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1- Secondary flow
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1- Power of secondary flow
2- Vorticity
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1. Introduction

Velocity in a main channel is much higher than the floodplain in compound channels. This leads to the transfer of
momentum between the main channel water and that of the floodplain. The relative “pull” and “drag” of the flow
between faster and slower moving sections of a compound channel, complicates the momentum transfer between
them. This momentum transfer also causes a secondary flow in compound channels. Considerable research on
physical models for the behavior of the compound channels with different widths of the main channel and floodplain
have been done by Shiono and Knight [1], and Myers and Lines [2]. These researches help to understand the
complex pattern of flow and boundary shear stress that has a significant role in momentum transfer between main
channel and floodplain. Extensive studies have been for combination parameters of flow field in curved channels
with compound channels as well as done in a sinusoidal compound channels. Toebs and sooky Studies in this
direction can be pointed out [3]. In addition to compound channel, another locations that the secondary flow has an
important effect on behavior of flow filed are in the channels and rivers bends. Some of flow characteristics such as
secondary flow power and vortices power can assist to better understanding of flow filed in bends. Despite of
expanded using of these characteristics in bends, they haven’t used in compound channel too much.

In this research, the flow filed was simulated using different turbulence models and verified by experimental data in
prismatic compound channel. Then the secondary flow power and vortices power of secondary flow in compound
channel were computed.

2. Methodology

2.1. Experimental study

The data of an experimental study on a compound channel was used for verification of numerical simulation
results. Plan and cross section of the channel is shown in Fig. 1. The longitudinal velocity of the channel flow
was measured using a Novar Nixon velocitymeter. In this compound channel, the main channel has constant width,
while the width varies for floodplain.
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Fig. 1. (a) Plan, (b) Cross section of the research channel

2.2. Numerical simulation

The ANSY'S CFX package was used for the numerical modeling and analysis. In this study, for better compliance
with the experimental results, all of turbulence models in ANSYS CFX package were used. Simulations were
performed for a wide variety of width of floodplains and different discharges. The power of secondary flow was
calculated according to Shukry [4], and rotating vortex strength criteria, respectively using the Eqgs. 1 and 2.

Vow
S, = —2_ W)
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3. Results and discussion

3.1. Comparing the VOF and Rigid Lid methods for simulating free surface flows

In this study, simulation of free surface water flow in compound channels using both the VOF and Rigid Lid
procedure was carried out. Results showed that the VOF method, especially in the main channel is closer to the
experimental results than Rigid Lid method.

3.2. Comparison of turbulence models

To investigate the effect of turbulence models on flow in compound channels, simulations were carried out by
using all of turbulence models in ANSYS CFX package. Results show that the RSM maodel, in the main channel
especially in the center region is closer to the experimental results.

3.3. Comparing results of the numerical analysis and experimental transverse velocity

To evaluate the advantages of numerical simulations by ANSYS CFX package, the results were compared with
experimental results of Shiono and Knight [1]. Qualitative comparison shows that the three vortices observed by
Shiono and Knight in cross-section in compound channel are also well seen in the results of numerical simulations.

3.4. Advantages of different flood plains width and different discharges

To investigate the effect of floodplains width on the flow pattern in compound channel, the simulations was
made with constant main channel width 0.4 meter and flood plains width 0.1, 0.2, 0.3 and 0.4 meter. Then strength
of secondary flow and Rotating vortex strength were calculated by using the Egs. 1 and 2. As well as to investigate
the effect of discharge on flow pattern in compound channel, numerical simulations were carried out for fixed
channel geometry and different discharges.
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4. Conclusions

The flow field in prismatic compound channels was simulated by using different turbulence models. ANSYS-
CFX was used and results were compared with experimental data. Numerical simulation results showed that there is
a good agreement with experimental data. In this regard, result of VOF method with RSM turbulence model had a
better condition. Results also showed that by increasing the width of floodplain, the strength of secondary flow and
vortex strength (vorticity) increases in cross section especially at the junction region of floodplain and main channel
for constant discharge. Also, if the compound channels geometry does not change, the strength of secondary flow
and rotating vortex strength increase with increasing discharge.
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