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ABSTRACT 

 

Information about the secondary flow formed at the junction is 

crucial for identifying areas vulnerable to erosion. This study 

aims to build a water flow simulation at a two-channel junction 

with varying angles using Computational Fluid Dynamics 

(CFD). The goal of the simulation is to analyze the velocity 

changes on each variation of angles (90°, 70°, 50°, 30°, and 

10°) on the two-channel junction. The validation of these flow 

patterns is significantly connected to the reference data. The 

secondary flow is formed as the impact of the velocity changes, 

and the main channel flow meets the branch channel flow. The 

flow patterns at the 90° junction exhibit similar formation, as 

evidenced by secondary zones formed around the junction, 

such as the contraction and separation zones. The contraction 

zone forms in areas near junctions with high-velocity values, 

while the separation zone develops in areas where velocity 

decreases due to the impact of two flows. This study found that 

CFD effectively analyses velocity changes on two-channel 

junctions. 

 

 

KEYWORDS: CFD, OpenFOAM, RANS k-Omega, 

Secondary flow, Two-channel junction. 

 

 

NOMENCLATURE 

 P  Pressure 

U  Velocity 

 t  Time 

H  Channel Height 

L  Channel Length 

θ  Channel Angle 

Z  Water Depth 

x  Longitudinal Distance x-direction 

y  Lateral Distance y-direction 

z  Vertical Distance z-direction 

u  Velocity in the x-direction 

v  Velocity in the y-direction 

w  Velocity in the z-direction   

Re  Reynolds Number 

 ∇  Divergence Operator 

 ρ  Fluid Density 

 Δx  Grid Size, x-component 

 Δy  Grid Size, y-component 

 Δz  Grid Size, z-component 

CFD  Computational Fluid Dynamics 

OpenFOAM Open Field Operation and Manipulation 

RANS  Reynolds-Averaged Navier-Stokes 

 

 

1.0 INTRODUCTION 

 

Interaction between flow components at channel confluences 

results in complex phenomena. Phenomena such as velocity 

changes and the formation of secondary flow zones may occur 

depending on the direction and velocity of the fluids. 

Additionally, irregular flow patterns could potentially impact 

the overall efficiency of the fluid system. Understanding this 

issue is essential for designing and managing channels 

efficiently, and it is important to anticipate where and when 

these zones will develop to identify potential issues such as 

erosion and sedimentation. Computational Fluid Dynamics 

(CFD) can analyze secondary flow that may develop at a two-

channel junction. 

Various researchers have extensively studied the flow 

phenomena at open channel confluences using different 

theoretical and numerical methods. Flow in a 90° channel was 

analyzed numerically using the Computational Fluid Dynamics 

(CFD) approach [1][5] and SSIIM2.0, a three-dimensional (3D) 

numerical model [4]. Recent 3D research was conducted using 

many methods, followed by comparing the methods to evaluate 

their effectiveness. The numerical comparison between 

Detached Eddy Simulation (DES) and Reynolds-Average 

Navier-Stokes (RANS) conducted thus results in DES being 

significantly more effective in predicting the velocity 

redistribution in the channel due to non-linear interaction 

between the main flow and the cross-flow [2]. Along with the 

bends channel, river confluence has been studied to understand 

flow transport and sedimentation and provide a good account of 

information about the morphodynamics of the river junctions 
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[3][9]. The effect of flow and geometrical conditions has been 

characterized to understand the important factors of the channel 

bends, such as angle of confluence, width ratio, and bed martial 

properties [6]. Experimental research was conducted to 

understand the flow mechanism in open-channel junctions, in 

addition to analyzing the physical condition of flow between 

the main channel and the branch channel [7] and the pattern of 

flow studied numerically, focusing on secondary flow formed 

due to the impact of two branches near the junction [8].  

The CFD has become a crucial tool in scientific research 

design. This method effectively addresses issues related to fluid 

flow behavior, such as velocity distribution, flow pressure, and 

temperature within complex systems [10]. Velocity fluctuation 

was investigated through an experimental study in hydraulic 

rough open-channel to identify the effect of aspect ratio. In the 

outer region, the streamline and vertical turbulence intensities 

are greater due to the effect of side walls in narrow open 

channel flow [11]. A three-dimensional flow velocity was used 

to investigate the streamlines in a 180° sharp bend, and it was 

found that two-clockwise vortices were formed at the 90° 

section [12]. Numerical simulations of secondary river bends 

and river confluence were compared to predict the complex 

flow field and velocity distribution [13-14], while different 

mathematical methods were also used in compound open 

channels to discuss the longitudinal velocity distribution [15]. 

