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1 (FC&IC

EERRICBI 5T ERMZEE 2R, - U EDBHTIENOERIGADEHIC
AREINTVREELRBEO—DTH S (Hart (1971), Alfredsson and Persson (1989), Nakabayashi and
Kitoh (1996) and Hasegawa et al. (2002)). —EENAEIC X > TREIX NEET 2 HTFREAOKEN, ¢
Tbs, HERFERT A AP, FROPRSGI TERNIAZEL SN, REMHaEELSEIN 5.
ZLT, BEOERMETRRNEEELINS. choOFEE L ROEEARE & OBEGITEERHES
2a2lb—Yay(DNS)RFT—TVLFr¥Ial—aly (LES) R EEZAVTEANLGN TS (Kristoffersen
and Andersson (1993) and Lamballais et al. (1998)). THEDBEEDOHREVTNE, MODOFHIZ, K
oA E DA UANOHEEFRIC K > TRETZTRERICRIZERZRIBZ LS T2 ZRLTY
3. CORZE®IZTT— - 2V UARRENE (X RIGEERZERE) 2N, Bradshaw (1969) ic K-
THIN - T OFNPERORZE W & OFLHE L BEEMN D THAI Nz, TOROEEKICET S
FEEMER, FHWHEY (Yanase et al. (2001)) &R (Hogstrom and Bergstrom (1996) and Griffiths
(20BN IEBWTEEERBIRTHS.

THADBRE w LRDOEERICHT 2IHE 20 ORI NEWVICH CAE (EliddmE) THE L &, Mg
B ruzy 7 (§7R@ 707494002y 7)) TH3eMEns. ¥ 7— - 2aUFUREERE, XK
DEEEORENFEOBELCH L THEL 7 VT YA /umy 7 THBLERETS. CDEE, TOR
ZEMEETRACH R ZRVTRDE S ICHFAT S LATES.

> -1 = stable
= —1 = neutral . 1)
< —1 = unstable

vorticity of the fluid

Ro* = — ;
vorticity of the system rotation

B (1) i, EEEAMERORIBRICH U TP BT S. LM LENS, M e ZERT
L TE, TOERRNEYT—  JUVAUTRLERERENRFE 22 DICRICIID.

IEHEERICH T A Y7 — « aUF UREEHIC X AL E, FiEHBHEABERRICOWTHNGD
NT & (Lesieur et al. (1991), Bartello et al. (1994) and Métais et al. (1995)). Métais et al. (1995)
&, 77—« AVFUREERICE - TIREBESHET 2ICDoNT, By 7 — « 3V F U RE
(Ro¥ = —1) OFFPSHRE NS T L BFEN. Ro¥ = ~1 O, 7T THINAE w + 20 OTEEDR
YalEd{ OT, MBEYuBEmeTENns.

EfE R ABTERICE S 3R 0OMAE TIE, Tanaka et ol. (2000) (&, TETELROEERICHLT
BB OWEN R BRERANED, LHLESND, 5 OBREAZEREERZ IO L CERE LR
EEAMESNENT EBRLTWVAS.

Yanase et al. (2004) 1&, BB HREICBVT, BBEOREOMEFEMA LI, M5 M
U TUREE CIIEASL, BERRT, BANOFIICD VB EREREEIC TS V5 TERR
L7e. %5 OfMBEY R B 2 BB OER L RO, FEEAKREICRLGNS
MHEE VY UREBOEEBEOTEARERT 2DIRIIDEELILNS.
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ERE PR T A LR TIE, o = +h BN ZDOOTARMEEFEANED, 3; BIORDICARERE O T
FELTNB LT3, 7, HAOEARHT UF,) »ZESNBDT, ERRER R/ VAR ~0U(%2) /0%,
rEELND. KT XA BT UF) = Ug(1 - (F2/h)?) THBETB. 5 BRU Q B az = Z2/h
BLUQ = Qh/Uy LEXRTLENDE L E, BARICHTZ0AL-BEROLIICES.

_ 2U0512/h2 . T

=2 =2, 2
Ko IO 0 (2)

ThRZ, Q> 0D EREARET VFHA Iy ZHED -1 <z < —QOEFTRRELEN, TN
oS cIE RIS, EETERT XA 2RI OWT, #oiE U iR EER (Kristoffersen
and Andersson (1993) and Lamballais et ol. (1998)) i< &5ERHJ (Johnston et al. (1972) and Kitoh (1999))
ICEBEENTVWS. LHLEHS, KFERECHNRE YIRS ORI T2MENTVE RS
WEE, T, AHETR, EETERT XA IEHOEIIRECrIREOER & AT 2 IEDR
FNCOVWTHIFAITS. £F, EEEERY A/ 2BRPTOY 7 — « AU d UREEROFEZRND T
B, THENLA VBB B IBRBEOTE L B L ORI DV THEN, XiT, b1/ VARE
REL UBEED LS IERITIE T O EFENS.

