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Abstract- Junction in open channel flow points out any side 

water secession from natural or artificial channels. In the last 

decades, comprehensive theoretical and experimental 

investigations on the dividing flow in open channel junctions 

have been executed to understand the characteristics of this 

separating flow. In this research, a three-dimensional turbulence 

model by fluent software used to replicate the flow 

characteristics of a 90º open channel junctions for two 

geometries. One is with equal width and horizontal bed and the 

other is field canal junction with irregular section. The modeling 

is based on the Navier-Stokes equation and κ-ω turbulent model. 

Comparing prepared to the numerical solution, the analytical 

model and the field works with published experimental data. The 

comparison showed that the numerical solution gave good 

agreements with maximum discrepancy 1.620% for rectangular 

sections and 0.718% for irregular sections than the published 

experimental data. The analytical solution gave a large error 

than numerical with a maximum discrepancy of 2.95% for the 

rectangular section and 11.485% for irregular sections than the 

published experimental data. A proposed relation between 

discharge ratio with upstream Froude number and depth ratio 

for the irregular section is suggested. The proposed equation has 

a maximum discrepancy equal to 0.433% with reference to the 

field data recorded. 

I. INTRODUCTION 

The flow at any side water secession from rivers or main 

channels is called open-channel Junction flow which is an 

important aspect in hydraulic engineering. It has been studied 

in recent decades and still collect the attention of water 

resources engineering researchers as it is commonly existing 

in many water engineering projects. A tremendous number of 

authors have studied the characteristics of dividing flow 

theoretically, experimentally, and numerically.  The primary 

objective of elementary researchers was to investigate the 

flow characteristics, such as diversion flow discharge and 

regimes. Taylor [1] investigated ways to estimate a flow 

discharge in the branch channel and suggested an empirical 

relationship between the quantity and depth ratios. Posterior 

research on the dividing flow influenced by the recent 

exploration of theoretical equations as Ramamurthy [2], 

Hager [3], Rashwan [4], and Rashwan and Saafan. [5]. The 

proposed equations by Rashwan [4] are inclusive with most 

of the factors neglected in other theoretical equations. The 

exact solution for that problem could not be revealed because 

of the depth variation upon the branch entrance and the 

unknown quantities like moment transfer from main to branch 

channel. Kesserwani et al. [6] collected the common defects 

of all these models as: 

• The theoretical dividing models necessitated a prior 

knowledge of the flow regime, which is not obvious to be 

determined without making additional assumptions that 

can’t be applicable. 

• During practical event applications like a storm, flooding 

may change the flow regime from one to another. 

• Theoretical dividing models may fail to be performed 

because of a nonlinear computational complexity. 

In the last decade, as a result of the advances in computer 

technology, many programs have been invented to conduct 

different types of numerical models describing branching 

channel flow. The first three-dimensional approach to the 

prediction flow characteristics 90º open channel junction with 

equal width conducted by Issa et al. [7]. The experimental 

observations carried out by Hsu et al. [8]. On dividing flows 

in a 90°rectangular equal width open-channel junction with a 

horizontal bed presented a depth-discharge relationship. Table 

(I) summarizes the typical properties of the numerical models 

used to simulate dividing junction flow, References from [9] 

to [18]. The fractional volume of fluid is the keynote of the 

(VOF) technique which is more flexible and efficient than 

other methods for treating complicated free boundary 

configurations with a minimum of stored information as 

shown by Hirt et al. [19]. Turbulent flows simulated usually 

used the standard K-ε which independently determines the 

turbulent kinetic energy and dissipation rate by solving two 

separate equations Shamloo and Brzidaa.[20].   

The objective of this paper is to examine a 3D numerical 

model to reproduce the flow characteristics of a 90º open 

channel junction. The performance of this model is evaluated 

by comparing its outputs with three different data: (1) the field 

data obtained from a selected typical Egyptian canal with 

dividing flow junction, (2) the published experimental data of 

Hsu et al. [8], and (3) the results of the analytical model 

obtained by Rashwan [4]. 

