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A STUDY ON THE FLOW IN COMPOUND MEANDERING CHANNELS (2)

By Yasunori MuToO, Hirotake IMAMOTO, Taisuke ISHIGAKI and Koji SHIONO

Synopsis

Flow structure in meandering channels during floods is strongly distorted and has
a 3-dimensional nature. This nature is brought by the interaction process between the
upper and lower layer flows. Many parameters, both geometrically and hydraulically,
have influences on determining this process. Thus it is important to explore in a wide
range the effects of these parameters on the structure of compound meandering flow.

This paper shows some experimental results of velocity and turbulence measure-
ments in compound meéndering channels. Particular care was taken to examine the
effects of sinuosity (s) and cross-sectional shape of the main channel. Their roles as
determinants for the flow structure identified through the examination are as follows:

1) Sinuosity strongly influences the interaction process due to the change of the cros-
sing angle between the upper and lower layer flows. However the structural alteration
due to this angle change can only be seen within a rather limited area in the crossover
region.

2) The channel cross-sectional shape also has significant effect on the flow structure,
specially on the structure near the side wall of the channel. From the viewpoint of
channel conveyance, its effect on the flow exchange process between the main channel
and the flood plain is of particular importance.
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Fig. 1 The experimental flume and meandering channels

Table 1 Meander parameters for tested channels.

Angle Meader Total Width of Bend
of arc Wavelength width meander radius
(") Lw(mm) B(mm) Bw(mm) rc (mm)
R1-rectangular 60 1502 1200 452 425
R2-rectangular 120 1848 1200 900 425
R3-rectangular 180 1700 1200 1000 425
T2-trapezoidal 120 1848 1200 1000 425
Crossover Crossover Channel Flood plain  Channel side
length angle Sinuosity width height wall slope
Leo (mm) () s b (mm) h (mm) Sw
376 30 1.093 150 53 0
376 60 1.370 150 53 0
0 90 1.571 150 53 0
376 60 1.370 165 53 1.1

Table 2 Hydraulic conditions

Depth Discharge Water Relative Relative Mean Friction Reynolds Froude

condition Q depth depth depth  velocity velocity® number® number®
Dr  (x10%w¥s) H(m) H/h  (H-h)/H Us(m/s) us(m/s) Re(x10Y)  Fr

Rl bankfull 1.876 0.0525 0.980 - 0.237 0.0166 2.63 0.431
0.15 3.102 0.0633 — 0.154  0.157 0.0121 0.82 0.412

0.50 25.755 0.1078 - 0.503 0.352 0.0225  6.26 0.495

R2 bankfull 1.556 0.0519  0.969 - 0.197 0.0148  2.19 0.359
0.15 2.513 0.0630 — 0.150 0.129 0.0120 0.66 0.340

0.50 19.996 0.1059 - 0,495  0.282 0.0221 4.92 0.401

R3 bankfull 1.382 0.0532 0.991 - 0.170  0.0140 1.95 ~ 0.307
0.15 2.204  0.0631 - 0.149  0.113 0.0120 0.62 0.299

0,50 19.881 0.1087 - 0.506 0.268 0.0226 5.16 0.374

T2 bankfull 2.251 0.0517 0.967 - 0.207 0.0160 2.74 0.349
0.15 3.631  0.0626 - 0.146 0.163 0.0131 1.03 0.391

0.25 6.695 0.0714 ~ 0.251 0.204 0.0158 1.84 0.408

a. ux = ¥gRS, where g = gravity acceleration, R = hydraulic radius and S = energy slope.
b. Re = 4UsR/v, where v = kinematic viscosity.
c. Fr = Us/v¢R.
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Fig. 4 Turbulent kinetic energy k/us for the overbank flow, Dr = 0.15, (a) s=1.37

eﬂgg\
hhi \\

Vortxal Dutancs s
e

BRI KRR ER 395 B-2 F8. 4 (1996)

