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Linear Analysis of Drag Reduction by Traveling Wave-Like Body Force in Channel Flow
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A linear analysis is made for the skin-friction drag reduction in channel flow by traveling wave-like surface heat-
ing/cooling. The analysis reveals that downstream traveling waves can reduce the skin-friction drag. The buoyancy
force induced by the surface traveling wave creates the disturbance fields of velocities, pressure and temperature. Due
to a subtle effect of fluid viscosity, a phase lead of streamwise velocity disturbance (u') is induced. Therefore, the
phases of u’ and v’ (wall-normal velocity disturbance) depart from quadrature, inducing a non-zero Reynolds shear

stress near the walls. resulting drag reduction effect.
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Fig. 1 Drag increment, AD, by the traveling wave-like
surface heating/cooling as a function of wavespeed, c; (a)
varicose mode, (b) sinuous mode
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Fig. 2 The Reynolds shear stress distribution by the trav-
eling wave-like surface heating/cooling for £ = 1.5 and
c=0.27.
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