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Numerical Study on Effects of Different Excitation Forms
on Forced Film Cooling Characteristics

CHEN Jia-wei, CAI Le, WANG Song-tao

(School of Energy Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: In order to study the effects of different excitation forms on forced film cooling characteristics,,
relevant investigation was performed in a 35° inclined jet—in—crossflow model by unsteady numerical simulation
method. The commonly used waves, square wave and sinusoidal wave were selected as excitations to the coolant
and the nondimensional forcing frequencies of Strouhal numbers are 0.019, 0.047, 0.093, 0.263 and 0.441. This
paper mainly compared the attachment of the coolant as well as the ingestion of the hot mainstream. The results
show that coolant with sinusoidal excitation has stronger attachment to the wall and higher cooling effectiveness,
whereas coolant with square excitations has stronger penetration but relatively weaker attachment. Besides, inges-
tion of hot mainstream exists under square excitation, which can cause ablation to the holes and parts of the wall.
However, sinusoidal excitation makes the coolant change gradually, which significantly restrains the ingestion.
Further, improving the lowest blowing ratio is not the best way to restrain the ingestion, since the ingestion is
mainly caused by the excessively changed amount of coolant. As for sinusoidal excitation, the coolant with Strou-
hal numbers higher than 0.263 also results in the ingestion of mainstream. Considering cooling effectiveness and

restraining ingestion, continuous wave with relatively low frequency is recommended for practical use.
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Fig.1 Geometrical model
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(b) Mesh near the hole
Fig.2 Mesh for the computational domain

(a) Overall mesh
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(b) Span-averaged cooling effectiveness

Fig.3 Cooling effectiveness for BR=0.5 with different grids
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Table 1 Boundary layer characteristics
Parameter Value
U,/(m/s) 21.4
8/D 0.630
8*/D 0.172
6/D 0.077
H 2.23
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Fig. 4 Blowing ratio schematic during a pulsing cycle
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Fig. 5 Comparison between the numerical ( solid line ) and

experimental ( symbols ) results at X/D=0, 2, 5
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Fig. 6 Comparison of span-averaged cooling effectiveness

between square excitations and sinusoidal excitations
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Fig. 7 Comparison of centerline cooling effectiveness

between square excitations and sinusoidal excitations
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Fig. 8 Instantaneous temperature contours during a

forcing cycle with S00Hz square excitation
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