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: ٍِخض اٌجحش  

رؼزجكككس اٌمٕكككٛاد اٌّفزٛحكككخ إحكككدٜ اٌٛظكككبئً اٌّّٙكككخ ٌٕمكككً ا١ٌّكككبٖ ٚعكككصء يظبظكككٝ فكككٝ ِؼظكككُ إٌّشككك د ا١ٌٙدز١ٌٚى١كككخ رؼزجكككس اٌمٕكككٛاد اٌّفزٛحكككخ إحكككدٜ اٌٛظكككبئً اٌّّٙكككخ ٌٕمكككً ا١ٌّكككبٖ ٚعكككصء يظبظكككٝ فكككٝ ِؼظكككُ إٌّشككك د ا١ٌٙدز١ٌٚى١كككخ 

األِكككس إٔشكككبء لٕكككٛاد فسػ١كككخ ٌٕمكككً ٚرٛش٠كككغ عكككصء ِكككٓ اٌزظكككسف. ٕ٘كككبن األِكككس إٔشكككبء لٕكككٛاد فسػ١كككخ ٌٕمكككً ٚرٛش٠كككغ عكككصء ِكككٓ اٌزظكككسف. ٕ٘كككبن   ٠زطٍكككت٠زطٍكككتِكككب ِكككب ِٚشكككبز٠غ اٌّكككٛازص اٌّبئ١كككخ. ٚغبٌجكككب ِٚشكككبز٠غ اٌّكككٛازص اٌّبئ١كككخ. ٚغبٌجكككب 

ا١ٌّككبٖ اٌّحٌٛكككخ ٚاْ ِ خككر إٌٙكككس اٌغكككبٔجٟ ا١ٌّككبٖ اٌّحٌٛكككخ ٚاْ ِ خككر إٌٙكككس اٌغكككبٔجٟ ئككٛاع ِخزٍفكككخ ِككٓ رحككك٠ٛالد األٔٙككبز اٌزكككٟ رؼزّككد ػٍكككٝ حبٌكككخ إٌٙككس ٚو١ّكككخ ئككٛاع ِخزٍفكككخ ِككٓ رحككك٠ٛالد األٔٙككبز اٌزكككٟ رؼزّككد ػٍكككٝ حبٌكككخ إٌٙككس ٚو١ّكككخ 

  .٘ٛ يحد ٘رٖ اٌزح٠ٛالد٘ٛ يحد ٘رٖ اٌزح٠ٛالد

ْ و١ّككخ ا١ٌّكككبٖ ثٙككب غ١كككس ْ و١ّككخ ا١ٌّكككبٖ ثٙككب غ١كككس ييعّؼكككذ ِؼظّٙككب ػٍكككٟ عّؼكككذ ِؼظّٙككب ػٍكككٟ يياثحككبس ػد٠ككدٖ ركككُ اعسائٙككب ٌدزاظكككٗ اٌّ خككر فكككٝ اٌمٕككٛاد اٌّىشككٛفخ ٚاثحككبس ػد٠ككدٖ ركككُ اعسائٙككب ٌدزاظكككٗ اٌّ خككر فكككٝ اٌمٕككٛاد اٌّىشككٛفخ ٚ

ظكككس٠ؼخ ظكككس٠ؼخ ِٕزظّككخ ٚاٌزككدفك ِؼكككطسة ٔز١غككخ ٌص٠ككبصٖ يٚ ٔمكككض ا١ٌّككبٖ خكككالي اٌمٕككبح فؼٕككد صخكككٛي ا١ٌّككبٖ اٌككٝ اٌّ خكككر رىككْٛ ِٕزظّككخ ٚاٌزككدفك ِؼكككطسة ٔز١غككخ ٌص٠ككبصٖ يٚ ٔمكككض ا١ٌّككبٖ خكككالي اٌمٕككبح فؼٕككد صخكككٛي ا١ٌّككبٖ اٌككٝ اٌّ خكككر رىككْٛ 

