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Effect of Leading Edge Hole Diameter on Showerhead Cooling Effectiveness
of Turbine Guide Vanes under Constant Porosity Conditions
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Abstract; Taking the turbine guide vanes as research object, on premise of fixed porosity, the density
ratio (DR) was set to 1.4 and 3.0 to simulate the engine temperature ratios during low and high altitude
flight of an aircraft, and the effect of hole diameter enlargement on the leading-edge film cooling effective-
ness at different mass flow rates ( MFR) was studied systematically through pressure-sensitive paint
(PSP) experiments. The results show that under the conditions of DR of 1.4 and 3.0, increased hole di-
ameters consistently reduce the leading-edge area-averaged cooling effectiveness, but there is a significant
difference between the suction surface and the pressure surface. At both density ratios, area-averaged

cooling effectiveness of suction surface shows a trend of first decreasing and then increasing with hole di-
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ameter enlargement (i.e. a decrease of 6% and an increase of 3% at DR of 1.4; a decrease of 17% and

an increase of 4% at DR of 3.0). The pressure surface demonstrates divergent trends, the cooling effi-

ciency continues to decrease by 13% to 16% with the increase of hole diameter at DR of 1.4, while the

cooling efficiency shows a trend of first increasing and then decreasing at DR of 3.0, i. e. an increase of

10% and a decrease of 11% .

Key words: turbine vane, film cooling effectiveness, hole diameter, density ratio, experimental meas-

urement
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Fig. 1 Experimental system diagram
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Fig.2 Experimental channel diagram
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Fig. 3 Cylindrical hole models of experimental piece
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Fig. 4 Calibration result of pressure-sensitive paint
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