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Three-dimensional analysis of two-stage high pressure turbine

ZENG Jun, WANG Bin, QING Xiongjie

(Turbine Technique Department, China Gas Turbine Establishment,
Aviation Industry Corporation of China, Chengdu 610500, China)

Abstract: The blade profiles of a two-stage high pressure turbine (HPT) were rede-
signed using 3-D viscous turbine design system developed independently, and the 3-D analy-
sis with cooling air and transition being considered was conducted by commercial software
CFX 12 0. A two-equation turbulence model shear stress transportation (SST) was used.
The film cooling flow was dealt with using source term modeling techniques. The compari-
son of calculation results and the test data shows that the predicted efficiency agrees well
with the test data, and aft-loaded technique can reduce loss effectively for the cooling blade

profile of normal level HPT.
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Fig. 1 Sketch of flow path
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2 BladeDesign 1. 6
Fig. 2 User interface of BladeDesign 1. 6
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Fig. 3 Aecrofoil stacking of the first guide vane Fig. 5 Aerofoil stacking of the second guide vane
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Fig. 4  Aerofoil stacking of the first rotor blade Fig. 6 Aerofoil stacking of the second rotor blade
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Fig. 13 Blade-to-blade Mach number distribution
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Fig. 14 Blade-to-blade Mach number distribution
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Table 2 Performance comparison between 3-D
results and test datas

/K 683.9 685. 1
/(kg/s) 11.802 11.916
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Fig. 24  Secondary flow velocity vector distribution at
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the first rotor blade row outlet

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



11 2561
R 1%, 15. (in Chinese)
2.9 % , [ 3] ANSYS Europe Limited. ANSYS TurboGrid12. 0 help
document[ M. [S. 1. ]: ANSYS Europe Limited, 2009,
5 [ 4] ANSYS Europe Limited. ANSYS ICEM CFDI12. 0 help
document[ M. [S. 1. ]: ANSYS Europe Limited, 2009,
[5] ANSYS Europe Limited. ANSYS CFX12. 0 help document
y CFD [M].[S. 1. J: ANSYS Europe Limited.2009.
CFX12.0 Lol
(1. +2006,19(4) :16-19,34-34.
’ ’ ZENG Jun, WANG Bin, KANG Yong. Numerical simula-
D ’ ’ tion of flow field in a turbine stator with film cooling[ J].
’ 0.9, Journal of Gas Turbine Experiment and Research,2006,19
0.925. (4):16-19,34. (in Chinese)
2) 11.916kg/s, L7 b ‘ HTA
1% 2.2%., e
,2003:120-126.
0.927. (8] . . . HTA
3) . L2003, 16 (4) ;
21-24.

[ 1] Timko L P. Energy efficient engine high pressure turbine com-
ponent test performance report R]. NASA,CR-168289,1990.
[2] ) , . BladeDesign
[J]. ,2011,24(3) :11-15.
LI Jianbai, QING Xiongjie, ZHOU Shan, et al. Turbine
blade aerodynamic design software: Blade Design[]]. Jour-

nal of Gas Turbine Experiment and Research,2011,24(3) ;11-

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

[9]

[10]

[11]

[12]

ZHANG Jian,ZENG Jun,CHENG Xinhua,et al. Three-di-
mensional {low field analysis of the stator in transonic
HTA turbine[J]. Journal of Gas Turbine Experiment And
Research,2003,16(4) ;21-24. (in Chinese)

Menter F R. Two-equation eddy-viscosity turbulence mod-
els for engineering applications[ J]. AIAA Journal, 1994,
32(8):269-289.

Vieser W, Esch T, Menter F R, Heat transfer predictions
using advanced two-equation turbulence models[ R]. CFX-
VAL10/0602,2002.

Menter F R, Kuntz M, Langtry R. Ten years of industrial
experience with SST turbulence model[ C] // Turbulence,
heat and mass transfer 4. [ S. I. ]:Begell House Inc. ,2003;
625-632.

Menter F R, Langtry R B, Likki S R, et al. A correlation
based transition model using local variables; Part 1 model

formulation[ R]. ASME Paper 2004-GT-53452,2004.

http:// www.cnki.net