2 HESTREOTZE

RTINS RO EIT AR RN 5 JEFE MR A OB 2E 2 5. RO ENT N a2 = £h
KEPNTVEEOE L, RehPEEAEE Q Tos AV ICHELTVAE0 LT3 (K1), B
PRI 2 HAO—EENERIC &> TR EhaL0ET 5. BRI, o A8 (RNTH) & o3 HH
(RISUHE) i ZNER L BLU hL; DEX TRENTH S LIRET 5.

. T2
‘hLS/ hL1I k/
S— -
2h \/ /:/ E/I-'L'l
T3 ’
o

1: Computational periodic domain for the rotating plane-Poiseuille-type flow.

TR, TARMIREEEOYE h #REEE, EAREORKNE U, ZRETEE L UTERRTET 5.
TOLE, HEHEROEFHONEFT T 4T - A -7 ZHBRRBLUTOLIICKREINS.

V-u=0, (3)
OU _ 9P (u-V)u+ —Au—2Q (@)
T U Ut A X u),
e
2 2 &

h=V? + 533 (5)

R
WS TSAEET, o ZEEAY ML, Q= (0,0,Qh/Up) = (0,0,Q) ZROEEANS ML, PREApI
BONENRP=p-LQx P L LUTHARAENED, t 13K, Reldh, Us, BFMEMRE Y ZHVT



Re = hlp/v EEBENZ LA/ VTS S, 120, BEpEBEOZDIC 1 LRELTHS. HER
(4) OFELOH 3 WA U4 U AERT.
BERtRICE, XB) R Q) 1oBINZREw =V xu BIUEEDT TSI T7> Au= -V xw
B9 BRI SRSV NB.
d 1
%:Vx{ux(w+2ﬂ)}+ﬁﬁw, (6)

%i—u =~V x [V x {u x (w-+20)}] + —é;&zu. (n
BE v ERE o ZEEARKD SR (M CE) RDICEEN, u=a+ e BIlw=w+0k
RENBLTH. CTT, BR () ZERRRSZRL, Ny b () ZEBFRRTZERYT. EARER
i = (U(z3),0,0), Ulzz) =1—a2 £§ 5.
TR b (22 = +1) TIIRMEERKGZEAL, UTOREAZHAVS.
ou_ou_owm
8.731 - 8.’,!,‘3 - BZ‘Q
RERIBATERIT D 7o dblc, o AME oz AAKIZ 7 — U THREUEHASLTO X S ICHEAIEN 5.

M N

u{z,t) = Z Z U (T2, 1) ei(MOTI+NB23) (9)

m=l-Mn=1-N

u = i,

=wy =0 (z2 = %1). (8)

M N
W@ t) = > D wmalws, t)elmerinim, (10)
m=1—-Mn=1-N
TTTi= =1 IR, o BRU G REENFN 0 BEU 03 HADEAERTHY, L =2r/a B
U Ly = 2r/8 OBFHRD D, o AAKKEF s €¥c 7 EEXBREEHT .

L

Umn(@2,8) = D (D Ti(z2), (11)
=0
L

Won(@2,8) = Y Wi (O)Ti(z2), (12)

=0
T T, Ti{wy) = cos(larccosy) X I BHOF = E““/:r._?%ifﬁiﬁ"f‘&ﬁ, NS OBEBERNER SN
FHRRUZ ey W Eoanr—a vE

T,
IEQJZCOS@?', szfj (]:0717---»1’)5 (13)

KHBNTRIIDET S,

FROBRTE, m=n =007—ULEY, $hbb z ~ a3 @ OKFE) TOFERTIEN LT
Wogy = Uy = 0 THB. FDTWD, Uy, & Uz, EFT T4+ A b~ AR LEOSNBUTOMDTS
BA,roBLN5.

1 .
é_%_]ggg = (’u,gwg - u;g(.Uz)oo + -R-;Aulm + G7 (14)
du 1
--—-—aatoo = (u1W2 - U2W1)00 + RGAuBOO’ (15)

T T TG RENAROTIESHETSHD G = 2/Re DGR IID. m=n=0H02THT—Y
TAEEE, wa,, & ua,, DV (6) BXUR (7) »HBENDID, u,, & us,, IXREDNEROBEND.

i Oua,,.
uy,, {z2,t) = g}; (nﬁwzm - ma—i:—;—) ) (186)

i a
ug,, (T2,t) = E;_ (mawzm +n,8-—22—’;‘v"ﬂ> , (17)
2D
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T T hop = /m2a? + 0202 K TAMPTH S, BEREAE T, MMEIC 2 BET X LA /3y
Sa T =R, WEEIC 2SSV - oY vENERE NS, FLT, BERKMS ) R VIATEMT
NB. IHITEOEET—) TEH (FFT) TELBIA U7 IV FEEOREDRDIZ 250 3 ENAL
bhb.

