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Abstract: A numerical study was carried out for the effects of different film hole arrangements on
film cooling characteristics of turbine endwall with mid-passage gap leakage. Firstly, the film
cooling effectiveness of a gas turbine endwall was measured with PSP method, and the results
was adopted for turbulence model validation. Then mesh independence analysis was carried out
for the model under study. On this basis, the film cooling and aerodynamic loss characteristics
under different film hole arrangements of the endwall with mid-passage gap leakage were studied.
The film cooling and aerodynamic characteristics under five different blowing ratios (M =0. 5,
1.0, 1.5, 2.0, 2.5) and four f{ilm hole arrangements were analyzed in detail. Results show that
when the blowing ratio is 0.5, the endwall film cooling effectiveness reaches its maximum value
under arrangement A (S=0. 065C,,, 7> = —56.6°; S is the distance between second group film

holes and mid-passage gap, C., is the axial chord length of the blade, and 7, is the compound an-
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gles of the second group film holes). With the increase of blowing ratio, the film coolant jets off from the

endwall surface, and the film cooling effectiveness near the film hole decreases. Under the four different

film hole arrangements, the total pressure loss coefficient in the near wall area decreases with the increase

of the blowing ratio. The decrease amplitude under arrangement A is the greatest. The film hole ar-

rangement has little effect on the endwall film cooling under a low blowing ratio (M=0.5). The

film cooling effectiveness (S=0. 1C,,, ¥, =30°) is the highest under arrangement D and a high

blowing ratio (M=2.5).
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Fig. 1 Sketch of the numerical simulation model
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Table 1 Main geometric parameters of the computational

model
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Fig. 2 Four arrangements of film holes
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Table 2 Main geometric parameters of four film hole

arrangements
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Fig. 10 Coolant streamlines in the passage for different

blowing ratios
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Table 3 Mass flow averaged total pressure loss for different
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Fig. 13 Pitch-averaged adiabatic film cooling effective-

ness of the endwall for different blowing ratios
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Fig. 14 Pitch-averaged total pressure loss along the spanwise

for different film holes arrangements
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Table 4 Mass flow average total pressure loss for different

film holes arrangements
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fig A  MHEB  HEC  MHED
0.5 0.150 0. 145 0.149 0. 149
.5 0.154 0. 149 0.152 0.153
.5 0.167 0.163 0.169 0.169
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Fig. 15 Distributions of adiabatic film cooling effectiveness on the endwall for different film holes arrangements
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