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Study on the Influence of the Endwall Jet Flow on Secondary
Flow Loss in High-pressure Turbine

CHEN Yong-qiang, HUANG Dian-gui
( School of Energy and Power Engineering, University of Shanghai for Science and Technology,
Shanghai , China, Post Code; 200093 )

Abstract; Taking GE-E’ high pressure turbine as the research object, this paper adopts numerical simu-
lation method to study the control effect and mechanism of endwall jet flow on secondary flows in the end
zone. Under the conditions of turbine inlet total temperature of 711 K, pressure of 345 951 Pa, outlet static
pressure of 89 177 Pa,and rotor speed of 8 279 r/min, the influence of jet position,angle and jet ratio on
the control effect is analyzed. The results show that the endwall jet can effectively organize the three-di-
mensional flow field inside the turbine,block the mixing between the secondary flow and weaken the in-
tensity of the secondary flow; The jet position has the greatest influence on the control effect,at 30% axi-
al chord length position and under the jet ratio of 1.06% ,which can improve the turbine stage efficiency
by about 1.24% ; The efficiency increases linearly with increasing jet ratio when jet ratio is greater than
0.057% ; The jet angle affects the magnitude of the jet flow component,so as the jet angle increases ,the
control effect decreases accordingly.
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Fig. 1 Calculation domain of GE-E’ turbine
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Fig. 3 Comparison of CFD results
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Tab. 3 Grid-independent verification
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suction surface and lower endwall
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Fig. 5 Schematic diagram of jet position
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under different jet angles

2.3 GHRHI R AR R

S m SR 0 0 T M, 2
PRACRBAERIE N, 16 9 Al A, 2
A S H KT BRI 3
BRI, WBTORIFSL L F IR A i A
f97A e RN BN 8° S A T 3 RSB He
FO % ) TR T B ORI 10 B, TR
HIRA S , NS 502 43 85, T 4% 2T 0 0 A e £
X435 4 LS B 5 R L7 B S 45
IR T LE M 2, A 1L R,
BRI VL St 40, el T
Tl A S LSS 508 L S 0 L
{6 7, LGV B, 1 R R o 1 T
80% 1% K31 A 1 0 DI MR EG 2 91, 7 500 5
SRR W FE ) T FE 24, DA sl
Al AL, F0 X 0L S SR B A, 3k 5
S WO L R A7 B A EE . PSR
HH 0. 027% (4 FE 43 A - BEA 153 A K ik 3%, L
S FL R 0 L M4 8, 7T L9005
IR ATREN S , VLW FUA ST H AT 0. 057%
B SRS X T B A ]

ﬁﬁﬁc

m=0.42%

B 10 JEIErHEN 3 MORE SR & AR A E R
e PR 37 2 [
Fig. 10 Limiting streamlines of original cascade and

three suction surfaces under different jet conditions

220

e JEHY
e =0.027%
200 - i e m =0.42%
- 180
vl
= 160
H
& 0l
120 |
100 -
L L A g ; :

0 0.2 0.4 0.6 0.8 1.0

B 11 gt RS EEES
Fig. 11 Static pressure distribution of root suction

surface of rotor

3 &% it

Lh GE-E™ i3 FE i 48 A B 78 X 42, 76 3h i 35 BE VR
TR e S R4 A, R BB 3L B 8 T 3l M i
R R 5305 %o 3l Pk g X — R IAL 4 il 4T S0 A TR
Bl AN TR S A L S A B A LU S 2 O



= 18 # RE B

Pt

i

T

2021 4

SR RIRSCR B T A A e

(1) wipBEFTHAL o T AR BRI B9 7 43 45, DA
JEHG I i« C7 F a0 A 28 R R L7 43 A, X
B3I A7 R F A AR BRI A 5 S A B
AT RE RS , At A DX ZE R 150, LT B £
BAR T e i IR iR R

(2) S BT K W sh i B i o
B AE 30% B m) 5% A< AV AL AR B S, AR T
Al 57 5 8 A A0t ) 555 T 7 T R 1 B 1) AT R
BERE AR, PR IR AR K

(3) STHEFAREIS T IR o B R A, BT T
2 I 365 A A R R T BN TR R
FHHAB IR T B o ELS AL oo i i e fik R e Ak
Wt/ . 17 T R 2 4 O, Rk M v i G o, — kR AR
KRB

SE M

(1] B& 6 ik XWB Rl St R [ 1], e kahil,
2015,41(4):1 -

CHEN Guang. Trent XWB engine development and design feature
[J]. Aeroengine 2015 ,41(4) ; 1 -7.

