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Introduction

Based on the previous research, the flow rate estimation by the DCM method has been widely
used in compound channels and many computational models have been developed accordingly.
Therefore, a compound channel dividing into sections according to the most accurate method is a
requirement that all researchers agree. While vertical lines are used in models for dividing the
compound channel into the main channel and floodplain, some researchers maintain that vertical
lines have an inaccurate performance compared with horizontal and diagonal lines, especially for
low discharge (Khatua et al., 2013, Mohaghegh and Kouchakzadeh, 2008, and Ozbek et al., 2004).
However, the methods for discharge estimation based on the shear stress calculation uses vertical
lines (Ackers, 1993, Shiono and Knight, 1991, and Bousmar and Zech,1999). In this research, it has
been attempted to present the best angle of the dividing line, which results in a 0% error rate
calculated by comparing the effect of dividing lines with different angles on the calculation of the
discharge of the compound channel.

Methodology

The research was carried out using published data from the large-scale channel. Flood
Channel Facility (FCF) that has been constructed at Hydraulics Research Ltd at Wallingford with
measures 56m in length by 10m in width. In this study, the first series of data was used that
provided for the study of a straight compound channel with uniform roughness set at a
longitudinal bed slope of approximately 0.001, and the cross-section of the compound channel is
networked, and the velocity values for each node are measured for different flow rates. Using
these data, the flow through the channel can be calculated and compared with the measured flow
rate. For this purpose, the compound channel was divided into three sub-sections: a main channel
and two floodplains on the sides of the main channel. The diagonal lines were used at different
angles for dividing the cross-section. The first angle in each experiment was chosen so that the
division line reaches the intersection of the flood plain and the water surface and the last
hypothetical line to the intersection of the water surface and the central channel of the compound
channel. According to the DCM methods, the discharge in sub-sections was calculated using the
flow resistance equations, such as Manning and the sum of calculated discharge for sub-sections
was considered as the total flow. In order to calculate the wetted perimeter, four methods were
considered: including or excluding within the calculation of wetted perimeter of main channel or
floodplains. In order to compare the performance of these different methods, the rate of error was
calculated using the following equation that the Q,, and Q. are the measured and calculated
discharge, respectively (Khatua et al.2011):
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Results and Discussion

In this study, the error of the estimated discharge using Manning's equation was calculated,
and the effect of the angle of division line on the error was investigated for different flow rates.
As shown in Fig.1, the application of two methods (1) and (111) can lead to satisfactory results due
to the convergence on both sides of the curves and the decreasing error rate. The methods of the
wetted perimeter calculation in subsections are different for figs. (a) to (d). Methods (1) and (I1)
are including the division line length in the main channel and floodplains respectively for the
calculation of wetted perimeter and methods (1) and (V) are including the division line length
in both of the main channel and floodplains and none of them respectively. According to the
Fig.1, in the upper discharge and angles in the range of 30 to 140 degrees, the error rate is less
than 5 percent, so the application of the vertical line and diagonal in this range can be accurate,
but in lower discharge, angles in this range results in an error up to 40 percent. So, very small or
very large angles but not horizontal lines should be chosen for the low discharge. The study of
the apparent shear stress distribution at interfaces of the compound channel with different angles
confirmed these results, and the maximum of apparent shear stress is on the vertical interface for
all discharges and reduced by decrease and increase of the angle. It is observed that 10 to 30% of
the flow resistance is assigned to the apparent shear force, and it reached 50% by the decrease of
the angle, and the horizontal division lines have the lowest percentage of shear force. This
confirms the previous studies.
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Fig. 1- The effect of the angle of the division line by the estimated discharge error for the
methods of the wetted perimeter calculation:(a) method I, (b) method 11, (¢c) method 111,
and (d) method 1V

So based on the results of the application of the Manning equation, the optimal angle of the

division line in the form of the following equations was obtained using the nonlinear regression
method. (Fig.2)

sin B* =Exp (—Dr(;(gj%) (B < 90°) 2

Dr —0.506)

sin B* =Exp ( - (B >90°) (3)
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Figure 2- The curve of the best angle of the division line at different depth ratios

In these equations, Dr is the depth ratio and B" is the best angle for the division line. B is 0 to
90 degree for Eqg.2 and 90 to 180 degree for Eq.3. The apparent shear force is 10 to 25% of the
flow resistance on the diagonal interfaces with the optimum angle according to the results of this
study.

Conclusion

In this study, the best angle for the interface is determined in such a way that makes zero the
discharge computational error by the Manning method compared with the data collected from the
large channel facility (FCF) at Wallingford. Finally, equations and graphs are recommended to
determine the optimum angle to depth ratio.

References
1- Ackers, P., 1993. Flow formula for straight two stage channels. Journal of Hydraulic Research, 31(4),
pp.509-531

2- Bousmar, D. and Zech, Y., 1999. Momentum transfer for practical flow computation in compound
channels. Journal of Hydraulic Engineering, ASCE, 125(7), pp. 696-706.

3- Khatua, K.K., Patra, K.C., Mohanty, P.K. and Sahu, M., 2013. Selection of interface for discharge
prediction in a compound channel flow. International Journal of Sustainable Development and
Planning, 8(2), pp. 214-230.

4- Khatua, K.K., Patra, K.C., Behera, S. and Mohanty, P.K., 2011. Apparent shear stress and boundary
shear distribution in a compound channel flow. Computational Methods and Experimental
Measurements XV, 51, pp. 215-228.

5- Mohaghegh, A. and Kouchakzadeh, S., 2008. Evaluation of stage-discharge relationship in compound
channels. Journal of Hydrodynamics, 20(1), pp. 81-87.

6- Ozbek, T., Kocyigit, M.B., Kocyigit, O. and Cebe, K., 2004. Comparison of methods for predicting
discharge in straight compound channels using the apparent shear stress concept. Turkish Journal of
Engineering and Environmental Sciences, 28(2), pp.101-1009.

