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The drinking water supply, as well as other water-related uses for humans, begins with
extracting the "raw" water from different sources. Many plants treat the water by directly
flowing raw water from the water resources to the nearby plants of the treated water
through the side channels. Open channels in drainage and irrigation projects are the main
water transport method. For more situations, channels had to branch into more secondary
channels though they could provide ancillary items such as water and irrigation to
municipal utilities and hydroelectric schemes. Many experimental and theoretical
investigations of the branch open channels have been implemented to recognize the flow
into their characteristics and convert them into a natural case of practical and theoretical
investigations. This study's primary targets are reviewing the effect of physical features
and models of branch channels by checking relevant kinds of literature. The flow quantity
to branching channels is affected by many factors (angle of diversion, discharge of the
main channel, slope of the bed leading to both the main and the branch channel etc.). The
branch channel experiences a reduction in its velocity, momentum, and Froude number due
to an increase in the upstream discharge of the main channel. It rises with increasing water
depth upstream in the branch and the main channel bed width. Since diverting water flow
to a branch channel reduces the downstream water depth in the main channel, the main
channel's water depth is often greater than the branch channel's. This review concerns the
boundary condition and angle diversion of branch channels to the vital case investigation,
so as to the recirculation zone occurs at upstream branch channel decreasing with

decreasing the diversion angle.

1. INTRODUCTION

Open channel flow diversions refer to a portion of the
discharge diverted from the main channel to the branch
channel. For such cases, channels will need to secondary out
to branches channel for feeding any side projects, such as
plants of water supply municipality, irrigation and hydropower
generation plants [1-3]. Many parameters affect the flow
profile in Branching channel flow, such as the main channel
discharge, the variation in the main channel and branch
channel bed levels, and the diversion angle [4-6]. A few
different morphologies may be used to describe branching
channels, including deltas, braided rivers, and alluvial fans.
The hydro-morpho dynamic processes in the river result from
these forms [7-9]. Investigating flow behaviour in branching
channels and flow diversion locations is fundamental for
managing water and morphological diversion downstream,
[10-12]. To the practical engineer, understanding the overall
behaviour of a dividing flow may be more interesting than
realizing the local complexities of flow. However, an insight
into the flow's details is essential to understand the problem's
nature.

The mechanics of the river bed are impacted by the
construction of the branch channel to transmit some of the
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water from the main channel, flowing to the main channel and
bed form changes, especially the region of junction; these
effects give rise to many problems, such as the erosion and
sedimentation in the branch channel and the main channel will
change the main channel slope [13, 14]. Many researchers take
a rectangular channel shape in bifurcations of an open channel
in a large body because it has a structure of simple and easy to
measure [15, 16].

Many studies early focused on the features of the rigid
boundaries hydrodynamics, which intended with the
experiments didn't contain movable beds and sediment
transport [17, 18] but received attention for their clarifications
by using geometric forms and different parameters [19, 20].
The key characteristics of the hydrodynamic are the
contraction region, the point of stagnation, and the separation
zones. The region of low flow velocity and water recirculation
creates a zone of separation [21-23], so these zones will cause
the capacity of branching channel and reduction of the
discharge inflow passing through it. For example, two main
zones of separation result from the flow that affects irrigation
networks supply municipal water and power plants operating
in the branching channels.

Prior studies for the flowing to the branch channels have
studied the characteristics of the flow, such as discharge of
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branching flow. For instance, the study of Taylor [17] is an
exciting study earliest, that investigated many ways to estimate
the flow discharge for the Branching channel. He suggested a
graphical trial-and-error method for the free-flowing discharge
flow of the Branching channel based on the results of his
experiments. Using a flowing free-over type configuration,
Grace and Priest [18] analyzed the bed width ratio (branch
width to main width), so they tend to divide the regimes by
two, with waves standing for a different Froude number (Fr)
and without waves standing upstream branch channel.

