0oooo0O0oooo
018230 20130 72-78 72

ELRMBRARICNT AR 7O—F

KBRAY « KEFEB T AR WE A (Genta Kawahara)

Graduate School of Engineering Science,
Osaka University

1. FUSIC

ARBREROBERZNVIER L THIZ, REBNFZLCBII2REEFEEN1 DT
H3 HhoBHIIAKEBEBZELIILICLDEBLIENLKTZDT, BEBREN
OFH L HEIZ, REEHAERLCEREE L oRNORKEDORBLERHFIC
EEL, TZNCOBOTEBRLR S,

Aao ki, BRI 3BEANELBHERAMEL 2D 5, HERAER
OREII BN EMAEERTH ), BRBIEBEHRIABRROBED (—#HD) T
MECREIh, BRA (DR RUZOESCRBRVERLBHERTEER
KEVBRROBHVEELETCHZ., COBOEBRTIZ, BRAE»oDO—H
DBROZBEIZE D, BRARBSBENICEMELT S, 2oREHAL LTI, LA
J— e RF—ARPBR I Iy b - FA TR EMH S, —F, BHABBOMN
FREBOTHETHS, BRAP»OBCHNZBAIPIVEIBERAVBEEL &
WIBEIZIR, TOBOBBRIERBBOHILICLIVEU 2 EXENICHERE LN
EThy, 20BAZNLRKZCIIELIHL 2%, BERAEBR T, BRRE
DOARRENELEABICBENENTT S, BEREBRCFEITEREARN, 50
BREBRPELAEY 7 bRE Vo BEHEBIKHKIZ, FEABBICLDAEARCE
3208 —BRNTH 3.

A, BROLZEEHECH 2 HERILKEBOMREIC N T 2 HEFR
W7 7a—F2N Ly, GEAEB2TRTHRENLZFLLTCERE I 2y
FREEZL, ZORKBYZEN, THLLARBUNESH (A A R) ORERFE
ERMBEDRE 2V oy 7EBIILYVIRZIZZLERAS, £/, Bon
FEZV=ov 78I ED, ARRECHAIN MRV ERKIRBES (N—2
F) BESERENLZZLEZTRT,

2. RNOBE & BEFHE

AMETCHRETEIHNIZ, 2HOEBRFETERMOMERTH 5. FIiRH
DEBEIZ 2 TH Y, 2FRIZEFRICETEABIREVWIIRNEEIC—EDEZ
UTEHTS, AT T, TROEE T2 (FRICETER) Az z, FRICE
BEARA%Zy AXNXVHEAZ z LT2368FEERZAVS, FRICEfT Rz, 24



73

MICEWNIIABNTHL LREL, ZORAMPEZREFNRL, L, T3, LA
JNVAE " Re=Uh/v=400 L L, 2DV A 7 VABTEAKE»ERET 280 AE
JARE (Lg/h, L,/h) = (1.755m,1.2n) R OF N, VbW 3 I =< )L (Hamilton et al.
1995) 2 £ 2 %,

CHOIZRNWFEZ Ty FRTIEWL 20 DOARLRERHHEIEENICRKRD 50
T\ % (Kawahara & Kida 2001), 2D 9 5 ® 1 >0 RAH#E X ALKRE L b b £
I FOV¥ — Bk & BEE BE#E % 8 U (Kawahara 2005; Kawahara & Kida 2005), % O F
RIBIZEER V) — 2 DEERN LAV AR X Y BEEIITI o, 20
RYHLERIE - DARRE7 0y BEZ2 b, HEMICE T 2 Z20FLESHEEOR
TLIE2ELD, ZOKRESREDRRITIZ 1 TH 3 (Kawahara 2005) . FHIHHE & 2
DARELRE ZEE S O RENTHYE (u,v, w)(z,y, 2) = (u,v, —w)(z+ Ly /2, y, —2),
(u,v,w)(2,y, 2) = (—u, —v,w)(~z, -y, 2+ L,/2) % b > (Kawahara 2005; Kawahara & -
Kida 2005) .
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THLRNYaT73—RAEEH VS (Itano & Toh 2001) , 1 FMAKICBIT 2T
R 32x383x32TH35. MhoBBREBIIELTR, st FAOHEL 2 51
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" Figure 1. Two- and three-dimensional projections of the homoclinic orbit: (a) the projec-
tion onto energy input and dissipation rate, normalized by their value in laminar flow; (b)
close-up of the periodic orbit with the homoclinic. In (a) the PDF of turbulence is shown
in gray scale. The labels correspond to the snap shots in Figure 2. In (b) the black and
the gray arrow denote the projected unstable eigenspace and the projected least stable
eigenspace, respectively. On the axes are the normalized energy input and dissipation
rate, and the total streamwise vorticity modulus normalized by total vorticity.