7- Shiono, K. and Knight, D.W., 1991. Turbulent open-channel flows with variable depth across the
channel. Journal of Fluid Mechanics., 222, pp. 617-646.

© 2019 by the authors. Licensee SCU, Ahvaz, Iran. This article is an open access
= article distributed under the terms and conditions of the Creative Commons Attribution

4.0 International (CC BY 4.0 license) (http://creativecommons.org/licenses/by/4.0/).



PUSIYY .o AA 59k Fgoslad €Y >

V55

ST owige 9 pole ﬁ‘rﬁ

Jm:‘_-;l/g{:,bz"u

390 il bl 3 ool b 5 w0 ablio 33 Ol (29 3591 g

\d " Y . - %) . PR
aéﬁ&\jg'}wa—} Lf“&fb“ wxn\.\)\w

yonesi.n@Iu.ac.irol  ol&asls (6555l 0aSlails ST e 055 Sbsliwlid s okivs 5=

Q\ijsa\i.ﬁ\é 6})}%5“\} g.;Tk;.u.Li@o))? dTélﬁa}L«é;{Jéﬁxb—r

WAF/A/YO 1 i

A5 16 S5

ol Kzl Copsas oS zsls uT e U)f Hlidls =¥

AV ZAVA [ G PR

3 St 9 3,13 (5103 55 3,5 (DCM) i bghid (99, 4 &Sy (UL 13 (013 3y9 1 ccomby Oliiod (ol 2
S35 ohey (R B8 @ gblis pj & Sy aalle 525 93 (plply loas and Wy, (r! bl (Flwlre s]ae
45 Cowl a8 bohad b 08 po alae 45595 39,50 54 L Jue ;5 2590 an oyl Lol oIy a5 BT (o] 0 i dod &5 Cowl
2] 55 31> 5 G 53,5 0390 3 I el bl ) Siignss (53, Shos (g o2l & 1ol i oo (555
099y 4 (o2 Al (slhd o Cawl ol (et (IS5 4y s LS gl (r ke BT (3 I S g0 an U 1 ol
Slppuing gL g 4l3900 Culed )3 dgud Yo 3,980y 13 FCF JUKS 1 oudd (gy9laen g0 U duslis 3 Siilo
bylgy (Fluwloms (slaa 351 w1y i b 1l (00 5l Olga (o Bos RIS L o SS @y ol & Cuwloas

il oo +/+¥ N g +/+0€ Cui i LA (! (6l S WS opl Hlale Wb Cpad RMSE (g,le] (ad b SoS' & (g3kiwiny

Sy gae JS (g cnl 3 &5 w5y glae () SCMsb,
JUS 65 o8 Lol 5 3580 58 201y dale S 90
SaS @ 1Yl Gglate wa b WK acusdy s 5 Lol
&y « Pavlovski 4 Lotter Horton-Einstein o> ol g,
ke by Coglio balle oS 4 5 ord duslre Jolae
e bey il odliul ed e dusbre 23 e Sislo doles
o 9 o0d S &y oo o)lsan Sy gblis 03 300 5 a0l
oy ol 3 Ips Wi eSS (Bly ke Sl S,
(Asgari et cosl odis ond Sy ghafie sld S
al.,2011)
ghie bg) cpl )2 & ghlle )05 gy DCM iy,
Fome (23 9 2980 ol glalio (315 & S 5o JUE
b Coglio bl SaS & @bl pj ol j plS
wlie ul gsame 1 S po glaiie S (5)I50] g 003 dple
5 ol o8l bglas L oSye JUS (o) ol 3 il Cusdey
2 O3 SCM L dolio ;> DEM (g, 3948 oo ol 2590
(Weber and Menendez, 2004; .S o 5yl o
5l et 4 3, cpl Patra and Khatua, 2006)
JUE > (3 i S ye JUS 5> (Sl poiiage Sl I
by ) yiaS a3 Cbd Mo 1 g 0905 3,90y st o
Py Oede bug 038 by 22y cpl b Ll o)

doddo

Sy gaie (s (b sloolpl jiin aShlay oy b
g aliag) g bajd (SoSume Bblie Cpglona 3 el 5 aidl 0
ol Sl el syl s iyl 1B el gblia b
@Mm PK...&: BRl ‘);) Cawl )].))95).3 ‘_slb);a Mbl )‘ ‘Lm\:ol)j
il olyen 4 Jbo g b Glilad cul (Ses @wilBdg, 39
ol 485 g (00 Olisdios «Bua opl sliwly o 1V sk
S (Sgpked Sz () 8 jo gt aSlay a5 L Lol
2 o gl sl I g Gheg Sygps el bl
@ Ol dsel glssdr Gl 355 Og8 4 join blie ()]
5 ool L aS” 405 oylsl (2015) Parsaie et al. «lidss
h oS U 23 i oletdy by il (b,
ol g0 BsS &bl eolatal b as” woby lis 9 dges (gjlwand
Oz 8L s (Jod B mls 4 glge S
sl oo mawy S8 4 (2017) Maghrebi et al.
b Jib e Sy JU o) bl 3 Copupn
ool idges duglie Jolito (sl sig) b1y 355 09y 5 oS

el 13,55 51 Jod LB B3 5 ysShe g, 4 sl ledl
05Sb &S ala by, S se sl U 0 3yl jolaiess
)l _\a.J)L..C x\w)f )l)ﬁ ool 9 WP 9o 9 X% C)Ja.n



