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Orbital instability of the regeneration cycle in minimal Couette turbulence
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R 37 Tu—F0—2L LT, NEREROBMEDEEEZ AV TELHRRKREERMN T ZHEI
CENTVWAS. TCTR, EmEAFANERLLUTERR, 13 XORBAOUBEO—DOTHIWMEARLER ()
| HRARPRICHN T B BRI RN C L CELIEENT 5. HIC, T Ginelli et al. (2007) 2 & > T

RENHEY ¥ 7/ 786 1] EBAVTAHA RAOWERRZEREMRS. CORFTEEZRAVSC LICKY,
U T/ 7885158 FVTHBR VY S/ IR MIVEHET BT EDAREICE -T2, BBRDELS

VY7 IRY FIVRBICH > I REARESAEZBLRT LD THD, ELRNOWENERICRI DT

BEMEN DB, ‘ ’

ZHRATRIYHEE - TENICEELIAR THIREMEWS. BELHEERT 2HHRNEHERT S
$Hic, Hamilton et al. (1995) I¥EFELROMMBITH S ¥ T v MELFE (Fig.1 B58) HHRHIE h3 B/ AR
Y4 X (IZIAVZ Ty AR % 3 RTTHEMIET ¥ T-X b — 2 AABROE BSIEH B % BV TR
[2]. ZORRESIZ, I =<7y FELRICEWT ‘X b YU —2% & ZD coherent structure DHAH « R E
#0RTEMATER (regeneration cycle) ZRH LTz, X MU —7 Lid, 5 E#E OB/ FEERL S
RICHATZHERE NS . X 51 Hamilton ef al. (1995) i& regeneration cycle Z#RAH3 % 7z 3hIC ‘self-sustaining
process (SSP)’ LFREh 2 MMM ERRE L. COMHEBRIE OHMBREICL > TMRENATWVEY, €
FIEIC X ZRERPFEKRBNOEHELNETHD, FEI-X =2 ZABRCTHUEBRKIELALRE A
Tz, FRETRFEI-X b= 2AABROBOMERLZELER|{NBZ LT, I =Ty ML
IC 331} 5 regeneration cycle DYIEBBERE Y v 7 TR E AV TRHRAHT 5.
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Fig.1 Hlustration of the plane Couette flow system. z, y, z-directions are referred to as streamwise, spanwise,
wall-normal directions, respectively.

K-> TRABENZ T PREDEIMTSHS. T T u = (Us,uy,u:), pRENFN (2,9,2) € [0,L,] x
0,Ly] x [-1,1] TEBE hiMRTLE NI HER, EHHTHS. BE OEMRITILICIZPITERAGERD
H53 h, BEICIITTEROEEZDNES Up, BT Udp ZRVT: (p 3IRDOEE). HERRMHIZEE L
T non-slip, KW-7518] (z-y) ZAREREEL LIz, £k, Hih (@) FADT S v ¥ RBLTANRY (y-) A
DVEHEALRBENFALOL L, HhBE O XL - ROos XVEF VS v UICHRL, 20BN
RELMENICHELU . #ERERI=AY A XTHB L, = 1.7557, L, = 1.21 THY, LA IV
¥ Re =400 & L7z, RFVT v )VRKEAECIE7—) TREML, BREEAMICEF Vs 7BELE
(@,4,2) = ot kot St Lot Loy Dhpmy € k=BT, (2). TTT a = 2n/L,, B = 2n/L, &n
KL RV HAOBAERTHS. YIMERIE KM =8, LM =8, MM =32 £ Ulz. N¥ERORTEN
& N = 19074 TH%.

NER RN 5 RN (t € R) BEX, KBH () € RN OREE o(t) = fio(0) LB, S LOK
z(t) ITHNX 5N TR NMEBIN Y P L uU)(t) ( = 1,2,-- , N) ORBRBIHEAER v (t) = Dftu)(0)
B>, CTTDF N x N OYaCiischds. jBEDOY v/ TH-EAN (M 2 d 2 > Av) i&
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EEBEN, (A, A, AN} RUY T/ TRRS MV EMENS. %1z, BEINY ML w0)(2) ZREA _

z(t) KBTS A ISHIET S (BB U TP/ IXT MV EMENS. AREOREHFETIRERETEL L
TR T = 23000 2L, B5NIAERIZTHERMICK 5RO T L RHEL .

3 Regeneration cycle & ZFDHEFRREM

FIORETI =TTy FELROBEHBERZIT o R, LTMETHRE XN TV S regeneration
cycle (RRU—DBBErBERR) SHEIIE. AU —ZHET IR, HAEEABE w, BEO
PR (2 ~ 0) IKESRETS. COTLEEBNITRTZBIC Fig3 OFBRICIBE®D 2 = 0 ic B}
% RMS : /{w2)p DHMBINZEERT] (2730 < t < 3030) ZRLiz. T2 THERKELATETHS .
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Fig.2 Lyapunov spectrum \; (j = 1,2, 3, -, 30) of the minimal Couette turbulence. There are four positive
Lyapunov exponents and three zero Lyapunov exponents. The maximum Lyapunov exponent is A; = 0.021.
The Lyapunov dimension is D = 14.8 and the Kolmogorov-Sinai entropy is hxs = 0.048.

