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Film cooling performance and flow resistance characteristics of
single/triple-row fan-shaped holes based
on actual density ratio

WEI Hong"*, ZU Yingqing'
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Abstract: The heat transfer and flow resistance characteristics of single/triple-row of fan-
shaped film cooling holes under the condition of true density ratio were experimentally studied.
The pressure-sensitive paint (PSP) technology was used in the wind tunnel to test the film cool-
ing performance of the fan-shaped holes with a constant outlet width, and the differences in heat
transfer and flow resistance characteristics of fan-shaped film cooling holes with different hole
shape parameters under the condition of real density ratio were studied. The hole shape parame-

ters of fan-shaped holes implementing the critical blowing ratio of the coolant jet blowing away
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from the hot-side wall surface and the hole shape parameters with highest span-wise average film

cooling effectiveness were obtained. The experimental results indicated that: within the range of

hole shape parameters studied, for fan-shaped holes, when blowing ratio was less than 1.5, the

coolant jet wasn’t blown away from the hot-side wall surface, and the film cooling performance of

the fan-shaped hole with inclination angle of 20° and diffusion angle of 15° was the best. However,

when blowing ratio equaled to 2. 0, partial coolant jet was blown away from the hot-side surface,

the film cooling effectiveness of the fan-shaped hole with inclination angle of 25° and diffusion an-

gle of 10° was the largest. In addition, the discharge coefficients of the fan-shaped holes with incli-

nation angle of 25° and diffusion angle of 13° and those of the fan-shaped hole with inclination an-

gle of 30° and diffusion angle of 10° were the highest.

Key words: fan-shaped hole; constant outlet width; adiabatic film cooling effectiveness;

blowing ratio; discharge coefficient
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Fig.1 Schematic diagram of the fan-shaped hole with

geometrical parameters
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Fig.2 Schematic diagram of the experimental flow path
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Fig.3 Calibration curve of PSP
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Table 1 Relative uncertainty of the adiabatic film

cooling effectiveness

7 (ap/n)/ %
0.01 +28.21
0.1 +8.72
0.3 +4.76
0.5 +3.46
0.7 +2.73
0.9 +2.21
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