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Abstract: Due to circumferential pressure gradients and complicated secondary flows, pressure-
side regions of turbine endwalls are one of the most difficult-to-cool regions. This study aims to
solve this cooling problem by placing two rows of discrete film holes in the upstream region of the
endwall passage inlet near the pressure side to obtain curtain cooling with unique cooling charac-
teristics. A pressure sensitive paint (PSP) technique was implemented to examine film cooling
patterns of curtain cooling over the endwall surfaces and its effects on discrete film injection with-
in the passage in detail. Furthermore, an optimized endwall film cooling scheme was obtained by
applying curtain cooling to the endwall. The experimental results reveal that curtain cooling has
quite different cooling patterns compared with discrete film cooling within the passage. The cur-

tain cooling was slightly influenced by the pressure gradients circumferentially across the endwall
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passage, resulting in efficient cooling for the pressure-side region and even for the endwall pas-

sage throat and its downstream regions. Increasing coolant rates enhances film cooling effective-

ness for curtain cooling and improves film cooling performance of the discrete film holes within

the endwall passage. The optimized cooling scheme improves film cooling effectiveness over the

endwall by 33% relative to a baseline cooling configuration. Additionally, flow structures at the

vane cascade exit demonstrate that the optimized cooling configuration reduces the cascade aero-

dynamic losses, somewhat.
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Fig. 1 Test section for turbine endwall film cooling
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Fig. 2 Velocity profile at 0. 76C,, upstream of the

cascade inlet
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Fig. 3 Film cooling schemes for the turbine endwalls
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Fig. 4 Measurement points for five-hole and temperature

probes at the cascade exit
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Fig. 5 Film cooling effectiveness for the endwall baseline

cooling configuration
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Fig. 6 Film cooling effectiveness from curtain cooling
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Fig. 7 Film cooling effectiveness from pressure-side

film holes
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coolant injection from the pressure-side region
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Fig. 9 Film cooling effectiveness for the optimized cooling

schemes with curtain cooling
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Fig. 10 Laterally-averaged cooling effectiveness for the
optimized and baseline cooling configurations

and the improvement relative to the

baseline case
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