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Impact of Slip Length on the Statistical Properties
and Structure of Turbulent Channel Flow
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Abstract: This study systematically investigates the influence of the wall slip length (L,) on the statistical properties and flow
structures of turbulent channel flow. The Navier slip boundary condition is applied at the boundary of turbulent channel flow, and
direct numerical simulation (DNS) is employed to numerically explore the evolution of turbulence for L ranging from 0 (no-slip)
to 0.1. The results reveal that as L increases, the viscous damping effect at the wall is substantially reduced, resulting in an overall

elevation of the mean velocity profile. Within the viscous sublayer, the mean velocity increment exhibits a linear relationship with

L,, satisfying the relation AU >+ = Re L. In the near-wall region, the turbulence fluctuation intensity demonstrates an enhanced
dependence on L, with the intensification of Q2 (ejection) events leading to an elevated Reynolds stress peak that shifts closer to
the wall. Analysis of wall-attached low-speed streaks indicates that, for a dimensionless wall-normal structure scale l: < 50, both
their number and volume increase significantly with rising L. Furthermore, it is found that the effects of the wall slip condition are
confined to the near-wall region, while the outer inertia-dominated region continues to follow the scaling laws of no-slip wall

turbulence.
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Tab.1 Parameters of the computational domain

L. L./h L./h N, N, A min A max
0 7.0 3.5 180 180 0.08 3.12
0.02 7.0 3.5 180 180 0.08 3.12
0.04 7.0 3.5 180 180 0.08 3.12
0.06 7.0 35 180 180 0.08 3.12
0.08 7.0 35 180 180 0.08 3.12
0.1 7.0 35 180 180 0.08 3.12

Note: Values of L,/h and L_/h represent the streamwise and spanwise domain sizes normalized by the channel half-height £,
respectively. N, and N, denote the number of grid points in the streamwise and wall-normal directions. Ay;,in and Ay:,mX are the wall-

normal grid resolutions at the wall and channel center, respectively, normalized by wall units.
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