II. FIELD WORK  

A total of 15 discharge measurements at just three cross-

sections were made covering a broad range of the Shemi canal 

flow which is located at a typical Egyptian canal at the North 

of El Mahalla El Kubra. The water depths, the real widths, the 

bed slope of reach and the flow discharge were measured by 

the Flow Tracker (a single-point Doppler current meter). 

Measures carried out to ensure the stability of the flow in a 
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steady state. The recorded measurements for the Shemi canal 

are tabulated in Table (2). Letters A, B, C, D and E 

represented experimental cases. Subscript (і, іі, and ііі) 

indicate the main canals upstream sections, the main canals 

downstream sections and the branch canals downstream 

sections, respectively. 

 

TABLE I 

 TYPICAL PROPERTIES OF NUMERICAL EXPERIMENTS 

Researcher 

Main channel Branch channel Numerical methods 

Channel 

length 

(cm) 

Channel 

Width 

(cm) 

Channel 

depth 

(cm) 

Channel 

length 

(cm) 

Channel 

Width 

(cm) 

Channel 

depth 

(cm) 

Distant 

from inlet 

(cm) 

Maximum 

discharge 

(liter/s) 

Sells 

number 

Numerical or 

turbulent model 

Ramamurthy et al. [9] 

 
310 61 30.5 244 61 30.5 279 47 _ RANS and k–⍵ 

Shamloo et al. [10] 600 30 25 300 30 25 300 _ _ RSM and K-𝛜 

Hedayat  et al. [11] 275 15 31 168 15 31 100 11 137000 RSM 

Farzin et al.[12] 450 30 _ 120 30 _ 300 12 5388 
Saint-Venant 

equations 

Neary et al. [13] 20W W 2W 12W W 2W 8W _ _ RANS and k–⍵ 

Goudarzizadeh et al. [14] 274 15 31 168 15 31 100 11 200500 RANS and k–⍵ 

Momplot et al. [15] 490 30 20 260 30 20 200 8 
700000 

 
RANS 

Li et al. [16] 1200 15 31 400 15 31 535 5.4 _ RANS 

Seyedian  [17] 800 25 70 225 20 70 550 _ _ 
SSIIM 2 and 

RNG K-𝛜 

Vasquez  [18] 450 20 _ 250 20 _ _ 5 
6066 

 
River2D 

 

TABLE II 
MEASUREMENTS OF GEOMETRIC PROPERTIES AND DISCHARGES FOR SHEMI 

CANAL 

Run Q1(l/s) A (m2) T(m) 

Aі 3.431 9.512 13.032 

Bі 5.054 13.929 13.739 

Cі 6.917 18.589 14.505 

Dі 9.057 23.505 15.290 

Eі 11.328 28.625 16.207 

Aіі 2.582 7.979 9.757 

Bіі 3.832 11.379 10.860 

Cіі 5.281 15.115 11.781 

Dіі 6.963 19.207 13.019 

Eіі 8.754 23.599 14.008 

Aііі 0.848 3.085 3.747 

Bііі 1.222 4.593 5.392 

Cііі 1.636 6.621 6.900 

Dііі 2.094 9.128 8.294 

Eііі 2.574 12.047 9.667 

    

III. NUMERICAL MODEL  

FLUENT (version 19) a commercial Computational Fluid 

Dynamics (CFD) software for modeling the fluid flow is used 

in the present study. Fluent solves the Navier-Stokes equation 

by three-dimensional Finite-Volume Method (FVM). 

Numerical solution subsequent comparison with experimental 

results showed that the FLUENT software is an effective tool 

for simulating the flow through the branching channel. On the 

other side, Neary et al. [13] used the k-ω turbulent model to 

develop a three-dimensional model for dividing flows in an 

open-channel T-diversion. The k-ω turbulence model was 

applied in the present study. 

A. Governing Equations 

The mass conservation equations are the basic governing 

formularization for numerical modeling of flows. Consider an 

element of so small size dx, dy, and dz in the flow, the mass 

flow rate across a face of the element expressed by the product 

of density, area and the velocity component normal to the face. 