  .ٔز١غخ ٌعحت ا١ٌّبٖ ِٓ يخس اٌّ خرٔز١غخ ٌعحت ا١ٌّبٖ ِٓ يخس اٌّ خر

اٌزكككٟ ٔبلشكككذ اٌزسظككك١ت ٚاٌزظكككسفبد ١ِٚكككً اٌمكككبع فكككٝ اٌّ خكككر ر ص١س٘كككب ػٍكككٝ ظكككس٠بْ اٌزكككٟ ٔبلشكككذ اٌزسظككك١ت ٚاٌزظكككسفبد ١ِٚكككً اٌمكككبع فكككٝ اٌّ خكككر ر ص١س٘كككب ػٍكككٝ ظكككس٠بْ   اٌٙكككدف ِكككٓ اٌدزاظكككٗاٌٙكككدف ِكككٓ اٌدزاظكككٗف١ّكككب ٠ٍكككٟ ف١ّكككب ٠ٍكككٟ 

ٚاٌزككككٝ ِككككٓ يّ٘ٙككككب ٔمككككً اٌسٚاظككككت ح١ككككش اْ ٚاٌزككككٝ ِككككٓ يّ٘ٙككككب ٔمككككً اٌسٚاظككككت ح١ككككش اْ   ِشككككبوً اٌّ خككككرِشككككبوً اٌّ خككككرّٕبظككككت ١ٌمٍككككً ِككككٓ ّٕبظككككت ١ٌمٍككككً ِككككٓ اٌاٌاٌزظكككك١ُّ اٌزظكككك١ُّ   ٚو١ف١ككككخٚو١ف١ككككخٚرككككدفك ا١ٌّككككبٖ ٚرككككدفك ا١ٌّككككبٖ 

اٌسٚاظككت رٕمككً ِككٓ إٌّحٕككٝ اٌخككبزعٝ ٌٍّ خككر اٌزككٝ ٠حككدس ثٙككب ٔحككس ٔز١غككخ ٌعككسػٗ ا١ٌّككبٖ فككٝ ٘ككرٖ إٌّطمككخ ٚرزغّككغ اٌسٚاظككت رٕمككً ِككٓ إٌّحٕككٝ اٌخككبزعٝ ٌٍّ خككر اٌزككٝ ٠حككدس ثٙككب ٔحككس ٔز١غككخ ٌعككسػٗ ا١ٌّككبٖ فككٝ ٘ككرٖ إٌّطمككخ ٚرزغّككغ 

فكككٝ إٌّحٕكككٝ اٌكككداخٍٝ ٌٍّ خكككر اٌكككرٜ ٠حكككش ثكككٗ اؽّكككبء ٚ رىكككْٛ ظكككسػٗ ا١ٌّكككبٖ ثٙكككب ل١ٍٍكككٗ ِّكككب ٠زعكككجت فكككٝ اٌؼد٠كككد ِكككٓ فكككٝ إٌّحٕكككٝ اٌكككداخٍٝ ٌٍّ خكككر اٌكككرٜ ٠حكككش ثكككٗ اؽّكككبء ٚ رىكككْٛ ظكككسػٗ ا١ٌّكككبٖ ثٙكككب ل١ٍٍكككٗ ِّكككب ٠زعكككجت فكككٝ اٌؼد٠كككد ِكككٓ 

 ٚلد رُ اٌزٛطً اٌٝ ٚلد رُ اٌزٛطً اٌٝ   ا١ٌّبٖ.ا١ٌّبٖ.اٌّشبوً ٠ٚحدس صٚاِبد ٚزعٛع اٌّشبوً ٠ٚحدس صٚاِبد ٚزعٛع 