PV

VY- \VY P AYAA Ju v oyla Y 0593

ol oo phe

Copo Eed (L85 Gjgo g old cual bicuey (295
ol b S LDy S5 g aldgegySee (o3l SaS 4 b
$xS ojlul Hlad M Juwe S Gasb 5l g was gey
wW (V) Jss (Knight and Sellin, 1987) .
5 Sy JUS gl (¥) JS5 5 FCF JUIS 5 Soled
e Ui 1y wdin (gl el )y
Fell g i Bos 9 JS Boe i hg H o piel)l
d.[agl) Ly“a.o LY 039 (o (G0 :Dr 9 (H:V) L‘bb)lﬁb o S
Cuoddy JS o 4 CubdMew (59) b2 e e I (V)
S po JU S (oye 2By ol JUK S 5, 2D J.JIGG

pr="2 ()
H

003 aSes oS po JUS' oS pe gt b stalesl ol >
0l (6 yS03ll Calises (gba o5 (gl 0,5 2 > Coyw yolis g
2 35 cpl o eolaiwl 2yse (00 polis 5 JUK awsin .l
ool 01 4l (V) Jgi
P Sy JUE oy ghie by cepw glrodl
2 Fale Vg Bes Ca p3 plo il S5 dlal 4 gl
ooy cpl 5l eolatwl b &8 wi cusby JUS oy cas
shosnlita 5 b g 3905 Al |y, JUS 1 (6008 (> 5sm
(3 (58 81 S sl Sl 53 sy S g o5
55 s gllin 5 4 2y oS o JUIS gl (s 3905 gl
osb b 93 5 ol JUK aats I aS)le oS
et et 4o 2y S yo e 43325 (sl bl JUS
el Al s blad 8 oslil Cilee (sblgj b o9
ol el slasel Calisce (blgs b o prdaw U g ggps (3000
s b3 a5 W5 Ol S 4 Lilejl a pd al;
oA s ol w5 oM Jolu dblis xe 4 (35500
U (5550 155 5 o s cblis Joxs 4 (g5 o L3

O Jlo ope 53 9 3,5 00)l8 odlatul 3y90 bagiloJre
Cuwyd el poil ¢ sl potiage JW S 4 d295 b ()l
JU Jal = o3 (bl sl EDM gy )3 1y e’ La
Ackers,1992; Wright and) sleoS el S,

Carstens,1970; Wormleaton et  al,1982;
Mohaghegh and Kouchakzadeh,2008; Prinos and
Townsend,1984; Patra and Khatua, 2006; Khatua
< (2013) Khatua etal. 4  die 41 (et al.,2013

Ozbek et 4 (2008) Mohaghegh and Kouchakzadeh
L DCM g, Vb cds wilasl cws ol 4 (2004) al
alogty) 4l cul Cpge g (Bl s bglas 318
ab p s Dy G Al p e & (00 (eSS
oo ol 51 8 ol sl @5 Sloxio b S e glae 45
SKM_ig, « (Ackers, 1993) Luiyass [bs) 4 oy
Bousmar EDM s, 4 (1991) Knight , Shiono
Shgy b ol gl gl dse ol (1999) Zech
2 Conl 48,8 4115 5,5 5 dalllas )90 03 S oy DCM
b ol bolad 31 duliio b 45 ol 008 aw 35 305
b ali ooy S JUB (o3 (eed p ilize Ll
Dgd oo (02 duobre o)) yro sl A poxis &S ) pasds

2,5 &l

b 95 9 3lge

Sy JUK ond piiie gboodls I oolaiwl b uiss oyl

Sdgyhe Gligos Sy 4 dtwly FCF olSiulejl jolde
S &S e Ve (ope g e BF Jsb 4 STl )il
cal ord plonl Cuwl CBI9Sy pj Loy lite 5 (g
Oty 5 485 Sppo oy @l dpsgar O Gl B2
bog JUS 55 ol Lulpd g 4l oo o VA o] (2
sl oad JyiS s BB gap ) o3kl b g OLL pgd)
JUS" (635 50 Lo ) ytagiey g V) dhwses o ol o pb)
OER b 9 B9 oAb cual S0y | pasuie sladlols 4 &5

WY L,S).a W) C,\.af:l)ﬁ ‘g.j @a.u: P}é) d);o}l.\il py e 5SS 4
dl.mc\bj L;‘J.:;l ) Py u.u&.:)‘ Glxbs <\.L.m54\: u;.) d)Sb)‘A;I
Sump
% ﬂ:}/_ >
Model
& = o Office
= _Oirrifice plate Sump
Inlet
Sump
10 m
Stlling
area T
k Approach length »k Test section + Lead out )‘ ‘
25m 15m 10m Tailgate
control

Fig. 1- Layout of SERC flood channel facility at Wallingford (Ackers,1993)
(Ackers,1993) 5,345419 38 FCF C5 o JUU™ 4ds -1 IS



DOI: 10.22055/jise.2017.22296.1594

\ZA

...ééuﬁjéﬁ)\iﬁ&D}J)Tﬂzo‘)&ﬂjww.x

| [
|
A N
\ I /
|
o\ -
j
Fig. 2- Compound channel cross-section
o JUS o e e Y S
&0 2o 9 JUI wwids Olasin -V Jou
Table 1- Channel geometry and discharge values
Test number S1 S2 S3 S4 B (m) b (m) H (m) h (m) Dr Q (cms)
020301 1 1 1 1 3.15 0.75 0.178 0.15 0.157 0.282
020401 1 1 1 1 3.15 0.75 0.187 0.15 0.198 0.324
020501 1 1 1 1 3.15 0.75 0.198 0.15 0.242 0.383
020601 1 1 1 1 3.15 0.75 0.214 0.15 0.299 0.480
020701 1 1 1 1 3.15 0.75 0.249 0.15 0.398 0.763
020801 1 1 1 1 3.15 0.75 0.288 0.15 0.479 1114

A bS5 b e cgblie ) odd i Lot duslxe
(85 )8 bl g s 290 Al ez ol §l Job @l

Lo duslbre 3 puads s Job (385 o > L (I
ol JUS 015 s

Lo duslne ) s b3 Jobo (35 Jlas > b (I
B3 00y

Lo dusle 3 oo b3 b (38)5° s > L (1
acussoMw g Lol JUI 015 e

Lo duslons )3 i b3 Jsbo (38,5 jla5 3 (9 (IV
acaid oM 5 ol JUI 015 s

slad sopy (e cilise glahgy 3, Shes anslie sy
Gy g Liolesl s p (losalie 03 4 Cows odel Cowddy (o
dwbee (V) dal) SaS @ quud b3 dilie (g
(Khatua et al. 2011) .

