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Numerical Study of Film Cooling Characteristics in Turbine Blade Cavity
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Abstract

Numerical calculations are performed to simulate the film cooling effect of turbine blade tip with squealer rim. Because of
high temperature of inside rim, squealer rim is damaged easily. Therefore many various cooling systems were used. The
calculations are based on 100,000 Reynolds number in linear cascade model. A blade has 2% tip clearance and 8.4% rim
height. The axial chord length and turning angle is 237mm, 126°. Numerical calculations are performed without and with film
cooling. In a film cooling in the cavity, hot spots of cavity were cooled effectively. However hot spots of suction side rim still
remains. The CFD results show that the circulation flow in cavity of squealer tip affects the temperature rise of squealer rim.
To maintain the blade integrity and avoid the excessive hot spot of blade, rearrangement of cooling hole is needed.
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Fig. 1 St distribution of Backward-Facing Step(Turbulence model)
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Fig. 2 St distribution of Backward-Facing Step(Heat transfer model)

Table 1 Blade Specification

Tip Clearance

Chord 295 mm (GaplC.) 4.8 mm (2%)
Axial Chord 240 mm |Rim Height |20 mm (8.4%)
Span 480 mm |Inlet Angle 57
Aspect Ratio(Span/Cy) |2 Outlet Angle |69

Pitch 213 mm |Turning Angle |126

Fig. 3 Modeling for Numerical Calculation



Fig. 4 Computational grid for Blade(Hexahedral)

Table 2 Boundary Condition

total pressure (101325 Pa),

temperature (1500K), unit vector (0.54,0.84,0)
mass flow (1.278 kg/s)

total pressure (101325 Pa),

temperature (298K), unit vector (0,0,1)

Inlet

Outlet

Cooling Hole

Hub wall function, adiabatic
Shroud wall function, V=-117m/s, adiabatic
Pitchwise wall| Periodic
Blade wall function, constant heatflux
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Fig. 5 Blade surface temperature without and with film cooling
(pressure side)
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Fig. 6 Blade surface temperature without and with film cooling
(cavity tip)

Fig. 8 Coolant streamline over cavity tip (temperature)
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Fig. 9 St distribution of blade tip and midspan without and with
film cooling

Film Cooling Effectiveness
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Fig. 10 Adiabatic film cooling effectiveness of blade cavity
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