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Turbulent Flow Analysis and Drag Reduction by Riblet Surfaces
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Abstract

Direct numerical simulations of turbulent flows over riblet-mounted surfaces are
performed to educe the mechanism of drag reduction by riblets. Numerical simulations are
performed for flow fields with Re, =180 . For riblet ridge angle o =60°, two different riblet
spacings of s*=20 and 40 are used in this study. The computed drag on the riblet
surfaces is in good agreement with existing computational and experimental data. The
mean velocity profiles show upward and downward shifts in the log-law for drag-
decreasing and drag-increasing cases, respectively. Turbulence statistics above the riblets
are computed and compared with those above a flat plate. The purpose of this study is in
two categories: first, to understand the drag reduction mechanism on riblet surface,
second, to verify our own code by comparison of the present results with those from

previous studies.
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Table 1 Computation domain size, grid system and the configuration parameters of two different riblets

L /SxL /dxL /6 | N xN xN, o s h*

Case A x2x0.2897r 20x144x154 60 40 34.7

Case B x2x0.289x 20x144x 306 60 20 17.3
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Fig. 2 Computational mesh near riblets. A non-
uniform mesh of 144 points with hyperbolic
tangents distribution is used in the wall normal
direction, and thirty nine grid points are used on
each riblet surface for a=60"; {a) st =20, (b)
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Fig. 3 Time history of wall-shear rates at both flat
and riblet walls for; (a) s =20,a=60" , (b)
st =40, 0=60".
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Fig. 6 Mean secondary velocity vectors{v, w) in
the transverse plane for ¢=60°; (a) s* =20, (b)
st=40.
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(b)

Fig. 9 Instantaneous flows over riblets with
a=60"; {a) s* =20and (b) s" =40 in the (y-z)
plane.
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Fig. 10 Contours of u fluctuation for s*=20 in
the (x, z) plane at (a) y* =10 from riblet tip, (b)
y* =10 from flat wall
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Fig. 11 Contours of u fluctuation for s* =40 in
the (x, z) plane at (a) y* =10 from riblet tip, (b)
y* =10 from flat wall
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