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Fig.1 Compound meandering open channel and
definition of coordinate system
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Fig.2 Computational mesh
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Fig.3 Time development of square values of
streamwise vorticity
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Fig.4(a) Comparison of mean velocity along the streamwise direction

ShHZREZAWTHEZITO> Z L& L. L,

AL BORIEL, BEEKEHEMRT 25 L RAKIC,
B HKEICALET 2 5HEE TR0 bR H
PoTHEAT—RBIHYETSHERTFATER
To. EWFEEE, KFFHREEE R & OELFTT X
VWX —ZTEHKECTAREEL, BEAMEERE
DEERFHEEZR LT

7, BHRAKEEFETIE, BHRAKEICNLEE

28

FEOENREN B HAKEICEET 2 URNIER
L, BEHAKE FICTHFEINSRELRD Z &
ERMCHEMRINLTNDY. ZOBRRAZLHER
RIS 2E% LY, BEEASMELNE B HBK
EPLHAFE - RETELL, ZOBRALEE
sz & Lic. —fRic, BEmITAETHEERIC
EEFROILNAEL, BEERGESIC2NEE
L, BEHAKEOHEG L RUOBEREZRT. Z0F



Inner

0.4 02 00 02 04
(re-1)/4R

Inner

0.4

(re-1)/4R
Outer 6=0 Inner
M .
04 - '

o ~
Ny
S e —
" -
00— = " " )
0.4 0.2 0.0 02 0.4
=y
Prediction (ren)/4R
U,/Uy

" ; "
0.4 0.2 0.0 0.2 0.4
(re-1)/4R

Inner

o 07
Ny __‘7_ _ L .
ST e R
y 2. o
/ / 6y
- 22 / s \\a\\_,//
0.0 0 55 "/
g T T T T 1
-0.4 0.2 0.0 02 0.4
(re-1)/4R
0=0°
Inner

0.4

1)/
Exp. by Muto et al. (re-n)/4R

U,/Uy

Fig.4(b) Comparison of mean velocity along the streamwise direction

2o BHKED —EOREBERLELOLND.

IO LEEHAKEOERFHOEHERT, <
OMPORRKBHRA~ER L TOZEHEIZOVTIE
BTG L .

DIEREEEE
RABEREERIZL D FEE, BELEHEORK
B EZHERBR~EEER LHELER EICT
FEIABREHELS FETHD. BREMKOREN
BHRRE, XEFERIEHL 2D, XEHE
ROFEBEEBE~OERITROBFEHR L W E#H
aha.
0 060 0omd 080 3)
6_Xi 6Xi 65 6X,- 577 aX,- 6;
ERFoE, n, (REBESNEFHELERET
DOEZE 2 RY. FAFICHEEERECIIEHERTF
BRICB o= EEEEZ R LT3, EXZAVW:
EFHRRXOEBRFE, BRIZEVEHIh-@%
FEX, XEEE, &7 v YR EIIRIRYIC

TR Lz,

(5) ¥ fEfg 4
BEMATICE L TRBhoESELEEL, 13
HE I OBEMEIEITRAKRBKRN 2RI, MK
AER, BRI EBER S AR L TR LT
EAUSAOHEMEREICEAL TIAR, HAIZT
F—E2R5LH58FEL, EACELTRAR,
HOWKBITEHAEMENE LS RD L HIIRE
U7z, WIS, £/ 5 MEE % Wm s
EU\Z, WmAREEE2ZEL L, xR ¥—,
ELBORIEIL, ZNEN U 105, k2 /@4R) & /1
SREEBRELE.
2RFEOFTEERFES, 720 CIIEAKKET %
LR U7z ZRTTEE TOFERF ZFig2ll =Y.
E, n, CRHERFICH - TEE#EZRLTH
5. HEKRFRBASEOSLERICHICREL,
BWIEANTE X n=111X31, FHFRIZTORIT =,
H2SV ETIEE° Wil Z LT A ECTI LT, BN

