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Mechanism of Drag Reduction by Pre-determined Spatio-Temporally
Periodic Control of Wall Turbulence

Aiko YAKENO “, Yosuke HASEGAWA™ and Nobuhide KASAGI

*#3 Department of Mechanical Engineering, The University of Tokyo.
Hongo 7-3-1, Bunkyo-ku, Tokyo, 113-8656 Japan.

We evaluate pre-determined controls with temporally- and spatially-periodic spanwise velocity inputs at
the wall in a fully developed turbulent channel flow. The spatially-periodic control generally achieves better
than the temporally-periodic one, which is conventionally called the spanwise wall-oscillation control.
Particular attention is paid to the Reynolds stress generation, which dominates the skin friction. We apply a
conditional sampling technique in order to clarify the response of the Reynolds stress around a near-wall
longitudinal vortex to the spanwise control input. Quadrant analysis of the Reynolds stress shows that each of
the phase-dependency of Q2 and Q4 events around a longitudinal vortex is totally different. Based on the

present knowledge, different drag reduction mechanisms in the two controls are discussed.

Key Words : Wall turbulence, Flow control, Friction drag reduction, Coherent structure
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Fig. 1 Schematic of spatially-periodic control.
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Fig. 2 DR X100 (%) as a function of time period,
wavelength and amplitude: (a) temporally-periodic
control, (b) spatially-periodic control.
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input.
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Fig. 4 §X100 (%) as a function of time-period 7" or
wavelength 4,", and amplitude #,": (a) temporally- and
(b) spatially-periodic controls.
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Fig. 5 G as a function of time period 7" or wavelength A"
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spatially-periodic controls.
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