (in Chinese)