Later, the researcher investigated advanced branching
channels with the theoretical equations exploration.
Ramamurthy and Satish [15], Ramamurthy et al. [24], and Hsu
etal. [25] developed a model for the flow to the branch channel
based on theoretical considerations like a right angle. (900)
with the main channel based on conservation principles of
mass, momentum and energy. Assumptions show that there
are no energy losses along the main channel. Hager [26],
Kesserwani et al. [27] and Ghostine et al. [28] investigated
their empirical equations for treating flow branching as a side
flow over from side weirs zero high. Most of the flowing to
the Branching channel would be studied with a right-angle
branching and a rigid boundary, while a few researchers have
studied by using different branching angles [29-31] or/with a
condition of bed movable [32]. Herrero et al. [9] discovered a
scour hole formed at the edge downstream to the entry of the
branch channel in a diversion flow with (900) branching flow
and a bed of movable sand.

The Branching angle is Another aspect of the influences on
the branching channel system. The zone of separation at the
system occurs in a branching channel at the wall downstream
at 30° angle and at the wall upstream at 90° angle from the
main.

Optimizing the quantity of the discharge from the main
channel to the branch channel and from different angles uses
30°, 60°, and 90° shows that 60° is the optimum angle and
more efficient [14, 30, 33, 34].

Finally, because so many variables, including the Froude
number at the main and branch, channel gates end regulating,
momentum and velocity characteristics, and the geometrical
branching channel system, depend on the flow in the
Branching channel, it is seen to be a highly complex situation
[35]. Thus, it is crucial that this article should cover all of the
impacts of the various geometries of the branching channel,
such as the influence of branching angles on the flow in the
branch and main channels. Moreover, it's a summary
characterizing many papers concerning the diversion side flow
for various conditions and geometrical channels, and attractive
on occurring some of the phenomena that mathematical and
physical models used in the diversion system for simulating
the flow type.

2. CHARACTERISTICS
FLOW

IN BRANCH CHANNEL

2.1 Discharge ratio (Qr)

The discharge ratio indicates the amount of water diverted
from the main channel to the branch channel. It is determined
by dividing the amount of water diverted through the
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branching side (Qp) by the main canal (Q.) [34, 36, 37]. It's
essential to determine this ratio to analyze any branching
channels. Many parameters rely on This ratio, such as (1)
upstream and downstream Froude number to the channels (Fr,
Fu, and Fy, respectively), (2) how deep the water is in the
branch channel and main channel upstream and downstream
(yv, yu and yq, respectively), (3) the slope of the bed (S), (4)
angle of the Branch channel (), (5) ratio to the bed width (Br),
the branch channel divided by the main channel bed width, (6)
bed roughness, and (7) side weir, the crest's form, and the
height of the weir if necessary [1]. There are many
relationships between the ratio of discharge and other
parameters, for this ratio relative to the bed width ratio (Br)
[20, 38, 39], takes a constant width to the main channel of (20
cm) in all experiments laboratory, while taken bed width to the
branch channel was changing several times (20, 15 and 10 cm),
the effect on the flow by changes in bed width ratio (Br), the
relationship between the bed width ratio, also known as Br,
and the discharge ratio, also known as Q, for the many
different values of the Froude number upstream of the main
channel, Fu, and for all of the understudied angles of
Branching that were considered. Furthermore, the ratio of the
discharge (Q;) increases as increasing the bed width ratio (Br).
Table 1 summarises the properties of a typical physical model
used to simulate branching channel flow.

Hsu et al. [25] and Huang et al. [40] characterized the flow
diversion to the downstream and upstream main channel
discharges (Qq and Q,), downstream and upstream depth of
water to the main channel (yq and y.), gravitational
acceleration (g) and main channel bed width (Bm) with the
subcritical flow in 900 diversion channel, so there applied the
energy equation for the one-dimensional divided flow model
to find the discharge ratio as shown the Eq. (1):

B -( )y

An empirical equation to determining the discharge ratio (Qr)
based on the Branching angle, branch channel water depth to
the downstream main channel depth of water, the branch
channel slope and downstream main channel Froude number
was observed by [30]:
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0.384
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(2)
2.2 Reverse flows

It is essential for many researchers to note that the term
"reverse flow" has been used to designate the flow region
along the wall or walls where the flow direction is opposite to
the net flow in the channel. In reality, this reverse flow region
composes of part of the recirculation region or eddy region
caused by flow separation. This is equivalent that a
recirculation region extending from the corner where the flow
turns along the wall to the exit end of the channel.
Alternatively, the term "recirculation region" is used when the
eddying flows form a distinct part of the flow. For example,
Figure 1 shows the branch channel reverse flow. This
recirculation region grows in length rapidly for a relatively
small change in the discharge ratio [21, 41].



