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A traveling-wave solution with coherent structures typical in channel flow is numerically obtained by em-
ploying Newton-Raphson method and continuation of solutions by smooth transformation homotopy. The
artificial force term used in the continuation method is different from that in Waleffe(2003)[Phys. Fluids.
15(6)1517], while the solution seems to be finally converged to the same. By applying the method to the
computational domain with a spanwise wavelength that is twice that of Waleffe’s solution, we have found

the subharmonic branches of the solution, that contain not a single structure but several structures with

different scales.
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BEPOPENEEITREINTN D KD IMHA MY —
ICHIET B REED EROBEEEFIC D3 DFEEL
TW%. TTTIREMT ZH, al{bh SIZIFREOR
iEHY DD2 i DFHT TH % Waleffe DI ETFETET 5.
—77,DD2 fi#lE Waleffe DICIZIZNIEEL v OEE) AL
DEBZATODN, ZOEE K OEHEEE X T
WEHER & LTEINTWS. BURFEN T &I, 18 2y
DAGEAZ N 1) — 7 OREEICEEN, T OEEHE DK
JHRFEI D FUOTRIEEED 5 DR EEN T2 T NIE LTV 5.
B O N ISRE, F X FOVHPIC - DORE S E
TR —)VOREE 2 [RIRAC FFOE F E TR R L HE A 5 7%
B, RO DDA — )V RIS T BN ORI,
KL /L TS FAE DR Z & DR BT E 2020
CREIEREICEEEN D 2 EHEHI T H T ENTES.
Lo, SREHLL RO o7z DD2 NGS5 K
A= )VORGERZ S K > TEIE & Z) B/NAr—)U
DOREE L | TERDETED H1RT-HEE & OILREERY R LR
WEREZBIRROHETH 5. D SHLSA RO N
WX, BERTGEREE D ST ANCHEEOE ST & TREE B 4%
JE D EBBNC K9 2 AL E M & KBRS E D FE A FekE
13) OBOKREBRIC DOV T & 7R A DD DE BN
MFENDAIREMEN D 5. KIS DT H5mE L TR
T REI DI OWT S EfRIES L HIRFE NS,
NIRRT B 15 5 N2 JE A - TG SR
M &, UG 15 5 N A BER ORI AR
NOIRZ =V D OFELEIC DN TIFRD X S
AR ENTVS. F v RIVELRICEBW TEEN SEENTZ
TEIC X TELIKENFGE S 5 &, Bl REapEIc
U, F v FIVHIRE S TP RN D S 2 — I3
PRI AT, FEN#HE L <72 % . FFE, Waleffe D

T
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6  (Rep,fr,a,y) = (1553,0,1.00,1.94) IZ351F %4
TIN—F=y 70k DD2 OR[#LR. Hifllic 2 (0 <
2 < Ly), MtEC y (-1 < y < 1) Zzkbh, HOKE
DilE Qg =1 (z,y,2) = —0.01 OFHE, FEOIKEADMHEIX
Ok, =2(2,y,2) = —0.1 FHEICHIST B, TV ihiRiE
g, =1(0,y,2) & tk,=1(0,y,2) DFEHTDHS.

fRICE RSN 2 K5I, Bl it 5185 N 2 i
RN D A ™) — 7R, [ UKk E X O EREIEO
EREEUEGTED H1F 5 NS ERP DA MU — 7 fidEic
Fex, BED S LU 72 3EI E TRLNS T & 72 < HERR
END. MRESHRDIBRCBNTIE, BEEiEF v
FIVDOHFRZEZ TR DOBEC £ THIET 50, Th
WKL A IV ZEDTAR T Ty MDY, Z D4R R RER
Zefio TREELIROBER AR R L TV 2 572 83
BHTE%. COXSICHNITEICFH CHENABLO T,
FeE LTI O E WA R D185 NG & ARiffgt
D& 5 I RN D S1% 2 TR & bk U275 5
X, FRDNELT B IRSE L ELND BB G 5 2 %5
BOREZICWEFAETHHD, NGO ES Z LR L
HICZ 5V THAS.

FER TR SN BT & DL T, 7T OFEN
L OEEOMEINE T SICHRE S T EARBIC T
N3. DGR 5155 N5 HEF TR LT, FERT
VEEED 5 355 OTEIIC K MR 2 IR RS R EL N 2 < 17
1EL, BEEEORNGIIEM LT 232, AU —7
FEIEOHEHERE & W o TREI OGS ARSI I3
HEINGZN 2. DX S ITBELRIEZ & F L BE DO
KEEDBEEFEICIED DWTWA I TIEEL T, 240D
TSN SR Z R LT DT> TN B NS T &
W, R KK HIENTEFHEHTHS. FEELKEL
HICHBI 2 HGFET T 7 A IVE | BED SHEAERS
XK I NS TN S OEDREENE & K IcE
BHHDZTHAS5. THIVS KBNS, EEOIEREE
% T 2 VNI NG U T i i 72 s it 72 O TR
% T &k, FEBR & BUERRT & DL & S S 1T & BLR
VWIETH 5.
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