Error%=2%2x100 ¥)
shaalio 00 Qn 5 Slwlbwe (05 Q¢ daly oyl »
A5l

ot s 3 (s s b anidy | S
bs ayoly .l oad oald L (V) IS5 )0 S pe JUIS uoye
b yho 5l ol polie oS ol o o3l L B L Gyge punds
S5 ol 3 il Slle Caa b Bilas g e 423 VAL
s asuie Cas (550 03l blE 4

s ety 4 gl )y llefl o )3 (0 dslre (sl
Ce g godly 5l 00 s dwbre slp g M el plaw
U b M i opit a3 kil o 552 2 S
oo Blisee (SLlo5 b (00,8 el b3 Il &2 S po glaile
ol Cawndy s o yd 50 9 A5 dunlio (clodaline (5 b g

D9y Gk Ol |y dhlen) a0 K> Bk ]
L g o3 aSislo b oy Canglis lnelslas (oS 4 DCM
Sisle dblee 5l 35 cpl 3 35 dwle Elamy ()
ool 0 o3lizl (¥ alas)

0-2R735"2 ()

Sy cupd N Coluwe A (00 Q dblee () o &S

@ Colue S b Casl plpy & (Sdgpam glad R Sle
o dmolxs (sl 1b e JUIS g cans S o s Laoxa
lp a8 b glalio s o (2 polie ggeome oS pe JUI



V74

\9V—\Vvda.\‘~41\db‘~a)u\c" 09> L;)L:{Tw.uyjr}l‘c
0.3
S U S
\\\z\ |
025 : \ ‘
02 t N\l /7
o ‘\Q‘A\J 4
£ \Bﬂ )”z 6
< 015 ¢t
a.
o]
A
0.1 /
0.05 /
0 ), 1 1 1 1
0 0.5 1 2 25 3 3.5

Lateral distance from center line (m)

Fig. 3- Semi section of compound channel and the hypothetical division lines
0P ol Lglas 9 o5 0 JUI @adio o - SO

odlitwl 03 duwlbre sly abliey; Colue 5 ol (50S0jlul
997 2995) ol gl 039400 (ol )3 &5 I oo 9 o0
@Vl By ) abliay; )3 Copu bwgio 25l 42> VO
Colun 5 agly 55 s ol Joygi Loy K03 & opu
FCSgSs Copw sboodhy dx ja g old SooS CuidMw
dgd woly o Bk 1l o il oo dwle By ail
htoy; Colus wwl @8l bs & Ky a4 WO
sodly Bl e g aBl (gpSada ]38l cuwidoMw
blas 3 s red 4 o)l cds ials p slis il ce o
Do ooy (o dmlbe (glad Jlde s> g3 oyl pole

ki . (il )3 3 Lo gy () 4 (g3 eslns
I ey el Sl g sk s slmodls Sl (glos S
o VO gl il b s by Glpol sllg;
bylys 0 aSopla aog b bl sl (bapude BB oS il o
S P GudSd Gygo & Cepw (g pSojlul Kl a8l
3l o M Syp0 @ by Baee & Sy gl
Cuoglio adbslee (o)l 4 conl p3Y plply o)l 3959 K38l o
bil 290 S ye U ) (558 5 Sisle laables s
25 18

S g bl

e g (SodS 3 oolawl b 28 dwilxe g lS  Julows
dw & oy gaie (S JU o 00 dwsbre ly
9 ghw sir iz 4 galon) o e b A5 el glaie
6 g datey; a0 0 g gloodly il cund o L
S dulis gly b dwglis glodalin 03l b g duulxe (JS
T R I L
boad 1SS (o Slwbre 5 08 cilisie (sblg; b pands
dilna £85Iy o b3 agly 8b 5 @ e
slbs sop alyexs Sb jE g g s 050 (2
Slyt 288 el B cd g agly & Cond (2 Slle
ISl oads ol Ll (F) JS jo calisee (gla oo
bl @ by (00 dmbre glad (pjide & Ly LS
@ bogye s (i8S g adlige 2> YO aglj U 6 il
bl dm e Jolo alllgiio 4 Jilote ppuds bolas
2 oSy JUB (655 50 bt 4 blate bglas g 4255 93 d90>
Candly S a8 (92505 155 g 4 (2 dslime (S yobosy
Copo godh I LE gy cul  Sepl @ deg b o)y



DOI: 10.22055/jise.2017.22296.1594

2

...ééu.é)}b\iﬁ&JJJ)TJ{:Q‘)&M)@x

2.0

) (a) -0-Q=0.282cms -+Q=0324cms
& —-Q=0383cms -+-Q=0.480 cms
1.0 +Q=0.763cms -+Q=1.114cms

Error %

0 20

40 60 80 100 120 140 160

B (degree)

180

Error %

2.0
--Q=0.282 cms (b)
1.5 —+-Q=10.324 cms
—x=Q =10.383 cms
10 -e-Q = 0.480 cms
-=-Q =0.763 cms
0.5 Q 2
—=+Q=1.114 cms _/‘%3 M
0.0 I
o B A.‘ o
0.5 2 5
1.0
1:5
2.0
-100 -80 -60 100

Fig. 4- Discharge computational error, (a) versus the angle of the hypothetical dividing lines
(b) versus the slope of the hypothetical dividing lines

PP el > i 4 i (D) 9 (20 5 el Ta 915 W S (B) (2 (Flewlome Sl o yd Dl i —€ I

bt g aimd o Sl |y (o 2ysl cd> g 2liS (Sgyum
Oly Cluwlrs jd (538 sl @)y (S Job a5 B
S e