Table 1. Typical physical model properties for branching channel flow

Where, Sb is the
bed slope branch
channel, and 0 is

Main Channel

Branch Channel

the branch

channel angle.

They took Branch  Total Tvoe of
branching angles Cross  Length Width Depth Slope  Cross  Length Width Depth Slope channel discharge ¥I%w
(305 60<and 909  section m m m  *10°  section m m m  *10° angle L/S

and branching
channel bed slopes

(0.001, 0.0015,
0.002, and 0.0025).

Authors
Al Omari N.K. et 30°,60°, 13- L.

al. 2012 Rectangular 10 0.3 045 0.25 Rectangular 2 015 03 025 90° 1795 subcritical
Abu-éggﬂzT. Sy Rectangular 7.2 045 0.6 0 Rectangular 2 045 06 0 309’(?00’ 16.4  subcritical
Bulle H., 1926  Rectangular 8.6 0.2 0.3 3 Rectangular 3.2 0.2 0.3 3 30° 5 subcritical
Bark(igg;t al., Rectangular 19 0.15 03 0 Rectangular 4 015 03 0 90° 11 subcritical
Bal’k(;(())lé,llB.D., Rectangular 19 015 0.3 0 Rectangular 4 015 0.2 0 90° 16.4  subcritical
Vasauez i A+ Rectangular 54 0452 031 1 Rectangular 25 0152 031 0 30°90° 116  subcritical
R|V|er2%?1. etal, Rectangular 2 0.3 025 0 Rectangular 2 03 025 0 90° 3-12 subcritical
Mignot et al., 2014 Rectangular 4.9 0.3 0.2 0 Rectangular 2.6 0.3 0.2 0 90° 4 subcritical
AlomariN. K. et oo ongular 10 03 045 1  Rectangular 2 045 03 30560 1795 subcritical

al., 2016 90
Kha'eg'o'\l"ll' etal, pectangular 10 03 045 025 Rectangular 2 045 03 025 30°90° 7-17 subcritical
Ramam;&h;’ et.al, pectangular 6198 061 0305 0 Rectangular 2794  0.61 0305 0  90° 47 subcritical

Albegol—i.set al., Rectangular 6 240 15 1 Rectangular 2.44 0.61 0.3 1 90° 2326 subcritical
boat sailing in water [43]. These surface ripples are called

{1 { "bow waves " As the discharge ratio (Qr) of the main channel

BRANCH CHANNEL \ extension increases, the flow at the junction accelerates, and

— e A a— e - = \ \ ‘ undular jumps start to form; the standing waves pattern can be
e —_ =G \| \ \ distinguished in the main channel extension. As the flow into
<<’ ":S“_.“OS \, \ the channel increases further, a simple hydraulic jump called a

f ’ weak jump is formed, and the amplitudes of the standing

‘ 1 1 | waves diminish [44]. When more than 90% of the total inflow

passes into the main channel extension, no hydraulic jump will

Figure 1. The reverse flow in the branch channel
2.3 Hydraulic jumps

Many researchers observed a hydraulic jump that can be
determined in a channel only when the discharge ratio (Q;) is
high and the flow depth is relatively shallow. Then, on the
striking corner of the junction at downstream, the fast inflow
will be reflected and deflected into the main channel extension
[42]. For example, Figure 2 shows three types of hydraulic
jumps.

Hydraulic jumps are beneficial because they enable
efficient energy dissipation in hydraulic structures like
spillways and energy dissipators. This helps to prevent
structural damage and minimize erosion. Other benefits of
hydraulic jumps include: Facilitating mixing of chemicals and
Reducing the energy of water while the discharge downfalls a
spillway.