29



X,/4R=0.94

S—=sSSosSSoo oo o0
e a T

>
e SOl
Y e 7 /’%
Iy —
3 ;>:>$ e TS T
>&'- TS L N LSS T
- —-
02— T~ N T

< IR P A
02-1, \ \\ . \\ ? R ’, '
\ \ N N - - s d .
-1 (SN ~ ~ - 7
0.0 —p— y y 1
-0.4 -0.2 0.0 0.2 04
(r-r.)/4R
Outer
! A
' 1
! '
L :
I~ R :
- ' v - Y 1
< K P
\"l L_;li7'-;77‘,"—’Y7"'l 7777777777 1
> 02— o, , [
S LR ]
\ s o
\ A -
B N
N ~ —~ - Il
0.0 u y T 1
-0.4 -0.2 0.0 0.2 0.4
. r-r.)/4R
Prediction (rro)
e 0.5U|,

X,/4R=0.94

S —s—SST>
& N
3 B e e ek
> ros s TSl e NS
02— tirs e Tz T8 TR T3
.2 vy 47 e T \
RS B S X RN
IRV SR SR N S M)
_ woN NS ) )}
NN N Y~ - 2 //}
R e A
0.0 — T = )
-0.4 0.2 0.0 02 0.4
X,/4R
Inner 0=-0° Outer
. ! '
e s e - —>
O R
| — T
o~ | — — =
- S TS 7/ 4
= i e &
SR e
Mo 1 ZENNIT
r7 T NN > T
e NN N I S -
S RN ) SN
NN sy T
—_ -y N ~
0.0 y T Y 1
-0.4 0.2 0.0 02 0.4
(r-r)/4R
—_30°
Inner 6=-30 Quter
P m m e e e o
04—, >~ T = - T
N T g
g ixsvouou ot
I N S D RN/
b S SN N s
> 0.2 1/}\\ NN s ;//
.12 — ~ o, ’
NN A4
[N NN
_ v, NN
\ N NI
0.0 " T - |
04 0.2 0.0 0.2 0.4
(r-r.)/4R
6=-60°
Inner Outer
Pee o e —e - :
0.4-1 o7 '
o 1
< - Y ‘)
;2 Y T e b b
Y ! ‘ . ’
o2- v o
g o
L N
BN I S N
N A
0.0 -7 T y Y 1
0.4 -0.2 0.0 0.2 0.4
r-r,)/4R
Exp. by Muto et al. (r-re)
~0.5U,

Fig.5(a) Comparison of secondary flow in cross sections
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Fig.5(b) Comparison of secondary flow in cross sections
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Fig.6(b) Comparison of fluctuating velocity along streamwise direction

WHEMTEBRKBROLEERBEEFE 2N S Z ik
Uj DOEBTEERBKZERT D Z LIk B,
—7%, EAKBBIRICE T B IEEREIETRICHKE
FTAHIZONEDOMELEL, X,/4R=0. 94¥HE TiX

-
)y =

0.9 LB RERMEZBTEHZ LIS, TOR,

IEITIEABE DO Inner A H08F 0, 6 =-0° Wrm
DB LS ITEKE a2 —FE THEBARE A
EEzHL, TO%k, ERIEKRE T OEEREK
ITAKBPRITA~LBE L TWL. £, EkE%E
W EBmEIEKEERNAD TR L NTHT
HEBICTRERBBRA BB ICEETS. U
DI RN OPDOHFENREEERFER LK
ERLSEEFRTHBIL TV S,

Figd(b)?> 5, FH20ihn v EWmRKEIZRAT
5 ERAKBEEBICE R S - R E/E, dhis
DREDLICONEDT D ENBERRNLEET
5. WITHABROLEHMEICHELYT S0 =
60° WmDERMRICEB TS &, (EAKBRIKLE
ETEERAES BEKEICA?»> TEREND Z

33

LR, TOEERMAENPLEMETES. —F5, &
ERFTEROEEMIIZVEILD LD, B
RESE T LERTFEORZYMERLTWS.

ZH LRI, ZKREhEBVEBREZES. K
ICZDZRBNSIADLE AT 5.

