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Influence of phase difference of spanwise wall oscillation for turbulent channel flow

O JH ARk, HRELR, HOCERE &6 XHTfE 6-3-1, 4518547 @ed.tus.ac.jp
e Sh—, PR, AOUER i POHTE 6-3-1, kfukudome@rs.tus.ac.jp
NP, FEIEOR, AURUER AT TEE A 7 B 1-5-1, mamori@uec.ac.jp
A 3, SR, AT RS A TS 6-3-1, yamamoto@rs.kagu.tus.ac.jp
Harada Tomonari, Tokyo University of Science, 6-3-1 Niijuku, Katsushika-ku, Tokyo
Koji Fukudome, Tokyo University of Science, 6-3-1 Niijuku, Katsushika-ku, Tokyo
Hiroya Mamori, The University of Electro-Communications, 1-5-1 Chofugaoka, Chofu-shi, Tokyo
Makoto Yamamoto, Tokyo University of Science, 6-3-1 Niijuku, Katsushika-ku, Tokyo

Effect of phase difference of oscillating walls on drag reduction effect in a fully developed turbulent channel flow is
investigated by using direct numerical simulations. Three different controls are examined: Case 1, only lower wall

oscillates; Case 2, upper and lower walls oscillate in “in-phase”; Case 3, the walls oscillate in “out-of-phase”. The

oscillation amplitude and period are fixed at the optimal parameters suggested by Quadrio et al. (J. Fluid Mech., 2004).
In a friction Reynolds number of 110, drag reduction rates are 11.2%, 10.3%, and 10.2% for Cases 1, 2, and 3, respectively,
whereas input energy for the control in Case 1 is a half of that in Cases 2 and 3. This drag reduction in Case 1 is considered
owing to be an antisymmetric distribution of mean velocity and Reynolds shear stress between upper and lower wall sides.
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Table 1 Control parameters.

Parameters
Case Lowerside | Upper side
o k 1) k
Case 1 0 0
Case 2 1 0 1 0
Case 3 1 1
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Fig. 1 Schematics of spanwise oscillation control.

Table 2 Drag reduction rates.

Re~110 | w/o control Case 1 Case 2 Case 3
Ren 3254 3507 3477 3472

GX10° 9.14 793 8.02 8.10

Rp [%] 1.2 103 10.2

3. FEREBR
S 1572 A0 e e e 1 1 NZ AN [ =) 1 i M B T (9
BENRIZONTARD. A TR R ORI L T T
FEFE SO HHURIER Rp 2 V6.
W -W

RD: p De\;:/ p Control ><100 (2)

p Dean

2T W IR T8, Wyne IIFERIEREO R 7B TH Y IR
@ Dean? & DFERA A V.

C/pean=0.073Res*» )
ZIZTC, RenlZ7 NI LA NV (RE) THY, FHREEE u,
EF ¥ FUIE20IZ L - TEFRSND. F iz, BRI G (=2n/pund)
V3, BERDIENGT) o CFE p, ROSTEEBER u, L0 BT 2.

#2102, Re=110 T8 5 Rew, GBI RpETT. ZhbiX
BABHIEZA T4 P08 L 72 RuUc W TR Lz, HlE
12X 3 r—AATUTIWCEEERE ) LA LT
%. BB OB DB L EOMINEE, FEERE) (Casel) T
KE2Y, WEEFNARE) (Case2), MBEFAAIIRE) (Case3) T
IHFEREOEE 705, WEEENAED) (Case 2) (2B GO
RTFERIT 123% T Y Quadrio HDD 183%IZIH~VNEV, ZiuT
LA ) IVAEEINRIR B0 T 5. Case 2 & 3 1T HHERHULIE
RIFERRECTHDZ LD, WEEZIREISE 555, IREIOMHH
ZEDEHURIBUC 52 DRI N EN T E D35,

X 2@IZHA VAR A %, [RIEEEELA VBT BT HIE
IO SOOFETR & & bIoRT. JERIERCIWT, ARZE
DIEEFR S OMEXNFFE BT 5. WRERE(Case2 & 3ITI\T
FEHIBHIRFL LB D B - SR O WA cBiE S,
WE O IIFEO %S, —75, JRERE)Case 1) HBE
) & FREMOFEE SRR AR E 1 & 72 DAE T TR L
TW5. FHERICIEE LR IEE s b, LnL, LBE
TEFEEAME T U, FEHIEIRE OB Z LSO /AR O & 3T
VA AR

200N LA I NVRIESID AT, LA VRIS IS
TEIE N O FROMEENRE) (Case2 & 3) C, MiBERENZINZ D Z &
TREIIFO E— 7 EAE TR T 5. Zhuc kD, BB
BT 5. —J5, FREESE) (Casel) TIXFEEUICORE 2Ry &
FEERICORINE Y TPEECIEI R i En T, Z OIERFR
ML, AU FIOEREREAFS LR T XA i 38 LT
%0,

PLEOfER LY, FBHEENZ W CTIRBIBEHCTELN ORI & %
IEEEAICELVOEEINZ R L,  ETIEB RN ME b, ke
U CHiBEREI DS A & RS OBEEHHRBENRE A S b D Z &3

Ay eyl

Copyright © 2019 by JSFM2

% 33 EAIBERENFEL VRO L

AQ7-2
(a) T ——
20 4 -
u=y
F*: [
10- U'=5.75log y*+5.5-»-- wio control ©
(Tsukahara et al(2005))
-©--wj/o control
1 Case 1 (lower wall side)
Case 1 (upper wall side)
Case 2
00 L ‘Auuxl L ‘A+H“A2 — Case 3
10 10 y" 10
b | ‘
0.5
5
0 -4--wi/o control ©
L (Tsukahara et al(2005))
0.5 -©-- w/o control
05 [ |—Case 1
[ Case 2
R 1 R — Case 3
-1 0 y X 1

Fig. 2 Turbulent statistics: (a) mean velocity, (b) Reynolds shear stress.
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