Iranian Hydraulic Association
Journal of Hydraulics et Research Article

g

Vol. 19, No. 1, PP. 13-27, Spring 2024  wmswssucssedsin  https://doi.org/10.30482/jhyd.2023.376664.1627

Numerical Study of Flow Characteristics at the Confluence of
Two Compound Channels

Seyed Mohammad Mahdi Alemi?, Hojat Karami?*

1- M.Sc. Student, Water Eng. and Hydraulic Structures, Department of Civil Engineering, Semnan
University, Semnan, Iran.
2- Department of Water and Hydraulic Structures Engineering, Faculty of Civil Engineering, Semnan
University, Semnan, Iran.

* hkarami@semnan.ac.ir

Received: 20 December 2022 J. Hydraul.
Accepted: 14 August 2023 $$$ Iranian Hydraulic Association
Discussion: 21 June 2024 Homepage: www jhyd.iha.ir
Abstract

Introduction: When two or more streams are combined, a stream with different
characteristics is formed. Although combining flows are common in natural streams, no
comprehensive experimental data has been compiled to characterize the three-dimensional
flow field within the compound channel confluence. The present study focused on numerical
study of the water surface profile, velocity and turbulence energy at the confluence of two
compound channels by examining different flow ratio, channel width ratio and the angle of
the channel’s wall.

The important difference between this study and previous studies is in two points. First, it
seems that the flow field in the compound channel is relatively different from the simple
channel. Second, the most of the natural sections are closer to the compound section.

Methodology: Two study methods are proposed to analyze the intersection of channels.
Experimental study and numerical study. But the empirical study has some faults and
limitations. For example, time-consuming, high cost in repeating experiments and human
errors. Therefore, the current study has investigated the water surface profile using
numerical study.

As all numerical studies, several step must be taken. First, choosing the software used for
numerical simulation, which is used here from Flow-3D because of its ability to simulate the
intersection of two flow. Next, finding the data obtained from the experimental test for
testing Flow-3D software. Different size of cells and turbulence models should be explored to
obtain the closest results to experimental data. Then, the simulation’s results are compared
with the experimental data. If the MAE, RMSE and R? value were appropriate, it is
concluded that the modeling has sufficient accuracy. The values of MAE, RMSE and R? for
the most optimal simulation with the k-w turbulence model were respectively calculated as
0.0175, 0.0189 and 0.95. So it is possible to continue the research and simulating other
samples that have not been done in the laboratory.

Results and Discussion: The height of the water reaches to maximum in the middle of the
intersection and then decreases to a minimum at a distance of about one meter from the
confluence of two channels. After this point, the height of the water increases again to reach
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the equilibrium state. Here, the effect of 3 parameters on the surface profile is investigated;
with the assumption of constant angle of intersection of two channels (90 degrees).

For an increase of 14.73 times the ratio of the width of the channels, the minimum water
depth decreased by 42.2%. Also, reducing the flow rate by 11 times and the wall angle of the
channels to one third has reduced the minimum water depth by 10.7 and 10.5 percent. As a
result, increasing the width ratio of the channels has had the greatest effect on the surface
profile and also reducing the flow rate and angle of the channels have almost the same effect
on the water depth inside the main channel.

The velocity and the turbulence energy were investigated for four specific simulations in
order to get a better understanding of the intersection of two compound channels. These 4
modes are: maximum and minimum flow rate and channels with trapezoidal and
rectangular sections (with the same flow rate).

As a result, with the decrease of Qr, the velocity changes increase, and also, with its increase,
the velocity changes decrease that seems it has a constant value. But with the decrease of the
slope of the channel wall, the flow velocity does not decrease much compared to the increase
of the free width.

As the flow rate increases, the turbulence energy also increases. However, the effect of
reducing the wall slope on increasing the turbulence energy is up to 3 times higher.

Conclusion: The main changes and characteristics of the intersection of two combined
channels are related to the characteristics of the tributary channel.

From the comparison of the intersection of simple and compound channels, it is clear that the
surface profile is the same in both channels. However, the main difference between the two
channels is that the separation zone in the compound channel is very small compared to the
simple channel or it is not formed at all. It should be noted that the only mode of formation
of the separation zone in the compound channel is related to the trapezoidal section.
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Fig. 2 Turbulence area at the intersection of 60 degrees
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channel bed (Rooniyan, 2014)
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Table 3 Specifications of simulations

name Bm Bt Br Qm Qt Qr Mm mt
w1 0.46 0.23 2 0.042 0.127 0.25 90 90
W2 0.12 0.23 0.53 0.042 0.127 0.25 90 90
W3 0.23 0.46 0.5 0.042 0.127 0.25 90 90
W4 0.23 0.12 191 0.042 0.127 0.25 90 90
W5 0.46 0.46 1 0.042 0.127 0.25 90 90
W6 0.12 0.12 1 0.042 0.127 0.25 90 90
W7 0.46 0.12 3.83 0.042 0.127 0.25 90 90
W8 0.12 0.46 0.26 0.042 0.127 0.25 90 90
W9 0.23 0.23 1 0.042 0.127 0.25 90 90
T1 0.23 0.23 1 0.042 0.127 0.25 60 90
T2 0.23 0.23 1 0.042 0.127 0.25 30 90
T3 0.23 0.23 1 0.042 0.127 0.25 90 60
T4 0.23 0.23 1 0.042 0.127 0.25 90 30
T5 0.23 0.23 1 0.042 0.127 0.25 60 60
T6 0.23 0.23 1 0.042 0.127 0.25 30 30
T7 0.23 0.23 1 0.042 0.127 0.25 60 30
T8 0.23 0.23 1 0.042 0.127 0.25 30 60
T9 0.23 0.23 1 0.042 0.127 0.25 90 90
Q1 0.23 0.23 1 0.014 0.156 0.083 90 90
Q2 0.23 0.23 1 0.042 0.127 0.25 90 90
Q3 0.23 0.23 1 0.071 0.099 0.417 90 90
Q4 0.23 0.23 1 0.099 0.071 0.583 90 90
Q5 0.23 0.23 1 0.127 0.042 0.75 90 90
Q6 0.23 0.23 1 0.156 0.014 0.917 90 90
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U-velocity (nvs)
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