Fig.5(a), (b)IZ RN DO IBFEREZRT. Wk
Reb BN ZRinEREEFBEREZRLTW
5. —RRICHEIR Y BRABEATIELN, EAA
BIZE 2, XoICEMIEBICX 28 ERAL,
INHEDHDNT LRI E Y DR IEXE SR
5. UL, REHFOLI RENAOBEEIZIX, &
LIZEAEE RN EBHMMEAKICERENS
TRENICHBERIITZ RS, ARERLD
ZRFENE, 6 =-60° BimEmAr5H-30° WiEIZAT
THERELSEAT DI ENFND.

THITIR KBRS Z ik, EAkELRE
heEBHEREZRZEL, ZOMKE, KAKKMA
BEIZRT LIEBR BB ~D LB D yED, KAKKET
BENICEREINZT-DTHD. ZOHENITO =-



X,/4R=0.94

. . ’ |
0.4 02 0.0 0.2 0.4
(r-r.)/4R

Outer
T

X4/4R

X,/4R=0.94
Ef\@l U ) / \’-5o\§
% 04 :/H \.25’/ A5 ,75\<
R P g T T |
X 0o 1 D [(
B i mT\
-0.4

Outer
T

(r-r;)/4R

Outer

\,
%1

?

(r- rc)/4R

X3/4R

Exp. by Muto et al.

__2‘—
llr/Ut

Fig.7(a) Comparison of fluctuating velocity along horizontal direction

Prediction (r rc)/4R
ul/U.
30° WIEO KR\ THEHL,LTHS. &b

IZFEN DFEZEIAE > THEAK R Inner I FFEHE D
BEFERT S, ZOMRMIETRICEET DICEVE
KB Outerfl]~ & BET 5.

F 72, Innerflld» HIEKBRICHAT 2 ZkFL,
EREFL D OEEFAE KAKBEANIZ, Outerflln b
BEKBUKBE IZM D 9 TR E AR & sk Bk
MR T . ZDZ LY, Figd@lrmLizE

MAFMEESERIALLLEMBTED. 208
MBABOER L U TEABNICRRIERE A2
RTHZEIZhRD. ZHLEBEEMLYL, Z0E
OB EIEITRAK KRN TIX, BAEDOLBRA
BEABRBNUICKESEEERIET I L2HETE
5. R, (KAKBE TS (R K B EE D iR
EEKBUEE D DEREDRERIIKRELIKE
THIELEL|MTE D, BIEMEITIX, 0=-0" W

34



Inner

Inner
y

0.0 4

/
Prediction (ren)/4R

o2/,

Exp. by Muto et al.

0=60°

(r- r)/4R

Inner

<’2)
f«\\ r \(//

(re- r)/4R

0.

Inner

(r¢ r)/4R

_2__
u,/U*

Fig.7(b) Comparison of fluctuating velocity along horizontal direction

WERENDBEHRELZ/ NS FRTEHOD,
U EOREMHBR S HERPIBFICTFRIL TNV A
Fig.5(b)i%, FH2m el v M RKEIZEIT 2K
MADHAOLBRERTHS. MBERED, 2EY
NMBIZHYT S 0 =60° WimDd _RKihix, MK
AD®D 0 =-60° WD ZIRFiNZ FTHh bRk
iz ﬁbfhb@%%&%hﬁ%ménrmé
TEETRBLTWS. Fi, ZIRAEE T,
2823 Y BAKERIZ ﬁk?é&ﬁ&?é.&ﬁ%ﬁ
BRLFAKZERZRL, TORALZHERLTHY
5.

(€3]"%,b: 1)) 4 3

Fig.6(a), (b)ix, MBICH - =ERFIBMOEEE
BomrhB LEERE T, ERTIIRKAE
LV EHEEEEZROBERTIELLTNDH,
BIZBWTHLERAZKEEL, WERANTYEHEZR
B, LI/ FR~DEYEHAEMEE Y EH
L To P EBE R (|(-dP/dX)4RI pU) ) &AW

35

ERTIL LTV 3. Fig6(a) DRERD L LLEBBEW
EMEKBNBICFET D Z L BHERER L EAF
T&5. —RICERBAAKERNICBWLTE, R
FEEEBIIBEmIFICER SN, TORBE
HAICER IS Z L. ZhidmkEs
i d BB L ARKERN & BHEEFEHL, B
HABISHBEER TS Z L ICREL, Z0EDLE
THIN D 2H 3 2 W B KB M5 & 7
RENB. Figem)DFER»HH ZDBEAITAD S
nNan, ERERDO=-60° , 60° WrE Tix, K
KERNIZIIBWVEDR IR D ShanoicstL
T, FE IO ERRIC LB MEZ T3

LTWBHRTERLERD.