1 Abstract: 

 
Lateral intake is a structure created next to a main channel to distract part of the flow 

within the channel. Lateral intakes are used by hydraulic engineers for flow diversion in 

irrigation grids and water source systems. A 90-degree branching is the easiest method to 

distract water from main channels. With impending of the flow to the intake, the flow hurries 

in the sloping way and is divided into two portions. Part of the flow is directed into the lateral 

intake and the remain quantity goes into the main channel. Intake in an open channel has a 

non-uniform flow along the main channel. Velocity and direction change in the lateral intake 

lead to non-uniform flow, sediment transport, whirlpools and/or swirls. Intake abstraction 
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efficiency decreases due to circulation and non-uniform flow. High maintenance cost is 

regularly paid in order to dredge the sedimentation areas and to guarantee abstraction 

efficiency. Sediment movements usually cause corrosion to the turbine blades, which 

consequently will increase maintenance cost. River flows at main channels and diversions are 

geometrically similar and belong to the same class of gravity-driven flows that divided into 

two directions and two flow ratios. Therefore, related to all these points and problems, the 

aims of this study were to improve the design of the lateral intakes and reach the most 

effective design by collecting most effective previous studies.and is has been 

Key words: Diversion, Open Channel, reached that Intake, Intake Slope, Flow Uniformity. 

 

2 Introduction  
Rivers are considered as one of the providers of pure water for the nature and human. 

The delivery of water has been the most important cost-effective part of the rivers and the 

right design of river intakes is one of the most subjects in hydraulic engineering (Raudkivi, 

1993) [13]. The water diversion method depends on flow conditions, topology and 

morphology of river. Flow diversion study in open channels (intakes) is much used to distract 

stream from the main channel or from a river into an irrigation or hydropower channel as 

shown in Figure 1. 

 
Figure 1: General flow patterns of a diversion (Raudkivi, 1993) [13]. 

There are different kinds of river diversions that depend on river condition and 

quantity of water diverted; lateral intake is one of these diversions. Flows through this lateral 

intake are turbulent (Hamid, 2008) [5]. Intake in an open channel has a non-uniform discharge 

resulting from the abstraction of water through the channel. As the flow enters the intake, it 

hurries by the suction forces at the end of intake. The flow may be to divide into two portions 

as a reason of last process, one incoming to the intake and the other flow in the downstream 

path in the main channel. 
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3 Applications Studies 

3.1 Flow Characteristics in Intakes 

Chung et al., (2002) [4], performed numerical and experimental model for a sub-

critical, right-angled, equal-width, and open-channel dividing flow over a horizontal bed. The 

reduction constant at the supreme width of the contracted section in the recirculation is 

inversely related to the ratio of discharge at upstream to that at downstream. Under the 

statement that the velocities were nearly uniformly distributed at the considered boundaries, 

the depth-discharge relationship follows the commonly used energy equation. The predicted 

results relate fairly to the experimental data. For practical engineering applications, the 

maximum possible discharge in branch channel at a given upstream discharge could be 

determined with a prescribed downstream Froude number or the maximum possible 

downstream Froude number. 

Rashwan et al., (2004) [12], developed a theoretical model for a junction at 90o over a 

horizontal bed for subcritical steady flow through main, extension, and branch channels of 

equal widths. The developed model was derived essentially based on momentum, energy, and 

continuity equations. The model was verified with experimental data from the previous studies 

and give a good accordance with them. It was also found that a linear relationship between the 

experimental data of the inflow water depth and the branch water depth was valid. The 

specific heads upstream and downstream the junction was found to be practically equal. 

Amin, (2005) [2], investigated experimentally the velocities distribution at diversions 

using a fixed-bed model. He defined the effect of the diversion angles on minimizing sediment 

deposition in intake channels, as shown in figure 2. The experimental results showed that the 

recommended range of the diversion angles of the channel intake needed to enhance the flow 

pattern inside the channel intake is in the range of 100o to 112 o. In addition, he developed two 

empirical formulae to help the designers of intakes. His formulae were verified in the 

predictions of sedimentation problems at two locations along the Nile River which were in 

accordance with the measured quantities. It was recommended that the influence of the 

sediment exclusion measures such as bottom vanes upstream the entrance of the channel 

intake should be further investigated. 

