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Effect of contoured casing design on tip-leakage loss control

in a turbine

WEI Zuo-jun, QIAO Wei-yang, SHI Pei-jie, ZHAO Lei

(School of Power and Energy.,
Northwestern Polytechnical University, Xi'an 710072, China)

Abstract: Based on Menter's SST (shear stress transport) turbulence model coupled
with Langtry-Menter transition model, the effects of fully contoured casing and partial con-
toured casing on the tip-leakage loss was numerically investigated in the highly-loaded low-
pressure turbine cascade T106 with tip clearance. The results show that: the contoured cas-
ing design changes the vortex structures and loss components in tip region, and such effect is
obviously impacted by the height of contoured casing arc. The increase of the span-wise size
of the pressure side/tip junction separation bubble leads to more stronger blocking effect,
thus reducing the kinetic energy of the tip-leakage flow. Partial contoured casing could re-
duce the additional cross flow near the endwall caused by the local divergence of blade pas-
sage, and lead to larger loss reduction. Therefore the cascade outlet total pressure loss is re-
duced essentially, and the maximum is up to 6. 1% points compared with original casing.
The gap-size sensitivity analysis shows that for both kinds of contoured casing, the effective
gap-size regions of loss reduction are larger than 50%. Moreover, the partial contoured cas-

ing achieves broader effective gas-size region and lower loss.

Key words: turbine; contoured casing; axisymmetric-casing treatment;

tip-leakage flow; tip-leakage loss control
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Table 1 Geometric design parameters of turbine cascade
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Table 3 Comparison of aerodynamic performance without/with casing contouring

25 BIHLE (A, =5. 0mm)

43 1 BIALIE (A, =5. 0 mm)

J R LI
HUfH A B fE A
SO R 0.05326 0.05173 —2.87% 0.05001 —6.10%
HEARmEMA/ O 63. 04 62. 34 —0.70 61.98 —1.06
22 1k 3 3 3 Bl (W) 56. 40 50. 55 o 19. 39 oo
(—10.4%) (—12.43%)

JE 77 A 43 25 3 (pressure side/tip junction sepa-
ration bubble) fy 7 & . H I Wi L B 7] & % 030 —
BRLS . 38 2k Xt L AT DL B - ZE LI IR S it TR T Fully contoured

AR S 18] B2 AR 23 5 960 7D JB ) S i R 16 K.
HT T 500 B 9 1) A T S B AE R (] B N JE A
FERUN L BT LA R T 40 B 0 1 B SE AL b By
SR (S A 2 T i 9 O 955

3.3 MESRERITERCLENZE

Ry 43 A 3 TR U A s A X T R X
YR Bl B M A i T U B 52 MR, AR SCRS B T X0
—1mm Fil 20 mm(23. 3% C,) i % F [& 9K #L 5 1
% 2 ] B 75 A 0.5 mm (0. 5% C) i T106
A RE XY R X =9mm,A,=5. 0mm.

15 wrag 1 PR AL [ 0 7 Y T A s
& ZR A0 AR 1) B9 23 A1 HG r A D 1) R AT U
Q)1 R NN 3 I ST W = | I 17 o G A i
(partly contoured)7E 70 mm 5 92 mm ZZ [8] &
T AR A0 5% U/ DX sl CRE e, XD 5 3% X 8
BAANLIEE R RS 2 (R X B fil Ci#
B R TRl B g XA A I K AR X
B S R A n . PR SR B AR A R T
PR DXl T R 1 22 1, B ATL IR 3 78 X6 1 P 2 X
PR B 458 2K £ Wi BB R 0 48 2K 1 AL 3R 3
thZg T AR AL ) SR BUR R S
J B AL AR L 5 358 43 AL 32 2R 7 50 e 458 2% ki /s 17
6. 120 . dt ik -2 (] Bt ) B BRI/ T 12. 43 0.

& 16 (a) ~ & 16 (o) irzn 2y 3 B AL I 38 AU %
THAY IS AIL I s BE A B BR it 2. X LG 16 ()
FEL 16 (h) AT LA & B« 75 163 56 i 3 0 iy 38 43 X
ol P ) 1o O Sl S A B A HG AL 1] LT e e e
L5 X2 T LI M 5 A5 AL 3 G N B B ) BB
5K o R Ui o BE 20 FL 2 3 3 el T O Y R R Tk
T 9 32 DA T A S8 30 44 178 86 1) 3 30 Jon i T X L [
16(c) 518 16 (a) (|8 16 (b) , 7T DL 5, ML [ [ Sp
I RS 46 Ak 1) WU Bl AR A A B B R H R

