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A Numerical Investigation of Heat Transfer Characteristics with Varying
Film Cooling Hole Shapes for Gas Turbine Blade Cooling
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Recently, film cooling has been continuously studied to increase the efficiency of gas turbines. A turbine inlet temperature
increase occurs as a way to improve the efficiency. However, it is essential to improve the cooling performance of the
blade surface because of the melting point of the part. In this paper, a side hole shape wherein a general cylinder hole and
two auxiliary holes are combined, is proposed to improve the film cooling efficiency, and the blowing ratio was set to 0.4,
0.8, 1.2, and 2.0. When side hole was applied, the vortex interference at the hole entrance occurred less than that of the
cylinder hole. That is, the flow rate of the coolant adsorbed to the surface increased to improve the cooling performance. In
conclusion, compared to the cylinder hole, the cooling efficiency of the shape to which the side hole was applied was
excellent, and in particular, the average area cooling efficiency with spanwisely designed side holes improved by 83%.
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NOMENCLATURE Phot = Main air Density
v _ Blowing Ratio Prool = Co?lant.Air Der'lsity
) o ) ) Vit = Main Air Velocity
U = Centerline Adiabatic Film Cooling Effectiveness - —  Coolant Air Velocity
Mave = Average Area Adiabatic Film Cooling T, —  Main Air Temperature
E‘r'"fectlveness ' T ool = Coolant Air Temperature
Ilj B }Dlla?n;iterf(l)\it?e lljlllm I;Iolle; T giabatic way = Adiabatic Wall Temperature
= Height of Main Flow Fie
B = Breadth of Flow Fields
a = Blowing Angle
L, = Length of Inlet to Hole 1. M2
L, = Length of Outlet to Hole
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Film cooling

Cooling air

Fig. 1 Gas turbine blade film cooling schematic
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Fig. 2 The schematic of flow field and film cooling hole shape
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Table 1 Geometry parameter value

Geometric parameter Value
D [mm] 5
L [D] 35
Lou [D] 55
H [D] 30
A% 35
B [D] 4

Table 2 Properties of flow

Main air Coolant air
Temperature [K] 322.65 295.85
Density [kg/m®] 1.095 1.193

Viscosity [kg/m-s] 1.95 x 107 1.83 x 107

Thermal conductivity [W/m-K] 0.02805 0.02607
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