 

Figure 2: Layout of the intake, (Amin, 2005), [2]   
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Helal, (2006) [6], investigated numerically and experimentally how to minimize the 

effect of the separation zone at open channel junction. This could be achieved by changing the 

downstream edge of the junction from sharp to chamfer to circular edge. Experimental runs 

were categorized according to the junction and bed types. He measured the water depths, 

velocity along the profile, maximum scour depths, and scour-hole lengths. In the numerical 

study, the finite element technique was implemented in order to determine the velocity 

distribution downstream the junction with different dimensions, using ANSYS software 

program. The main factors, that were considered, were the main and branch channel velocities 

and radius of circular edge. The numerical runs were categorized into two groups, the first one 

was a sharp-edged junction, and the others were circular edge radius as shown in figure 3. It 

was concluded that the circular edge radius reduced the scour depths and the separation zone 

width with a reduction factor of 85% and 47%, respectively compared to the case of a sharp-

edged junction. No separation zones downstream the junction occurred when a circular edge 

radius of 1.33 of the main channel bed width was used. 

Figure 3: Layout of junction edge types (Sharp, chamfer, and circular), Helal, (2006), [6]. 
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3.2 Water Depths and Water Surface 
Discharge ratio and the Froude number are the key factors that affect water depths of 

the branch channel system. In the main channel, the lowest water level occurs on the 

branching side in the first half of the crossing, and the lowest water level occurs just off the 

downstream edge of the river (Hsu et al., 2002) [7]. Ramamurthy (2007) [11] also celebrated 

that the depth of water rose at the downstream edge of the lateral channel and in the 

downstream area of the junction region on the conflicting side of the lateral channel (about 2% 

higher than the water depth in the stagnation zone). In the branch channel, the water surface 

drops at the upstream corner at the entrance of the branch channel. In the contraction zone, the 

lowest water depth in the lateral channel happens and rises with the decreased separation zone. 

Figure 4 displays experimental water depths and a three-dimensional (3D) volume of numeric 

turbulent fluid (VOC) estimation. 

 

Figure 4: Water surface profiles (a) Experimental data, (b) Numerical model [11]. 

3.3 Separations Zones 
Due to the low flow rate and the reverse of water at the same location, separation areas 

are occurred. These zones enclose the recirculating flow (Ramamurthy et al., 2007) [11]. 

There are two main separation zones, as shown in Figure 5. 

 
Figure 5: Zones of separation and stagnation point in the branching channel system 

(Ramamurthy et al., 2007) [11]. 



268 
 

This zone appears due to the high momentum of the water flow into the branch 

channel in the downstream main channel flow. The location and size of this region depends on 

the discharge ratio. An increasing discharge ratio leads to this region decreasing. 

Ashok S. and Keshava, (1997) [3], developed a two-dimensional numerical model for 

the prediction of flow in open channel diversion. The model employed the depth average form 

of momentum and continuity equations. The model performed well in forecasting the 

distributions of discharge and computed water surface profiles, depth- average velocity 

distribution in the main channel, and size of separation zone that matched fairly with the 

experimental observations. Fig. 6 presents a view of the simulated water surface profile when 

such a flow condition prevails. These jumps generally occupy about half of the channel width 

and the other half will be occupied by recirculating flow. 

 
Figure 6: Water surface profile showing formation of hydraulic jump in the branch channel. 

A two-dimensional numerical model for the prediction of flow in the open channel 

divisions is developed. The model employs the depth-averaged forms of continuity and 

momentum equations along with k-£ turbulence closure scheme. Second-order accurate. The 

model performs well in predicting discharge distribution and computed flow features like 

water surface profile, depth-averaged velocity distribution in the main channel, size of 

separation zone matches fairly well with the experimental observations. There is certain 

amount of error in the prediction of velocity distribution in the branch channel. The results of 

the model are used to calculate the energy losses at the right-angled junctions. Model studies 

show that the energy losses in open channel divisions are similar to those observed in closed 

conduits, when the submerged flow condition in the branch channel prevails. The study 

appears to be adequate for analyzing the How in open channel divisions for the engineering 

design purposes. 
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3.4 Velocity distribution and streamlines 
The velocity in the branching junction is 3D, towards the main flow (Vx), towards the 

branch flow (Vy), and normal to the flow (Vz). After a lot of studies, it was found that an 

increase of the main mean velocity (Vr) in the branch leads to a reduction in the size of the 

separation zone in the branch channel and extension of the dividing streamline farther into the 

main channel. In addition, the strength of the secondary circulation (δ) (velocity near the 

surface – velocity near the bed) near the upstream wall at the beginning of the branch channel 

increases as (Vr) increases. This secondary circulation starts to appear at a threshold velocity 

ratio of 0.03. In the junction region, the flow is divided into two regions: towards the branch 

channel and towards the downstream main channel. The width of the separating flow towards 

the branch channel at the bottom are more than their width at the surface (Lama, Kudoh, & 