IR as Partial contoured

0.20} /\
I r
s 0,15k / F

[ \ FIRY
[ D,"} 25 v B ,’;' L

0.10¢ 74 A
L i’/ C AN IA
[ Y] \

0.05F E__§ %

~ A\ wrn
I A V]
2 \.\Ii\/

\
\

0.04 0.05 0.06 007 008 009 0.10

15 0 S 00 5 28 B0 ik A 1 43 A
Fig. 15 Pithwise total pressure loss coefficient at

outlet along spanwise

I .
Pressure/kPa 35 39 43 47

(a) RIAHLE

I
Pressure/kPa 35 39 43 47

;) EREAIBLE (A,=5.0 mm)



BSR4 LI 5 B TR0 0 0% 6 v 2 Tl U A5 2K Y 9 1 723

S Tl
Pressure/kPa 35 39 43 47

(¢) FRIPIERIHLIE (A =5.0 mm, X=120 mm)

[ 16 AL IR i B AR R 98 2 % 3% T e 40 A = [
Fig. 16 Streamlines on casing endwall and contoure

of static pressure

T MRS S 46 7 ¥ 1 J5 #% o 300 T8 AT S Y R ) i
A KB .

Denton"" 75 H & 3CH g 48 H 05 384 45 02 i 8
% i L ARLAS P T R DR O 20 49 R R
O 3 T PN R Sl R A AT R B
17 W25 W T I T8 P 24 Hb R 1 2R (local en-
tropy generation rate) 5 5 [o] 19 43 Aii. Ho b, B
VBRI 05 34 25 E 0 40 AL B 4 ) 2 T AR A
PRI R A 3 5 ) 30 20 R AT i ok B AR AL
HFELAT UG R

_ 1
AS - Tfij E)Ij TZ

du; A (QT)Z

T? ij
P2l SR AR Lo VI/C/ T,
13 4.

DJE 17 T L F . £ 34 HL I 7 5 .
ORI 75t 60 B2 20 mam i £ 40 1 2 0/

0.10

Origional
---------- Fully contoured 5.0 mm
0.08 [ Partial contoured 5.0 mm
[
e % | i! I
< 0.06 I =F
S [ JLE A
E i A 1
E 0.04 I 4 )!,/I e :
[ fs-/x/ TE| |
0-02- oL - : A
I 1 \’{C
I I
ol= L

0 0.02 004 0.06 0.08 0.10
X/m

W17 i T PN 2 A R ] A3 A
Fig. 17 Entropy generation rate along the axial position

through the cascade passage

I A 388 K AR EN A 40 mm DA (9 24 b # A7
PR 8 5 4 AL I e 0 1) Sl o /N TR ) DA
W 33X 8 20 U Sl 458 2 1 il /) T R I T i BE
38 1) 3 20 9 /0N IR 2 e O AT AR — 2D B, X
T3 HB 43 R 3 T SR R T 0 5 A A 1] 9 Bl A AR
T A A5 3 o ML [ LAY 3 BE A A R0 42 A
3.4 HEZEREITRE R K /NG E S
FERETAEREE TR iR B T
TSl R BE 002U A ) B AR A 5] R Y AL
A5 R 3R A AEAE S AR ) B A R R A —
B 284k 1Y . Lattime Fil Steinetz™> ¥ F JTID %k
HHLFI GE CF6-50 % g Al iy s §& it 4% (] B 78
CATIESF P RS 1l A A SR o TS
S g ML I s Y S5 S T I A i s 452 2K ) 4
ROR I 52 21 /Y9 2 [] B2 28 1 9 572 i) C I it 8 Ja
M), 4 X, =14mm,A,=5.0mm, X, 733k —1
mm FI 23 mm 5 Fp AL MRS AL B Y T106 i i £
AN [F) R T) B2 /N R 7 M PR RE EAT T AIESR.
K18 s T 6, =0. 5mm B AERS T 43 2500
NI AR Bl A SR AL 3 R B ) 8] B R
BBy BT i 4. B B AT DR B 0 B
NGRS B RSV (N D ES W
W3 DR A B AR s {H S (] BRAE 0. 1 mm B iz 1
T 7R 1 T el BT D ) P A 2R S B O e T 1
{90 o 33X 2 PR Sk 6 TG (1) st B ATL [ i B ) ) I B foft J2
T el 5 A6 ] 7 500 165 5 o A OE 1) 340 5L J2 400 2 14 o i
/0N ) B D B0 X6F Sk 3 i BE 30 L2 B AR R I AR B
AL A AR U P 2R U A R 1 -
() 3 B R A5 T R I 0 5 LU, X T

