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Study on the physics-of filnr cooling effectiveness
enhancement by the converging- expanding hole

LIU Curr liang, ZHU Hurren, BAT Jiang tao
( School ofPower and Energy, Northwestern Polytechnical University, Xi an 710072, China)

Abstract: Numerical simulation-was carried out to investigate the flow fields for three
types of shaped hole, namely, cylindrical hole, farrshaped hole and converging expanding
hole, to reveal-ow the converging-expanding hole enhance the cooling effectiveness. Realiz
able k€ turbulenice model with enhanced wall function was used. Results show that the jet
from cylindrical hole produces strong streamwise coupling vortices due to its strong and con-
centrated normal momentum. The famrshaped hole improves the cooling effectiveness by
weakening the jet’ s normal momentum and the coupling vortices. T he converging ex panding
hole reduces flow separation in the hole and produces a jet with small streamwise thickness
and large lateral width as well as large lateral velocity magnitude. These factors make its
coupling vortices have an effect to push the jet to the wall, producing the best coverage and
the best cooling effectiveness. The average cooling effectiveness of converging expanding
hole is larger than cylindrical hole’ s and farr shaped hole’ s by about 110% and 15% respec-
tively( M= 0.5), or 560%and 60% ( M= 2).
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Fig. 4 Mesh details in the hole and
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Fig. 6 z-velocity magnitude contours(m/s) along the three film cooling holes” exit plains
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Fig.7 y-velocity magnitude contours(m/s) along the three film cooling holes” exit plains
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Fig.8 Temperature magnitude contours( K) and velocity vectors along the

cross sections in the downstream direction of the hole
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Fig. 9 Cooling effectiveness contours along the adiabatic wall
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Fig.10 Average cooling effectiveness curves

along the adiabatic wall
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