90 3,8 &S wmd o i (8) USG5 sl jlyged duwlio
g baidie Cuow 93 ) 2l Sen 3929 S (1) 5 (1) Lo,
&l olyod 41y widucols) bt JSlg o das  ials Wy,
2 ey 93 oyl i ookl b 2 o oamlive 45"y lod ALl
Syl el yd VFe LY aisly )3 angly bl b g YU (gla oo
Cbsl oS ela o jd g datil Moy gy S oles
g oo oy Foodgus U pllad 4 o diely ol )0 ayl;
G by So s by il o5 sl Gl calnle
Dges odlaiwl Sy

ol b3 o & Cannd (020 duwlo gllad Ol yuss W,
dgui oo odalie S5 cpl 3 Cawl odds o3l lis (F) USG5 4o
Pl Ol 2l 92g B9y 9 ool 4 by slajlages
Sl Cwl @B LS 4 bape & o cud b e b3
cilac ot ] &S 39 o sdalie 5 Jad o i oS sl oo

o) sl oo g b g joShe ybgy 9o 3l edlaiwl b
2g0d gl 1) o o yd yho Jxve g3 o (0) JSS (1)
5453 D9l yglatods Caliste (gl 03 5D eannds Lo dygls ol puuss
ol ol ol lis (V) JSS 0 (Mo g jao slbs) oo
Az dgl) 9 (2 Sl w3 U SIS (pl & b len
& ilato s bgad sl Llys o) 1 (0 & b oo
JUS & filate e bolas gl (65503 9 oMo Cano
Cuows &y Al gy ibioe GRIEN (0 4 el (Lol
Slaged 3 9 M (o Jeo B pand b 423 0 a4l
DyS o dlol Jude oyl 5l oS

Cilo dolzo Hf ookl b (290 dulre glS o
bogbiop; ;o ) (03 Clubuw 48 53 &5 4 len
b ez ) isle] pa (lp Sisle 3,515y Aslre I odlazul
bls; b ©oge i bghd (ly 0ad s b dle
A5 duglie (closaline 0 b sdslcund guls ¢ plool calisce
2 Ssle gy 4 (25 Slasle Ban cpl 4 (e yglatens
A5 plol cilises (gblg; b ddste o bolas gl b e
bl (sblys 4 Comsd (23 drwlro (sllad s g, s U
Wslre SaS @ (03 3y5lp sllad s Dyl Candas |y e
2 Ao (a2 sl e bglad agly 4 Cond (Sile
ol S5 ol alaylose sl k3 o3l ol (B) S5
sy 3o adia (1) (1) oy, 3,S0as & 30

el o ailie 53 (IV) 5 (1)

b Kgba o cdbp plge JSS ol ) e
Vb sl 3 g bise 1l 250 (sllas (lie (20 Sl
B Y aioly )0 pendi S dyoly oofF 5 iy ond Bos am
Lo dnwbre clls oz I plST po 38 g 42> VP
lydoys Ve il iaS slas Wlgs o Siulo dlolee )3 0l i
YU o oo 0 b pewd b 087 cplpls e ases
38 ¥ 5l Gl (oo Bos 53 &S5 sl AL g Wl o
205y > s 3351 28 s L (1) 5 (1) 2l 52
Sl awlgs

GRIPIL &) s Gl 4SS cpl e (S psboas
Sy JUE Sy s Boe Gl wmd 5 (23
290> (s S Ges 3 Sy D90 2y glae wlis
8,5 a3 351y el Sy 1y o5 o JUE e Yl 4 of0
92 1818 3ol oy s 5 Lol JUIS Lz il
s 1t e Lt (111 5 (1) sl > 5 on
glad 2 $3b5 b Wl @B bs & s 5l Job o



WY

\9\‘—\Wup.\\‘ﬂ/\dl..~\"o)w\°f 693 éj\ﬁl‘fudﬁg.a}(}l;
100 100
a b
0| @ 80 ()
60 60
40 o—— ———ooq,
20 -
- o
: 2o N e ey
o o =
t
& & 3
20
-40 = = -40 = =
©-Q=0282cms Q= 0324 cms ©+-Q=0282cms Q= 0.324 cms
-60 —-Q=10.383 cms -+-Q = 0.480 cms -60 —-Q=0.383 cms -+-Q = 0.480 cms
55 +~Q=0.763cms +Q=1.114 cms -0 +Q=0.763 cms +-Q=1.114 cms
-100 -100
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
B (degree) B (degree)
100 100
e | (© (d)
60
00
ﬂ_m:gs
= = A S g T S
5 = — A o
=~ =~}
w |43}
=20
40 ©-Q=0282 cms -+-Q = 0.324 cms “0 ©-Q=0.282 cms --Q = 0.324 cms
60 ~-Q=0383 cms --Q = 0.480 cms -60 ~-Q=0383 cms -+-Q = 0,480 cms
66 +Q=0.763 cms Q= 1.114 cms 56 ©-Q=0763 cms Q= 1.114 cms
-100 -100
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
B (degree) B (degree)

Fig 5- Changes of the discharge computational error versus the angle of the hypothetical dividing
lines for the methods of the wetted perimeter calculation :(a) method I, (b) method II, (¢) method IIT
and (d) method IV

CIl> () o g tusmo dmile Lilise ST 10 el Lglas 4915 4 S (20 3397 » Slas Ol ki —0 <o
IV edls (d) 1T et () JI e (b) J

