


Numerical Simulation of Flooding Using One-Dimensional Saint-Venant Equations with Trigonometry Water Level Representation


	Abstract : This paper presents a numerical study of flooding using the one-dimensional Saint-Venant (shallow water) equations, which describe the conservation of mass and momentum in free-surface flows. The model is developed under simplified assumptions, including flat topography and the absence of additional source terms such as friction or rainfall. 
Sinusoidal functions are used to define the initial water level profile and analyze spatial flow variations. The numerical solution is obtained using the finite volume method with Rusanov and HLL flux schemes, and wall-type boundary conditions are applied at the domain edges. The results illustrate the evolution toward hydraulic equilibrium, with increasing water height and decreasing velocity demonstrating the qualitative effectiveness of the proposed approach for understanding flood dynamics in a controlled setting.
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1. Introduction
A flood is an overflow of water that covers normally dry areas, often caused by drainage problem or by rivers overflowing after heavy rainfall [1]. Globally, several million people live under the threat of flooding. Floods are among the main natural disaster risks facing the world. Understanding and predicting these phenomena are therefore essential for improving risk management and protecting populations. To this end, mathematical modeling and numerical simulation are essential tools for analyzing, predicting, and mitigating the effects of flooding.
In fluid dynamics, there exists a system of partial differential equations (PDEs) called the Saint-Venant system, which plays a central role in the study of free-surface flows. It describes the dynamic behavior of water while taking into account terrain topography, slopes, and acting forces. Nowadays, it is widely used to model many physical phenomena such as runoff, oceanography, environmental protection, pollution transport, climate change impact, dam-break flows, tidal motion, flood propagation, and sediment transport [2-10]. Trigonometry also plays an important role in representing geometric profiles and in calculating  slopes, water depths, and inclination angles using trigonometric functions (sine, cosine, tangent, and cotangent), which are key elements in flow dynamics. It is also applied in many scientific fields such as mechanics, acoustics, geography, geodesy, optics, physics, electricity, and electronics.
Despite its widespread use, the Saint-Venant system has two main difficulties: first, accounting for topography, friction, and infiltration makes the numerical resolution complex; second, analytical solution are generally not available. To overcome these difficulties, numerical methods are used to approximate the solution. One of the most commonly used approaches for solving the Saint-Venant system is the finite volume method. The main advantage of this method is that it ensures mass conservation, which is a fundamental  property that must be satisfied in fluid flow simulations.
The objective of this work is to implement a numerical simulation of flooding by combining the homogeneous Saint-Venant equations with trigonometric tools in order to analyze the evolution of water levels and flow velocities in a given domain under prescribed boundary conditions. This approach aims to provide a scientific basis for understanding the phenomenon and improving flood risk prevention and management strategies with resource- limited contexts.
This paper is organized into six sections.
In the second section, we present the one-dimensional Saint-Venant system without source term and its conservative formulation.
The third section is devoted to the numerical solution of the system, including the presentation of the finite volume method [11,12] and the numerical flux schemes, namely β-Rusanov and HLL [13-16].
In the fourth section, we simulate a flooding phenomenon over flat and smooth terrain without infiltration, and impose zero discharge at the outlet of the domain, corresponding to downstream wall boundary condition.
In the fifth section, we present a comparative discussion of the results.
2. One-dimensional Saint-Venant system without source term

The Saint-Venant equations are differential equations that describe free-surface flows. These equations are used to simulate variations in water depth and velocity over time and space based on the principles of conservation of mass and momentum.
The one-dimensional homogeneous Saint-Venant system is given by:

                                  (1.1)
with
·   represents the water height at point   at time  
·    is the water velocity at the point   at time  
·   is the gravitational constant.
This system can be written in the following conservative formulation :
                               (1.2)
with    and  ;
where  is the momentum.
Barré de Saint-Venant derived the nonlinear system (1.1) by vertically integrating the three-dimensional Navier-Stokes equations, under several physical assumptions and approximations [17]. 
3. Numerical Resolution
3.1 Finite volume method
The finite volume method consist of dividing the computational domain into a set of elementary control volumes, called “cells or mesh elements” that form non-overlapping partition of the domain [18,19]. These volumes may be polygonal, with shapes and numbers of sides depending on the mesh. 
The governing partial differential equations are then integrated over each control volume to obtain a system of discrete equations. The main advantage of this method is that it ensures the conservation of fluxes across the interfaces between adjacent cells.
The solution   of problem (1.1) is approximated by the discrete values.
 ,  ,  representing the average of  in the mesh
  at time  with  and  is the time step.  The meshes  are centered at , such that the spatial step . 
By integrating ) over ,  we obtain :
                                         (1.3)
with