(

A

Luteas Cumancs W

al Dintance vh
e F4
|4 5
1 ‘

Vervical Oistance Zh
e o
i kS
: 1

Sectian No.13 .
\ N
v
v, .
. 2 ""‘

Vaical Distance h
4 5

Vedical Distance 2h
I =
n P
1 1

Verical Distance zh
< e -

Vertical Oitance vh
g :

(left) and (b) s = 1.57 (right)

Vacical Distance 7h

Cutance 2

Verucal Dietarce

Vanical Distance zh

INCEDF

AN 7

Varical Distance th
°

Sacyi

2.
Laterni Dirtance

ST Ny o
N 14

S0

L)
2 10T b
/% f,j!:fj?, ey
0 It =

o
g

Venical Diuance M
© -

mg(]>(ﬁﬁV?1]

—j>
e

7.0 e 10

< N —~
. T S O
()

2
T T
9.0 2

al o

£

i

Vertical Distance am
°

=)

L

Latoral Distance yh
Section No.03
Y

w

N
]

1
20

—

0

N

2,
o

, s
20 25

T
K]
Latsisl Dimanc,

(b) s=1.57



Venical Distance 1N

45+

R - 4K G - G WA AR O AT SV (2)

Section No.13

=),
=

e e 02

e
T ™ T T T
a0 [ 1.0 18 10 28
Latpral Distance ywh
Saction No.11
19 J_—/ﬂ hd o2 N ~

£

Varical Distarcs
o

[X3 16 15 20 28

Laters) Distance yh
Saction No.09

:o’.ﬂ_/n/”____,—i__ 08 ”—\/— 09 o 04 ]
=7 @“—""{—N@——\/«a\“’\a\\—\

===
[N 02 o B — 08

Y 08 .
/ Wﬂ—/ o
=

NN

B ety

o0 — NS

%

L]
oz
o —— 0
T o4 o 'U ;]
r

T
08 10 % 20 Y
Laleral Distanca yh

Saction No.07

Latwra) Distance y»
Section No.05

~— ]
fr g — ]
[X] —

)

4
" a.

T T
0.8 10 14 20 28
Lataral Cistance yh
Section No.03
o7

¢
Q

(S |
% [ 1]

/ ag M "

o8~

=" o

u T T T 4
[X] .0 '8 20 25
Lalornl Diatancs wh
Saction No.0Y

Fig. 5 Reynolds stress — ww/ux for the overbank flow, Dr = 0.15, (a) s = 1.37 (left)

u T 7 T T
05 1.0 15 20 s
Lotoral Duoiance yn

(a) s=1.37

and (b) s = 1.57 (right)

Section Ne. 13

Latarel Oisinnce ym

Lataral Oistance

Lataral Distanos yih
Saction Na.07

128

e

D ——— _’_//
“ L |
o8 Y% R Ry ry——
&/ o e
%00 A e 00
888 e T et e 028 -]
050
T

—— 0,50 e

g

T
00 [3 1o (3
Lateral Datance ym

Section No.05

&
o, a4
65+ 3 \/
L0 99
00 ot
[ 02 e .03 K
LY} L X R |
o = 1\ o !
00 0 10 15 20 s
Latarsl Distunce wh
Section No.03

Lalacal Distance ym
. Sechon No.0t

CEEINWE ) AN

I

549



550

Longitudinal distance x (cm)

Fig. 6 Depth averaged velocity distribution for the bankfull flow, (

Longitudinal distance x (cm)

WRBKBIZEATER #3955 B-2 8. 4 (199)

—

20cm/s
100 xﬁk
90— Section No.13
80—
T Section No.11
70—
60— \ Section No.09
50— Section No.07
E Ny :
40 Sectlon No.05
30
1 Section No.03
20—
10—
L I B B B S A e Section No.01
0 20 40 60 80 100 120
Transverse distance y (cm)
(a) s=1.37
L
I
Section No.09
70—
60__ Section No.07
50
401 Section No.05
30
§ === Section No0.03
20—
10—
o7 T T T T Section No.01
0 10 20 30 40 50 90 100 110 120