Fig.7(a), (b)i, ¥R 5 DEELEEN /M D LBk
HRTHD. ERBEREH»D X,/48=0.94, 6 =0°
30° Wi DIRAKBEAEIZ TEVMEDS ANREET
DR LT, oMmOEAKBERBTIE, 9
L7=@VWMEIER D b g, (KK RRIC LB S
VWMEEERT S, HERBRED X/4F=0.94, 0 =



X,/4R=0.94

X4/4R

X4/4R

0.2

-0.2

0.4
(r-r.)/4R

Outer

Xa/4R

0.4

Prediction (r-re)/4R

—7_.
uz/U.

X3/4R
\}

X3/4R

Exp. by Muto et al.

X,/4R=0.94

0.‘4
(r-rc)/4R

Outer

04—,

0.0 - Y ., v 1
-0.2 0.0 0.4
(r-r.)/4R

- —
uZ/Ux

Fig.8(a) Comparison of fluctuating velocity along vertical direction

0° , 30° DBWIE TIEKABNEIZEVMEL FHEIL
TEBYERBERLE-BLTWS. F7-, HEER
X, 6 =-0° BrmDOouterflilBE, 0° Wi Innerfil
BEDS /KB R & R ZET 2 FRIBEFEIZ T, DR
BEAITREXIGEHEZFRLTWS. 295 L-#HE
EERTIHBEZICEBD LNV, ZhiEk
BAZWMA LIz Z RN, BER I A< 2o
NRBUIHEAD U, $R5MEE O ¥E A AEE

36

DRELBRDIFER, LRI EELHOERIE
ET3ED—2>TH B-u0U /or WHEKT B0
LEREND.

Fig.8(a), (b)iX, ENE FRIDEEEBN M & sk
LIERERTHD. ERERNDL, FOBEIZED
THIERAKBRBIZEBEHEDGHRED LS.
L2 L, ZOHBHIEWESZ 5D 3\ IKIIEEE
TRAL2?. HERERLZY L-EmEFR LY



X4/4R

Xy/4R

0.4 0.2 0.0 0.2 0.4
(r,-1)/4R

Inner

075 0.50—5

1.00—

X3/4R

02 0.4
(re-1)/4R

X3/4R

04 02 00 02 04
-r)/4R
Exp. by Muto ef al. @)

_2_
UZ/U:

Fig.8(b) Comparison of fluctuating velocity along vertical direction

. =720, SEEBRAKEICEY TS 0 =-60°
BEICT, JRKXISHIEZEREOUHETTHLER
NAROOLENDB. EHIZTHRO 0 =-0° Frmmizis\
T, FEREIL, OuterfllBEN BE/KELFER & XET
ZEFECTHVVEDISHEEZ FRIL TS, ERIE
LT AL, ZOMEITRLDIVDERMED R
HBENEVVEE2 RERBGEETRLTERY, W&
THBL TS, Fig8b)h D, FH208IN 0 EWimE
RAKIZEWTYH, KABRREICEWEOR AN
FETAZLIIAZERTHBET 52, HAMEIC
YT 0 =-60° Wil COLEBEREFRE, 0=
60° WrE CREKRIT, EREERESTHELT
W35,

—HRIERE F FEELEBDOAERIAX, UTOR
I CTREN5.

29Uz (4)
> r 00 oz
ZDOEOEWEBAKBRNORFER, BAEER

naEEREIEABTN E DBNHEETFHRAT
HHILEEET DL ERTXEROAREL, Eh
WS uou: 2 ELFE _IHTHDHIZ ENWRIND.
o T, SHEFMOEEEBORKMENERSH
LB T, TAWIED uou: bEWVIEXEEZHFT
DI ENEHTES.

