(Ydk=3)

Journal of the Korean Society of Visualization, Vol. 17, No. 3 (12~18), 2019
(Manuscript received : 2019.12.02./Revised : 2019.12.10./Accepted : 2019.12.10.)
DOL:http://dx.doi.org/10.5407/iksv.2019.17.3.012

ISSN 1598-8430 Print
ISSN 2093-808X Online

2ktel EHZE 7} Q& L8 ™o Couette-Poiseuille S-E0f Lt

Turbulent plane Couette-Poiseuille flow over a 2-D rod-roughened wall

Jeong Hyun Kim, Young Mo Lee and Jae Hwa Lee’

Abstract Direct numerical simulation of a fully developed turbulent plane Couette-Poiseuille flow with
a two-dimensional (2-D) rod-roughened wall is performed to investigate the impacts of the surface
roughness. It is shown that the logarithmic region in the mean velocity profile over the rough wall
Couette-Poiseuille flow is significantly shortened by the surface roughness compared to that over a
turbulent Couette-Poiseuille flow with smooth wall. The Reynolds shear stress over the rough wall
Couette-Poiseuille flow is decreased compared to that for a smooth case in the outer layer. These
results are attributed to weakened turbulence activity or roll-cell mode over the rough wall
Couette-Poiseuille flow near the channel centerline due to suppressed development of u'-structure on
the top wall, as documented through spanwise energy spectra of the streamwise velocity fluctuations.
Inspection of congregation motion near the bottom wall and time evolution of u'-structure reveal
weakened co-supporting cycle for the rough wall case.

Key Words : Couette-Poiseuille flow(Couette-Poiseuille--&"), Roughness(3£ % %=), Large-scale motions
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Fig. 1. Schematic of the present computational
domain for turbulent plane Couette-Poiseuille
flow with a 2-D rod-roughened wall.
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Fig. 2. (a) Mean streamwise velocity profiles and
(b) Reynolds shear stress profiles
normalized by the local friction velocity
on the bottom wall. Dashed vertical line
in (b) is marked to indicate the upper
limit of the roughness sublayer (y=3k).
Two streamwise locations (I and II) are
considered to examine the streamwise
variation of the profiles.
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Fig. 3. Temporally averaged u'-structures (<u"™>/u ,s)
on the yz-plane: (a) C-type, (b) CR-type(l)
and (c) CR-type(Il). In each Fig., vectors are
depicted by time averaged wall-normal
(<vV>/u ,5) and spanwise velocities (<w™>/u ;s).
Part of entire spanwise domain is presented.
Line contours of <u™/u s =1.5 (solid lines)
and -1.5 (dashed lines) are visible to highlight
the strong u"-motions.
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Fig. 4. Pre-multiplied 2-D spanwise energy spectra of
the streamwise velocity fluctuations (k; @,,/u 152):
(a) C-type and (b) CR-type. The contour level
for all types is shown in (b).
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Fig. 5. The time evolution of the spanwise location
of low speed u' for C-(top) and CR-type
(bottom) at y=5.
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