BRI ST R S B
#2007% 20164 22-27

“RIETUVE ST T 0 B R

FAKY: BEMISER B - T HEL
EEER T, BER
Yoshiki Hiruta, Sadayoshi Toh
Division of Physics and Astronomy, Graduate School of Science
Kyoto University

1 introduction

EESFERNT T —F 2RO THRERDOZEMMICRELZZAF IV AZHEALI &

TRHENFEE o TD, &I, BMELIRBR OB TRE T SEF/ N7 PEHBAR Y b
75 & DIRAEUTRELN [1-4] B H2EROESN b BT E O TRAVI L, BREATH
%o [5-11] MR ZIMAERZIET 5 MIERR 2GS 7HIC, B BIEMNKE
WEE/ZIHIC. BAREARICBOTRELZERNEDL S ICHNZHNERT HDI
BEEZAS,
ZRITIVEI A 7RISR DELRANDOBR 2RI RO HHEARAERE UTHRINT
Efe. TORT. B Lucas&Kerswell [12] IC &k o TIHFICHHKFENRELIZAFI D
R (RIE LT ES), &7k l) ZRd CehlEEhiz, LHL, HEDORTIRED
S BRELIBERIRIM TR 29 LR TE UM o7, TTTR, ANCEELTT
MOHEBMRERETHSCLICEBL, COBZHFHET S L TEMNICRELLMEEL
THOHI T EMNTESBT L% DNS THE LT, TORICHI BIF—REMZHRT 5
BRICIZ0 TAVWRBEZEADZ CLHAEENLLEA %, iz, ERICZEMMICRE LEEL
WANBNS C &% DNS TR LTz, -

* T606-8502 FARH AR ILE/13E857HT
1 e-mail:hiruta@kyoryu.scphys.kyoto-u.ac.jp



2 XBEARRICHET 2R ER

ZXoevEdu 7RIGEAEMEE [0,27] x [0, L] LBV TEBESNcE@ENT1HD
@ Navier-Stokes FFER,

Su tu-Vu= —Vp + évzu + sin(ny)& (1)

V-u=0 (2)
THXEENS, TTT. Re, o, n EZTNFN, LA/ IVAEL ”Eﬁ@?X“\ﬁ =Y |
DEBTHB, £z L=2 TH%,

a 2n /o 2 p
Uy = W/o dx/o YUy (3)

TESBINZBMNETHIEOORE U, BEHEOFEIE LK (2) ZZR LEHER (1) %
PHEHTHETTHTLT

du,

dt

Zhilzd T bbb, TTT, A ED y FEDHY LA RERZHEN TS T LI
BEIRETHS, BLBHHEHEROIE—HAMICHERNRS > DT Uy, # 0 DIRHUC
DNTHANBZ &IZT B,
x I WHENFIMEZ R - T BRI U, IKRIE LT

—0 (1)

Um (Uy) = —% cos @ cos(ny + 0)& + Uyy (5)

Lix%, CTTT, tanf = ReU,/n TH %,

3 BYEY I 2l—>3gv

RN EERICANS LDICEA LT U, #Z(LX QT8 RORBEVARED
&5 CET BMBBANTANTz, R 1 ZBER—ZADARY b ViR VT HIEE
Ufzo #IHEIR U, = 0 DBICERDN S C v F7 + — I D TRZRIL L TEAF > ¥
ST LTz 8T A—=&1F =025, n =4 KEEL, Re=50ICDWT U, <3.0TU, %
BB EMORNEEZ T (K1), HEMEZSBLLEIC, MPIEMIRCED BIEL
FRABEDTINS T b B, KT |U,| = 2.0 (HE TIRBFNICEMZIRS BV %

23



24

N Z ' —
: \ 7 : Q Z
O &/ \ .
\ N
o 1 e o N 4
0 4 8 127 16 0 4 8m 12; 167
0 ~ v . 0
N '}
.
> — N
q:”
2 L 2r
87

[ an 12m 16m [ 2m ar 6m 8
z

K1 WEICKBZRATY S>3y b, Re=50n=4a=0.25.Uy] =0.0(£Lt),1.0(6
£),2.0(KF),3.0(67F)

TBEFHENEN S, U, > 2.0 THFOE > & x HHICLENFE R - 7 B A
 wam(U,) CEBEL,

4 REIC X BHNDDKIBA G DOHIPE

TR DVE IR TRICHN SN OKBN SRR T 5. BT AT Mla<1
DWNTIE, DVEIATHRIE z TAICREEOEEZFHFDOT ENMMONTV S, [12-15]
Lucas HiIc &, BREARZELLTRERDF V7T VFF U IDORTHEHN S,
TOF Y UBENEEIC R BDIE U,y # 0 DRRTE—HTH B, Tabb, TORKH
WTIRRNEBE LTz kink S L BIRBERIC K > TERENS, RPEMEAHEEELT
TRAL Utam (—Ap) B Ly T, Utam(—Ap) D& L, TEH L Z D% kink HEHDDHNT
WBETBL, L, & L, DRECIHELENC

e
U'y - L + L (7)

OGN DB, TOFVHBEROME LTZORDBEEANPDH B, U, = 0 Dk
& Ly & L, ICBEIURRIEN, U, BRELXBTEIIENCED T ENbh b R,
Uy ~ Aplor Uy ~ A,) DTz E N B0, BAFERICHROERTEHLEZ S BT bbb
THA 9. EBE. Re=50 TR 1 DEIB—DDF U IRTICL > THERENZHENT
e Apl [An] ~ L7 THZT ENHEREN TS,



K2 WEcLBAFy T3y b.Re=2000n=32a=0.25U, =3.6.

