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Objective: In this study, a two-dimensional numerical model is presented to simulate the
flow in open channels. The governing equations of the flow are depth-averaged Navier-
Stokes equations, which are separated and solved using the finite volume method and the
time-splitting scheme. One of the advantages of the time-splitting method is the ability to
solve the different terms of the equations separately using the best numerical scheme.
Another advantage of this method is its simplicity and ease of understanding, because in
all stages the equations are solved in one dimension.

Method: Generating the mesh is one of the most important initial operations for solving
the governing equations. in this research, a regular rectangular grid was used. The water
level variable was defined at the center of the cell and the velocity and discharge were
defined at the boundaries of each cell. In order to solve the governing equations of the
flow in this model, each time step is divided into several stages. Initially, the advection
terms of the equation of motion were solved based on the Fromm scheme and its output
was considered for the diffusion term. The diffusion term in the momentum equation was
solved implicitly using the TDMA algorithm. Then, the friction term in the flow equation
was separated and solved explicitly, and then the water level was calculated by
simultaneously solving the continuity equation and the remaining terms of the momentum
equations.

Results: In order to verify the validity of the two-dimensional model, The longitudinal
profile of gradually varying flow in a rectangular channel, hydraulic jump, sudden
channel opening, and asymmetric dam failure were considered for evaluating the model.
The output results of the numerical model show that the developed model is capable of
simulating the flow for different conditions with appropriate accuracy.

Conclusions: The time splitting algorithms with staggered grid approach are used to
handle the coupling of water depth and velocity parameter. In this case, water level
variable was defined at the center of the cell and the velocity and discharge were defined
at the boundaries of each cell. The proposed model has been tested in several experimental
cases of flow. The simulated water depth and velocity in time and space are in good
agreement with the measured data.
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Introduction

Simulation of water flow in canals and rivers has been the subject of many researches in the
field of hydraulics and river engineering. The use of two-dimensional numerical modeling can
be considered as an option for predicting the performance of hydraulic designs of the structure.
Because of the complexity of the turbulent flows with free water surface, the numerical
simulation of flow in open channels is very challenging. Its advancement can be attributed to
many successful numerical techniques developed in the field of computational fluid dynamics.
Among these techniques, the staggered grid approach has been widely adopted to solve the
Navier—Stokes equations. In this study, a two-dimensional numerical model using the finite
volume method and the time-splitting scheme is presented to simulate flow in open channels.
One of the advantages of the time-splitting method is the ability to discrete and solve the
different terms of the equations separately using the best numerical scheme. Another
advantage of this method is its simplicity and ease of understanding, because in all stages the
equations are solved in one dimension.

Method

Generating the mesh is one of the most important initial operations for solving the governing
equations. Therefore, in this research, a regular rectangular grid with dimensions dx and dy
was used according to Fig (1). The water level variable was defined at the center of the cell
and the velocity and discharge were defined at the boundaries of each cell.
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Figure 1. Grid used to separate the governing equations of the flow

In this research, the time-splitting method is used to separate the different components of the
equations. In this method, each time step is divided into several stages. In the first step, the
advection terms of the momentum equation in the x and y directions are solved to calculate the
fluxes (p, q), and then the diffusion terms in both directions are separated and solved. It should
be noted that in solving the diffusion terms, the output results of the first stage are used. Then
the friction term is separated from the momentum equation in an explicit manner. In the next
step, the continuity equation and the remainder of the momentum equation, i.e., the
gravitational term, are simultaneously separated and solved. One of the advantages of the time-
splitting method is the possibility of solving the different terms of the equations separately
using the best numerical scheme. Another advantage of this method is its simplicity and ease
of understanding, because in all stages the equations are solved in one dimension.

Results

In order to verify the validity of the two-dimensional model, various tests, whose solutions
are available in the form of theory or laboratory measurements, were used. The longitudinal
profile of gradually varying flow in a rectangular channel, hydraulic jump, sudden channel
opening, and asymmetric dam failure are the tests considered for evaluating the model. As an



DEVELOPMENT OF A TWO- DIMENSIANAL ...|Montfi et al 3
example, the water surface profile 7.5 seconds after the dam failure 1s simulated by the model
and is shown in Fig (2).
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Figure 2. Simulated water surface profile 7.5 seconds after dam failure

Comparison of the numerical model output results with experimental data and analytical
solution shows that the developed model is capable of simulating flow for different conditions.

Conclusions

The proposed model adopts the finite volume method on a rectangular grid to solve the depth-
averaged 2D equations of unsteady open-channel flow. The time splitting algorithms with
staggered grid approach are used to handle the coupling of water depth and velocity parameter.
In this case, water level variable was defined at the center of the cell and the velocity and
discharge were defined at the boundaries of each cell. The proposed model has been tested in
several experimental cases of flow. The simulated water depth and velocity in time and space
are in good agreement with the measured data.
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