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Fig.1 Flow structures in the flooded meander channel ( after Ervine et al., 1993)
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Photo 1 Bird's-eye view of flows on the water
surface varying with relative depth Dr.
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Fig. 3 Lateral distributions of longitudinal mean
velocity on the water surface.
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Fig.2 Velocity vectors (upper) and velocity contours (lower): Dr=0.15 and Dr=0.50.

in compound open channels with meandering channel.
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Fig.5 Experimental set-up of a compound open channel with meandering main channel

Table | Hydraulic condition

Relative depth Depth Discharge | Hydraulic radius | Mean velocity }:;mi iﬁﬁggs

Dr H(cm) Q(l/sec) R(cm) Um(cmy/s) Fr Re

bankfull 5.00 4.282 3.81 28.1 0.46 10700
0.15 5.95 4.592 2.14 19.2 0.42 4100
0.20 6.34 5.409 247 194 0.39 4800
0.25 6.63 6.277 2.73 20.3 0.39 5500
0.30 7.16 7.763 3.16 21.5 0.39 6800
0.35 7.74 10.391 3.62 24.8 0.42 9000
0.40 8.37 13.368 4.12 27.8 0.44 11500
0.50 10.07 21.242 5.42 32.6 0.45 17700

Height of flood plain: h=5.079cm.  Bed slope:1=1/970
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Dr=0.35

Photo 3 Bird's-cye view of flows on the water surface Photo 4 Top view of flows on the water surface

varying with relative depth Dr in compound varying with relative depth Dr in compound
channel with sinuous main channel. channel with sinuous main channel.
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Fig. 6 Three dimensional flow structure of compound open channel with sinuous main channel.
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Fig.7 Flow patterns in four kinds of compound open channels
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Table 2 Fluid mixing and flow structure in compound aopen channel

Compound channel Fluid mixing and Flow structure

Channel Main channel Fluid mixing Flow structure

Horizontal mixing between
A Straight Straight main channel flow and
tlood plain flow

Vortex in horizontal plane
Secondary flow by turbulence

Vertical mixing between
B Straight Sinuous lower layer flow and upper
layer flow

Secondary flow by centrifugal force
Longitudinal vortex (spiral motion)

Vertical mixing between

- Secondary tlow by centrifugal foree
C Straight Meander lower layer tlow and upper Lew‘} ary Flow by centrilugal lorce
' ongitudinal vortex (spiral motion)
layer flow
Horizontal mixing between Vortex in horizontal plane
D Meander Meander main flow and separation Secondary flow by turbulence and
tlow centrifugal force

—368—



KEBMBBEIND, —FH, ZREMETRL L,
EROMHAY GELA) CRRETHE--EO TR
T HIEFT OB A TSR L OO E—FiticiE
FH 5 ZRACHDRRRMBIFET 5, T B
AR MBI K OEAR - B E i C R L2t
EEUTHEEL, %ED, EHRERERAL-CEEO
WigE L LCHEET D, TN 4BORNAOEEOS
MAEKICR L2 L O Fig7 CohY., BiExE
LT FERM Table3 THAH.

At B - BENmEEAERGRICL. ER
2R EMA L FETH S,

EE P

FEFH(1982) « KT O ZRFEF L iFBRIRE
BT A%, TARSKEERS THKKO ZK
TLHLI & GERETARE | BFFE/NER A, p.8Y.

BIEAREH(1993) : W EBK IR0 3R HEIC
BT B8, FERREFE LRI

AR - A AR - TR X % B T Rk RS
WA 3 RTHHEIC BT AR, TARFE SR TE
No.515, 1I-31, pp.45-54.

4 AR - BIERGE(1983) : HITES KRBT
DRI BT D EROEIE. 527 BEUKEE
MM LE, pp.67-72.

REEHE - B - SR - DIERE : BNE

£, LARFRKBEEEE, £40%, pp 711716

Amold, U.(1987): Zur bilddaten- und modellgestutzten
Bestimmung der Schadstottausbreitung in naturnachen
Fliessgewassern, Mitteilungen, IWW, RWTH Aachen,
Nr.52.

Brice, 1.C.(1964): Channel patterns and terraces of the
Loup River in Nebraska, U.S. Geological Survey
Professional Paper, 282B.

Ervine, DA, Willets, BB, Sellin, RHJ and Lorena, M,
(1993): Factors affecting on conveyance in meandering
compound flows, I. Hydr. Eng., Vol.19, No.12,
pp.1383-1399.

Ishigaki,T.. Muto, Y., Takeo, N. and Imamoto,H.(1997):
Fluid mixing and boundary shear stress in compound
meandering channel, 27" Congress of IAHR.

Muto, Y.(1997): Turbulent flow in two-stage meandering
channels, Doctoral thesis submitted to University of
Bradford, UK.

Shiono,K., Muto,Y., Imamoto,H. and Ishigaki,T.(1994):
Flow structure in meandering channels for overbank,
MAFF, Cont. River and Coastal Engineers.

Toebes, GH and Sooky, AA(1967). Hvdraulics of
meandering river with flood plains, Proc. ASCE,
Vol.93, No. WW2, pp.213-236.

Yalin, M.8.(1992): River Mechanics, Pergamon Press,
p.167.

HEATBROK BB TRV 3 IRFEMEIZ DWW, K TE#R L

3-D Flow Structure in Compeund Open Channel
with Straight, Sinuous and Meandering Main Channel

Taisuke ISHIGAKI. Yasunori MUTO and Nario TAKEO*

*  Graduate student of Engineering. Kyoto University. Japan

Synopsis

Flow structure in a compound open channel is investigated here with experimental results by flow
visualization. Three dimensional structure in four types of compound open channel; a straight compound
channel. a compound channel with sinuous and meandering main channel. and a meandering compound
channel. are discussed. The results show that fluid mixing and secondary flow arc key-phenomena when we
discuss on the structures, and that the structures are different each other in shallow cases of flood plain and
deeper cases in all four channels. which is an universal characteristics called as the depth dependence of the
flow structure in this paper.

Keywords: compound open channel. sinuous and meandering main channel. 3-D turbulent flow. visualization
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