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Numerical Investigation of the Moving Wall Effects in Turbulent Channel Flows

Jun Hyuk Hwang and Jae Hwa Lee’

Abstract Direct numerical simulations of turbulent channel flows with moving wall conditions on the
top wall are performed to examine the effects of the moving wall on the turbulent characteristics. The
moving wall velocity only applied to the top wall with the opposite direction to the main flow is
systematically varied to reveal the sustained-mechanism for turbulence. The turbulence statistics for
the Couette-Poiseuille flow, such as mean velocity, root mean square of the velocity fluctuations,
Reynolds shear stress and pre-multiplied energy spectra of the velocity fluctuations, are compared with
those of canonical turbulent channel flows. The comparison suggests that although the turbulent
activity on the top wall increases with increasing the Reynolds number, that on the bottom wall
decreases, contrary to the previous finding for the canonical turbulent channel flows. The increase of
the turbulent energy on the top wall is attributed to not only the increase of the Reynolds number
but also elongation of the logarithmic layer due to increase of the wall layer on the top wall. However,
because the logarithmic layer is shortened on the bottom wall due to the decrease of the wall layer,
the turbulence energy on the bottom wall decreases despite of the increase of the Reynolds number.
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Table 1. List of the parameters for the
Couette-Poiseuille flows.
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Fig. 2. Mean velocity profiles scaled by the local
friction velocities at (a) the bottom wall
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Fig. 3. (a-d) Root mean square of the velocity
fluctuations and (e-f) Reynolds shear stress
throughout the entire wall layer. Symbols
correspond to the previous DNS data for
canonical turbulent channel flows. The
quantities are normalized by the local
friction velocities on (a, ¢, €) the bottom
wall and (b, d, f) the top wall.
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Fig. 4. Reynolds shear stress profiles from each
quadrant scaled by the local friction
velocity at each wall. (a-b): Q2 event;
(c-d): Q4 event. The quantities are
normalized by the local friction velocities
on (a, c) the bottom wall and (b, d) the
top wall.
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Fig. 5. Pre-multiplied streamwise spectra of the streamwise velocity fluctuations (kxEuu/uz2) scaled by the

local friction velocities at the bottom (left) and top (right) wall units. (a-b): u U, =0; (c-d):

i, 1U, =05, (e-h): i, /U, =1. White cross symbols depict the position of the inner peak for
ﬁs /Uca :1.
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