By considering the viscous stresses expressed as functions 

of strain rate in three dimensions, Pavanelli [10] presented the  

Navier-Stokes equations (for compressible fluids with 

inconstant viscosity) in the x-direction as the following: 
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where  is density; p is the pressure; (u, v, w) are scalar 

velocities in the x, y, and z-direction;   is the dynamic 

viscosity, and MXS  is a term expresses the body forces effect 

of x-momentum per unit discharge. In the same way, the 

Navier-Stokes equations in the y-direction and the z-direction 

was obtained. 

B. Numerical Solution for Chung-Chieh junction  

Experimental data of Hsu et al [8] used for validating the 

numerical approaches. Numerical solution for Hsu et al 

junction can be carried out as follows: 

Hsu junction domain and mesh 

According to Hsu et al [8] junction model was designed as 

shown in Figure 1. The canal has an equal width of 0.147m, 

and the length of the main channel and the side branch 

considered 2.147 m and 1m, respectively. The solution 
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domain was divided into 756000 polyhedral cells as shown in 

Figure 2. 

Hsu junction Boundary Conditions 

Mass flow inlet, outflow, and outlet vent boundary 

conditions are specified at the main canal inlet and the outlet 

at main and branch channel outlet respectively. The velocity 

is specified to be zero at the solid boundaries. 

 
Figure 1. Numerical model geometry for Hsu et al [8] junction 

 

 
 

Figure 2. Hsu et al [8] junction computational mesh 

C. Numerical solution to Shime junction  

The cross-section of the main canal and branch for the Shemi 

canal adopted in the numerical simulation whereas the length 

of the main channel and the side branch considered 100 m and 

50 m respectively. 

Shemi junction domain and mesh 

Triangular cells used in initial grads. Reinforcements were 
performed by making finer zones around the branch instance 

and inflations beside channels bed and banks. Mesh sizing 
method used to achieve a finer layer around the prospective 
water surface. Furthermore, all elements were converted to 
polyhedral cells of different sizes by using fluent meshes. 
Figure 3, shows details of the computational mesh of Shemi 
junction. The solution domain was divided into 684,442 
polyhedral cells. 

Shemi junction Boundary Conditions 

Mass flow inlet, outflow, and outlet vent boundary 

conditions are specified at the main channel inlet and the 

outlet at main and branch channel outlet respectively. Non-

slip boundary conditions are set at the solid boundaries it 

indicates that the fluid sticks to the wall and moves with the 

same zero velocity as the wall, Gandhi et al. [21]. The best 

result occurs when the sand-grain roughness height Ks = 0.01 

is specified to model the roughness effects. The water surface 

of all geometry is set as Mass flow inlet with zero mass flow 

value. Five flows are considered to the inlet equal to the field 

measurement at the upstream main channels whereas the field 

geometry survey is applied to the upstream main channel inlet 

and the branch canal outlet. 

 

Figure 3. Shime junction computational mesh 

 

D.. Convergence for the numerical solution 

In the rectangular numerical model, Convergence accuracy 

is obtained when normalized calculation residuals are 

below10-6. Time steps used varied from 0.001 s to 0.01 s and 

the dynamic steady state is achieved after about 40 s.  
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Whereas, convergence in field simulating is obtained when 

normalized calculation residuals are below 10-4. Time steps 

used varied from 0.0005 s to 0.01 s and the time to reach a 

dynamic steady state achieved after about 127 s. During this 

process, the results for each time-step are displayed. Figure 4, 

includes the number of iterations required, the maximum 

residual. 

  

 

Figure 4. Scaled equations residuals of the numerical model 

IV. ANALYTICAL MODEL  

Rashwan [4] developed the subcritical steady dividing 

flows in open channel junctions as: 
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where 1F  is the upstream Froude number, qR is the relative 

discharge, yR  is the upstream-to-downstream depth ratios

21 yyRy  , bR is the upstream-to-downstream widths ratios

12 bbRb  , 1y is the upstream water depth, 2y  is the 

downstream water depth, 1b  is the upstream width, 2b  is the 

downstream width, 1L and 2L are the lengths of the control 

volume 1 and 2,  01S and 02S  are the averages of bed slopes 

of the main and branch channel, and C is the dimensionless 

Chezy coefficient .  