Transverse distance y (cm)

(b) s=1.09

(b) s = 1.09 (bottom)

_8_

a) s = 1.37 (top) and



RiE - 44 - G - EY | ERTEETT R AR OKEERIC oW (2) 551

Section No.13 Section No.05
20

20

0.5 —
¢o (‘\ T T ﬂ T
0.0 . 1.5 2.0 25
Lateral Distance y/h Lateral Distance y'h
20 Section No.11 20 Section No.03

———em J
20 a 0

o LC/
(K \(/;r e"\, | f“’T

)
,,,/\
) |
o
Vertical Distance zh
3
|

0.0 0.5 1.0 1. 5 2A0 25
Lateral Distance y/h Lateral Dislance y/h
Section No.09 Saction No.01

20 20
28 ~ K \2
a0 .0
——————
/::/_\ 3o T

§
g
gno-
! 13

/\
"
i
)
\j
’\ A

% 05 —2.
o
80 | -
F“\ ( A ﬁ
T T 0.0
0.0 2.0 2.5 .0 0.
L.aterat Distancs y/h Lateral Distance y/h
Section No.07
2.0
1.5

107

0.0 1 X] 1.0 1.5 20 25
Lateral Distance ym

0.0

Fig. 7 (@) Turbulent kinetic energy k/usx for the overbank flow, Dr = 0.50, in the s =
1.37 channel



552 AR KERIZERT4E 395 B-2 8. 4 (1996)
20 Section No.09 20 Section No.03
’ 7 - ’ T
Lzo K:_s) / :"f’/_\ \2.5)} é ) } )
15 as\_/ Rl N 2 wl» 7
£ :° 29 /— 5 ) " ~ @ o\a
B %\/// e \
i o g g @ .
gns ¢ \&C/ a5\ i > v < # a0 /
.5 0.5 NS )
loae~T el
@ o o 25 35 ! w /
R AR N S A D W e 77227
00 05 10 15 20 25 00 05 10 1.5 2.0 25
Lateral Dislance y/h Lateral Distance yh
Section No.07 20 Section No.01
N
\5-\\‘, 2.0//;
£ —\a'o‘\///_\_(
) 4
Nz
z 0.5—%_) s 45 40 *
5
XIS -
T T °-°u‘l||[|\ T |m'!'ﬂ/
0.0 0.5 10 15 20 25 0.0 05 10 15 20 25
Laterai Distance yh Lateral Distance y/h
Section No.05
20 T
'?»S-J \ !;\.
e300~ 30 s
S 35
{ = V)
2o %\ s
% sl )7
F AT/
O'S-A\E%J—Sﬁ)/ do
PR 35 5"7 /3572
QofW\ A (: N
0.0 0.8 1.0 20 25
Laleral Distance yih
Fig. 7 (b) Turbulent kinetic energy k/us for the overbank flow, Dr = 0.50, in the s =

1.09 channel

OFHBRITBN SN AL, EOFEREFTFHEINL, SO Eh5 2 RFELENDIH & Vo720
NOPNEHEIZL YV HEML D DICEBEE2 0N, LALRWSIRLOFRICKL, EBRORHIRR
13, BEOKEEAOS ETRUTIORT L) 120 % WV RMCEEOHFELTRETAbDEL 572,

HNOBFPERKBETOL UL T BT 2R ITHAIE LTI, Fig. 6 (TR L - BETHEAKR
(inbank) TOKETFHFESNHDH Do £ I TIXEBITR L7zs = 1.37 O — R L CHERTS O
BB —BIEL T ART- AR ClNG, HHWIEFig. 7I21dDr = 0.50 FOEMN LAV F— £k D
FRERLTVDBA, s = 1.37 D — A L TERIElhoXE 81h &, RTHICX bRz
ANV =22k BID, 2O L EHEITEs = 1.3 ~ 2.0 TOEND LIV OLREE & 13T HERY
12, s = 1.3BE T CIRIETENAE L2 20N TEAD LUV L IEINT 5 Z & 2R LBIKEY,