Surface ripples are similar to those formed on the bow of a
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be formed here.
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Figure 2. Types of hydraulic jump (a) Bow waves, (b)
undular jump, and (c) weak jump

2.4 Stagnation point

A stagnation point is a point where the velocity is minimal,
and the pressure and flow depth are highest in the flow system.
For example, a branching channel system contains one
stagnation point at the entrance of the downstream edge of the
branch flow, as shown in Figure 3 [1, 6].
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Separation zone

Dividing streamline

2.5 Contraction coefficient (Cc)

The contraction coefficient (Cc) is equal to the ratio width
of contraction to branch channel width; Figure 3 illustrates
how this coefficient rises linearly with increasing discharge
ratio and decreasing channel width ratio [39, 45-47].

3. BRANCHING FLOW MODELLING
3.1 Mathematical and numerical modelling

When dealing with Saint Venant equation-based open
channel operation-type problems, Shamaa [48] and Chung-
Chiech Hsu et al. [49] employed the finite difference
Preissmann implicit model (FDPIM). An implicit scheme is
applied to the discretization in time because long time
increment can be used and stability is superior than the explicit
scheme. The Crank -Nicolson method is applied to the
momentum equation and the continuity equation is implicitly
expressed. In comparison to an explicit model, the implicit
finite difference method model exhibited more accuracy and
less oscillation.

Akbari and Firoozi [50] investigated the Preissmann and
Lax diffusive schemes through their study. These are two
separate numerical models for the numerical solution of the
Saint Venant equations, which determine how flood waves
travel across natural rivers. These equations regulate the
movement of floodwaters. Therefore, they wanted to achieve
a deeper comprehension of the propagation process.
According to these studies in the flood wave propagations, the
hydraulic factors significantly influence these waves.

Kerssens and van [32] employed a one-dimensional
mathematical model (RIVMOR). They verified it with
experimental data to examine the effect of water removal from
open channels on the bed channel and water levels. This
mathematical model was constructed using the foundation of
sediment and water continuity equations. According to the
observations, the bed increased in level downstream of the
water withdrawal, whereas it decreased in level upstream of
the water withdrawal.

The Saint Venant equations were then used by Pirzadeh and
Shamloo [51] to investigate fluid flow in open channels and a
lateral inflow channel. The equations were then numerically
solved using the finite difference method.

3.2 Experimental modelling

Researchers sometimes use laboratory channels to find the
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Figure 3. Zone of stagnation point and contraction flow

parameters governing main and branch channels. In the Civil
Engineering Department of Assiut University in Egypt, Sayed
[38] performed irrigation and hydraulics lab experiments. The
main and branch channels were the two available routes in the
channel laboratory. The length of the main channel was 8.0
meters, 20 centimeters wide, and a depth of 20 centimeters; the
corner that divided the main channel from the branch channel
had a pointed edge. The branch channel was 3.0 m long, 20 cm
depth, and had widths of 10, 15, and 20 cm at three different
points. The volumetric weight approach would be used to
quantify the flows coming from the primary (Qu) and
secondary (Qy) channels. At the end of each (main and branch)
channels was necessary to ensure that the downstream flows
were subcritical [52], morphological features Al Omari et al.
[30] looked into how water flows when branches are in an
open channel. Using a main channel with a branching channel
connected by three angles (30°, 60°, and 90°) and four-bed
slopes (0.001,0.0015,0.002,0.0025), five discharge values (13,
14,15, 16, and 17.25) were passed in the main channel. In each
experiment, five water depths were given for each discharge
in the Branching channel.

Vasquez [4] conducted two simulated laboratory
experiments, the first involving a 30° lateral channel with a
width-depth ratio of 2.8. This redirects 50% of the flow that is
coming in, and the second of which involves a narrow 90°
lateral channel with a width-depth ratio of 0.5 that diverts 81%
of the flow.

A branching Tigris River near Missan, Iraq, was chosen by
Hydar et al. [53] for the examination of the scouring and
depositing zones. For the purpose of managing the
morphological features, a single vane has been installed for the
examined junction. This vane has an inclination angle of 90°
on the flow direction of the Tigris River.

Abderrezzak et al. [54] and Barkdoll et al. [55] conducted
an experimental investigation into the features for splitting
critical flows at a 90-degree open channel junction constructed
by three horizontal equal-width branches. This research
determined four distinct flow patterns by analyzing the
distribution and magnitude of the hydraulic jump between the
main and lateral channels. The next stage reliably reproduces
the previous experiment's results to establish the correlation
between the tailwater Froude number and the discharge
division ratio.