Replacing the upstream-to-downstream widths ratios 

( 12 bbRb  ) with the upstream-to-downstream top widths 

ratios ( 12 TTRT  ), and the upstream-to-downstream depth 

ratios (
21 yyRy  ) with the upstream-to-downstream 

hydraulic depth ratios (
21 hhyh yyR  ) the model was 

acceptable to use in the field. Eq. (2) can be written as follows: 
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where yhR  = the upstream-to-downstream hydraulic depth 

ratios, 21 hhyh yyR  and TR = the upstream-to-downstream 

top widths ratios, 12 TTRT   

V. RESULTS, ANALYSIS, AND DISCUSSIONS  

Comparison between the analytical and numerical models 

with values corresponding experimental data from Hsu et al. 

[8]  are shown in Table III where the discrepancy was 

computed as follow:  

%
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TABLE III 

COMPARISON BETWEEN THE NUMERICAL AND ANALYTICAL DEPTH RATIO 

VALUES AND THE CORRESPONDING EXPERIMENTAL DATA IN A 

RECTANGULAR CHANNEL 

Run  

No. 
yR

  
Hsu et al. [8]   

yR  

Analytical 

Eq. (2) 

Discrepancy 

% 
yR

Numerical 

Discrepancy

% 

1 0.925 0.924 0.11 0.918 0.76 

2 0.935 0.926 0.99 0.922 1.39 

3 0.905 0.878 2.95 0.896 0.99 

4 0.889 0.881 0.98 0.881 0.92 

5 0.958 0.953 0.55 0.949 0.94 

6 0.950 0.948 0.24 0.935 1.62 

7 0.939 0.938 0.17 0.925 1.49 

8 0.947 0.943 0.43 0.941 0.63 

9 0.960 0.958 0.15 0.952 0.83 

10 0.963 0.965 0.23 0.960 0.27 

11 0.950 0.958 0.82 0.941 0.95 

12 0.950 0.956 0.62 0.955 0.53 

 

The calculated values of the main canal depth ratios by 

proposed analytical and numerical models shown in Table III 

were found in a good agreement with the Hsu et al. [8] data.  

Also, the comparison between numerical and analytical depth 

ratio with values for Shemi canal field measurements shown 

in Table IV. 

TABLE IV 
COMPARISON BETWEEN NUMERICAL AND ANALYTICAL DEPTH RATIO 

VALUES FOR SHEMI CANAL FIELD MEASUREMENTS 

Run  

No. 
yhR  

Fieldworks 

yhR  

Analytical 

Eq. (3) 

Discrepancy 

% 
yhR

Numerical 

Discrepancy 

% 

A 0.893 0.995 11.485 0.899 0.718 

B 0.968 0.995 2.805 0.971 0.351 

C 0.999 0.996 0.275 0.998 0.069 

D 1.042 0.996 4.371 1.036 0.546 

E 1.048 0.997 4.915 1.042 0.614 

 

The calculated values of the main canal depth ratios by 

proposed numerical models shown in Table IV were found in 

a good agreement with fieldwork measurements. While the 

main canal depth ratios by proposed analytical models were 

found with a big discrepancy in one case and a moderate 

discrepancy with two cases and a good discrepancy with two 

cases. 

Relationship between the upstream Froude number ( 1rF
) to the 

separated discharge ( qR1
) 

 Figure (5) shows the measurements of the upstream Froude 
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number ( 1rF ) to the separated discharge ( qR1 ) for Hsu 

junction. The relationship may be expressed as follows: 

  7249.04997.4202.3 1

2

1  rrq FFR …………...…. (5) 

With a coefficient of determination R2 equal to 0.8937,  

 

 

 
Figure (5) Effect of upstream Froude number on the separated discharge for 

Hsu junction 

 

A nonlinear regression analysis conducted using (SPSS) 

program to suggest relations between discharge ratio, 

upstream Froude number, and depth ratio as follows: 

895.46813.45884.50468.56197.51       

637.162772.207972.93

23
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3
1

4
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rrrq

RRRF

FFFR
….. (6) 

With a coefficient of determination R2 equal to 0.981. 