Observation of the secondary circulation in natural river bend 

showed the primary flow vertical profile is deformed to a 

maximum value below the water surface [16].  

In addition to analytical approaches, experimental data of 

confluent channels were used to compare and evaluate the 

models' numerical result and validity to predict the secondary 

flow's behavior utilizing standard k-ε and realizable k-ε 

turbulence. In contrast, both turbulences showed good 

performance due to the geometry of the channel [17]. Besides 

that, a numerical simulation and modeling of the secondary 

flow were also conducted by different turbulence models [18, 

19, 20], while a transport modeling of the secondary flow was 

conducted to observe sedimentation and erosion [21- 22].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Flow pattern and secondary flow structure in confluent channel [1] 

 

 

Based on the issues in previous studies, this research will 

conduct as an investigation of the secondary flow effect in a 

two-channel junction by analyzing the velocity changes using 

the Computational Fluid Dynamics (CFD) approach with 

experimental data by Shumate, Eric Dean (1998) [7]. The 

simulation utilized the open-source software OpenFOAM and 

the Reynolds-Averaged Navier-Stokes (RANS) k-Omega 

turbulence model as the solver. The geometry of the 

simulation is designed as an open-channel junction, which 

varies to 5 different angles (90°, 70°, 50°, 30°, and 10°) to 

investigate the secondary flows that occur in each variation of 

junction angle. This study aims to improve safety at junctions 

by addressing transportation challenges and risks. It also 

seeks to optimize shipping routes, reducing travel time and 

costs. Additionally, the findings can predict sediment 

deposition, aiding in better maintenance and environmental 

management of waterways. 

 

2.0 METHODOLOGY 
 

Numerical methods were used to create a three-dimensional 

(3D) simulation on the two-channel junction, and open-source 

OpenFOAM was utilized to create a water flow; the RANS k-

Omega was used as the turbulent model. Several stages were 

conducted, such as a literature review and SALOME 9.11.0, 

which were used to create a geometry and simulation view 

domain using ParaView 5.11.2. 

 

2.1 Resource and Equipment 

Secondary data were used to study the flow pattern of the 90° 

channel junction. This data includes experimental and 

analytical findings from Shumate and Eric Dean (1998) [7]. 

Research was utilized using hardware and software 

equipment, as outlined in Table 1. 
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Table 1: Instruments Used in the Study 

No Tools Specification 

1 Laptop AMD Ryzen7 4000 

series 4800H (2.90 

GHz), 16 GB  

2 Open-Source 

OpenFOAM Software 

OpenFOAM-dev Version 

3 Ubuntu 22.04.3 LTS Version 

4 SALOME software 9.11.0 Version 

5 ParaView software 5.11.2 Version 

 

2.2 Computational Domain 

The geometry model was created using SALOME 9.11.0 

software, and the flow simulation of the confluent channel 

was conducted numerically with the computational domain, as 

shown in Figure 2(a). The domain of the 90° channel serves 

as analytical validation to compare against the flow pattern 

and secondary flow structure in confluent channel junction 

conducted by Shumate, Eric Dean. (1998) [7], with the length 

of the main channel and branch channel inlet equal to 2 m, the 

main channel outlet 7 m, and 0.914 m channel width with a 

water depth of 0.296 meters. The domain was then created by 

varying the branching angles. Thus, the angles are 70°, 50°, 

30°, and 10°, using the same length and width as the domain 

of the 90° channel. Five boundaries bound the domain 

channels: main channel inlet, branch channel inlet, outlet, top, 

bottom, and walls (Figure 2(b)). Five domain variations 

facilitated using SALOME 9.11.0 software employed 

tetrahedral mesh with the Netgen 1D-2D-3D algorithm. Mesh 

utilizing a “fine” type fineness with a maximum mesh size of 

0.04 m and a minimum mesh size of 0.01 m.  