(Vi = g2 [ fo " - dedy. TORRFUCIBVTR BY— 2 OBl - BEAUS 3 BRSN, SRR TRE
TN TV 3 regeneration cycle D “BR"T BT ~ 100 THB T L LEANTHS. COAM)—J DR - B
RIS L TN ARIROBRVCREDS 3 BR 50, Fig3 D TROBRIID /(W2)y B 3 DDE—Z T
T3. TTTiR/(wig PEALTVARL KB L TV BRMD 2 DIC regeneration cycle £41F, £h
Fh Phase (i) & Phase (i) LPERZ LicT 3. BHID 1 ¥4 ZIVICBIL T Phase (i) i3 2730 <t < 2760,
Phase (ii) i3 2760 < t < 2830 TH 5.

RICI=ZRNVIZy PRI L TREY ¥ 7/ IR ETo R ERT. £986Nh YUY S/ 72X
7 MVEFig2 ILRY. SV 7Ty b 4 DDEEDY ¥ 7/ 768, 300€¥nY v 7/ 7iE8%E
EOT eHbiofe. 3 D0LOY v 7/ THEEENEIUKTEA RO ZERIEN R L B R0 WAENH
HERBMLTWRLEZILNS. BKY v 7/ 783 A\ = 0021 THH, EHROKHBEZERSBRTSF
ZERPEHED 7 0 RM 1 = 0.019 (Kawahara (2009) [3]) iZiEV. iz, U¥r T/ TART ML T
ERENBT7 LS U4%T (Vv 7/ 7RT) i3 Dy = 148 THY, ajEdnr-vyFAzrra—it
hxs = 0.048 TH3.

Regeneration cycle Z %8313 3 /=0 REAY + 7/ 7#88% Fig3 O LBICR L. RRTY ¥ 7 780
EBIE Xj(z0,7) = LIn||DF u(0)||/[|uPD ()|, THB. T iR PHERMTHD, cCTRr=12
L7z. Fig3 D EBUTRUEDZ, EDOVY ¥ 7/ 7HEICHET 2RFY ¥ 7/ 788 A, (G = 1,2,3,4) ©
2730 < t < 3030 ICHBI BHERITHS (T =1, AW =2, —HBMH ;=3 T/ASR:j=9.
Fig.3 D FBUCTR L BN A IREED RMS /(w2 g ORFRINCKIS LT, Phase (i) TRBATY + 7/ 7%
RBBGRIE (A, > 0), Phase (i) TIRRATY v 7/ 7HEEKE BBORLOdE (A; <0) THBET b 3.
& 51C Phase (i) 5 Phase (i) \Y1D b3 L ¥, RV v+ 7/ 7HEMEZAMCENSANEDPTEH LD
3.

MO0, HFFIIMEE A;(to, 7) = D7y (t0)|I/Ily9 (to) | BBRB. THILRAI to IZBEHIHD
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Fig.3 [Upper panel] Time series of the local Lyapunov exponents X j for j =1 (red solid line), 2 (green dotted
line), 3 (blue dashed dotted line) and 4 (pink dashed double-dotted line). [Lower panel] The honzontal RMS
of streamwise vorticity \/ (w2) i at the mid-plane (z = 0).

% 5N IR NEB OB IR ~ DRIER TS 5. Fig4 & v DB & U THIREFRIEIER A;(to, 7) ZRL

DT, BEIRIZSRAZ Figd () I& to = 2730 (Phase (i) DFHRLD THD, Figd (b) to = 2760 -

(Phase (i) DFIHESL)) TH 2 (G = 1,2,3,4). Phase (i) OFHICEEV EINZ 121848, RE/MESNZ 7 ~ 30
(i.e. to +7 = 2760) FTRHIEL T3 (Figd (a)). fi/5, Phase (i) DFHICERIZIN A 12 I18E, MWIE/NE
BIIEIEET (Aj(to,7) $ 1), THUZ Phase (ii) THEENAREREDN RN LZTBRL TS (Figd (b). 2
£0, MABFRRETHSOREFHOFNAEARBEREL TV EBROBT, HNHEHRSRE LEDOE
B 3BETRANCARERRTVWEEXIONS.

BRTIE, EFVEPESRAOTER TS S 1T # - regeneration cycle %2, FEYIL-X b—F XA

ROBERLEE CHBTI 2. BICRFY + 7/ 7RIk > T, BERYAILD Phase (i) IFRET .

H BN, Phase (ii) ICARBZEETVWT EHBHELDICE ST,
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Fig.4 Finite time growth rate A(to, 7); (a) to = 2730, (b) to = 2760 for X; () for solid line (red) : j = 1,
dotted line (green) : § = 2, dashed dotted (blue) : j = 3, and dashed double-dotted (pink) : § = 4. The black
dot horizontal line denotes A;(to, 7) = 1 (i.e. nutral).
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