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Abstract

Introduction: In natural rivers and some urban channels, flood events often cause water to
overflow from the main channel into adjacent floodplains, creating structures known as
compound channels. These floodplains may display symmetrical or asymmetrical patterns.
Depending on factors like geometry, lateral slope, and elevation differences, multiple
floodplains can develop on either side of the main channel, forming what are called multi-
stage compound channels. Compared to simpler, classic compound channels, multi-stage
versions not only enhance flow conveyance capabilities but also offer opportunities for
recreational use or landscape improvement in urban areas.

Historically, the analysis of flow parameters and the calculation of conveyance capacities in
compound channels relied on traditional methods such as divided channel techniques and
flow resistance equations, including Manning's, Chezy's, and Darcy-Weisbach. However,
these methods often overlooked the momentum exchange between the main channel and
floodplains and the effects of secondary flows, leading to overestimations of flow rates.
Sellin's pivotal 1964 study recognized these interactions, setting a foundation for refining
existing methodologies. Despite their significance, multi-stage compound channels have
received relatively scant attention in scientific research compared to classic compound
channels.

Methodology: In this study, we used a numerical solution of the Navier-Stokes equations
through the finite volume method coupled with the RNG k-¢ turbulence model to simulate
various hydraulic characteristics of multi-stage compound channels. These characteristics
include the three-dimensional flow pattern, distribution of transverse velocity, secondary
flows, turbulence energy, and the stage-discharge relationship. The RNG k-&¢ model is
particularly effective at capturing rotational flows and large vortices, overcoming the
shortcomings of the standard k-¢ model in representing complex flow patterns in non-
circular channels and at corner locations.

To verify the validity of this mathematical model, laboratory data obtained from a channel
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with a three-stage asymmetric rectangular compound section were utilized (Singh, 2021).
The experimentation carried out in a channel with a main section width of 0.445 meters.
Adjacent to the main section, two floodplains with widths of 10 and 20 centimeters were
constructed. The bed of the main channel was constructed using glass, while the bed of the
first and second floodplains were covered with a uniform layer of synthetic grass to
introduce channel roughness. The channel itself is 20 meters in length, with a longitudinal
slope of 0.003. The total height and width of the channel are 0.5 and 0.745 meters,
respectively. The bankfull height is set at 0.0425 meters. Water flow rates within the channel
ranged from 20 to 60 liters per second to simulate varying hydraulic conditions.

Results and discussion: The turbulence intensity and momentum exchange at the interface
between the first and second floodplains are lower compared to those at the interface
between the main channel and the first floodplain. This discrepancy can be attributed to the
greater velocity differences at the interface plane between the main channel and the first
floodplain. As the water level rises, the influence of secondary currents at the interface of the
main channel and the first floodplain diminishes. However, significant secondary currents
persist at the boundary between the first and second floodplains across all investigated
relative depths, highlighting the dominance of flow dispersion over convection in the second
floodplain, particularly at shallow relative depths.

The highest flow velocity is typically observed at the midpoint of the main channel, inclining
toward its right wall, positioned away from the channel bed and close to the water surface.
The computed transverse profiles of stream-wise velocity show satisfactory accuracy in both
the main channel and the floodplains, with the second floodplain displaying particularly
good agreement. However, the modeling error is relatively significant at the interface of the
main channel and the first floodplain. The use of this mathematical model to predict flow
discharge for this channel results in an average error of approximately 3.9% and a maximum
error of 6.2%.

Conclusions: Due to the absence of experimental data on the height and width variations of
the second floodplain and their impact on flow characteristics, articulating the effects of
these variables is challenging.

Considering the use of multi-stage compound channels in urban areas, the first floodplain is
designed with a narrower width to enhance the channel's conveyance capacity. In contrast,
the second floodplain, intended to beautify the urban landscape and serve as a recreational
and tourism space, typically features tree vegetation. This landscaping not only creates high
shear stresses in the bed of the second floodplain but also results in substantial energy losses
and a noticeable reduction in the channel's conveyance capacity. Therefore, it is advisable to
design rivers or man-made flood control channels in urban areas as multi-stage compound
channels. The first floodplain should be tailored to significantly increase the channel's
conveyance capacity, while the second floodplain should focus on enhancing urban and
public landscapes. This design strategy not only optimizes flood management but also
provides safe escape routes for nearby residents during severe urban flooding.

Keywords: Finite volume Method, Quick method, RNG K-¢, Multi-stage compound channel,
Stage-discharge relationship.
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Fig. 10 Representation of experimental (a,b,c) and computional (d,e,f) secondary currents for relative depths of 0.1,0.3 and
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