Kuroki,2003) [8], which rulers to the diversion flow taking more discharge from the lower 

layers than the upper layers. This difference between the widths in terms of diversion from a 

trapezoidal main channel is less than the diversion from a rectangular main channel 

(Moghadam et al., 2014) [9]. Thus, the high momentum in the upper layer navies the flow to 

continue towards the downstream end of the main channel (Omidbeigi et al., 2009) [10]. 

Figure 7 shows the streamlines pattern in the branching channel junction. 

 

Figure7: Streamline patterns in smooth branching channel junction bed. 

Tarek, (2019) [15] studied the study of branching flow in open channels that lateral 

channel flow labels any side water removals from main channels. Lateral intake channels have 

extensive application in numerous projects, such as irrigation, and many water resources 

projects. The flow diversion to the branch channel leads to a decrease in water depth 

downstream of the main channel. In addition, the study showed that the highest discharge rate 

was obtained when the angle of branching was equal to 45
o
 and then an angle of 60

o
. While 

the lowest discharge rate was obtained at an angle of 90
o
. 

3.5 Numerical models vs. physical models 
Rodriguez & Castro, (2003) [14] studied the fundamental difference between the two 

types of hydraulic modeling lies precisely in the requirement for the level of knowledge or 
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experience surrounding the phenomenon. In the case of physical modeling, it is sufficient to 

identify the most relevant acting forces and hence to formulate the parameters and the 

criterion of dynamic similarity. There are areas of civil engineering science where the 

development of numerical modeling is effectively feasible and very important. Such is the 

case of the problems around the flow under pressure, the estimation of the flow profile in 

channels and collectors with free surface, in the use of groundwater, among others more 

related to environmental sanitation. The alternative use of numerical modeling has much in 

common with the use of efficient physical models. The following Table 1 summarizes the 

development process in the solution of a problem, with the help of hydraulic modeling, either 

physical or numerical, which allows to highlight the fundamental differences between the two 

types. 

 

Table 1 Differences between physical and numerical models 

 Physica
l 

Numerical model 

1 Definition of the problem. Identification of the essential acting forces 

Definition of the objectives of the experimental treatment 

2 Definition of similarity 
criteria 

total and concrete 

Definition of the system of equations 

3 Formulation of edge or boundary conditions 

4 Construction of the model Development of the scheme for 
the solution 

5 Model calibration using 

6 Measurements → Solution Calculations → Solution 

7 Optimization of the solution according to the objectives of the model 

Construction variants in the model Variants in the input data  

8 Calculation for the real conditions of the prototype and verification of the 

results 4 Conclusion and Recommendation 
Branching channel flow is considered a very complex flow, as this flow depends on 

many factors such as controlling gates at the end of the main and branch channel, velocity, 

Froude number and momentum in both of the main and branch channels, and the geometry of 

the branching channel system. This review paper highlighted the flow and physical 

characteristics of the branching flow. In addition, it reviewed many of the diversion flow 

physical and mathematical model‘s properties. 

Regarding flow characteristics, the branching discharge decreases as velocity, Froude 

number and momentum in the upstream main channel flow increases. Moreover, it increases 

by increasing the upstream main channel water depth and branch channel bed slope.  In 

subcritical flow, water depth in the main channel rises downstream diversion area. On the 

other hand, it decreases in its depth in the branch channel. There is a stagnation point that 

occurs in the downstream corner of the branch channel entrance. Two separate zones form in 
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the branching channel system: one in the downstream main channel, in front of the branching 

junction, which occurs when a branch channel takes an important amount of water, and 

another at the beginning of the branch channel. 

Lastly, from this review, it is important to study the effect of the different branching 

channel geometries, such as branching angle, and movable bed on the branching water. 
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