72, UEITRLEER, ¥2, ShESFROE
EEEBOAZEBRTDHE, WThOBETY,
foOEELE % ST 2BMAREELBIRADL
e, FEELHNEWEORSE 2(LE THERY
EVMEZ R LB HERELITIBE 28T 5 Z L BN EE
T&5. ¥L-EENRELLT, BAEERND
FRBHEIEAKRBIE L BHEETFE LEBBEMATE
BTN D X,/4R=0. 94T E TIX, WO
EE G LLRAEVEZ KB P REBTRTAZIER
T&5.

Fig.9(a), (b)IZt AW uou: DELBFER T
I, ARG uou: LERE FMIRELEH LN E
WIZTRWVERBBBERICH D Z L BR LTS, FEE

37



X/4R=0.94 X,/4R=0.94

[~
I
»
&~
3
>
0.4
(r-r)/4R
Inner 6=-30° Outer Outer
02—,
: : v
Ny < L
% o )
/A
=3
1
0.4 . X 2 0.4
(r-r;)/4R (r-1,)/4R
Inner 6=-60° Outer
& &
3 S
@ bd
~ <
0.4 0.4 02 0.0 02 04
Prediction (1R o by Muto et al. (r-ro)/4R

-ugu,/U .2 -ueuz/lI2
Fig.9(a) Comparison of shear stress between streamwise and vertical directions

RIZT, ZORAWIEHOHIMEDORKICERT B U /0Z ICHBINDZL2ELDE, T5L
HL, TOERBRMBIISHNEFROFERELENITIE HERI, HECTEERFMEEL KX, T
—E L, SREFFEEEBDOERICEAMIG Hu: FOSERSTELERLIVBIZCFRALTNEZ &
BERELKEFETHZLENEMTE S, HERKRL NEDERBRO—-L LTHERBTE 3. RFIC
ERFERLEZHBTHE, KRELELRDZHELELT REISHETAETHZLICEY, HHFERIC
§ =-60° , 60° KWIEIZRBWTEHERBRIL, BB THRENEAEZEM CTOMBEEDREIKEENE
FIRICKERMELZ R TREBEMTE D, FAKIE hdIedb, TOERBERLEILND. EHIC
77 uou: DERRD, ERFREEDORS FHEES THO 0 =-30° Wrmc TEBERLLETSE, &

38



6=60° Inner

X,/4R

04
(re-1)/4R

Y T
-0.2 0.2

Inner
= T

)
0.4
Prediction

— 2
-ugu,/Ux

(re-1)/4R

0.4
(r-1)/4AR

Inner

70.K4
(r-1)/4R

0.4

0.’2 .
(re-1)/4R

Exp. by Muto et al.

— 2
-ugu,/Usx

Fig.9(b) Comparison of shear stress between streamwise and vertical directions

BT EBOBEAKEKRE, BLOEAKAFKEL
TEWMEZTRLTWER, ERFAEEESERD
HEHRLEBTHLE, 29 LEHERERLER
FEEEDEREFRAEENENKREL BB LI
HDEIRIND. ZOEWRNLDL, FHEBRIE, *
WHREESHOFBOTMERIXRL TNE LD
LEZbND., IO LIEHERKBRIIADONAE
mIE, S22 EERABREASIZEVNTY
Rk TH 5.

UED LS RERLERTEZAN, AIZIEET
AVICEBT B LEMAME TIREREINT, T
BAKBEEBIZ AT B & InnerflIBEIZ RN, FD%,
Inner, OuterfllBEZ RS L IR EINHOET
HRTEN, HELIY LEBRER EBROBIFIC
FRILTWS. 29 LERFBSREBOARIT, £
DEIFALVOGEEEZERIZFHT S Z ENRAX
ThY, ZOEFAiF, ERFAEED R
NICEDEARIERNTHAZI L 2EET DL, AR
WFRETZERFMEERM, ZRBNDH%E LB

39

HBFIZCFRILTWALDEBbnA.

