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Reynolds Number Effect on Wall Turbulence
(Toward Effective Feedback Control)

Kaoru IWAMOTO®3, Yuji SUZUKI and Nobuhide KASAGI

*3 Department of Mechanical Engineering, The University of Tokyo,
7-3-1 Hongo, Bunkyo-ku, Tokyo, 113-8656 Japan

Direct numerical simulation of turbulent channel flow at Re;= 110 ~ 650 is made in order to

assess the feedback control algorithms which have been proposed for reducing skin friction. The

effectiveness of the existing control schemes is decreased with increasing the Reynolds number

from Re;= 110 to 300. It is found, through the Karhunen-Loeve (KL) decomposition of turbulent

fluctuations, that the KL modes at 15 < y* < 30, which correspond to longitudinal vortices and

near-wall streaky structures, play a dominant role in the production of turbulence and wall shear

stress at Re; = 110. At Re; = 300, however, the KL modes at 30 < y* < 75 also make appreciable

contribution to the wall shear stress generation. The regeneration mechanism of the near-wall

vortices is related to the nonlinear interaction between the KL modes at 15 < y+ < 30 and those at

30 <yt <75.

Key Words : Turbulent Flow Control, Computational Fluid Dynamics, Skin Friction,

Direct Numerical Simulation, Karhunen-Loeve Decomposition
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Table 1. Basic conditions of DNS of turbulent channel flow

(Ay,* is the y-interval at the channel center).

Comp u}anonal Grid points Grid spacings
Re periods
T

L, L. N, N, N, Ax* Ay z+
110 5md 2nd 48, 65, 48 36.0 5.40 14.4
150 2.5md o 64,97, 64 18.4 491 7.36
300 2.5md i) 128, 193, 128 18.4 491 7.36
400 2.5md o 192, 257, 192 16.4 491 6.54
650 2.5md i) 288, 257, 384 17.7 7.98 5.32
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Fig. 3 Most energetic eigenfunction among the KL modes.
Isosurfaces of '+ and the second invariant of the deforma-
tion tensor Q*F are shown. White, '+ = 0.15; black, u'+ = -
015; mesh, Ot =0. (a)Re; =110, (b)Re; = 300.
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+

Fig. 5 Eigenfunction of the largest contribution to Ty, ;s;
velocity vectors and contours of the streamwise velocity fluc-
tuation u'* (gray, u'+ > 0.15; black, u'*+ < -015). (a)Re; =
110, (b)Re; = 300.
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Fig. 7 Plane view of near-wall coherent structures for Re; =
300 (gray, the second invariant of the deformation tensor (Q*
< -0.03) at 15 < y* <30; black, the second invariant of the
deformation tensor of u<2> (Q* < -0.03)).
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Fig. 8 Contribution of KL subgroup to the Reynolds shear
stress at Re; = 110 and 300.
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Fig. 9 Fractional contribution of each KL subgroup to the

wall friction increase beyond the laminar value.
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Fig. 14 Contours of time-space integrals of nonlinear inter-

action term for Re; = 110. Contour levels range from -0.35
to 0.35 by an increment of 0.02 with negative values dotted.

(a) u<]>, (b) u<2>, (c) u<3>.
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Fig. 15 Contours of time-space integrals of nonlinear inter-
action term for Re; = 300. Contour levels range from -0.4 to
0.4 by an increment of 0.02 with negative values dotted. (a)

u<]>, (b) u<2>, (c) u<3>.

Fig. 16 Near-wall coherent structures and nonlinear interac-
tion term of u<2> at Re; =300 (white, the second invariant of
the deformation tensor (Q* < -0.03); black, positive nonlin-
ear interaction term (NL* > 0.5); black with mesh, negative

nonlinear interaction term (NL* < -0.5)).
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