Figure 2. Visualization of flow structures in one periodic box L x W x H in six phases
on the homoclinic orbit, labeled as in Figure 1. In each phase the structures are viewed
in two distinct directions. Gray corrugated isosurfaces of the null streamwise (z) velocity
represent streamwise streaks. Black isosurfaces at 0.2(U/h)? for the second invariant of a
velocity gradient tensor are shown to visualize streamwise vortex tubes. Near-wall gray
isosurfaces show the local energy dissipation rate at 20 times the corresponding laminar
value. In the mid plane z = L, /2 the cross-stream velocity is shown, related to that at
z = 0 by a spanwise reflection under the flow symmetry.
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COHEEIR, AHBEOAKRESREBLEESRESBO CTHELLHERBE
2bb, AX-NVOEKEERIZLIYEENCRZBEINI AA AN HENE
N3 E23ET 3 (Smale 1965) .
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RENEDON, APV —270FN (2) FAKEESEZELLD, Zh L RAK
WAPY— I BEREE () FAKEET 2. DEoRBEXEIZRBHEDR
AL ERDOERLEBRCES, KA b)) TR, RELEZAMNI—JDERD 3
WIBEHBEFERLODBRICHEVWREXETI2EBNEN, ZZICHAPEELR
WEIM L I A A X —BEE2 D6 T, BLWIERNAFBD s FARERTZ b D
Wiwmp, APV =7 0EFEHZCEIERCE (s ARIRKRVRAEICES, K
)Tk, APV =V DEHBELS BB LELEDIC, HABHBBIALIY —2
DEBH2VIITETBICHEEL, BHCHR MR ELETIL T 2 Amic BEEH
T2, ZOBICAMN) —20ERS2VIIEHFLERLOBOBEBICE W THE
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KiZ10% RETHBICH22boT, ZTORIRLVF—HE~NDHFEIT 40% B
BELREOTAELI LxbL s, £, M2 »oARboECHEYA 2L
(Hamilton et al. 1995) KU # N2 BH T 5 A EE (Kawahara & Kida 2001) & [
B, AP V=2 0fIEIcHMRBRETZIZI L8>, xEZ Vv I8E
KBOWTHAINZZA M) -7 0EBS 2 IIETOMBIRATKRECOED
BEy4r7rcRBEoHohky, o CHEABERTZE, B @A) k8L TK
ELEWLERALN Y — BB L, KAl (e) TRAMY -7 LRI AFERICEE
L, BRIIEZ O it TRANIEEE0#HEB L2 REBIZERT 3.

UEDFREZY) 2w 78ERBIBEORMERIZ, S~ L¥@EIZIy A
MTHBAEN 25 ,N— 2 + (Kawahara & Kida 2001) B TEMLTE Y, K4
ATEIC, FEI7V v /7HBELETCHIRIANY —BEZHIRAFTCEHX
hi-HESFE, AROTFHEESHFLIIARELREDY, "~ A MEOAKD
PHEEDAICIZIT TS, LEdoT, "—RAFRKRFIEZ Vv 7HE
KB ) RIRBOMR RN EEBE L TERTEZILDENVZ B,
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Figure 3. Temporal variation of energy-dissipation ég,. (solid curve) and volume Vi,
(dashed curve) fractions in the high-dissipation region bounded by the near-wall gray
surfaces in Figure 2, with phases a—f as in that figure. Time ¢ is normalized with the
period of the periodic orbit. Thin lines represent the homoclinic orbit while thick ones

4

denote corresponding data for the spontaneous bursting segment.
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Figure 4. Comparison of streamwise-velocity profiles, averaged over time and wall-parallel
directions. Symbols represent the time average of the honoclinic orbit while lines denote
those of the turbulent orbits. The thick line is the average along a long turbulent orbit.
The bursting (thin line) and homoclinic profiles are averaged along the part of the orbit
where €/€ > 4, i.e. around phase c in Figure 1.
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AT, REHPCB I 2EERECHL2HBERLRBEBHAECNT N
BT T —F L LT, Re=400D I =2 V¥HEI7 Iy P HRICBIT BAEE
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