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Nunerical Smulation of the Influence of Bowed Blade
on-the Performance of Turbine
Casade with Film-Cool ng
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Harbin\ Institate of Technology, Harbin 150001, China)

Abstract: Basd/on a 3 N-S lver, a computational method w as adopted to simulate the
flow fieldin fim~oooling turbine, which included a finite difference scheme with 3rd order
precison and TVD property, domain decomposition method and arbitrarily curved mesh
technique A ir w as ejected from 8 locationson the turbine blade surface and the upper and low er
endwalls Both the flow fields in the turbine cascade with straight and bowed blade were
smulated T he reaults show that bow ed blade gpparently reduces the endw all lossesw hether w ith
and w ithout cooling The aerodynan ic performance of bowed blade becomes worse when the
gjection flux is getting larger in them id-gan
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Fig 3 Pitch averaged energy loss along blade height )
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Fig 5 Distribution of static pressure on blade surfacew ithout cooling
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Fig 6 Distribution of static pressure on blade surfacew ith 8 row sof cooling ejections
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Fig 7 Static pressure on blade profilew ithout cooling
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Fig 8 Static pressure on blade profilew ith 8 row sof cooling ejections
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1
Table 1 Camparison of coolng schenesof straight and baved blades

/% /% /%
1 0 0 0
2 - 6. - 24.5 +26.9
3 - 4 - 22.9 +15.5
4 - 4 - 23.9 +17.8

/% /% ( ) /%
1 0 0 - 10.0
2 -89 - 25.6 +21.0
3 - 4 - 22.2 - 5.0
4 - 4.6 - 23.2 - 2.3
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Fig 9 Pitch-averaged energy loss along straight
, 2 and bow ed bladesw ith and w ithout
) endw all cooling
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Fig 10 Pitch-averaged energy loss distribution
along-straight and bow ed blades
under 4 cases [9,10]

) 10 )

11
Ss3



267

[1]

[2]

(3]

[4]

Chernobrovkin A, L akshm inarayanaB. N umerical Smulation
and A ero-Themal Physics of L eading Edge Film Cooling
[R]. ASM E Paper 98- GT- 504 , Stockholm, 1998
DennisB H, Egorov I N, George S Optimization of aL arge
N umber of Coolant PassagesL ocated Close to the Surface of a
Turbine Blade[R] ASV E Paper 2003- GT - 38051 ,
A tlanta, 2003

SalcudeanM , Garshore |, Zhang K. A n Expermental Study of
Fim Cooling Effectiveness Near the L eading Edge of a
TurbineBlade[J]. ASM E Journal of Turbanachinery, 1994,
116(1): 71 79
[J] , 1994, 15(2): 147
152

W ang Zhongqi, Su Jiexian, Zhong jingjun N ev Development
of Research on Energy Loss Reduction in Bowed Blade
Cascade[J]. Journal of Engineering T hemophysics, 1994, 15

[5]

[6]

(7]

(8]

(9]

[10]

(2): 147 152

[D] , 1999
Denuren O, Ibraheen S O. M ultigrid M ethod for the Euler
and N avier-Stokes Equations[J]. AIAA Journal, 1998, 36
(1):31 37
B M1
,1994: 30 121
[J3]. , 2003, 18(4): 558 562
W ang Songteo, Yan Peigang, Sun Ximiao, et al Numerical
M ethod for Coolant M ixing in Turbine Cascade Flov Field
[J] Journal of A erospace Pawer, 2003, 18(4): 558 562
Friendrichs S, Hodson H P, DavesW N. The Design of
mproved Endw all Film- Cooling[J]. T ransactions of ASM E
1997, 119(5): 788 793
Oke R, Smon T, Shih T. M easurenents Over a Fiim -
Cooled, Contoured Endwall W'ith V arious Coolant
Injection Rates[R]. ASM-E-Paper 2001- GT - 014Q ,

N ev Orleans