Fig.10(a), (b)\Zt AT 77 uonr O HLBURE R % T
T HAWISE T ueu: DX E BT HEETA L
ZHRATRESRBZEAT D5OFEBEBEL TND.
L2L, ¥ABRGT ueu DBE, B4 L iTR
PR B BHEAKBICE? > THROESMERS.
- T, BWREANDEFERIEDO Y — L (IEHE
TIXERS. HlziTe=-30° WmDERFERTII,
ZADEEMET A VMPEE Linnerfli 25 E, A,
EDIEFTIENFEEZHR L TWE, HEERDY
FEFERSHAEZFRILTWS. LaL, sHEITIER
B2 REL FRITIERICHSZ Z L, thoWE
TORBRERPLLHEETE S, F2oEMmhn
DVERKBICHATSD &, ZOMEITHBRAITESL O
=60° WFmE Tix, MOWmE & L& LEN/hEL A
5 ZEN, Figlob)IIRTUBERNOCEMTE 5.

UEDE S IZHECHBEOTFRCELTIX, €&
HAR—BICEELRNLODOEMENICIE, ZOFR
BN MEBR L. RESHETAVOEE, =




X,/4R=0.94

X4/4R

(r- rc)/4R

Outer

X4/4R

Prediction (r- rc)/4R

'Ueur/[J_*z

X,/4R=0.94

(r- rc)/4R

Outer

rm/ \Q‘,Q
f(

0.0 )
0.4
(r-r.)/4R

R g! 050\/_/

6=-60 Outer

\w/ Vef

/TW?} g
0.0 "
0.4 -0.2 00 0.4
Exp. by Muto et al. (r-ro/4R
-
'Ueur/Ut

Fig.10(a) Comparison of shear stress between streamwise and radial directions

YL AFORBHNHE2BRT 0L, &
HBEHDEBBTHIERELE, EFMELOLE
REEEMIIBREXNTRATE 2 ACERLTW

5. ZomiE, EEFBRREARET VL ITIREL
Bipy, FHEEZSOFRAIZHLTH LV EED

MNEHRTH LR EEZDLND.

40

QEREES

BATITI, #HICMECRRE, Bilt, #HEE
RMEELMEZERT 52E%RND, MEDZK
THENVEE 2 FANBIET D Z EBTAXRTHS.
FILEE 2 R80E LBl m B AR B ICRS VT
A THY, FILERKELZBAPILT 5 BKD
LbHYEETHD. ZI T, MECRRERAZH
HENOHERREAVCTEREES LB Z



Outer

04-
©
= e \\
- o
» 02—
<
=Xg
0.0 —+& ” y ’
-0.4 0.2 0.0 02 04
(re-1)/4R
=30°
Outer 6=30 Inner

-0.4 -0.2 0.0 0; 70.4
(re-1)/4R

Inner
7

0.4 02 00 02 0.4
o -r)/4R
Prediction (e

-ugu/Us”

X3/4R

N ea

!
0.‘0 0.4
(r-1)/4R

04 02 00 02 0.4
-r)/4R
Exp. by Muto et al. (te-r)

-ueu,/[i2

Fig.10(b) Comparison of shear stress between streamwise and radial directions

LERB-. BEEEIEREOEAMNGEZR
RTHZPWEETHY, ZOHHENPLERIEADE
EEXmMBHIENTES.

Fig 11\ REE E D BT BEBEE S E =T, Z
D, RFTEEEEINEEES MM LRD, M
ANEREEICTERTL L. Fi, SHE#oE
Eihix, MAARDDOEMRERZ R UREO4HE
TERTILL T WS, (KKK DA R EE Right
wall), ZIBE (Left wal) ITZFNFNR D T &
E&izRL, RMErLEZBRL-BERE LT
RLTHD. ZoB, EHRMCEEZBVLTA,
ExE&RELTWVS.