0.09 ‘ ‘ I I
——=a— Origional

0.08 F— —=— Fully contoured
i =——O&— Partial contoured 1 /J

0.07 F

s 0,06

0.05 |

0.04%

0.03 ————d—m b b
0 025 050 0.75 1.00

& /mm
P18 i T s 45 5K TR] Pt BB 43 A
Fig. 18 Sensitivity analysis of total pressure loss

coefficient of cascade outlet to tip-gap size



724 o = 3

PRI 30 %

MHLE IS » ZE B B 6, =0. 5 mm Bl & AF1E
KT 50200, W0 2R Bl / N BT HLGE 348 43 L I 1
RIPE T, R 95 2K B A 1) e KA A TRD Bt A Ak
Bl Ak 1. 2mm(150 %68 2245 5 28 =, ZE 12K Jdl /)y
1) DX I A 5 38 4 i 78 1 L I et A 483 2 e A1 4 2
Ll A HILIF 335 780 1) B RAR 22 ok P 4 B o 5 4 3
Y[R AR B B 7N A 2 3 ok 3 Y AL s R 7 £
I Sty B 5 2 1 155 00T 7T LA 88 b 0/ ik 2 3k s 97
PR 5 55 DU 5 22 [] B R — I 5L {E B 9 o L
{18 It B A58 2 K b R L ML IR R, I LR B T
XYL T X AE — 2 B BT B A AL
T2 TR A S 2 A LS P B Y 3 R X R o
TR fob 3R Ay % it 2 itk U 9 0 45 2k 1) ik 2l 4 T i
V4 T X ) — A A R B 2 — 2B O A TR
AR ol A 25 T S L % A O R AR R i — 2B
B .

4 & ®

ACFEF R B A 6, =0.5mm 0. 5%C)
(19 T106 A, 38 ik BB AR AU T B WE 58 o0 i 1 i
AL IRy %o % (M1 s 7R 3 X 2 X P R R
SEAE (R 52 R 58 5 AR SCHY 43 B s TR BILIE LA Y
A 6T 15 e I 2 () B X5 PN 1 9L 4 RN < Bl 1 e
FEAE B K R WL 38 3 X AE B T B Res, =
5.0X10° B ML IR M1 A b ) 25 85 A [m] 19 42 B I 3
T FER 43 AL I 3 750 9 S AL [ 3ok 78 Ak B 4 o S ] iR
T B Rl 5 AR ST AL 0 2E AT A X LG, AT
DR

L) AL 38 BB By 51 A A A5 2R DX 8 N 1Y
IR I e R A R R A T 3 R L R A
o AH R & A T R AR [ I A g 35 o i A5 e Al
HE T ) ) 45 2K 0 L BH ST 9 T AL I sk R 3
A48 R G . LI JUAnf 8028 % i B <0 3l 9 2k
{18 52 W) R0 2R B R T 3k 6 450 2R X Sl g D 2 [ 1Y) -
flr. DRI Bl 2 (BRI 0 L P9 385 K o Pt A5 2 5
Vol ) A N R R P < T T = NS S
[FF 325 750 L] 114y o3 A e A5 P A 2R 19 B DK I i 3k 3]
6.1%.

2) AR A HLIE JUAR B 3 RE 98 %5 47 b F BT
AN N AT A N B R s B/ @ R
T2 Y I O AR 1) B i R T S B A
REE AT 10 300 00 5 JBE 5 ) IS L I L AT B i g T
0 1) TUULAEY A A2 it O AR 5 45 D) Bt Py Pt T T
18 4 5 9 e 1) RUBE 38 K TR 3 1 44 25 2580 1 o A1
T2 I 9 B .

3) AR AL Bt . 020 LI B A9 3 2 Al
LADBK 553 P 3 T 23 DRI AL IR Je 3847 5 T e ) 48
[ L B0 3K BRI 3 0 1 2 i 3
A&, DTS A5 11 JR 1) 114 453 2K Dok /s X St — 25 47
PNRREE N T B DI R RN P 17 S T N S 2
W - MILIFEL 3 B35 1 v 2 B8 A 288t 2 ol D) 3 sy
7GR 4 R 1 O Bl o oK A 3 b AL L AT 5
T AE A A A0 2 ) I 2 S O 9L A Ok

A4) 8] B AR 7 A 2 W1 X T PR AR 49 8L
[ JUAAf B3 o 72 B3 5] Bt P R A7 7 i 3 50726,
F18 45 2 D /) DX 38 T L S 0 ML I B 3 1 R R] i —
A 35 B AT 3K 150 %00, » A48 4 AL i 7 HLA o
IR B 5k (H X B AE 5 — [ B~ Bt A9 Bl
[P 5 7R A ML 3 P 9 A I IO BT 1 o — a5 R
I — e B I 45 2% 5 AL IR O L s o HLAR
Sy — b R] RE A Ik 2 T A G ksl 47 o 1 e R T
X A [ A B B - (HLE— 25 4 oA B A Bl S
A R B A 2 B 1 AR

Z % UMk :

[1] Denton] D. The 1993 IGTI scholar lecture: loss mecha-
nisms in turbomachines[ J]. Journal of Turbomachinery,
1993,115(4) :621-656.