Abdalhafedh and Alomari [56] studied the effect of
separating streamline behavior when the sharp edge of the
diversion channel entry was changed to a circular edge (either
upstream, downstream, or on both sides). The study accounted
for a range of circular edge diameters (7.5% to 30% of total
discharge) across five distinct diversion discharge ratios.
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Figure 4. Effect bed width ratio (Br) on the flow for different branch angles: 6=90< (B) 6=75< (C) ©6=60<, (D) ©=45°

In order to illustrate how modifying (Br) impacts flow,
Figure 4 displays the relationship between the discharge ratio
(Qr) and the bed width ratio (Br) for varied values of the
Froude number upstream of the main channel (Fru) at all
angles of Branching. Figure 5 shows how Sayed [38]
illustrates the link between the discharge ratio (Q;) and the
Branching angle (O©) for a variety of values of the Froude
number upstream of the main channel.
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Figure 5. The impact of branching angle (©) for various bed
width ratios on flow division

4. CONCLUSION

The physical features of the branching flow and its flow
pattern were the primary emphases of this review work. In
addition, a variety of the experimental and mathematical
features of the model of the diversion flow were investigated.
The conclusion from studies on the impacts of varying the
branch channel flow's angle, cross-sectional area, velocity, and
length is that:
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1. The velocity of water flowing through the main open
channel will not always rise in proportion to an increase
in the angle of the lateral inflow channel.

The flow velocity in the primary open channel decreases
as the cross-sectional area of the branch channel rises.
With regard to flow characteristics, the branching
discharge (Qp) decreases when the upstream main channel
flow's Froude number, velocity, and momentum increase.
Also, it develops by raising the bed width of the branch
channel and the water depth of the main channel upstream.
The water depth in the branch channel is frequently lower
than the water depth in the main channel when there is
subcritical flow.

Because the branch channel's increased flow, the main
channel's water level decreases further downstream.
With the increasing discharge at the main channel, the
separation zone will decrease.

The separation zone will decrease with decrease the
branch angle.

REFERENCES
[1] Al Omari, N.K., Khaleel, M.S. (2012). Laboratory study
of the effect of the branching angle and the branching
channel slope on flow. Al-Rafadain Engineering Journal,
20(5): 33- 41.
https://doi.org/10.33899/rengj.2012.61022
AL-Dulaimi, M.H., Mohammed, W.A., Ghali Z.A.
(2020). A review of investigations about geometry shape
and discharge coefficient of side weirs. International
Journal of Psychosocial Rehabilitation, 24(5).

Chow, V.T. (1959). Open channel hydraulics. MacGraw-
Hill Book Co. Inc., New York, NY, 206.
https://doi.org/10.1126/science.131.3408.1215-b
Vasquez, J.A. (2005). Two-dimensional numerical
simulation of flow diversions. In 17th Canadian

(3]

(4]



(3]

(6]

(8]

[9]

[10]

[11]

[12]

[14]

[15]

[16]

[17]

(18]

[19]

Hydrotechnical Conference, 17-19.
https://doi.org/10.2172/878625

Riad, K. (1961). Analytical and experimental study of
bed load distribution at alluvial diversions. Doctoral
Dissertation, TU Delft, Delft University of Technology.
Pirestani, M.R., Vosoghifar, H.R., Jazayeri, P. (2011).
Evaluation of optimum performance of lateral intakes.
International Journal of Geological and Environmental
Engineering, 5(8): 301-305.
https://doi.org/10.5281/zenodo. 1062288

Kleinhans, M.G., Ferguson, R.I., Lane, S.N., Hardy, R.J.
(2013). Splitting rivers at their seams: Bifurcations and
avulsion. Earth Surface Processes and Landforms, 38(1):
47-61. https://doi.org/10.1002/esp.3268

Redolfi, M., Zolezzi, G., Tubino, M. (2016). Free
instability of channel bifurcations and morphodynamic
influence. Journal of Fluid Mechanics, 799: 476-504.
https://doi.org/10.1017/jfm.2016.389

