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Simulation of Separation zone in Right-angled Four-branch Junction with
Flow 3D

Zeynab Talebi!, Khalil Azhdary?*, Seyyed Hossein Hosseini®

Abstract

Study of separation zone is so important in right-angled three-branch or four-branch open channel
junctions. Some effective parameters in this case are inlet discharge ratio and flow depth which in this
research the effect of inlet discharge ratio and weir height ratios (flow depth) on flow pattern and
dimensions of separation zone has been simulated numerically. Investigation of numerical results
showed that k-o model well validated with experimental results and had good agreement, so that
simulation error was less than 20%. Dimensions of separation zone in main and side channels were
directly proportional with the inlet discharge ratio. Also as increases of height ratio of outlet weirs, flow
depth increases and separation zone dimensions decreased. According to the analysis of numerical
results, dimensions of separation zone in vertical direction, of the channel bed to water surface
increased, so that for discharge ratio 0.6 and height ratio of outlet weirs 0.377, length of separation zone
at the channel bed, 0.1 m up the bed and water surface was about 60 cm, 75 cm and 85 cm, respectively.
So of the water surface towards the channel bed, length of separation zone decreased about %29.

Keywords: Four-branch junction, Height ratio of outlet weirs, Inlet discharge ratio, Numerical
simulation, Separation zone.
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Abstract

Study of separation zone is so important in right-angled three-branch or four-
branch open channel junctions. Some effective parameters in this case are
inlet discharge ratio and flow depth which in this research the effect of inlet
discharge ratio and height ratio of weirs on flow pattern and dimensions of
separation zone has been simulated numerically. Investigation of numerical
results showed that k- model well validated with experimental results, so
that simulation error was less than 20%. Dimensions of separation zone in
main and lateral channels were directly related to inlet discharge ratio. Also
as increasing of height ratio of outlet weirs, flow depth increased and
separation zone dimensions decreased. According to numerical results,
dimensions of separation zone in vertical direction, of the channel bed to
water surface increased, so that for discharge ratio 0.6 and height ratio of
outlet weirs 0.377, length of separation zone at the channel bed, 0.1 m up the
bed and water surface obtained about 60 cm, 75 cm and 85 cm, respectively.
So of the water surface towards the channel bed, length of separation zone
decreased about %29.

1. Introduction

One of the most important parts of water conveyance networks are open channel junctions.
Development of separation zone downstream the junction is considerable in studying process of erosion
and sedimentation. There is a lot of numerical and experimental research about effective parameters on
dimension of separation zone. Best and Ried (1984) investigated effect of different angle on dimension
of separation zone in a three-branch junction. Gurram et al (1997) studied subcritical and transient flow
in a three-branch junction and provided a relation for dimension of separation zone. Haung et al (2002),
Gebermariam (2016), Ramos et al (2019), Azma and Zhang (2020) investigated flow in open channel
junctions numerically. There is few studies about right-angled four-branch channels, so in this research,
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effect of inlet discharge ratio and height of outlet weir ratio on dimension of separation zone in an open
channel junction simulated with flow 3D.

2. Materials and Methods

In this study, in order to simulation, Hosseini et al (2017) ‘junction model was used which was made
of two metal-glass channel with 0.4 m width and 0.5 cm height. Main and lateral channels had 8.4 m
and 4.4 m length, respectively. Bed slope of channels was zero and a pump with flow rate of 100 lit/s
supplied required water to the model. simulation carried out with flow 3D which use two methods of
VOF and FAVOR for simulation. Governing equations in this research are continuity and momentum
equations, which are solved by Finite Volume Method in Flow 3D.

3. Results
In order to evaluation of Flow 3D model, numerical results of separation zone dimensions were

compared with experimental results which for most models, error rate was less than %20. Results
showed that, increase of inlet flow ratio, led to increase of dimension of separation zone in both main
and lateral channels. Investigation of separation zone dimension in vertical direction showed, from the
water surface to bed of the channel, dimension of separation zone decreased. As increase of height of
outlet weirs ratio, dimension of the separation zone decreased. According to results, in separation zone
secondary flow formed and velocity is minimum, so sedimentation will happened? Also velocity profile
is not symmetry and maximum velocity is moved toward the opposite wall.

4.  Discussion and Conclusion
Comparison of the results with other researchers showed that in the low discharge ratios, results had a

good agreement with results of Best and Ried (1984), Gohari (2015) but was disagreed with results of
Gurram et al (1997) and Gobadian et al (2006), because the Froude number was different. of course, in
three-branch junction, main channel flow affects the separation zone, but in four-branch junction,
deviation of the part of main channel flow to outlet lateral channel, tends to lessen these effects.
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