KU, HAWIC X 2 FBBROELERTH L LTIE, Fig. 8 BL U IR LA Dr = 0.15 FrOFHIRS
BAST WA BIREIZE T, Fig. 813 2R~ 7 M VizonT, T/ Fig. 913V A4/ VAT — uw (Z2WT
FhEhs = 1.3T D —REHITRLZD DO TH B, I HOFRBRITIGEETHBRREO RAH R £ O



553

Section No.09

Ssqlicn No.13

R - A - Al - HE L ERTEREAT AR O AKBEEII OV (2)

o NS %\.ﬂﬂﬁ %:\HH eSS e
e | Wﬂﬂf_ﬁ..ﬂ, N NNy | M) Ui XN snmw
LY N ~ \ o N Mo
..... .. St CoaNNL ////////f SN\ TL_
e F3 ot FE L AN, FR RO \\vu///// <
~ w @ _ N
\&Mﬁ% .3 e e | e LR I .,.,p\\d»‘//f .3 &&W/yﬁ .,m <
5 5 s 5 E
R\_\\\z/ 3 \\W...A.ﬁ 3 3 Un\&i g F\\;z : @
/&v Lo N @ .9 Lo ff,/ .3 m
:7(\\\ - 7,:: - 2ttt |2 ///ﬂ.\\\: ~
JrnN\\W\ . 7:\\\\ . . \ 7 . H///p/rl-.\\\\ .
N = | e
w2 -Quﬁu.uﬂoeg ° wu Bﬁuﬂn_ooeg ) ) w_S Bﬁu!uu!o) : w_ﬁ g_mswru_:g )

. e~ - .
i N~y
1~ NAvia. -

:~a_:...
M., .. bs

| ;
. . _ ﬁ///// 1
WU g RIS

2§

)

w
&

—
—
—_—

d

z
s
—
-
T
20

7)) at aSUREN |
AS bt 2 . I \ ! %\\ i 8 | a 5 13
v.n\u\W\\, m m 7\& Nm ”,\\\\t sM\\ \\i\_\ ,Nm 7/////H( ,.NM m
7 o 3 Wi 3 N\.\ i m, 4 3 RN 3 H
Ur S N NGRS (A att e ’
el - et

"~
’

’

’

'
N

4

|

g

oy )

/ [ ) -
i e L3 L2 7 s :
I~ N N n .
[ - - —_——— —
JERRR Tl patatad ~
MDA PR I B R S L
1e ° 4 ’ ° { ° 2
T b3 T v s T T 3 T v b5 3
- e - e ) a =
3 2 3 E =2 3 2 i e
SOURISP RV W2 SOURmISD [eoIA W2 WUEISP ROIA W2 SURISP FEOIUIA

. Dr=10.15 (a) s = 1.37 (left) and

(a) s=1.37
1.09 (right).

(b) s

Fig. 8 Secondary flow vectors for the overbank flow



554 WORBFKBTZEAT #5395 B-2 F8. 4 (199)

Section No,13 Saction No.09

08 - 03

o8
| >0 77
L o /
O e s o8
o8
L T T T T T eo
0.0 o8 "0 N 0 28
IIIIIIIIIIII Latsral Ousnge y/h
Section No.11

: o
7 20~ e
__ 1) L. ﬂ
T T 04 T ; " - v
e s 1.0 1.5 20 EE 00 o5 1.0 1.5 20 28
. Lalwal Olstance yn Laioral Distance yih
Saction No.00 Section No.05

b~

T
Xl

]

5.0 =i
4 02
S —— 08 e e
Y]
T T T ¥
00 o§ 19 .5 e 23
Latsral Oistance.
Section No.07