Herrero, A., Bateman, A., Medina, V. (2015). Water
flow and sediment transport in a 90° channel diversion:
An experimental study. Journal of Hydraulic Research,
53(2): 253-263.
https://doi.org/10.1080/00221686.2014.989457
Yousefi, S., Ghiassi, R. (2011). Modelling and analyzing
flow diversion in branching channels with symmetric
geometry. River Research and Applications, 27(7): 805-
813. https://doi.org/10.1002/rra.1393

Baker, D.W., Bledsoe, B.P., Albano, C.M., Poff, N.L.
(2011). Downstream effects of diversion dams on
sediment and hydraulic conditions of rocky mountain
streams. River Research and Applications, 27(3): 388-
401. https://doi.org/10.1002/rra.1376

Li, C.W., Zeng, C. (2009). Numerical modelling of flow
divisions at open channel junctions with or without
vegetation. Advances in Water Resources, 32(1): 49-60.
https://doi.org/10.1016/j.advwatres.2008.09.005
Yonesi, H.A., Omid, M.H., Haghiabi, A.H. (2008). A
study of the effects of the longitudinal arrangement
sediment behavior near intake structures. Journal of
Hydraulic Research, 46(6): 814-819.
https://doi.org/10.1080/00221686.2008.9521925
Shettar, A.S., Murthy, K.K. (1996). A numerical study of
division of flow in open channels. Journal of Hydraulic
Research, 34(5): 651-675.
https://doi.org/10.1080/00221689609498464
Ramamurthy, A., Satish, M. (1988). Division of flow in
short open channel branches. Journal of Hydraulic
Engineering, 114(4): 428-438.
https://doi.org/10.1061/(ASCE)0733-
9429(1988)114:4(428)

Moghadam, K., Shafai, B., Sedghi, H., Seyedian, M.
(2014). An experimental and numerical study of flow
patterns at a 30 degree water intake from trapezoidal and
rectangular channels. IJST, Transactions of Civil
Engineering, 38(C1): 85-97.

Taylor, E.H. (2019). Flow characteristics at rectangular
open-channel junctions. Transactions of the American
Society of Civil Engineers, 109(1): 893-902.
https://doi.org/10.1061/TACEAT.0005772

Grace, J.L., Priest, M.S. (1958). Division of flow in open
channel junctions. Bulletin No 31, Engineering
Experiment Station, Alabama Polytechnic Institute,
Auburn, 421.

Ramamurthy, A.S., Qu, J., Vo, D. (2007). Numerical and

pp.

565

[20]

[22]

(23]

[24]

[25]

[26]

(28]

[31]

(32]

experimental study of dividing open-channel flows.
Journal of Hydraulic Engineering, 133(10): 1135-1144.
https://doi.org/10.1061/(ASCE)0733-
9429(2007)133:10(1135)

Mignot, E., Zeng, C., Dominguez, G., Li, C.W., Riviére,
N., Bazin, P.H. (2013). Impact of topographic obstacles
on the discharge distribution in open-channel
bifurcations. Journal of Hydrology, 494: 10-19.
https://doi.org/10.1016/j.jhydrol.2013.04.023

Neary, V., Sotiropoulos, F., Odgaard, A. (1999). Three-
Dimensional numerical model of lateral-intake inflows.
Journal of Hydraulic Engineering, 125(2): 126-140.
https://doi.org/10.1061/(ASCE)0733-
9429(1999)125:2(126)

Hadian, M.R., Zarrati, A.R. (2008). Application of multi-
block method for simulating shallow free surface flows
in complex geometries. Journal of Hydraulic Research,
46(5): 668-678. https://doi.org/10.3826/jhr.2008.2898
Li, C.W., Zeng, C. (2009). Flow division at a channel
crossing with subcritical or supercritical flow.
International Journal for Numerical Methods in Fluids,
62(1): 56-73. https://doi.org/10.1002/{1d.2012
Ramamurthy, A., Tran, D.M., Carballada, L. (1990).
Dividing flow in open channels. Journal of Hydraulic
Engineering, 116(3): 449-455.
https://doi.org/10.1061/(ASCE)0733-
9429(1990)116:3(449)