3 HERRLEER
3.1 BELA/IVEOFRNORMRELRRE

BANC, LA/ IVAE Re < 550, BRGAEM 0 < O <1 OFEATELE L TRIREHARTo L. &
AR (0, 8) = (1,2) ZHVE. COLEEITTULINZAFROKRE S (L, Ly, L) = (2m,2,m) T
Ho, WEITHYOESE (2M,2N, L) = (16,32,16) 2. K2 ICHMRRAHEICK > THONE
ORERRT. EREL, B Q ONTVEROSHENK DA B K 31T log, Q@ EAVE. TORT,
HE X EEARDIAN EICH LTRETH S T L2 EL, QlihARIIC—#a 2 JoTe g, idf
NITENC —BR7R 2 SR IR, @13 3 YUTIINIR, M 3 RTRHIIANM, @At AMERT. &
o, VEWE, ThEN2RTE 3 HTOBBEEEORT, LEOVTIICER->EhoRLE LD
EERT. KEOMKIZ 7 —  2UF U IR, KA AR E ZOMOM e OERERL, IKEOWH
X A AR DEGE BN O EDEMITFE (Yanase and Kaga (2004)) ZFROBARENIC L
BET. @20, LA VAEREESEEAENLEL ZCBERY» S EERZETIRRICEIR
RO A AT D LS, ~BIATRLELORBERERLLANTES.

0F

X 2: Classification of the time-dependent solutions of the rotating plane-Poiseuille-type flow. Gray color
denotes the region of the symmetric solutions. Thin solid line is a shear-Coriolis neutral curve and thick
solid line is a rough boundary between the chaotic solutions and other solutions. (X: basic flow, O:
2D steady solution, [1: 2D time-periodic solution, @: 3D traveling-wave solution, l: 3D time-periodic
solution, @: chaotic solution, \/: 2D solution, ¥: 3D solution)

iz, mfEfAEE Q 22 U RIBEEOWREEDREER 3 IRY. BICE Re = 350 T Q = 0.010, 0.015,
0.040, 0.250, 0.500, 0.625 DZFhFhOBAOERBBEIHEINTVS, REIRNTERINSEK
HELD T RAE B Q(Tanaka and Kida (1993) and Jeong and Hussain (1995)) DIEQEHE THMINTE
b, w DENESLTAKKHLT 2RENFNFNEBBLUKAB TR ENTVS.

Q:_lam%

(18)

BERARE QWMEINT 2 L, BEEIRK 3(a) M HE 3(F) DIETELL, TOrE, RESENSHER
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(a) (b) (c)
steady solution time-periodic solution traveling-wave solution
Q= 0.010, @ = 0.002 Q= 0.015, @ = 0.002 {1 =0.040, Q = 0.050

(e) &3]
chaotic solution chaotic solution steady solution
€ = 0.250, Q = 0.100 Q0 = 0.500, Q = 0.100 0 = 0.625, Q — 0.020

B4 3: Variation of the tubular vortical structures displayed by the isosurfaces of the positive value of @
at Re = 350. Black plane corresponds to w; > 0 and gray plane to w; < 0. -, ®p- and z3-axes are
directed the forward, from bottom to top and from right to left respectively.

1 1 {0010 ),V

e () = 0015
—8— 1 = 0.040
[ l—o—n=o02s0
\ e 33 = 0.500
e €} = 0.625

0.5 H—s—=7T50m 0.3
—a— {1 = 5013
=t (1 = G.040
[ |——0-~02i0
-—— Q = 9.300
—e— 11 = 0.628

g O

0.5 -0.5

0 0.5 1 2 0 2
(a) {u1) (b) {ws +2€0)
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B 4: The mean velocity (a) and the mean absolute vorticity (b) profiles at Re = 350 for the rotating
Poiseuille-type flow.
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¥ 5: Vortical structures in the zo —z3 cross section of the 2D steady solution for Re = 350 and { = 0.010.
(thick line: ws + 22 = 0, thin lines: contours of positive Q (AQ = 0.001), arrows: vectors of (G2, 43) (a)
and (&)2,&2}3) (b))

X 6: Vortical structures in the 5 —z3 cross sections of the chaotic solution for Re = 350 and = 0.250.
(thick line: wg + 20 = 0, thin lines: contours of positive Q (AQ = 0.025), arrows: vectors of (42, Us) (a)
and (032,(:)3) (b))

