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Studies on One-Sided Flow Control Device to Improve Film Cooling Effectiveness
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This study proposes a new flow control device (FCD), called one-sided FCD or OFCD, to improve conventional

cooling hole film effectiveness of turbine airfoils for gas turbine with less aerodynamic loss than that of the previously

developed devices such as double flow-control devices (DFCD) or V-shaped FCD. Detailed numerical investigations

on the flat-plate model are executed through RANS (Reynolds-Averaged Navier-Stokes equations)-based simulation

using a commercial flow solver, calculating film effectiveness, net heat flux reduction (NHFR) and stagnation

pressure loss coefficient for several types of OFCD along with DFCD and V-shaped FCD. Experimental examinations

are also conducted using PSP (Pressure-Sensitive Paint) method to verify the predictability of film effectiveness by

the present calculation. It is found that OFCD performs fairly well with less aerodynamic penalty than those of the

high-performance devices.
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CRVP ! Counter-Rotating Vortex Pair
DFCD : Double Flow Control Device
DBV  : Device-Based Vortex

FCD : Flow Control Device

MS : Mesh Size

NHFR : Net Heat Flux Reduction
OFCD : One-sided Flow Control Device
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Fig. 1 One-sided FCD with its geometrical parameters
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Table 1 Parameters of device geometry and configuration

OFCD1 | OFCD2 | OFCD3 | OFCD4 | OFCD5
Distance1 0.0d 0.2d 0.2d 0.4d 0.4d
Distance2 1.7d 1.7d 1.5d 1.7d 1.2d
Height 0.6d
Width1 0.2d
Width2 0.2d
Angle 30 [deg]
Fillet 0.05d
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Fig. 2 Tested one-sided FCD
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Fig. 3 Test facilities for PSP measurement
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Fig. 4 Relation between Iuminous intensity and pressure under
three temperature conditions
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Fig. 9 Film effectiveness and vorticity distributions (BR=1.0)
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Fig. 10 Film effectiveness and vorticity distributions (BR=1.5)
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effectiveness for devices (top; BR=1.0, bottom; BR=1.5)
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