5 JatEfER-EOMEIER

ZRITIANVEIOTIRICBOTZERNICBELZZEAFTITANENS C LaiERL

25

7o TNESDEMMICBEELRRIE. COROERERICEDSBDIEAS5Hh?DED,

ZRIEDVEIUTHROZAF I A& U, # 0 DROFEMROEREDETHIBD72
B 5We BIERICRRA BFEZRNIFER. BERZ ZEENICYID RGO UTE- 7418
{EICH U DNS 2175 & ZNENOREMNIERICHE L TV BRUNE, ZhZThofz
G ZRICTFERE LIz, LIz o T, Lucas 5AME LIZIBELIZREX AT I 7 R
U, # 0 DRERAMPS BIDETHRBOERADETH S LHATFEEINS,

iz, MBI XBATWNOKEFEDHIRIE Re ® n BWAEL TEEDL LRV T EHMERE
Nz (K2). K235 Re, BED DNS DR ;v T aw T, REILRORENTD
NG A—ZBTEEPENTVS,

6 Lo

RV E DR TRICBO THRENHIE T 2 MOKEBH g E2@im Uiz £2E
IZ DNS TZEMICBE LBZBK - HES LR LN TE ., TOWMBRIGIEHEICH
MTEIEMNZ O - & BN E WO T, BUEREKER (ARERETIER - BE) &
HEBMAZICROONS T ENRFENS, MEBNIEBORIIOMETH « JIERIERIE
SBOFETH 5,



26

SR

[1] Y. Duguet, P. Schlatter, and D. S. Henningson. Formation of turbulent patterns
near the onset of transition in plane Couette flow. Journal of Fluid Mechanics,
650:119, 2010.

[2] K. Avila, D. Moxey, A. Lozar, M. Avila, D. Barkley, and B. Hof. The onset of
turbulence in pipe flow. Science, 333(6039):192-196, 2011.

[3] M. Avila, F. Mellibovsky, N. Roland, and B. Hof. Streamwise-localized solutions
at the onset of turbulence in pipe flow. Physical Review Letters, 110(22):1-4,
2013.

[4] B. Eckhardt. Doubly localized states in plane Couette flow. Journal of Fluid
Mechanics, 758:1-4, nov 2014.

[5] T. Itano and S. Toh. The Dynamics of Bursting Process in Wall Turbulence.
Journal of the Physical Society of Japan, 70(3):703-716, 2001.

[6] G. Kawahara and S. Kida. Periodic motion embedded in plane Couette turbu-
lence: regeneration cycle and burst. Journal of Fluid Mechanics, 449:291, 2001.

[7] B. Eckhardt, T. M. Schneider, B. Hof, and J. Westerweel. Turbulence Transition
in Pipe Flow. Annual Review of Fluid Mechanics, 39(1):447—468, 2007.

[8] P. Cvitanovi¢ and J. F. Gibson. Geometry of the turbulence in wall-bounded
shear flows: periodic orbits. Physica Scripta, T142:014007, December 2010.

[9] G. Kawahara, M. Uhlmann, and L. Veen. The Significance of Simple Invariant
Solutions in Turbulent Flows. Annual Review of Fluid Mechanics, 44(1):203-225,
2012.

[10] E. Brand and J. Gibson. A doubly-localized equilibrium solution of plane Couette
flow. Journal of Fluid Mechanics, T50:R1, 2014.

[11] S. Zammert and B. Eckhardt. Fully localised periodic orbits in plane Poiseuille
flow. Journal of Fluid Mechanics, pages 348-359, 2014.

[12] D. Lucas and R. Kerswell. Spatiotemporal dynamics in two-dimensional Kol-
mogorov flow over large domains. Journal of Fluid Mechanics, 750:518-554,
June 2014.

[13] L. Meshalkin and Y. Sinai. Investigation of stability for a system of equations

describing plane motion of a viscous incompressible fluid. Appl. Math. Mech,



25:1140-1143, 1961.

[14] C. Marchioro. An example of absence of turbulence for any Reynolds number:
II. Communications in Mathematical Physics, 108:647-651, 1987.

[15] G. L Sivashinsky. Weak turbulence in periodic flows. Physica D: Nonlinear
Phenomena, 17(2):243-255, 1985.

27



