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Conjugate flowand heat tranger investigation of a turbine cascade

ZEN GJun, QING Xiongjie
(China Gas Turbine Establishment , Chengdu-610500', China)

Abstract : A numerical method with three~dimensional-Reynolds averaged Navier- Stokes
eguations and the two-equation turbulence model shear stress transport (SST) model inclu-
ding the transition model was used to.investigate the conjugate heat tranger problems of a
turbine cascade called MARK which wascooled with internal convection method. Under
the conditions of various inlet\turbulence intensties, the conjugate calculations were execu-
ted and the results were compared with the experimental data. The results show that the nu-
merical method with the transition model has higher accuracy to predict the cascade surface
temperature and external heat transer coefficient (EHTC) distributions. The inlet turbu-
lence intendgty especially low inlet turbulence intensty has great effects on cascade surface
temperature and heat trandfer distributions, but has little effect on cascade surface pressure

distributions.
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Fig.1 Sketch and geometric data of MARK cascade
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Fig.2 Computational grid of MARK cascade
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MARK

1, [3].

1 MARK
Table 1 Boundary conditionsof MARK casdade

/ / / / /
10° Pa K % 10° Pa 10°

1 344 784 65 208 089 198
2 339 788 65 173 1-04 2 01
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Fig.3 Pressure distribution (Condition 1 and 2)
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Fig. 9 Pressure distribution under different inlet turbulence intensities



1210

0.90( , SET—

24
0.90¢
0485'5 41—7\ 1%
: w=0.5% | |
0B0R\  Ty=8liK | — 7=10% | |
sE \ia ‘ T=15% |
] 073E "f'\’f‘ T.=20% “_1 =
5 ‘1‘/\ Pressure side /.Suction side /
Eooba) /
O‘GSE AR /
£
0.60F
O_SSE,AL,Q,‘,L,,.,\ I TS VTS N U RN S S
-1.0 -08 -0.6 04 02 0 02 04 06 0.8 1.0
XIL
(b) T2

Fig.10 Temperature distribution under different inlet turbulence intensities

Tr=811K |
S A
= Fa “V\\ Pressure side /:Suction 51dc! Yur N

065 Y\ \f [

E Y2\ §
0.60F
0.55 pdi s iad e NPT T

1.0 -0.8 -0.6 04 02 0 02 04 06 08 1.0

XIL
(a) L1
10
5
SST
MARK
1) SST
2) kw ,SST
SST
3)
4) kw ,SST
SST

5) ’

[1] Mansour ML, Hosseini KM, LiuJ S. Assessment of the
impact of laminar-turbulent transtion.on the accuracy of
heat trander coeficient prediction in high pressure tur-
bines[ R]. ASME GT2006-90273.

[ 2]Bohn D, Bonhoff B, Schonenborn_H. Combinedaerody-
namic and thermal, analysisof a‘high-pressure turbine noz-
Zle guidevane[R]. 5 YOKOHAMA-1GTC 108.

[3] HyltonL D, Mihdc M\S, Turner ER, et d. Andyticd and
experimenta eva uation of the heat distribution over the sur-
faces of_turbinevanes| R]. NASA CR168015, 1983.

[4] York WD, Leylekd H. Three-dimensonal conjugate heat
trander smulation of aninternally-cooled gas turbine vane
[R]. ASME GT2003-38551.

[5] SHENG Chunhua, XUE Qingluan. Aerotherma analyss
of turbine blades usng an unstructured flow solver-
U?NCLE [R]. AIAA 2005-4683.

[6] Menter FR. Two-equation eddy-viscosty turbulence mod-
elsfor engineering applications[J]. AIAA Journa , 1994,
32(8) : 269-289.

[7] Menter FR, Kuntz M, Langtry R. Ten yearsof industria
experience with SST turbulence model [ M ]// Hanjaic K,
Nagano Y, Tummers M. Turbulence Heat and Mass
Trander 4 . [S.1.]: Begell House Inc. , 2003.

[8] Menter FR, Langtry RB, Likki SR, et a.A correlation
based transtion model usng local variables: Part 1 -
Model formulation[ R]. ASME GT2004-53452.



