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1. Introduction

Prediction of flow field in compound channel is an important task for hydraulic researches because of the three
dimensional nature of the flow. In compound channels with prismatic floodplains, the main feature consists of the
interaction effect between the fast moving flow in the main channel and the slow moving flow on the floodplains.
This difference creates a high shear layer at the interface between the main channel and floodplains, leading to the
generation of the large scale vortices with vertical axes, as well as the helical secondary with longitudinal axes, as
shown by Sellin [1], Tominaga and Nezu [2], Ikeda [3], Bousmar [4] and Rezaei [5].

2. Methodology

2.1. Experimental model

Experiments were carried out by Rezaei [5], using an 18 m flume at the University of Birmingham, Department
of Civil Engineering. A compound channel of simple rectangular cross-section was selected and all experiments
were performed in a straight flume, 1200 mm in width, 400 mm in depth and with the average bottom slope of Sy =
2.003x1073, Using PVC material, rigid and smooth boundaries were constructed both for the main channel of 398
mm width and 50 mm depth, as also for the floodplains 400 mm wide. However, for experiments in prismatic
compound channels, the. main channel and floodplains were isolated using L-shaped aluminium sections to make
different floodplain widths, 200 mm, 200 mm, 300 mm and 400 mm.

2.2. Numerical modelling

The Reynolds Averaged Navier-Stokes equations are numerically solved using the x—& turbulence model. The
ANSYS-CFX software is used to predict the depth-averaged velocity and boundary shear stress in prismatic
compound channels with different floodplains widths. The results of numerical modelling were then compared with
the experimental data. Details of mesh griddling in section is shown in Fig. 1.
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o

Fig. 1. Details of mesh gridding in half a section

3. Results and discussion

The results of study show that, more or less, there are good agreement between experiential data of depth-
averaged velocity and boundary shear stress distributions and the numerical data. Also based on the momentum
balance for a control volume in the main channel, the percentage apparent shear forces on the vertical and horizontal
interfaces between the main channel and floodplains are calculated and shown plotted in Fig. 2.
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Fig. 2. Percentage apparent shear forces on the vertical and horizontal interfaces versus relative depth for the experimental and
numerical modeling data

Fig. 2 shows that for prismatic compound channels, the percentage apparent shear forces on the vertical interface
are always positive and increasing at low floodplain depths, reach a maximum at around a relative depth of 0.3, and
then decrease for higher floodplain depths. However, this maximum value is related to the flume geometry, since as
the floodplain width increases, the maximum value of the percentage of apparent shear force on a vertical interface
also increases. The positive values of percentage apparent shear force on a vertical interface indicate that the slower
floodplain flow retards the faster main channel flow in all cases studied herein. In the case of a horizontal interface,
the absolute value of percentage of apparent shear forces increases as the relative depth and floodplain width
increase. The negative values of the percentage apparent shear force on a horizontal interface indicate that the upper
region of flow accelerates the flow in the lower main channel.

4. Conclusions

The velocity and boundary shear stress distributions in prismatic compound channels with different floodplain
widths were numerical simulated using the x—¢ turbulence model. The results of numerical modeling were then

compared with the experimental data. The study shows that the x—¢ turbulence model is able to predict the depth-
averaged velocity in prismatic compound channels with different floodplain widths fairly well, especially for high
relative depths. To compare with depth-averaged velocity, the shear stress distribution predicted by the numerical
model is in less agreement with the experimental data. Also forces balance on the vertical interfaces indicates that,
for different floodplain widths, by increasing water depths the interaction between main channel and floodplains
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increase and reaches a maximum value at around a relative depth of 0.3 and then by increasing relative depth the
interaction decreases.

5. References

[1] Sellin, H. J., “A Laboratory Investigation into the Interaction between Flow in the Channel of a River and That
of Floodplain”, La Houille Blanche, 1964, 7, 793-801.

[2] Tominaga, A., Nezu, I., “Turbulent Structure in Compound Open Channel Flows”, Journal of Hydraulic
Engineering, 1991, 117 (1), 21-40.

[3] lkeda, S., “Role of Lateral Eddies in Sediment Transport and Channel Formation”, River Sedimentation,
Jayawardena, Lee and Wang, eds., Balkema Rotterdam, 1999, 195-203.

[4] Bousmar, D., “Flow Modeling in Compound Channels-Momentum Transfer between Main Channel and
Prismatic and Non-prismatic Floodplains”, PhD Thesis, Universite Catholige de Louvian, Belgium, 2002.

[5] Rezaei, B., “Overbank Flow in Compound Channels with Prismatic and Non-prismatic Floodplains”, PhD
Thesis, University of Birmingham, UK, 2006.


www.SID.ir