Boundary conditions in the computational domain within 

OpenFOAM were configured in the “system” folder, 

specifically the “blockMeshDict” file [23]. Physical 

properties were set with gravity (g) value at 9.8 m/s2, surface 

tension (γ) at 0.07 N/m, water density (ρ) at 1.0 x  103 kg/m3 

and kinematic viscosity of air (μ) at 1.0 x 10-6 m2/s. 

Simulation run using Raynods-Average Navier-Stokes 

(RANS) k-Omega turbulence model, where the boundary 

conditions were adjusted to an open channel, in which the 

upper part of the channel filled with air and plotted with a 

value of zero. Channel flow form was calculated in the Linux 

Ubuntu 22.04.3 LTS terminal, and visualization was 

performed using open-source ParaView software 55.11.2 

version. The flow condition and dimension values of this 

simulation are detailed in Table 2. 

 
(a) 

    
(b) 

Figure 2: Computational domains: (a) Confluent channel with five variations of junction angle, (b) boundary condition 
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Table 2: Flow condition and dimension values 

Variable Symbol Value 

Downstream water 

depth 

Z 0.296 m 

Channel width L 0.914 m 

Velocity U 0.628 m/s 

Channel Angle θ 

90° 

70° 

50° 

30° 

10° 

 

 

2.3 Flow model 

Inter Foam is a computational solver in this simulation. At 

the same time, the equations are utilized in OpenFOAM, 

specifically for multiphase cases that apply the Navier-Stokes 

equations to address problems involving continuity and 

momentum in fluid and turbulent flows. 

 (1) 

where  at equation (1) given as velocity divergence in 

vector u, alternatively can be expressed to equation (2) and 

(3): 

 (2) 

 
(3) 

while the Navier-Stokes equations used in CFD are written as: 

Continuity: 

 
(4) 

Momentum in the x-direction: 

 (5) 

 

Momentum in the y-direction: 

 (6) 

 

Momentum in the z-direction: 

 
(7) 

 
 

OpenFOAM numerical model solves the Navier-Stokes 

equation through the x, y, and z direction described in 

equations (4), (5), (6), and (7) where u, v, and w are the 

velocity components in the x, y, and z direction,  is density, t 

is the time, Re for Reynolds number, τ is a moment of force or 

torque. 

3.0 RESULT AND DISCUSSION 
 

3.1 Time Measurement of Mesh Computation  

      Flow velocity in channel junctions is a critical physical 

parameter that determines the formation of secondary flow 

patterns. The impact of channel geometry on water flow 

velocity has been analyzed through the velocity profile within 

depth. Figure 3 illustrates the velocity profiles for each 

variation angle of the channel junction, with the data points 

adjusted according to the geometry of the channel. Velocity 

data were taken precisely at the intersection where the main 

channel flow meets the branch channel flow. This area is 

characterized as the area with high velocity, known as the 

contraction zone.  

Velocity data for the 90°, 70°, and 50° channels were 

collected at points X = -1.5 and Y = 0.5, where the results are 

shown in Figures 3(a), (b), and (c). As for the 30° channel, 

data were collected at X = -2.5 and Y = 0.5, and for the 10° 

channel, data were taken at X = -5.5 and Y = 0.5, with the 

velocity profiles for these channels depicted in Figures 3(d) 

and (e). The analysis of the velocity profiles shows that the 

flow experiences both increases and decreases as it 

approaches the surface. This phenomenon is called the 

"Velocity-Dip Phenomenon," where the maximum velocity 

occurs below the free surface, reducing velocity near the 

surface [24]. The decrease in velocity at the surface layer is 

due to atmospheric pressure affecting the channel flow. This 

pressure creates friction with the surface flow, thereby 

causing the flow to slow down. Consequently, the maximum 

velocity occurs below the surface, where disturbances do not 

influence the flow. 

 

3.2 Flow Velocity Analysis within Depth 

      In this study, the primary flow moves through the main 

channel while the branch channel flow enters the main 

channel. Five simulations of water flow were conducted using 

CFD utilizing Open FOAM software. These five simulations 

were performed with different branch angles, specifically 90°, 

70°, 50°, 30° and 10° channel junctions. The changes in angle 

affect the velocity and flow patterns, which are then analyzed. 

The changes in velocity occurring in the outer layer of the 

channel are analyzed by considering the position/zones where 

the flow reaches maximum and minimum velocities. Figure 4 

shows the 3D simulation illustration of the five angle 

variations for a water depth Z = 0.296 m. The result reveals 

that each junction angle has different velocity changes, 

creating secondary flow zones around the channel. 

