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Thesis Summary

For more efficient use of energy which is essential to our sustainable society, it is of great importance
to establish flow control methods for reducing friction drag accompanied by fluid flows. In this thesis, the
control effect of two different waveforms of the streamwise traveling wave created by wall deformation
(i.e., spanwise-uniform and wave-machine-like traveling waves) in a fully developed turbulent channel
flow at different friction Reynolds numbers is investigated by means of direct humerical simulation
(DNS).

In the case of the spanwise uniform traveling wave, not only decrease of the turbulent Reynolds
shear stress (RSS) but also the contribution from the periodic RSS increase the bulk-mean velocity, i.e.,
the drag reduction effect. Based on the scaling obtained from the DNS results, a semi-empirical formula
for the mean velocity profile is proposed to predict the drag reduction rate. This formula predicts about
20% —25% drag reduction rate even at practically high Reynolds numbers, Re . ~10%— 106,

In the case of the wave-machine-like traveling wave, significant decrease of the turbulent RSS is
confirmed, while the streamwise large-scale structures due to the wave-machine-like wall motion
generates the positive periodic RSS in the logarithmic region, which is not present in the case of the
uniform traveling wave. Therefore, the drag reduction effect in the wave-machine case is smaller than
that in the uniform case.

To achieve higher drag reduction, the control parameters of the spanwise-uniform traveling wave are
optimized using the Bayesian optimization. As a results, 60.5% drag reduction rate is achieved, which is
significantly higher than that obtained by the parametric study, i.e., 36.1%, which demonstrates the

possibility of drastic improvement of drag reduction effect by a fine tuning of parameters.