Hsu, C., Tang, C., Lee, W., Shiech, M. (2002). Subcritical
90<equal-width open-channel dividing flow. Journal of
Hydraulic Engineering, 128(7): 716-720.
https://doi.org/10.1061/(ASCE)0733-
9429(2002)128:7(716)

Hager, W. (1987). Lateral outflow over side weirs.
Journal of Hydraulic Engineering, 113(4): 491-504.
https://doi.org/10.1061/(ASCE)0733-
9429(1987)113:4(491)

Kesserwani, G., Vazquez, J., Riviére, N., Liang, Q.,
Travin, G., Mosé, R. (2010). New approach for
predicting flow bifurcation at right-angled open-channel
junction. Journal of Hydraulic Engineering, 136(9): 662-
668. https://doi.org/10.1061/(ASCE)HY.1943-
7900.0000222

Ghostine, R., Vazquez, J., Terfous, A., Riviére, N.,
Ghenaim, A., Mos¢, R. (2013). A comparative study of
ID and 2D approaches for simulating flows at right
angled dividing junctions. Applied Mathematics and
Computation, 219(10): 5070-5082.
https://doi.org/10.1016/j.amc.2012.11.048

Keshavarzi, A., Habibi, L. (2005). Optimizing water
intake angle by flow separation analysis. Irrigation and
Drainage, 54(5): 543-552.
https://doi.org/10.1002/ird.207

Al Omari, N.K., Yusuf, B., Ghazali, A.H., Mohammed,
T.A., Basheer, T.A. (2016). A numerical model of flow
in a branching channel with different branching angles
and bed slopes. In Global Conference on Engineering
and Technology, Kuala Lumpur, Malaysia.

Khaleel, M.S., Taha, K.Y., Alomari, N.K. (2015). Effect
of main channel roughness on the branching flow. Al-
Rafidain Engineering Journal (AREJ), 23(1): 51-61.
https://doi.org/10.33899/rengj.2015.101027

Kerssens, P., van, U.A. (2006). Experimental studies on
sedimentation due to water withdrawal. Journal of
Hydraulic Engineering, 112(7): 641-656.



[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

https://doi.org/10.1061/(ASCE)0733-
9429(1986)112:7(641)

Lama, S.K., Kuroki, M., Hasegawa, K. (2002). Study of
flow bifurcation at the 30° open channel junction when

the width ratio of branch channel to main channel is large.

Ann. Proceedings of Hydraulic Engineering, 46: 583-
588. https://doi.org/10.2208/prohe.46.583

Wang, Z.B., Fokkink, R.J., De Vries, M., Langerak, A.
(1995). Stability of river bifurcations in 1D
morphodynamical models. Journal of Hydraulic
Research, 33(6): 739-750.
https://doi.org/10.1080/00221689509498549

Bolla, P.M., Repetto, R., Tubino, M. (2003). Channel
bifurcation in braided rivers: Equilibrium configuration
sand stability. Water Resources Research, 39(3).
https://doi.org/10.1029/2001WR001112

Sridharan, K., Lakshmana, N.S. (1966). Division and
combination of flow in open channels. Journal of the
Hydraulics Division, 46(7): 337-356.

Shabayek, S., Steffler, P., Hicks, F. (2002). Dynamic
model for subcritical combining flows in channel
junctions. Journal of Hydraulic Engineering, 128(9):
821-828. https://doi.org/10.1061/(ASCE)0733-
9429(2002)128:9(821)

Sayed, T. (2019). An Experimental study of branching
flow in open channels. Limnological Review, 19(2): 93-
101. https://doi.org/10.2478/limre-2019-0008

Masjedi, A., Taeedi, A. (2011). Experimental
investigations of effect intake angle on discharge in
lateral intakes in 180-degree bend. World Applied
Sciences Journal, 15(10): 1442-1444.

