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Abstract 
In this research, numerical analysis has been conducted to investigate the flow and thermal fields of incompressible, 
steady, turbulent three dimensional film-cooling by placing an upstream ramp in front of a single row of inclined 
cylindrical holes over a flat plate model. The computational methodology includes the use of a structured, non-uniform 

hexahedral grid consisting of the main flow channel and the coolant delivery tube, and the Realizable K-ε model was 
adopted as the turbulence model. Computations are carried out for the following range of film cooling parameters: 
upstream ramp angle (0, 8.5 and 15 deg) and blowing ratio (0.4, 0.8 and 1.4) while other constant parameters such as: 
streamwise injection angle is 30 º , length to diameter ratio is 10 and density ratio of the main flow to the cooling jet 
flow is about unity. The results indicate that upstream ramp acts as a vortex generator and these vortices were used to 
enhance the mechanism of film cooling. The results have been compared with previous experimental data showing 
good agreement. 
Keywords: Film Cooling, Upstream Ramp, Adiabatic Effectiveness, Numerical Solution. 
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