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Friction Drag Reduction by Traveling Wave-Like Surface Heating and Cooling
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The skin-friction drag reduction effect of the traveling wave-like surface heating/cooling
in the channel flow is investigated by using a linear analysis and a direct numerical simu-
lation. The buoyancy force induced by the surface heating/cooling is expected to reduce
the Reynolds shear stress in the region near the wall. The linear analysis shows that the
downstream traveling wave can reduce the skin-friction drag in laminar flows. Amount
of drag reduction is larger at lower Prandtl numbers. For a fully development turbulent
channel flow the direct numerical simulation shows that the skin-friction drag is slightly
reduced below the uncontrolled level by the high wavenumber of the downstream traveling

wave.
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Fig. 1: Flow geometry, coordinate system and the trav-

eling wave-like surface heating/cooling as the control in-
put.
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Fig. 2: The drag increment, AD, as a function of

wavenumber, ¢, for different wavenumbers at Re = 2000,
Ri = 0.0945, and Pr = 0.71.
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Fig. 3: The drag increment, AD, as a function

of wavenumber, ¢, for different Prandtl numbers at
k = 0.5, Re = 2000, and Ri = 0.0945.
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Fig. 4: Time-averaged skin-friction drag, D, as a func-
tion of wavenumber, ct, in turbulent channel flow at
Re = 4200, Ri = 0.2, and Pr = 0.71.
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Fig. 5: Profile of the Reynolds shear stress at ¢* ~ 32,
Re = 4200, Ri = 0.2, and Pr = 0.71.