[ 2] Booth T C.Importance of tip clearance flows in turbine de-
sign[ R]. Tip Clearance Effects in Axial Turbomachines,
VKI LS 1985-05,1985.

[ 3] Yamamoto A. Interaction mechanisms between tip leakage
flow and the passage vortex in a linear turbine rotor cas-
cade[J]. Journal of Turbomachinery, 1988, 110 (3); 329-
338.

[ 4] Moore ], Tilton J S. Tip leakage flow in a linear turbine
cascade[ J]. Journal of Turbomachinery ,1988,110(1) ;18-26.

[ 57 Bindon J P. The measurement and formation of tip clear-
ance loss[ ] ]. Journal of Turbomachinery, 1989,111(4):
257-263.

[ 6] Yaras M I, Sjolander S A. Prediction of tip-leakage losses
in axial turbines[]]. Journal of Turbomachinery,1992.114
(1):204-210.

[ 771 Heyes FJ G,Hodson H P. Measurement and prediction of
tip clearance flow in linear turbine cascades[J]. Journal of
Turbomachinery,1993,115(3) :376-382.

[8] Key N L,Arts T. Comparison of turbine tip leakage flow
for flat tip and squealer tip geometries at high-speed condi-
tions[ J ]. Journal of Turbomachinery, 2006,128(2);213-
220.

[ 9] Krishnababu S K, Dawes W N, Hodson H P, et al. Aero-
thermal investigations of tip leakage flow in axial flow tur-
bines;Part [[ effect of relative casing motion[ R]. ASME
Paper GT2007-27957,2007.

[10] Nho Y C,Park J S,Lee Y J.et al. Effects of turbine blade



BSR4 LI 5 B TR0 0 0% 6 v 2 Tl U A5 2K Y 9 1 725

(11]

(12]

[13]

[14]

tip shape on total pressure loss and secondary flow of a lin-
ear turbine cascade[ ]J]. International Journal of Heat and
Fluid Flow,2012,33(1):92-100.

Wisler D C, Beacher B F. Improved compressor perform-
ance using recessed clearance (trenches) over the rotor
[R]. AIAA 86-1745,1986.

Offenburg L S, Fischer J] D, Hoek T. An experimental in-
vestigation of turbine case treatments[]]. AIAA 87-1919,
1987.

BAEF TeIE VR IT R — b O R AR I 4 v B B
PERELT . % 8 J1 241, 2009, 24(12) . 2711-2718.

LUO Hualing, QIAO Weiyang, XU Kaifu. Aerodynamic
performance of a highly-loaded low-pressure turbine pro-
file[J7. Journal of Aerosapce Power, 2009,24(12):2711-
2718. (in Chinese)

Krishnababu S,Newton P J,Dawes W N,et al. Aero-ther-
mal investigations of tip leakage flow in axial flow tur-
bines:Part | effect of tip geometry and tip clearance gap

[R]. ASME Paper GT2007-27954,2007.

[15]

[16]

[17]

[18]

[19]

[20]

Greitzer E M, Tan C S, Graf M B. Internal flow: concepts
and applications [ M]. New York: Cambridge University
Press,2004.

Hilderbrandt T, Fottner L. A numerical study of the influ-
ence of grid refinement and turbulence modeling on the
flow inside a highly loaded turbine cascade[]]. Journal of
Turbomachinery,1999,121(4) :709-716.

Duden A, Fottner L. Influence of taper, Reynolds number
and Mach number on the secondary flow field of a highly
loaded turbine cascade[ ] ]. Journal of Power and Energy,
1997,211(4) :309-320.

Jeong J,Hussain F. On the identification of a vortex[]].
Journal of Fluid Mechanics,1995,285:69-94.

Wang H P,Olson S J.Goldstein R J, et al. Flow visualiza-
tion in a linear turbine cascade of high performance turbine
blades[ J]. Journal of Turbomachinery,1997,119(1):1-8.
Lattime S B, Steinetz B M. Turbine engine clearance con-
trol systems: current practices and future directions[ RJ.

ATAA-2002-3790,2002.



