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Large-eddy simulation (LES) is a promising tool for predicting engineering complex turbulent 
flows. Hitherto most of the studies are focused on the flows with static geometries, and we are 
still very lack of the knowledge on turbulent flows interacting with the moving boundaries. 
Experiences are especially needed for large-eddy simulations of turbulent flows over moving 
and deforming walls. In the present work, direct (DNS) and large-eddy simulations (LES) are 
performed to turbulent flows in a channel with a wall undergoing streamwise traveling-wave 
motion to accumulate the knowledge on turbulence properties near a moving wall and to 
evaluate and develop the appropriate subgrid-scale models. 
 
For the great efficiency and high accuracy, the spectral method is used to simulate the channel 
flows with more complicated time-dependent wall geometries. Instead of the equations 
written in the covariant or contra-variant form in general curvilinear coordinate [1,2], in the 
present study, the velocity components are still defined in the physical space and the 
governing equations are written and solved in the computational space [3,4] to avoid the extra 
terms resulting from the covariant or contra-variant vectors which make the computation 
much more expensive. For spatial discretization, Fourier series are used in the horizontal 
directions and Chebyshev polynomials are adopted in the vertical direction. Time 
advancement is accomplished by a third-order time-splitting method. Compared with the 
previous schemes [1,3,4], the present scheme keeps the spectral accuracy while the 
computational cost is greatly reduced.  
 
The direct numerical simulations are first performed to the turbulent flows in a channel with 
the bottom wall moving in the wall-normal direction (y) in the form of the streamwise (x) 
traveling wave, ywall = a sin k ( x – c t ). The computational domain spans 4π×2×2π. The 
amplitude of the wall deformation is a = 0.125, and the streamwise wave number k = 2. Two 
Reynolds numbers based on the channel width and the mean wall friction velocity, Reτ = 300 
and 400, are considered with three different wave speed c = 0, 0.4 and 1.2. The grids in the 
streamwise (x), wall-normal (y) and spanwise (z) directions are 192×192×192 and 
576×192×384 for the lower and higher Reynolds numbers, respectively. The results at Reτ = 
300 are compared with those of [4] to validate the present numerical methods and the codes. 
They show good agreements. 
 
Figure 1 shows the distribution of the mean streamlines and the contours of streamwise 
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velocity, vertical velocity, and pressure at Reτ ≈ 400, c = 0 and 0.4, respectively. The 
separation is obviously suppressed by the moving wall, as indicated in [4]. The results by 
large-eddy simulations will be presented in the congress. Various SGS models will be 
evaluated, especially the nonlinear model which shows a good performance in the simulation 
of the rotating turbulent channel flows [5].  
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Figure 1. Distribution of the mean streamlines, streamwise velocity, vertical velocity and 

pressure (from top to bottom) at c = 0 (left) and 0.4 (right). 
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