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Various environmental engineering applications related to water resources involve unsteady free surface flows. A full 3D Models based on Navier-Stokes equations is a good description of the physical features of the considered problem. However this approach is characterized by an important computational effort, that we aim to reduce in some case by the help of 2D models or by appropriate coupling models of different dimensions. These models may concern several phenomena as for example lake eutrophication, transport of pollutant, flood in rivers, watershed, etc. The models developed in this context and presented in this work can be classified into two following categories: two phase flows model, Navier-Stokes based, and shallow water flow model.

We present first the two phase flows model used to give remedial actions against eutrophication effects in lakes; a water reservoir is generally considered eutrophized when the concentration of dissolved oxygen reaches a low level : less than 3 mg/l. The main idea consists on injecting a source of compressed air in the reservoir bottom in order to create a dynamic and consequently oxygenate water. The numerical simulation of the resulting flow by conventional models such as the two fluids model or Lagrangian model leads to many difficulties mainly due to the complexity of these models, to the large scale of the problem and to the necessity of a fine grid needed for computations in order to have a good representation of bubbles effect. These difficulties limit the interest of these classical models and has led us to suggest some cheap and realistic alternatives; it consists to consider a one phase flow model, based on velocity-pressure semi-compressible Navier-Stokes equations, taking into account bubble dynamics in the first hand through boundary conditions related to air injection velocity at the aerator position and in the other hand by introducing in this first model in addition to the boundary condition, some correction terms representing the forces applied by the bubbles on water. In this spirit, two models for the numerical study of the treatment of the lake eutrophication through this mechanical aeration process, with a fixed water free surface are considered. In the same framework, a simplified two fluids (air-water) model with a moving water free surface is considered. Some realistic assumptions on the wind velocity and the atmospheric pressure are introduced. This model describes the water phase by the incompressible Navier-Stokes equations, in velocity-pressure formulation, coupled to suitable boundary conditions on the free surface, modelled by a convection equation, which determines the wet domain by using the void fraction function of the water. Another aspect consists to combine these two approaches for handling two phase flow effects, taking into account the free surface. This allows us to treat more suitably the wind effect on the surface of the lake and consequently to improve the dynamic results of the bubbles aeration effects.

The second kind of models presented in this work describes flood in river, tidal fluctuation, bay and estuary flows, breaking waves on shallow beaches, etc. It is derived from 3D incompressible Navier-Stokes equations, by depth-averaging of the continuum mass and momentum balances. These models involve fluid domain geometries characterized by their complexity and variability, and large scale computational aspects. So the a priori and a posteriori error analysis are very suitable for such flows. Moreover, in realistic simulations, the computation cost being very expensive, the error indicators is a perfect tool for predicting in which parts of the fluid domain the flow model may be considered 1D, 2D or 3D, and coupling the resulting multi-dimensional models. The shallow water model governed by the well known Saint-Venant equations written in the non conservative form is proposed. 

From the numerical point of view, the approximation of the models mentioned above is based on the characteristics method for the time discretization of the advection terms. This method leads to an upwind scheme, which has the double advantage, on a side to be closed physically to convection, and on another side to be an explicit scheme unconditionally stable in the finite element context, allowing therefore the use of large and reasonable time steps. At each time level, we have to solve a quasi-Stokes like problem, approximated by P1/P1 mixed finite elements for the velocity-height St-Venant formulation or by (P1 + bubble /P1) mixed finite elements for the velocity-pressure Navier-Stokes formulation, to ensure the discrete LBB condition necessary in this context. For both formulations, an a priori error estimates are given as well as some numerical results validating these methods on sample examples or on real crossed 2D lake sections. In addition, another formulation of the conservative form of Saint-Venant equations is also considered, and the numerical analysis of error indicators based on the residual of the discretized variational formulation of the associated equations is presented. The numerical simulation are carried out for this model with the free software FESWMS-2DH, which is based on the Crank Nicholson scheme for the time discretization, and by P2/P1 finite elements for the spatial velocity-height approximation. Some numerical results on the a posteriori error indicators are presented validating the method which permits to improve the quality of the mesh used in the simulation of a flow on some academic test case as well as on a real river Ourika, in Morocco.
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