Huang, J., Weber, L.J., Lai, Y.G. (2002). Three-
dimensional numerical study of flows in open-channel
junctions. Journal of Hydraulic Engineering, 128(3):
268-280. https://doi.org/10.1061/(ASCE)0733-
9429(2002)128:3(268)

Dehghani, A., Ghodsian, M., Suzuki, K., Alaghmand, S.
(2009). Local scour around lateral intakes in 180-degree
curved channel. Advances in Water Resources and
Hydraulic Engineering. Springer, Berlin, Heidelberg.
https://doi.org/10.1007/978-3-540-89465-0 144

Neary, V., Sotiropoulos, F. (1996). Numerical
investigation of laminar flows through 90-degree
diversions of rectangular cross-section. Computers &
Fluids, 25(2): 95-118. https://doi.org/10.1016/0045-
7930(95)00030-5

Herrero, A. (2013). Experimental and theoretical
analysis of flow and sediment transport in 90-degree
fluvial diversions. Universitat Politécnica de Catalunya,

Barcelona. http://doi.org/10.5821/dissertation-2117-
95099
Lakshmana, R., Sridharan, K., Baig, A. (1968).

Experimental study of the division of flow in an open
channel. In Conference on Hydraulics and Fluid
Mechanics, Sydney, Australia.
https://people.eng.unimelb.edu.au/imarusic/proceedings
/3/LakshmanaRaoetal.pdf.

566

[45]

(48]

[49]

[50]

[51]

[52]

[54]

[55]

Ramamurthy, A., Zhu, W., Carballada, B. (1996).
Dividing rectangular closed conduit flows. Journal of
Hydraulic Engineering, 122(12): 687-691.
https://doi.org/10.1061/(ASCE)0733-
9429(1996)122:12(687)

Law, S.W., Reynolds, A.J. (1966). Dividing flow in open
channel. Journal of the Hydraulics Division, 92(2): 207-
231. https://doi.org/10.1061/JYCEAJ.0001413

Albert, H., Allen, B., Vicente, M. (2015). Water flow and
sediment transport in a 90° channel diversion: An
experimental study. Journal of Hydraulic Research,
53(2): 253-263.
https://doi.org/10.1080/00221686.2014.989457
Shamaa, M.T. (2002). A comparative study of two
numerical methods for regulating unsteady flow in open
channels. Mansoura Engineering Journal, 27(4): 3.
https://doi.org/10.21608/bfemu.2021.142990
Chung-Chieh Hsu, A.M.A., Tang, C.J., Lee, W.J., Shieh,
M.Y. (2004). Subcritical 90° equal-width open-channel
dividing flow. Journal of Hydraulic Engineering, 128(7).
https://doi.org/10.1061/(ASCE)0733-
9429(2002)128:7(716)

Akbari, G., Firoozi, B. (2010). Implicit and explicit
numerical solution of saint-venant equations for
simulating flood wave in natural rivers. In 5th National
Congress on Civil Engineering, Ferdowsi University of
Mashhad, Mashhad, Iran.

Pirzadeh, B., Shamloo, H. (2007). Numerical
investigation of velocity field in dividing open channel
flow. In Proceeding of the 12th WSEAS International
Conference on Applied Mathematics, Cairo, Egypt, pp.
194-198.

Omidbeigi, M.A., Ayyoubzadeh, S.A., Safarzadeh, A.
(2009). Experimental and numerical investigations of
velocity field and bed shear stresses in a channel with
lateral intake. In 33rd IAHR Congress, Vancouver,
Canada, pp. 1284-1291.

Hydar, L.A., Badronnisa, Y., Thamer, A.M. (2019).
Enhancing the flow characteristics in a branching
channel based on a two-dimensional depth-averaged
flow model. Water, 11(9): 1863.
https://doi.org/10.3390/w11091863

Abderrezzak K.E., Lewicki L. Paquier A. (2011).
Division of critical flow at three-branch open channel
intersection. Journal of Hydraulic Research, 49(2): 231-
238. https://doi.org/10.1080/00221686.2011.558174
Barkdoll, B.D., Hagen, B.L., Odgaard, A.J. (1998).
Experimental comparison of dividing open-channel with
duct flow in T-junction. Journal of Hydraulic
Engineering, ASCE, 124(1): 995.
https://doi.org/10.1061/(ASCE)0733-
9429(1998)124:1(92)

Abdalhafedh, A.Y., Alomari, N.K. (2021). The effect of
entrance edges shape of the diversion channel on the
dividing streamlines behavior at the junction region. Al-
Rafidain Engineering Journal (AREJ), 26(2): 218-226.
https://doi.org/10.33899/rengj.2021.130181.1096





