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Numerical Study on Laminar Separation Control Using
Dynamic Hump in High-Loaded Low Pressure Turbine
Cascade at Low-Reynolds Number
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Abstract: To alleviate the laminar separation on high loaded low pressure turbine cascade of PAKB that op-
erating at low Reynolds number of 2.5X10*, a dynamic hump was arranged on the suction surface of the blade for
active flow control. The hump, shaped as half sinusoidal, vibrated normal to the blade surface in sine wave, with
maximum amplitude of 1 mm and frequency of 200Hz. The effects of hump location and width on cascade perfor-
mance were studied through unsteady numerical simulation. The cascade with dynamic hump located upstream
and close to the peak velocity point has the lowest total pressure loss coefficient, which is reduced by 28.8% com-
pared with uncontrolled cascade. When the hump is placed downstream of separation point or far upstream of
peak velocity point, the cascade performance grows worsen. It is also revealed that the effects of hump width on
cascade performance are small when putting the hump at the optimum location. The flow control mechanism of
laminar separation comes from the continuous small laminar vortices that are detached from the dynamic hump
and attached to the suction surface. Continuous vortices confine the low—energy fluid near the suction surface by

energy exchange between the free flow and near—wall flow, which suppress the large—scale flow separation.
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Fig. 3 Calculational and experimental result of time-
averaged wall pressure coefficient distribution in

uncontrolled cascade
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Fig. 4 Time-space contour of wall shear coefficient in
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Fig.5 Time-averaged work loss in uncontrolled cascade
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Fig. 6 Instantaneous results of intermittency and

streamline in uncontrolled cascade
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Fig. 7 Time-averaged total pressure loss coefficient of

controlled cascade with hump at different location
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Fig. 8 Time-averaged work loss and streamline of controlled cascade with hump at different location
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Fig. 9 Time-space contour of wall shear coefficient in controlled cascade with hump at different location
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Fig. 10 Instantaneous results of intermittency and streamline at /=0.57 in controlled cascade with hump at different location
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Fig. 12 Time-averaged blade pressure coefficient of

controlled cascade with hump under different width
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