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Abstract

One of the main characteristics of the shallow water model is that the vertical
dimension of the flow is small compared to its horizontal dimension, on this basis
the flow is considered almost horizontal, and also the pressure distribution in the
depth can be hydrostatically commented These assumptions simplify the
equations and solve them numerically. In finite volume methods, any field with
complex boundary conditions can be easily analyzed by using an irregular
triangular grid. While in finite difference methods, it is very difficult to achieve
high accuracy methods and has a high computational cost, and the application of
finite difference schemes in fields with complex boundary conditions, which
often happens in practice, It is very difficult and practically impossible. In this
research, after developing the two-dimensional numerical model of the flow using
the finite volume method in the Fortran programming language, taking into
account the time halving scheme and using triangular grids, the flow pattern in
open channels was investigated. Also, several zero-equation turbulence models
including parabolic model, Parantel mixing length and Smagorinsky model were
compared. The results of comparisons with laboratory data show the high
accuracy of the numerical model in the simulations.

1. Introduction

Simulation of water flow in canals and rivers has been the subject of many researches in the field of
hydraulics and river engineering (Azevedo et al., 2000). The use of two-dimensional numerical
modeling can be considered as an option for predicting the performance of hydraulic designs of the
structure. Namin et al., (2004) presented a numerical model for predicting free surface flows in estuarine
and coastal basins using the finite volume method to solve the shallow water equations from both
accurate and non-oscillating second and third order numerical schemes. They used an unstructured
triangular network in their model. They also stated that the quality of the mesh has a major impact on
the overall performance of the numerical model. This model has been used to simulate two-dimensional
dam-break flows for which transient water level distributions are measured in a laboratory flume.

The purpose of this article is to prepare a numerical code in Fortran programming language using finite
volume method with irregular triangular mesh to simulate two-dimensional flow in open channels.
Multi-channel data was used to evaluate the numerical code.
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2. Materials and Methods

In this research, at first, using the finite volume method, two-dimensional numerical model of the flow
was prepared. For this purpose, using the time splitting scheme in the Fortran programming
environment, the different terms of the equations governing the separation flow were analyzed and
solved. For this purpose, after separating and solving the governing equations of the flow in the
programming environment, it is made into a subroutine and its validations are carried out in two-
dimensional mode with the observational data related to the dam failure, the laboratory channel with
breakwater, Rajaratham and Nwachukwu (1983) and Xie laboratory channel (1994) with a sudden
opening in the width was done.

3. Results

To solving the two-dimensional flow equations in this study, a time splitting scheme was used.
Accordingly, the numerical solution of the governing equations consists of three steps. In the first step,
the transfer equation (advection and diffusion) for p and g (velocity fluxes in the x and y directions) is
solved. In the second stage, the friction of the channel bed is separated and its effects on the flow are
added. Finally, the gravity term in momentum equation and the continuity equation are solved
simultaneously. the results indicated the high accuracy of the numerical model in the simulations.

4. Discussion and Conclusion

The results of the simulations are presented for the numerical model of the current research in Xie
laboratory channel (1994) for four sections downstream of the expansion site. Based on the mentioned
figures, there is a good agreement between the measured and simulated data, and the flow in the main
channel as well as the rotating area follows the trend of the measured data. In the experimental model
of Rajaratnam and Nwachukwu (1983) of the flow around the breakwater, the flow field is well
simulated and has a very high agreement with the measured data. Also, the statistical parameters in the
failure model of Chaudhry (2008) showed the results of the simulations with the presented analytical
solution with high accuracy.
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