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Studies on High-Performance Film Cooling Hole Shape using a Flat-Plate Test Facility
- Proposal of Pick-Shaped Hole -

ABSTRACT

A
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SASAKI Yudai

Turbine inlet temperature (TIT) of gas turbines has been increasing for decades to achieve their larger output

and higher thermal efficiency and the advances in cooling technology for the turbine sections have significantly

contributed to this trend. Among the cooling technologies, film cooling is widely adopted for turbine blades because

of its high cooling performance, however, further studies are still required on the film cooling so as to attain higher

cooling effectiveness with lower aerodynamic loss caused by the coolant injection into the main flow. This study

proposes a new cooling hole shape, called Pick-Shaped Hole. The film cooling performance and aero-thermal

performance of this new cooing hole are investigated experimentally and numerically in comparison with Round Hole

and Fan-Shaped Hole under various flow conditions, such as blowing ratio and turbulence intensity.
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Fig. 1 Flat plate test equipment
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Table 1 Parameter details

Cooling hole shape RH SH PSH
Diameter (d) [mm] 10 10 10
Metering length (Lm/d) [-] - 25 | 213
Injection angle (a) [deg.] 30 30 30
Forward expansion angle (8) [deg.] - 7 5.3
Lateral expansion angle (y) [deg.] - 7 112

d Z d d 7
cf ooX gl T (D
M) 0y
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Fig. 2 Configuration parameters
(Left: RH, Middle: SH, Right: PSH)

Fig. 3 Cooling hole outlet shape (PSH)
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Table 2 Concentration estimates at x/d=18

Film effectiveness[-] 0.499
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Oxygen ratio[%] 12.655
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Fig. 4 Relationship between dissipated heat and velocity
at x/d=18
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Fig. 5 Turbulence grid
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Fig. 6 Turbulence intensity and integral length scale
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Table 3 Test cases

Cooling hole shape RH ‘ SH ‘ PSH
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Fig. 7 Analysis domain
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Table 4 Boundary conditions

Reynolds number Re=6,000
Blowing ratio BR=05,10, 1.5, 25
Density ratio DR=153

Velocity profile [m/s]
Temperature: 298.15 [K]
Turbulence: 1.4 [%]

Static pressure: 0 [Pa]

Mainstream inlet

Mainstream outlet

Mass flow rate [kg/s]
Temperature: 194.85 [K]

Secondary flow inlet
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Fig. 8 Film cooling effectiveness distributions
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Fig. 9 Span-averaged film effectiveness
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Fig. 14 Contours of film effectiveness and space temperature
calculated by RANS simulation
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