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Transition of a channel flow
Under the oscillating-wall condition

T. Atobe, and K. Yamamoto

Japan Aerospace Exploration Agency

ABSTRACT
Transition of a channel flow with longitudinal wall-oscillation is investigated by DNS (Direct
Numerical Simulation). Since this flow field can be thought as a superimposition of a channel
flow with the Stokes layer because of linearity of the government equation, the results are
considered from the point of view of stability of the Stokes layer. Parametric study shows the
acceleration of the transition has a correlation of the stability feature of the Stokes flow.
Furthermore, it is find that the deceleration is demonstrated owing to the parameters.

Key Words: transition, channel flow, longitudinal wall-oscillation, Stokes layer

1. i

WUZERORER IR D X 9 |2 mil TR B 2 iR I3
BRI R E B EBRERRAIM L T 2720, HPUX
TS EE/AFIGRRE L 72> TS, 2 E TR &
WAEIC T 57 B2 L0 b ORREORAE BiF &z
A3, MEMS (Micro Electro Mechanical Systems) 72 &
Z HWIZREEN I b —EDERH H & L THER S
NQAH

XV HifiZp s 27 2 & LCIE Jung et al.V%’ Channel
DEEZ 2N HIICHRE S 5 2 & CIRPLOMERT 2%
Z L Z&RLTZ, % LT Qadrio and Ricco?id = OFHEN
HI45%IT HIEET D L L TD,

L7 LEEZ RN T TN A E) S 5 RICHOW T
WFEE D72 < . AR 30V D72 < 720,

& 2 CABFSE NN CEED MEEN 9% Channel it
EHRBRIZ, DNS ZHuls& LIS 21757, %D
BT Stokes J& & DERICER L, EOREME
B L OB~

2. EHE

BRI A ORI S Sk
RE L, 7— Y SRBURBEA e, BERTAIICIE
Chevichev 2/ —3 g HE WD,

u(x, y, 2,0 = Y Tk, k20 explitk,x+k,»)] (1)

ko k3TN ENOFROWEE S THY, KF7—U
F— ROZFNF—TLAFIZ L > TERSND,

1
E(kx,ky,t)s% I u(k k20 dz @
-1

ZDFRDIRT A —H — | IBEM IR L — AR TR S
N5 Re BEOIEHEL Q, BIOFOWER Uy L7125, F

OBEZH 117
20y ,Q
A———ly

Mean flow —»
—>
—>,

—
2Ux .Q
1 REWEET v R VIR OEEE,

FFE3DDNT A =2 —D 5B fHH E Re 1310000 (2
EET D, Q BEOY UplTEEN 0—0.3 ORI THA

~7z,

3. FEMER

FPIEDITEENEE) L7 B> Channel FEOES
[Z2UVVT DNS 2547 LR A X 2 10~ 3, 2O
QA TERSIND EEL T — ) F— RO R/LF—
DOEAbZR LT 6 0O7C, R IRFH], s — L1 —
DRESIZRT, FHETCIIHIINEEL LTT & L7efiEl
% 1094 —F—TAND & &bz, FHEEREOETH DT
¥ 2 %5t Tollmien-Schlichting (T-S) % % 105 4—
Z—THIML TS, ZOKEY ., FIHOEEY 2 PHE
L7-4138E— RO RLX— 0 B g L,
ERALEBB LTV ZEnbind, BB 2 Ew)
\ZEFET D Z LSRR -0, Z Z TS T— RO 3%
NX—IN—EINFKTH LA, ZDr—ATNH L
t=250 I TER L= L35,

This document is provided by JAXA.



EHMLZEM I B SRS RE RF R E R JAXA-SP-08-006

107
—
>
X 0
X
5 1078
Ll
10710 f
10"2—k

10714 L

0 50 100 150 200 250 300 t

X2 FyRi0iER, Re =10000,

RICREZ RN S BT & EOFREEAX 3 I1TRT, 23T A
—45—% @, Uy = (0203) ThHb, M2 L
5L EEREN L E O TR R EE 2R LT
Y | IEE ORI R — D EHIRIER O TE T
WD Z ERN0ND,

107+

107 +

E(kx, ky)

107 -
10’10 % ,( 3
10—12 L

10714 L

t

0 50 100 150 200 250 300
X3 FrvrWioER, (Q,Uw=(0.2,0.3),

10°

107 +

107

E(kx, ky)

10710 L

10712 |

107+

0 2l0 4I0 6‘0 8I0 160 1é0 14‘10 160 t
K4 T RROER, (QUl=(0.05,0.3),

IS, IREIORENKE {Bh-r— 2 %X
41T, ZOLEDNRT A=K —F (Q, Uy =
(0.05,0.3) ThHD, BEN—EETLHRNERIZEST
BY | AEREEEDVE T TWD Z EDbhh D,

Uw

INHOREREED, W DODD7r —RITDWTEIR
LToRERZ X 5 ITE & T, K3 DEAED X 5 ITHEDIR
BB VI -T2 b DE BT, £-K4D X HITH
BORENPSTZHDOE@TRT, EITESELS 72
DHEAHBISITEY, ZDITeTE L, M
QO/NEUVEI TIREB DI SN AR H 5,

0.35 7 ]
. ~
03 @ = = =B _NKN
. //
/]
025 . // B changeless
02 4_‘—’/—‘—.—.7 ® accelerated
,,' / ¢ decelerated
0.15 : , s — — Rc=86
04 '[.[ o o = = = — - -Rc=182
W/
0.05
om
0 0.1 0.2 0.3

Q
5 RBERENOFZED/ T A —ZKIPME,

ABFFED G & DI L, IR A TROIELD
b & CEH SN A TR0 CTH 5 Poiseuille
& Stokes DENREIEEEZXHZENTED, £
ZCHEROREF & Stokes JEDZEENE & DS EMEAFRA~
7=, Stokes EDZEEM L Kerczek and Davis® O i 5
W, 5130, Uy TEFRSND LA VA

R’ =202 Q) 3)

ERHOVTER LA VA EHE LTS, 2L T
W © AL 2R E] TR L 7= il % 86, — A CF
BJUCRHfi L7= 5 D1% 182 L LT 5, X 6 dffifi
IZENENDMEIZIESO TR S = H O T, B
R EER 70D, ZORERE D & EEOMN
L Stokes BOZEEVEL 1IH HEEDEENSH D L& %
5D,

4. fEwm

BENTEN T TANCAREY 5 T v ROV OEE O %
DN SIZ L > Tilftz, ZOREE, BEOIREECIRIEIC
K7L, SLTOEBIGE, HAHWREGESND Z &b
nolz, F2ED L& OMEL Stokes BDOZEME H
HREERRES 2 Z L A3boTo,

BEHR

(1) Jung, W. J., Mangiavacchi, N. and Akhavan, R.,
“Suppression of turbulence in wall-bounded flows by
high-frequency spanwise oscillations”, Phys. Fluids A 4
(8), 1992, pp.1605-1607.

(2) Quadrio, M. and Ricco, P., “Critical assessment of
turbulent drag reduction through spanwise wall
oscillations”, J. Fluid Mech., 2004, pp.251-271.

(3) Kerczek, C. Von and Davis, S. H., “Linear stability
theory of oscillatory Stokes layers”, J. Fluid Mech. 62,
1974, pp.553-773

This document is provided by JAXA.