EBABAIRIZERT S &, BEEEORKEMN
TN % O E KR O A RIBETE, HRoREKC
EWVE BB OERBELFEICRED NS, Z0
PEBIX LB L IEAKBRNOM TIEBBRBENTE
EIZITbhAEETLH D, T/, HBEHEVWE
DSPRABTE 2> S FE H B i £ THARICIKKBERIEKIZ
BELTWS. Thbb, MANEOLMEEZ

Fig.11 Distribution of friction velocity

41



HoNBEVMEIX, HHIZR - TERIEKEOA
RIBEIZF AN, T OHMBEIZIRWVARNR D FROE
BIEKBOEMBEZFRAEZE X, TO%, ERIEE
WCIRWARRLRHMEICES®BRSAZ2TT. =
5 Lizmid, 1A TIE, s BB OREERIC
BORRLEENMEAL, BlEKED EBHEN
LIEKBRN E OREANKR D KEV, ERIEK
BCRERBEVFETDIZLEZRBLTNS.
EABPIRICER TS L BRAMEIX, KBOFRH
BFERIOEREET, F-HREHOEECERET
BNICHR SRR D NS, BABOEEICIHE
KB ORRIZHER S ITRD DT RETMNICEVE
BRHBEND. 22D, TOMENEHD B EIBITED
Thd. T, EKREAE EDIKKRKE R T,
0.05& LLERMIBVWMEDS K& B THRDOONE Z
LR LTHERTES. ZoZ ki3,
B KB B TR K B D% IRFRIN T, LERAYIEES
WCIRNBEENDZEEZER LTS,
KABOLEREEZEBT S L, TORKMERE
WIZALE T 2 ERIEKBREK, BXOENIZHEL
2D MENICTERENRS. ERIEKEEBIC
BIIAERKNEORAX, EKABRRKIZEITSHRK
EOMEB L - LT, EAKRKLMELKXAR
BREEANBETHIZENERTEX S, EMEE
ITRABICBWTIE, ZOEBRIEKREOHEENE
EThHDHILEZRBLTWS., ZORKMEL B
L, B/MEZTT0.020%ES 1 23, EHREBIC
LR DEEBRDI L 2> THRDLNDH, Zhid
TRENRDAEDLHEIND L O, EAKBITE
WEDOERERAEN, TIRFTHIZ & 0 KK FR ] BREE
FTBMEINT, EEAENBD Uizl LR
INd. O LHEHBREE, EMBEDOHAIC
BWTH, FAFRIIADLND.

5. &

BETEIEITRABRNZXRIC, TOEEZK
TCELIR B 2 MR LLL T DSR2 1572,

(1) ARFEHT FIEE, BB OEFH G FEESTR,
BILOEKEE TN D E 55 6 E oA OREN
RO EEMS, EEMICEBRLE
(2) ZIR PRV BE 1R K BE A EE D IEAR & KB EE
DD DEREDREADKEVEMRKE CRAME
FLEDORERIKGETD. BITHRIEHICE
32 RNz LBHBFICTRIT S, BE
EPEREL VL FATS.

(B)EELENL, EABANTHEAMEVVEZ L
RIZEAKED LB & IEAKBRANHEETSHL,
BN ABTEE R T A EEBICIH > TRKIEL R
T. HELIS LB E2BHT S, EENK
IEREZKEL FRITS.

DFAMIE N DAL, BEIA L OREIZL YRR
BREAERIND RICHEERD Y, HERRD
IO LEREBHLTWS.

G)VFFERBRLVEREELZEHL, Z0o0H00
BRRITEITHRABROERKE CHRETHLZ L&
FHRILT.

(6) ARFEAT FiRIL, HEWTETESTRAK B DEMEELTTHE
EEMITTAZENAETHDZ L ERLT.

BEH

1) Townsent, D.R.: An investigation of turbulence charac-
teristics in a river model of complex cross section, Proc.
Institution of Civil Engineers, Vol.40, pp.155-175,1968.

2) Prinos, P., Townsent, D.R. and Tavoularis, S.: Structure
of turbulence in compound channel flows, J. Hydraulic
Eng., ASCE, Vol.111, No.9, pp.1246-1261, 1985.

3) Tominaga, A. and Nezu, L. Turbulent structure in com-
pound open-channel flows, J. Hydraulic Eng., ASCE,
Vol.117, No.1, pp.21-41, 1991.

