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Suboptimal Control for Drag Reduction in Turbulent Pipe Flow
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Abstract

A suboptimal control law in turbulent pipe flow is derived and tested. Two sensing variables
ap/36 |, and 8v,/dr |, are applied with two actuations ¢, and ¢, To test the suboptimal control law,
direct numerical simulations of turbulent pipe flow at Re.=150 are performed. When the control law is
applied, a 13~23% drag reduction is achieved. The most effective drag reduction is made at the pair of
dvg/ar |, and ¢, An impenetrable virtual wall concept is useful for analyzing the near-wall suction
and blowing. The virtual wall concept is useful for analyzing the near-wall behavior of the controlled

flow. Comparison of the present suboptimal control with that of turbulent channel flow reveals that the
curvature effect is insignificant.
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Fig. 1. Time history of the mean streamwise wall
shear stress. (a) 3p/36 |, and (b) dv,/dr |,
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Fig. 2 Root-mean-squar distirbutions of velocity
fluctuations. (a) original wall coordinate and (b)
virtual wall coordinate.
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Fig. 3 Root-mean-squar distirbutions of vorticity
fluctuations. (a) original wall coordinate and (b)
virtual wall coordinate.
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