      Figure 4 was analyzed by inputting an average velocity 

value of 0.628 m/s, which has been plotted in the Inlet1 and 

Inlet2 regions. The simulation results show that changes in the 

angle affect both the velocity and stability of the flow rate 

around the channel junction. Separation zones can be 

observed in the low-velocity areas along the wall near the 

branch channel in the 90°, 70°, and 50° junctions, as shown in 

Figure 4(a), (b), and (c), while Figure 4(d) and (e) shown no 

contraction zone formation is evident in the 30° and 10 

junctions. The findings in this study show the same flow 

pattern as the analytical findings based on experimental data 

show in Figure 1 [1]. 
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(a) 

 

 
(b) 

 

 
(c) 

 
(d) 

 
(e) 

 

Figure 3: Velocity profile within depth near the confluence angle; (a) 90° channel junction, (b) 70° channel junction, (c) 50° channel 

junction, (d) 30° channel junction, and (e) 10° channel junction 
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(a) 

`  
(b) 

 
(c) 

 
(d) 

 
(e) 

Figure 4: Simulation result of water flow in confluence channel where depth close to the surface at h = 0.296 m; (a) velocity 

distribution in 90° channel junction, (b) velocity distribution in 70° channel junction, (c) velocity distribution in 50° channel junction, 

(d) velocity distribution in 30° channel junction, and (e) velocity distribution in 10° channel junction 
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    (a)      (b) 

Figure 5: Contraction and separation zone formed in confluent channel; (a) 90° channel junction, and (b) 70° channel junction 

 

 

 

         
 

    (a)      (b) 

 

Figure 6: Contraction and separation zone formed in confluent channel; (a) 50° channel junction, and (b) 30° channel junction. 

 

 
 

Figure 7: Velocity changes in channel wall at 10° channel junction 

Contraction Zone Contraction Zone 

Separation Zone Separation Zone 

Separation Zone 

Contraction Zone 

Separation Zone 

Zone with high velocity 

formed in channel caused 

by asymmetrical geometry 
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      Separation zones in the 90° and 70° channels form around 

the main channel wall area, as shown in Figure 5(a) and (b). 

This zone formed due to the velocity changes when the 

branch channel flow meets the main channel flow. The 

secondary flow patterns observed in the 90° and 70° channels 

are consistent with the confluent flow patterns shown in 

Figure 1, though with the differences in the areas of the zones 

formed. The contraction zone in the 70° channel is larger 

compared to the 90° channel, while the separation zone in the 

90° channel is broader compared to the 70° channel. In 

contrast, Figure 6(a) shows that the 50° channel exhibits the 

same pattern as the 70° channel, where the separation zone 

area is slightly the same and located near the junction in the 

inner bank of the main channel. The velocity in the main 

channel flow reaches its maximum when meeting the branch 

channel flow, forming a low-pressure zone around the inner 

bank. Misalignment in the geometry can cause the 

displacement of this zone. Similarly, the 30° and 10° channels 

show no significant changes in velocity within the main 

channel. Figure 6 (b) illustrates that in the 30° channels; the 

flow velocity is relatively stable, showing no significant 

reduction in velocity flow. In contrast, Figure 7 shows that the 

10° channel exhibits a different pattern, where the separation 

zone is located around the branch channel due to the 

asymmetric channel geometry. In cases of asymmetric flow 

confluence, separation zones typically form in the tributary 

channel due to the linear shape of the main channel [25]. 

Thus, the 10° channel reaches its maximum velocity around 

the main channel's inner bank, forming a separation zone in 

the branch channel. In practical applications in rivers, this 

zone can trigger riverbank degradation. 