100 100
s | @ w | ®
60 60
40 40
20 20
B B
b )
S 0 =] 0
B =}
o @
20 20
-40 -40
e ey e ©-Q=0282cms Q= 0324 cms
-60 D=t e =0 bas -60 Q=083 cms -+-Q = 0,480 cms
-Q=0.763 cms =114
-80 5-Q=0.763 cms -+-Q = 1.114 cms -80 8=0:000ms 40 e
-100 1 -100
2100 -80 60 -40 20 0 20 40 60 80 100 2100 -80 -60 -40 20 0 20 40 60 80 100
m m
100 100
s | © w0 | (@
= i
60 60 2
40 40
20 20
R =
s o
5 0 5 0
(=4 &
o [43}
20 20
=8 o ©-Q=0.282cms Q= 0.324 cms
~0.282 oms — 0324 cms
-60 = Qe 0abe emynta-Q 0 o tdiems -60 ~-Q=0.383 cms -+-Q = 0.480 cms
~-Q=0.383 cms -+-Q = 0.480 cms B 0785 e D=L hromas
-80 -0-Q=0.763 cms -+Q = 1.114 cms -80 |
-100 1 -100
2100 -80 60 40 20 0 20 40 60 80 100 2100 80 60 -40 20 0 20 40 60 80 100
m m

Fig 6- Changes of the discharge computational error versus the slope of the hypothetical dividing for
methods of the wetted perimeter calculation :(a) method I, (b) method II, (¢) method III and (d)
method IV

Sl (2) o0 pwd Lo dwilre Lilisie GBI 1O il Lglad s 4 Comd (20 3597 g1 (Sllas Ol pudd -1 IS
IVede (d) I eds (c) dI ed (b) d



DOI: 10.22055/jise.2017.22296.1594

A\AS

...ééu.é)}ﬁ)\.iﬁ&D}J)Tﬂzo‘)&ijw.x

0.8

0.6

Q (cms)

0.4

0.0

©  Method (T)

Method (I1T)

D
2
D)

0 20 40 60

100 120 140 160 180

B (degree)

Fig. 7- Values of the best angle of the dividing lines in different discharges
e Sl 23 90 I o (e 4 2 b 4915 o e 00 Y SS

Fp,—Fp,+Fg—Fy—F,=pQ(V>—=V;) ()

dais ) cuiia 5)Lid lag e Fpy 9 Fpy dblee (4]
2R CSlESy gl & bl il e candinly 5 CandVL
Candpoly 9 CandVl alato 93 10 by Gos polas IV 24 0
Fa Sgbe io dilo 110 Splp 55 g 9 ol 5wl
e > Jlw 0y o Fy il ol ap oy
b ol pl g 0392 (30 S5) 2oy Jobo 4 pasuia

F

g:yASO (;)

,\>‘9 J9]c )0 Ui )]_\.0.0 9 009 S st)A U““ dg)g :Fb Cawl

Fb =Ty xP (V)

l.gg'ml)gl)gsoxﬁmja*mpsgﬁfgﬁﬁﬁﬂb
e Lol Jsb g (ol JUS lao)ld 5 (5)e g
Oy, Alwgty a5 S by (05 glaodls I Fy dsslxe 4l
ol aaie aSpl oy b ool canl ouds (6 ySojlul g
o Pl 1wl ipiie ghie S oSy JUE
Ol D980 453 yio (Sl 5 (Lol JUI 4 cudo M
D9 e ddg A Aoyl ©)0 &) pytiege dlilae

Fy—F,=F, (A)

bolad g9y a8y 15l daly cpl 5l oslial L

SAL 5y oW (w2

ois polie b dlols puls gillay 5 jelaieds sl
(A) U o jsblon b plsl byype Slislre 50l (o35
P Gy pdlie WKade MBS dgng Jdody dad o ol
i daie i 9 ol Jolb s i ¢ Lol U
wiS oyl by 5 ol 4 & w30 Ey ey JB LB
o) (Mohaghegh and Kouchakzadeh, 2008) s4. .
oAb Boe slisly > o252 lagle dbml cam (B GBS
ol gy > omen 4 mde GRIEN ] ol Caglie
daie 9> slp cwlie Syt Juad (8L L oS 9d o0 (o
o b Sule gy 4 (05 dwlbre s ol gas o
b pals (Ko

pyiage dblae ol By AT dnsbre pslateas
i Guios pl S pe JUS aSla ol 5l 343 00 o3l
905 03wl sadoslw potioge dldlxe

S F=pQOAV (¥

o oy sob Sl 5 g Ko U 4 ol JUS
O)ly (slog s gecme ZF dolee (pl o sl oad (53 asuie
AV 5 b 20 Q &l posase 2 p (JS o2
A Candiml g CandYl éJoLn.a P by e ANBI
ol 03> (L (A) U pd S oz Cambge il o J S
0 daly ©ypon JiS w2 onl Glp patiege dblee



\\a¥

VY- \VY P AYAA Ju v oyla Y 0593

ol oo phe

Fig. 8- 3D view of the Semi section of compound channel and forces acting on the control volume
IR w2 3 2919 g 9 o o JUIT @aond 31 (led -A S

snlgs ol by ey 2o Ve @b ki aop YO
sl

o 9 Sisle dilas 3l Jolbs gl Bl bl
B 1) s kb dige blys Olgie s pl by B
Canddy (s 8 oSy gy il odlitwl b aS y5 sladoles
g0 dpogi cilodal

sin3* =Exp (%ﬁ) (B" < 90°) (v+)

Dr —0.506) (B* S 900) M)

Sinﬂ* :Exp( 0.117

o Ml e b3 gl e B gl o oS
o el Lo diagy (bla; s g, 51 o3lil b lnaoles
ol &yl (VY) UK jo 48" S0 JUK o by o Bos &
bl dslee oyl 48 ol S35 & p3Y blose] Cad 4 e
5 (V¢) ladloles ilosss b (1) Logy 4 Siuilo dsleo 3,8
CbdoMew 4 blate o bold 4y bgype iy (W)
Asbe (B> 90°) Lol JU 4 bleie 4 (B < 90°)