Figure (6) shows the field measurements of the upstream 

Froude number ( 1rF ) to the separated discharge ( qR1 ) for 

the Shime canal junction. The relationship of the field 

measurements of the upstream Froude number ( 1rF  ) to the 

separated discharge ( qR1 ) for Shime canal junction may be 

expressed as follows: 

8168.04881.0 1  rq FR ……………...…………...…. (7) 

With a coefficient of determination R2 equal to 0.9287 

 

 
 
Figure (6) Effect of upstream Froude number on the separated discharge for 

Shemi junction 

Also, a regression analysis conducted using (SPSS) program 

to suggest relations between discharge ratio, upstream Froude 

number, and depth ratio as follows: 

566.5739.5626.1 1  yrq RFR  ………….………….… (8) 

With a coefficient of determination R2 equal to 0.937. 

A comparison between the predicted values of the Eq. (6) 

and corresponding experimental data for Hsu et al. [8] are 

given in Table (V) with minimum and maximum discrepancy 

equal -0.014% and 5.065% respectively.  

TABLE V 
COMPARISON BETWEEN DISCHARGE RATIO FOR HSU ET AL. [8] JUNCTION 

FROM THE FIELD DATA AND CALCULATED BY EQ. (6) 

Run qR   

Hsu et al. [8] 

qR  

Proposed Eq. (6) 

Discrepancy 

% 

1 0.875 0.840 3.960 

2 0.871 0.900 -3.339 

3 0.833 0.833 -0.014 

4 0.826 0.827 -0.068 

5 0.692 0.689 0.490 

6 0.674 0.640 5.065 

7 0.613 0.618 -0.821 

8 0.604 0.615 -1.840 

9 0.503 0.517 -2.689 

10 0.496 0.484 2.515 

11 0.411 0.403 2.030 

12 0.409 0.422 -3.238 

 

The comparison between the predicted values of the 

equation (8) and corresponding experimental data for Hsu et 

al. [8] are given in Table (VI) with minimum and maximum 

discrepancy equal - 0.126% and 0.433% respectively.  

TABLE VI 
COMPARISON BETWEEN DISCHARGE RATIO FOR SHEMI CANAL FROM THE 

FIELD DATA AND CALCULATED BY EQ. (8) 

Run 
qR  

Field Data 

Shemi junction 

qR  

Proposed Eq. (8) 

Discrepancy 

% 

A 0.753 0.752 -0.126 

B 0.758 0.761 0.433 

C 0.764 0.765 0.132 

D 0.769 0.771 0.205 

E 0.773 0.771 -0.235 

 

VI. CONCLUSIONS  

The flow distribution in a 90º horizontal bed open channel 

junction for both equal width and irregular section has been 

studied numerically, analytically and field data for subcritical 

flow using data from published experimental data. The 

numerical model based on the FLUENT (version 19) a 

commercial Computational Fluid Dynamics (CFD) software. 

The analytical model based on the model suggested by 

Rashwan [4]. The comparison made depending on published 

experimental data of Hsu et al 8] and field works. The SPSS 

program is used to estimate general equations to analyze 

discharge values related to the upstream Froude number, and 

depths ratio with suitable discrepancy percentage. The 

conclusions can be presented as: 

A. For junction with rectangular sections  

 The numerical solution appeared good similarity to the 

published experimental data by Hsu et al. [8] with 

minimum and maximum discrepancy equal to 0.27% 

and 1.62%.  
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 The analytical model predicted values good agreement 

with the same experimental data with minimum and 

maximum discrepancy equal to 0.11% and 2.95% 

respectively.  

B. For junction with irregular sections 

 The minimum and maximum discrepancy was 0.07% 

and 0.72% in the numerical model whereas the 

minimum and the maximum discrepancy was 0.28% and 

11.49% in the analytical model. 

 Equation (Eq. (8)) for discharge ratio, upstream Froude 

number, and depth ratio appeared minimum and 

maximum discrepancy equal to -0.126% and 0.433% 

respectively with the field works data. 
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