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ABSTRACT

Confluence channel flow is complex and it is important in river flow such as mixing and sediment transport. Conflu-
ence channel flow changes depending on geometry and hydraulic conditions. Through numerical simulations, effects
of tributary channel location and discharge ratio (also, momentum ratio) on meandering confluence channel flow
have been investigated. Depending on location of tributary channel, flow pattern in meandering channel is greatly
influenced. Shear lay er mode is examined through vorticity and Kelvin-Helmholtz mode is shown when velocity of
tributary channel is high.
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1 INTRODUCTION

Representative geometry features in natural rivers are confluence and meandering channel. These show no-
ticeable flow patterns, for example, separation zone, deflection, mixing layer, and secondary flow can be seen in
confluence channel and the features for meandering channel flow are asymmetric horizontal velocity distribution
and secondary flow. These characteristics have great effects on natural river such as mixing, sediment trans-
port, and morphology change. In this study, the flow in meandering confluence channel has been investigated
by numerical simulation using openFoam. The main goal of this study is understanding the flow structure shown
in confluence channel with curvature of downstream channel. Also, we aim to understand is how flow regime
changes depending on the location of tributary channel and the discharge ratio (also, momentum ratio).

2 METHODOLOGY

2.1 Description of the model

3-dimensional numerical simulations have been conducted to simulate the complex flow structure by openFoam
which is the open source CFD tool. Large eddy simulation with Smargorinsky for subgrid scale model has
been applied. The numerical models have been constructed and validated according to previous experimental
study Lee (2013). The experiment (Lee (2013)) examined flow structures in confluence channel under various
conditions including bed elevation difference between main channel and tributary channel.

2.2 Description of the simulation cases

Downstream channel of the confluence model has strong curvature which is similar to Nakdong River and
Geumho River confluence, South Korea. It is expected that the flow structure is changed by inflow direction
from tributary, so that, four models with different tributary channel location are constructed. Different mean
velocities are used at inlet of main channel to control the discharge ratio ratio and mean velocity at inlet of
tributary channel is maintained.
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3 RESULTS

It can be seen that flow in meandering channel is disturbed by flow from the tributary channels and different
velocity distributions after the junction are shown depending on the location of tributary channel (Fig 1). Height
of separation zone is similar in case of same discharge ratio. It infers that the height is related to flow deflection
marked black dotted line in Fig 1 affected by discharge ratio. The location of tributary channel does not have
great effect on separation zone size, however, it has effect on shear layer. The length of shear layer becomes
shorter as the tributary channel moves to the center of meandering channel. It is due to that the velocity along
the outer bank increases as the curve progresses. In the meandering confluence channel, confluence channel
flow characteristics is affected by meandering channel flow distribution. It can be seen that Kelvin-Helmholtz
instability occurs at junction and the vorticity develops strongly along the shear layer when the discharge ratio
increases. The mode of shear layer can be classified as Kelvin-Helmholtz mode.
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Figure 1: Comparing numerical simulation results of Streamwise velocity and vorticity

4 CONCLUSIONS

Effects of two parameters, namely (i) the radial location of the joint in half-circular channel and (ii) the discharge
ratio (also, momentum ratio) have been investigated. The location of tributary channel and discharge ratio
have greater influence on shear layer. On the other hand, separation zone is affected by discharge ratio rather
than the branch location. Flow pattern along the meandering channel is affected by location and velocity of
tributary channel since distribution of flow velocity in meandering channel is spatially varied. Shear layer mode
in confluence channel is classified into wake mode and Kelvin-Helmholtz mode (Constantinescu et al. (2016))
which can be decided according to vorticity fields. Shear layer tends to develop in Kelvin-Helmholtz mode when
flow velocity of tributary channel is increased.

5 ACKNOWLEDGEMENTS

This study was funded by Korea Environment Industry & Technology Institute (KEITI) as Service Program for
Demand-Responsive Water Supply, funded by Korea Ministry of Environment (MOE).(2020002650001)

References

Constantinescu G., Miyawaki S., Rhoads B., Sukhodolov A. (2016). Influence of planform geometry and momentum ratio on thermal mixing
at a stream confluence with a concordant bed. Environmental Fluid Mechanics 16(4), 845-873.

Lee J. (2013). Experimental investigation of flow characteristics in a confluent channel with bed elevation difference. master thesis, Seoul
National University.

©YEAR, IAHR. Used with permission ISSN (Online) - ISSN (Print) - ISSN (USB)



	1 Introduction
	2 Methodology
	2.1 Description of the model
	2.2 Description of the simulation cases

	3 Results
	4 Conclusions
	5 Acknowledgements