G omls S8 4 e by Slbee sl
@ (M) 5 (V) gy slp a3Ls ul Jlade a3 (s RMSE
Llsy cunlio ¢8> odimd lis &S wdgy +/+YF 4 <[+0F g
Al ol

JSE 55 s Jl (Bp lp et b (p e Cusdse
P ol Cepued b goe JS5 ol 55 el sl (VY)
buwgie Caeyw pilis Cuvlodds b Cudd Mo 5 ol JUK
Sloads o0ly i Lol JBI 5 casd M gbolioys

POk o Gos & Cund syl by (RS Ol
dgui oo Al Mo il i 00> ol () U » Spe JUK
& b ol wxio o) b By GBS e o
alS Cyge Clxio g9y (sl (o (AT JAe g amd o0
slacod sy sl 4 o b (B A5 OlpeS Wb
2 A 395 o0 dlan Mo Cuwl o o3l ylis (V¢) S 50 calisee
S99 blos & bgrpe 6 plb (B 5 (i > aen
G sbley > wb sl cepe cnlple il a2 A
5 Al 93 cpl 3 1nj D90 g Sy (M5 SoS
By G5 e sl oS el dxivo 59y 3 5l (D
Slaisie g9y gho Slwbe las b bly; ¢y ol
B E9y opd duwles I e ledds eoly LS (V) S
sblos & Cos el (pl Slnss (1) dblae S5 4 6 alb
ol o 0313 L (V) S 5 oy L3

r,
F,+F

ASF%= x100 @)
Conglio (ggp duoyd ¥o b Ve Bt oS 595 0 alindlo

gl Ll b g Mbioe pelaitl (ol By 90 @ b
oy pyieS (38l poudi bolad g w0 0 doyd B &
Sgd e odnliie o jobilen it Ll |y gl (5 595
sy Sy D YA LAY dols dleld o s bad (58 1
3 o803 cpl b culply g2 dalgd 203 V- 5l jieS (5 al
L b Silo aobeo 3,8 bl sl s dngs il panas Las
o5 (M) JSS amdies @) ) ke By LEl ppus
Gbls)) B Canns &y g bghas Jled a5 and e
sl Sp o mrew ORIFN o (20 A0 ) Se S
Lokt Jbo (pe 2 25 (o0 gl Conglie (908 JS 4 S
BV SShsbar gaios cnl jl Jol> aige sblsj b )90 oo



V¥

10
9 =Pl
-o-p=20°

s 1O —-B=30°
rg 7 ~-B=45°
& —=p=60°
@ 6
2 —p=90°
2 ---p=120°
5 4 —4-B=150°
__:: == | ap=1702
£ 3
£ o
<

1

0

-1

0.0 0.1 0.2 0.3 0.4 0.5 0.6

Dr
Fig. 9- Apparent shear stress changes versus depth ratio
(s B 4 ol 5 U (S S5 e -4 S

—0—Q=0.282 cms
9 ——Q=0324 cms
——Q=0.383 cms
-0-Q=0.480 cms

NE -©-Q=0.763 cms

2 7 -Q=1.114cms

< 5 The best angle in methd I
3 The best angle in methd 111
E

7] 5

=

S

= 4

5

5 3

=

=

a 2

<

0 20 40 60 80 100 120 140 160 180
B (degree)
Fig. 10- Apparent shear stress changes versus the angle of dividing line
ol 13 41915 4 Cund (S BB (i o Dl - S

60
*Q=0.282cms
°
50 g 4Q=0383 cms
o 0Q=0.480 cms
o ©
~ 40 |o'g 0Q=0.763 cms
X koo -
< FEMS °Q=1.114cms
8 8 .
g 30 poo ° s @The best angle in methd [
b P el % The best angle in methd 111
5 % %0, 0 0g 5
Q % oo
G 20 [+fa°2°0 5 8 g -
Z e %8 a8 S A & ? 3 opy o0
; s o "
§ O oé o *e
2 10 a3
a o 5%
o é
o o
0
o o
°
-10

0 20 40 60 80 100 120 140 160 180
B (degree)
Fig. 11- Percentage of apparent shear force changes versus the angle of dividing line
ol 5 41915 ) Sl SR (3 598 Mo 3D Dl 1) S



WO

VPV o ATAA JLo ¥ o les FY o505

ol oo phe

0.6
0.5
0.4
Dr 03 ,0
0.2

0.1

©Method I, B* <90 °

O©Method I, p*>90°

0.0

0.0 0.2

0.4

0.6
Sinp*

0.8

Fig. 12- Values of the best angle of the compound section dividing lines in different depth ratio
S (od Blosl 53 L5 0 @i 4 o5 das w91 o e ol 1Y S

0.25

(a)

T T T T

__ 015
E
= V (m/s)
=
153
(=]
0.1
Q=0.282m3%
p*=177.6 deg
0.05 Ve =080 m/s
VE =039 m/s
0 . PR ISR AN RSN SRR B A
0 0.5 1 1.5 2 35
Lateral distance from center line (m)
0.25
- (c)
0.2
__ 015
E
=]
=
= g
Q X
01 Q=0430 m3/s o
$* =169 deg by
Ve =0.89 mis b
0.05 VE =0.57 m/s o
054
0.50
047
040
0 ca b e b by
0 0.5 1 1.5 2:5 35

Lateral distance from center line (m)

025

02

T T T T

(®)

__ 015
&
=]
&
Q
0.1
Q=0.282m3/s
B* =15 deg
0.05 Ve =0.77 m/s
Vf =031 m/s
0 P BT RN AU IR i
0 1.5 2 35
Lateral distance from center line (m)
0.25
0.2
__ 015
g
5 V(m/s)
E‘ 1.04
aQ 101
0.1 Q=0480 m3/s 098
095
- 091
Br=67deg 087
Ve =0.87m/s 081
0.75
- 068
0.05 Vf =0.52m/s b
0.56
052
047
0.40
0 e b b b b b
0 0.5 1 15 2 3:5

