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Direct Numerical Simulation of Flow in a Channel
With Time-Dependent Wall Geometry

GE Ming-wei, XU Chun-xiao, CUI Gui-xiang
(School of Aerospace, Tsinghua University, Beijing 100084, P. R. China)

Abstract: A numerical scheme was developed to extend the scope of the spectral method with-
out solving the covariant and contra-variant form of Navier-Stokes equations in curvilinear coor-
dinates. The primitive variables were represented by Fourier series and Chebyshev polynomials
in computational space. The time advancement was accomplished by a high-order time-splitting
method, and a corresponding high-order pressure condition at the wall was introduced to re-
duce the splitting error. Compared with the previous pseudo-spectral scheme, in which the
Navier-Stokes equations were solved in covariant and contra-variant form, the present scheme
reduced the computational cost, at the same time kept the spectral accuracy. The scheme was
tested by the simulation of turbulent flow in a channel with a static streamwise wavy wall and
turbulent flow over a flexible wallundergoing streamwise traveling wave motion. Turbulent flow
over an oscillating dimple was studied using present numerical scheme, and the periodic gener-

ation of vortical structures was analyzed.

Key words: spectral method; time-dependent wall geometry; turbulent flow