Ty = —1 DERIEDE, BBEOKZ X NE L ES. 0L 2OVEEE L FEEMRAEOS R 2K 4 1C
RE. TCT, BB (), o -2 BCOEBTES L MORES ORMESEERT 5. Brovdho
EALEBENENZMECHE D TEHEMMBENERIESVTWB T e, L LENSZDMHE
13, BICTRTELA /IVABOESEOFNOLD LT, EnhsodThiiRENTehbhs, D&
E, PRI TEOMEICGEDL. COFRRERHRE DI, Q=0.0100D2XTEHKEL, Q=025
DHF ABOBREDRND 2, — z3 MIEADEFEFNTNR S, 617, BRICE, HOWKRRTLEDQD
SEHMTREOMBERLTHL, KRVEFIHBEAYoOMBERL, KEER LHOFRE
TEDEEL D, FTHOERMETADHEZLZ. IhSbMB XD, up >0 OFE T, HHREL
TDMBDRE D T ws BHHL, up < 0 DFHETI, was PMEIMLTWE T ENbRD. TOd, KER
TOMMBEL, us >0 DFEETIREBAL, vy <0 DBEETIIHNT 3. FRLLT, BEMUESEHRT
AV ARICHEHRENT OB : AOEMAREILEN, COERTOFEHREN GOl
L, BIGRUIEE S RIEL A /W BOBRMZHENE TR, vy < 0 DEHOA N u, > 0 DFEED S
KERDHIS, THEHENBEOIIERY O CRE MRS, 0T LG, BREREER uw, 2
IEE 2 FERBERD, o, SAOEDIVUAY S —20u, THETEHLGHEETES.



3.2 BlLA/IVABOFENOBIEELBTRE

FROEL A/ VXBOFENEE LA/ L ROFNOHEETTS 725IC, Re = 3000, Q = 0.50 DB
RESHZTo k. ABRROKREEE (L, La, Ls) = (27,2,7) & L, %EFTHYI0EEL (2M,2N,L) =
(64,64,64) ZHWz, TOEEDORMEER Q = 0.125 DFEEEAVTERT LR TOXS ks, =FFL,
H7Oy I -1 < 2o <ODEHDAHFRLTHB. Re = 350, Q= 0.5 DFAW, RVAEICHS >
TWBIEIFRTERENRENEM, Re = 3000 DHER, FHRZEDEHICE>TWS. BB o AH
CEHERL, TNHARNAEICIEMEESNBTET, R70b) DL SBEEEBRLTVWE T EHbh
3. M8, TDLEDOTEEE L VIEMBEOSMERT. VEHMRBIEBEZ -08 <z < ~05
OHETEORE>TED, COLEDEah50TNIE Re = 350 DFE L NS LIEFITNELELT
B0, BICXZERGHFBORSVHBECREBOBRICEML TWaZ ehbh s, cok3ik, E
BTN T XA ARER TR, ENSRELEENENIOR, 7YFYL rnoy ZHEBO—HH e
HLTED, BOFREICH > TREMICENBEEDEENBRENS. CORMEE P RE TORE
BOKEE, BAMOAMICHES LENARICHECHBUTED, Yanase et al. (2004) O—HEE ABTEL
HOEHRE L TREDOREORREL L AROEANRLENE. COT 6, —HEANRE BT
M7 XA 2D LK S, —HEL BERZEEEEAMEDS, 2556 & RS HNRE L kxR K
THRLICHREL, AEOHMNRECIRKEBOMERIRZZ LMD ET, BETE2HRBEDRE
OREFIEHINCITELUL TV B 203 BV HRAR SN 5.

(b)

X 7: Vortical structures displayed by the isosurfaces of @ = 0.125 at Re = 3000 and Q = 0.5. ((2) : top
view, (b) : sideview (-1 < z5 < 0))

4 BbbYUIC

EETHERT A 2B BT, EHBEL REOHR & B a0 RE L OMEERANT. KriRE
POEEE TRV ARBENRET 2 L ARICRIRNREL, FEEHREEZETGEDY, 0D,
ST OHTHEE L OEO 0p = -Q OREICEMUTENS T e bbb o fe, BHMBIOES D
N, BEOSHIZERESMICENL, BBLF 0= Q087 rFYr 0y JRIOFERMEE TA
B0, BEVESHPRELHNZ L RBELE. ABIRTR, GL1/VABDNE LT, Re = 3000,
Q = 0.50 DBERTNSS, LA /LB EEAEEOE(LI S HAHBREY D O S OZ{ L 2 H
RBTLESHOFEL UTHELZT TS, R ERMEOERBEDEROBEEZFIHL TV ELL.
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X 8: The mean velocity (a) and the mean absolute vorticity (b) profiles at Re = 3000 and {2 = 0.5.
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