The channel bed is generally the area with the lowest 

velocity. However, the confluences of flows between two 

channels may cause this region's velocity changes. Therefore, 

an analysis was also conducted on the channel bed area to 

examine the potential impact of frictional forces on water 

flow and velocity changes. Paraview was used to slice and 

visualize the simulation area at a depth of Z = 0.05 m near the 

channel bed, as shown in Figure 8. The results indicate that 

the flow at a depth of Z = 0.05 m near the channel bed is not 

significantly different from the flow pattern at a depth of Z = 

0.296 m due to the relatively small difference in depth. Figure 

8(a) presents the flow visualization at a Z = 0.05 m depth in 

the 90° channel. It is observed that the separation zone formed 

at a depth of Z = 0.296 m due to the velocity reduction, which 

also extends to a depth of Z = 0.05 m. The interaction 

between the frictional forces and the channel bed causes the 

velocity to decrease with increasing depth. Similarly, changes 

in velocity and the formation of low and high-velocity zones 

are also observed in the 70°, 50°, 30°, and 10° channels, as 

shown in Figures 8(b), (c), (d), and (e), with results of 

velocity and flow pattern not significantly differing from 

those at a depth of Z = 0.296 m. Understanding the regions 

where velocity changes occur is crucial for predicting areas 

with a higher likelihood of sediment deposition, as trapped 

particles will settle or accumulate at the channel bed. 

 

3.3 Vector Analysis 

      Vector fields can illustrate the velocity direction by 

utilizing the results from OpenFOAM through ParaView 

software. Figure 9 shows the processed velocity data in vector 

format, where the flow direction at this layer was interpreted 

for the five angle variations. The vector analysis reveals that 

the flow patterns at different angles remain relatively stable, 

with differences in the area of the patterns formed by the 

changes in velocity. Based on the vector analysis, several 

points in the channel exhibit a reduction in velocity, such as at 

the inner bank around the main channel in the 90°, 70°, and 

50° channels, as shown in Figures 9(a), (b), and (c), which 

also shown the potential for sediment or other particles to 

trapped in these regions. The vector results in Figure 9(d) 

indicate that the velocity of the flow when the main flow 

meets the branch flow is relatively stable and does not form 

unusual patterns.  

However, several points around the branch channel show 

an increase in velocity due to the flow impact in the 

asymmetric channel at the 10° channel, as illustrated in Figure 

9(d). The velocity vector analysis was conducted at a depth of 

Z = 0.296 m, focusing on the flow direction towards the 

negative x-axis while considering its motion direction. Figure 

10 shows that the confluences of flows create a zone where 

the flow direction changes or deflects. In this zone, the main 

channel flow will bend to follow the branch channel's flow, 

resulting in a secondary flow in the recovery zone around the 

outer bank. The junction angle and geometry play a crucial 

role in enhancing the turbulence and secondary flow 

distribution, which also affects the morphology of the 

confluence area [15]. An increased water flow velocity 

generally characterizes this zone, whereas the separation zone 

is marked by decreased velocity around the channel. In river 

applications, this zone is typically where sedimentation is 

trapped and settles. Meanwhile, the stagnation zone is 

characterized by a flow with zero velocity.  

 

 
(a) 
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(b) 

 

 
(c) 

 

 
(d) 

 
(e) 

 

Figure 8: Simulation result of water flow in confluence channel where depth close to the bed at h = 0.05 m; (a) velocity distribution in 

90° channel junction, (b) velocity distribution in 70° channel junction, (c) velocity distribution in 50° channel junction, (d) velocity 

distribution in 30° channel junction, and (e) velocity distribution in 10° channel junction.    
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(a) 

 

 
(b) 

 

 
(c) 

 

 
(d) 

 

 
(e) 

 

Figure 9: Vector view in confluence channel based on velocity; (a) 90° channel junction, (b) 70° channel junction, (c) 50° channel 

junction, (d) 30° channel junction, and (e) 10° channel junction 
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Figure 10: Vector analysis around the 90° channel junction 

 

 

4.0 CONCLUSION 
 

This study successfully met the initial objective to investigate 

the effects of secondary flow at the confluence of two open 

channels with various angle variations using a Computational 

Fluid Dynamics (CFD) approach. Simulations performed with 

OpenFOAM software showed that variations in the 

confluence angle (90°, 70°, 50°, 30°, and 10°) significantly 

affected the flow velocity and the formation of secondary 

flow zones, including contraction, separation, stagnation, and 

deflection zones. These results confirm that the angle 

variation affects the flow dynamics and energy distribution in 

the confluence area, which can be used to improve 

transportation safety in this area, optimize shipping routes, 

and predict sediment deposition areas. This study provides a 

solid foundation for further development, including the use of 

alternative turbulence models and the investigation of the 

influence of obstacles for sedimentation management 

purposes.  
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