and


represent approximations of the normal fluxes, i.e., numerical fluxes on the two interfaces of mesh   at time 
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Figure 1 : Domain mesh 1D
  and   are the fluxes across the small control volume centered at  and of length . 
3.2 Flux approximation
Several methods exist in the literature to approximate the numerical flux. In the present work, we use the simplest and therefore most widely used ones : the HLL flux and the new variant of Rusanov scheme, namely the −Rusanov scheme.
3.2.1 −Rusanov scheme 
Let and   denote the data in the two neighboring cells. Then, the −Rusanov flux [13] is given by :
                                            (1.4)
Where  is the maximum wave speed, computed from the largest eigenvalue of the local Jacobian matrix in the cell, and the new reconstructed data are obtained as follows :
   and   
with  a real such as .   and  are eigenvalue of the matrix :   .
3.2.2 HLL scheme
The HLL (Harten, Lax and Van Leer) flux [11] is written as follows : 

With   and 
4.  Numerical simulation of a flooding phenomenon
The domain is , it is subdivided into  cells with Dirichlet boundary conditions :
   
We used the Fortran programming language to obtain the following velocity and water-depth profiles :
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Figure 2 : Profiles of the solution computed t = 0 s
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Figure 3 : Profiles of the solutions computed at t=0,02 s
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Figure 4 : Profiles of the solutions computed at t=0,12 s
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Figure 5 : Profiles of the solutions computed at t=0,15 s
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Figure 6 : Profiles of the solutions computed at t=0,24s
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Results
The objective of this numerical test is to simulate a flooding phenomenon over flat, impermeable ground using trigonometric initial conditions.
In Fig. 2, a sinusoidal water depth is observed at the initial time. Under the effect of gravity, variations in both velocity and water depth appear in Figs. 3 and 4.
Due to the dowstream wall boundary condition (zero discharge at the outlet of the domain), a reflection of the water surface is observed for both schemes, marking the onset of hydraulic equilibrium. 
At time t=0.24 s, both models reach an equilibrium state. The water depth increases progressively while the velocity decreases until it stabilization. 
The β-Rusanov scheme converges faster than the HLL scheme, showing a clearly more diffusive behavior.
5. Discussions
Numerical simulations based one the one-dimensional Saint-Venant equations demonstrate a consistent evolution of water depth and flow velocity. An initial sinusoidal profile, defined using trigonometric functions, generates pressure gradients that drive water motion under gravity.
The imposition of a downstream wall boundary condition results in gradual water accumulation and upstream waves reflection, illustrating the establishment of hydraulic equilibrium. Over time, water depth increases while velocity decreases, eventually approaching zero.
Comparison of the numerical schemes shows that the β-Rusanov scheme converges more rapidly than the HLL scheme due to its more diffusive characteristics. These results confirm the that the finite volume method can qualitatively reproduce the flooding phenomenon within a simplified  computational framework.
5.1 Comparative discussion with the literature
 The results obtained are consistent with those reported in the literature on the modeling of free-surface flows using the Saint-Venant equations. Several studies have shown that finite volume methods can accurately represent wave propagation and the evolution toward hydraulic equilibrium in idealized one-dimensional configurations.
Studies such as those by Navarro et al. [7] and Caleffi et al. [3] also highlight the importance of boundary conditions in water accumulation and the formation of steady states, phenomena observed in the present study. Furthermore, the faster convergence of the β-Rusanov scheme compared with HLL scheme is consistent with results reported in the literature, particularly those presented by Kader and al. [13], where the more diffusive nature of the scheme promotes rapid stabilization of the solution.
However, unlike more advanced studies incorporating topography, friction, or two-dimensional models, the present work is restricted to a simplified framework. Nevertheless, this approach remains relevant for qualitative and educational analysis of flooding phenomenon and provides a solid basis for future extensions toward more realistic models.


6. Conclusion
 In this study, we investigated flooding phenomenon using a numerical simulation approach based on the Saint-Venant equations and trigonometric  functions to represent water depth and velocity.
The obtained results show that numerical simulation is an effective tool for understanding flood dynamics and identifying potentially vulnerable areas. It also offers valuable prospects for decision support in land-use planning and water resource management.
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