Lateral distance from center line (m)

Fig. 13- Status of the best angle of the dividing lines at iso velocity planes:(a) Q=0.282 cms and
p*=177.6, (b) Q=0.282 cms and p*=1.5, (c) Q=0.48 cms and p*=169, (d) Q=0.48 cms and p*=6.7

1YY/ 4815 9 4l 9 Cao o [TAY (20 () 10e pw o (S ST 4mi0 3O ding audl bglas CusBgo — 1T U
0 (d) 94555 114 g3 9 456 p Lo gin /LA (28 (C) 40 1/0 49915 § 4l 3 xCo o +/TAY (20 (D) 4> 50
4350 Y @9l 9 4l p o o +/EA



DOI: 10.22055/jise.2017.22296.1594

\\%4

...éah"u):oliﬁ&a:J)T}i:QU&Mju..Jx

oo Slusbre b odlaiwl FCF UK Slaalie glaosly
DL 503 S ) sy 5 Shasbs 5 b S, ] Sl
b & baye oS bod p logase s pyin o« ob
Cow & G oo 9 & ol hld by cud @B o
Wb o prals s ol i Lol U Cuows 4 9 cusd M
) 4 oyt BB bgla 35 45" G Uino s ool el
olie dlas lyuss Wgy 3l edlatel b aSly wwuily amles o 0
o905 Colag 3 g dal Casdty (23 )2 (gl e b3 gl dige
Ges b b o] SeSa olon o5 a5 dlidn oladble

23] Cewdty | ol LS 2yl e 0> (o

Gl

39l yobatads Fiile ablae jl odlitwl 8> s oyl )

b Gl sblyj slp DCM (g 4 <850 o JUS 53 (2
ez blee ol 5l oslatul 3 .85 1S () 3)90 el
5 i )3 gbliogs 53 ot b dmsbes o cls
059y 90 SaS 4 oddppn g sl soxie a5 O LS ls b
015 e e 4l 3 s b o >4 (11 ()
dad |y dop jio glad oo g0 wid)S Jl > Lol JUI
aogl5 dslie (sl gy cabolis b ) ) oslizl | 108 e
I Glwlre glas dop (8l jshiedy Ad gl gl A

O-

References
Asgari, A., Mohammadi, M. and Manafpur, M., 2011. Flow Discharge and Energy Grade-line in
Compound Channels. Water and Soil Science, 21(1), pp.85-96. (In Persian).

Ackers, P., 1992. Hydraulic design of two stage channels. Proceedings of the Institution of Civil
Engineers, Water Maritime and Energy, 96(4), pp.247-257.

Ackers, P., 1993. Flow formula for straight two stage channels. Journal of Hydraulic Research, 31(4),
pp.509-531

Bousmar, D. and Zech, Y., 1999. Momentum transfer for practical flow computation in compound
channels. Journal of Hydraulic Engineering, ASCE, 125(7), pp. 696-706.

Khatua, K.K., Patra, K.C., Mohanty, P.K. and Sahu, M., 2013. Selection of interface for discharge
prediction in a compound channel flow. International Journal of Sustainable Development and
Planning, 8(2), pp. 214-230.

Khatua, K.K., Patra, K.C., Behera, S. and Mohanty, P.K., 2011. Apparent shear stress and boundary
shear distribution in a compound channel flow. Computational Methods and Experimental
Measurements XV, 51, pp. 215-228.

Knight, D.W. and Sellin, R.H.J., 1987. The SERC Flood Channel Facility. Journal of the Institution of
Water and Environmental Management, 1(2), pp.198-204.

Maghrebi, M.F., Kavousizadeh, A., Faghfour Maghrebi, R. and Ahmadi, A., 2017. Stage-discharge
estimation in straight compound channels using isovel contours. Hydrological processes, 31(22),
pp.3859-3870.

Mohaghegh, A. and Kouchakzadeh, S., 2008. Evaluation of stage-discharge relationship in compound
channels. Journal of Hydrodynamics, 20(1), pp. 81-87.

10- Ozbek, T., Kocyigit, M.B., Kocyigit, O. and Cebe, K., 2004. Comparison of methods for predicting

discharge in straight compound channels using the apparent shear stress concept. Turkish Journal of
Engineering and Environmental Sciences, 28(2), pp.101-109.

11-Parsaie, A., Yonesi, H.A. and Najafian, S., 2015. Predictive modeling of discharge in compound open

channel by support vector machine technique. Modeling Earth System Environment,1(1)

12- Patra, K.C. and Khatua, K.K., 2006. Selection of interface plane in the assessment of discharge in two

stage meandering and straight compound channels. Proceeding of the International Conference on
Fluvial Hydraulics (IAHR), River Flow2006, Lisbon, pp.379-387.



v

\?V—\VV&\“«/\JKM“@)WFY 09> LS)L:JT@"W)C}‘LG

13- Prinos, P. and Townsend, R.D., 1984. Comparison of methods of predicting discharge in compound
open channels. Advances in Water Resources, 7(4), pp.180-187.

14- Shiono, K. and Knight, D.W., 1991. Turbulent open-channel flows with variable depth across the
channel. Journal of Fluid Mechanics. 222,pp. 617-646.

15- Weber, J.F. and Menendez, A.N., 2004. Performance of lateral velocity distribution models for
compound channel sections. Proceedings of the International Conference on Fluvial Hydraulics(
IAHR), River Flow2004, Balkema, Rotterdam, the Netherlands, pp.449-457.

16- Wright, R.R. and Carstens, M.R., 1970. Linear momentum flux to overbank sections. Journal of the
Hydraulics Division, ASCE, 96(9), pp.1781-1793.

17- Wormleaton, P.R., Allen, J. and Hadjipanos, P., 1982. Discharge assessment in compound channel
flow. Journal of the Hydraulic Division, ASCE, 108(9): 975-994.



	23-965
	24-965