[2] BOOTH T C,Dodge P, Hepworth H K. Rotor-tip leakage: Part I-
basic methodology[ 1. Journal of Engineering for Power, 1982, 104
(1):154 - 161.

[3]7 SHARMA O P,BUTLER T L. Predictions of endwall losses and
secondary flows in axial flow turbine cascades| J |. Journal of Tur-
bomachinery, 1987 ,109(2) . 229 -236.

[4] HAOS,LI J,SONG L, et al. Non-axisymmetric turbine endwall
aerodynamic optimization design: Part I—turbine cascade design
and experimental validations[ C]//ASME Turbo Expo 2014 ; Tur-
bine Technical Conference & Exposition. American Society of Me-
chanical Engineer,2014,V02BT39A006 — VO2BT39A006.

[5] HAO S,SONG L,LI J,et al. Non-axisymmetric turbine endwall aero-
dynamic optimization design: Part Il—turbine stage design and un-
steady flow characteristics analysis[ C]//AMSE Turbo Expo 2014
Turbine Technical Conference & Exposition. American Seciety of
Mechanical Engineer,2014; VO2BT39A007 — VO2BT39A007.

[6]  Effar, siase. A R M ok B et 45 S LB 5 A58
REL1]. TRMMEER,1994,V15(2) ¢ 147 - 152.

WANG Zhong-qi,SU Jie-xian. New progress in the mechanism of

[10]

[11]

[12]

[13]

[14]

[15]

energy loss reduction in curved and twisted blade cascades[]].
Journal of Engineering Thermophysics, 1994 ,15(2) . 147 - 152.
BOHN D E,REN J,TU MMERS C, et al. Unsteady 3D-numerical
investigation of the influence of the blading design on the stator-ro-
tor interaction in a 2-stage turbine[ C|//ASME Turbo Expo 2005 .
Power for Land, Sea and Air. American Society of Mechanical En-
gineers 2005 ;1285 - 1294,
PR, Tk, XU, S MR D TS 4 ) AL —
WA SEEEBITE[ )] . e 3 )4, 2002(2) « 188 - 192.
ZHONG Jing-jun, WANG Hui-she , LIU Hui-juan,et al. The exper-
imental investigation of using suction surface fences to control sec-
ondary flow in compressor cascade[ ] . Journal of Aerospace Pow-
er,2002(2) . 188 —192.
BLOXHAM M J,BONS ] P. A Global approach to turbomachinery
flow control; passage vortex control[ J]. Journal of Turbomachin-
ery,2014,136(4) .
B M SRR AR I R X S
St TAR%AR ,2018(8) : 20 -30.

41003.
AR AL ]. 2468

JIA Wei. Numerical investigation of influence of rim seal purge
flow on turbine endwall flows [ J]. Journal of Engineering for
Thermal Energy and Power,2018(8) : 20 -30.

& JE. AR SRS AU E TS [ D]. W AR
AR ,2016.

(I REE T

TONG Yao. Numerical investigation on turbine endwall film cool-
ing[ D]. Harbin: Harbin Engineering University,2016.

B 5 O 7 i R B A R U 0 LR A A R
[D]. PdeTAk K3 ,2016.

WEI Zuo-jun. A study on endwall unsteady flow and loss of highly-
loaded turbhine| D ]. Northwestern Polytechnical University,2016.
ZHOU C, HODSON H. The tip leakage flow of an unshrouded
high pressure turhine blade with tip cooling[ J 1. Journal of Turho-
machinery,2011,133(4) .41028.

TIMKOL P. Energy efficient engine high pressure turbine compo-
nent test performance report| R |. NASA-CR - 168289 ,1984.
SRR, X T, SO, S iR R T A
PERERTRENAL T ] HLBRL 2 SH A ,2017(9) 11452 1457,

WU Yan-hui, LIU Jun, AN Guang-yao. Effect of leading edge lit-
tle blade on performance of highly loaded compressor cascades
[ J1. Mechanical Science and Technology for Aerospace Engineer-
ing,2017(9) 1452 —1457.

(254 %H#)