4) AR, A E R, FERE AN E S B ARRh O
TKERRFEIZ DOV T(1), RERK RS KRR, 5513
5B, pp.311-321, 1970.

L) KL LR, B 3 78 R T i h 43 0 BRK R

NOKEFMICBE T D%, IS IR E, Voll,

pp-683-692, 1998.

6) Shiono, K. and Muto, Y.: Complex flow mechanisms in

compound meandering channels with overbank flow, J.

Fluid Mech., Vol.376, pp. 221-261, 1998.

AR B IEBr B 4 A&, A E R AR e TR

KRBT D KBREFEIZ DV T(1), FEDRFERS K FE

e, #5385B-2, pp.561-580, 1995

REER R, A A (@, 0 E R H T3 — R mee 7B

TKBE AL D IKEREFMEIZ DV T(2), IRAERKFEBS KHFSE

FTEER, 55395B-2, pp.543-558, 1996.

Kiely, G.: Overbank flow in meandering compound
channels, the important mechanisms, Int. Conf. River
Flood Hydraulics, Wallingtord, pp.207-217, 1990.

Sellin, H.J., Ervine, D.A. and Willetts, B.B.: Behavior of

meandering two-stage channels, Proc. Institution of Civil

Engineers, Vol.101, pp. 99-101, 1993

Ervine, D.A.,Babaeyan-Koopaei, K. and Sellin, H.J.: Two

Dimensional solution for straight and meandering

overbank flow, J. Hydraulic Eng., ASCE, Vol.126, No.9,

Pp.653-669, 2000.

12) Patra, K.C. and Kar, S.K.: Flow interaction of mean-
dering river with floodplains, J. Hydraulic Eng., ASCE,
Vol.126, No.8, pp.593-604, 2000.

13) Rodi, W. : A new algebraic relation for calculating the

Reynolds stresses, Z. Angew. Math Mech., Vol.56, pp.

T219-T221, 1976.

AL B IL S, L g, S B A 21 5 =Rt

TN 88 O EL A AR AT, TR ICE, No.479/

II-25, pp.81-90, 1993.

R L3, B L S e R ST SR T BT T M AT B K B B

DZRILEMEEIZET 2R, TAFIWLE,

No.628/ 11 -48, pp.149-161, 1999.

Nakagawa, H., Nezu, I. and Ueda, H.: Turbulence of open

channel flow over smooth and rough beds, Proc. of Japan

Soci. Civil Engrs,, Vol.241, pp.155-168, 1975.

17) #2103, 8K 1L LR A T K A 1T i BR K B P D BL e s
FRAT L REIMAERICBIT 2%, L A¥ SR UE,

5

=~

7

~

8

=~

9

=

10

=

—
—
~

14

=

15

=~

16

=



No.515/11-31, pp.55-65, 1995.

18) #ZIL¥ FL Y, BIEE 2 #hAS Y BKBEF O E
FRAT & “IRMANEBBIZB T 2%, T ARFSIRE,
No.572/ 1140, pp.11-21, 1997.

(2001.10.2 241

NUMERICAL STUDY OF TURBULENT STRUCTURE IN COMPOUND
MEANDERING OPEN-CHANNEL

Hitoshi SUGIYAMA and Takuya SAITO

Numerical analysis has been performed for the developing turbulent flow in compound meandering open-channel
flow by using algebraic Reynolds stress model. The turbulent flow in compound meandering channel is one of the
complicated turbulent flows, because the flow behavior is influenced upon many kinds of forces that are centrifugal
force, pressure driven force and shear stress generated between main channel and flood plain. In order to set
precisely boundary condition along complicated configuration, the boundary fitted coordinate system has been
introduced in this analysis so that transport equations are transformed from the physical plane to the calculation
plane. As a result of this calculation, it has been found that the present method is able to predict well the mean
velocity distribution and the developing pattern of secondary flow that is especially affected by the flow over the
flood plain. As for the comparison with Reynolds stresses, although the agreement with the experimental data is not
perfect quantitatively, the present method is able to reproduce the characteristic features.
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