T
(X3 (X3 " X

Lateral Dusiance yih
Soction No.05

4

i S~ 02

é 05 ® v\__ 03
3 00
>

02 T 2~
f\ on —
00 08 ™ . o
0o o5 10 18 20 28 .
Laterel Oirance Latara( Dutance yin

¥
Saction No.03
vr

o (b) s=1.09

Fig. 9 Reynolds stress — uw/ux for the overbank flow, Dr = 0.15 (@) s = 1.37 (left)
and (b) s =1.09 (right)



Rk - 4% - O - 3RS | RETEETT R ARBE A OKEREMEICOWT (2)

Saction No.13 Saction No.13
- - - . LI T s I
|,-_[, § 199 . - ~ - ~ - = = -~ >~ > >
~ - - - < ‘ . - >~ N
" I S S N j\ }\
. I - < = -
" . - - _ N NN -
o ST T TIXXS =S oy
> B ~ e W o T 5 PA
$ . - - ~—— =z
5 ) a 1 13 20 23 w0 u P
Saction No.11
b o T e — v—tr‘— =
N I 7 e == > =
L R SR 2 N >
' N N N i 7 - m TN N
o8 ~ N NN \ 1 ' SONTN N
F N e T T, R, \ v
SN N N NN = /’
. SIS ==2 2
. - = < <
Q‘J OI' L1 |lb |IJ 2 24 0 kL] .o
Saction No.0g
\
1 7 —’_.2
7 1 7 F o =
- {7 7 773383
! t \ : " >y O
NN AN
- -~ I <z : )
y

\‘ . "’:‘ \1
i
* | 3
) ) :
W ==
\\ 1-- =~
,\\‘ e
3 \ "’
B
II} ]
. // ;) 1]
L // A) -
] ..,////HI .

24
o
H

N
I

WYY
J N

k]
Voo } i y {7
: |
\ Y NN AR A\ \ 1 N >
I R N \\\:/J PAENYE o AU S A SN
R e e =T A I L A R N
YAy s N e w2 £ | NN - N - 2
See N s e S e L 20 > R E I S
alamanding 4 T T
2 as o a0 o A 22 28 1 as
Section No.0S
— s » i t— c— c—
- = £ r—- — \,::—‘—-——v—»———— >
— i e e e e L e
= 7. = N e I LT T
- L ALY NN e e o
- - L o8 V - Y N NN D=
= . .l g g § \\s: §: T T T 2
- - ZzZ > e e e — o T
P ; ; T DT T
! -~ " - T
o " o 1. i s < 00 = s s 12 21 38 as o
Section No.03 % Saction No.03
\ PR —— - T = e e - — —
4 N = = 104 = ol angindiadibe 2
10 - — — i s — -~ v . g —
;M W, ZE o= = A D N A e g
- ! 9/ o = = 2 WW"J™WJ Y, XL e IS
’ \ / f - I v 3 §: N 9' M LD =
[YEIN = / s 22 L.l -] N §\,’ o sl ol
= = 7. - - PR Y —_— T e T =
M \ — 7 Tz I 4 ~ }_ e, T T T T T
AN -~ — v N N | > ~ — s, W e e - - -
o o " " 20 Y s o o8 o 1) » Y] ) as °
Section No.01 N Section No.01
— - < L — = A e i = e e - - - -
Wil T W I m o l/; § 1o N N S ot — —— - o T 2 T % .
-3 V. o= o NN Ve e P
- [/ = =z = .. { s o o SN, s z
/A - \/ ;f = - = ZZ: \ R A AR s
(2 N L - - - = a3+ N \ Y = e L e o=~ -
= e v T N XN N T
e T A NN by 3 P e
! > D
o0 o8 v u 0 ____as a8 o o8 ) 1 0 1 2 ) w
Laleral distance yh 0.2Ug ]

| —0.2ug

| R—

(a) rectangular

Fig. 10 Secondary flow vectors for the overbank flow, Dr = 0.15, in the s = 1.37 chan-

(b) trapezoidal

nels, (a) rectangular (left) and (b) trapezoidal (right)
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