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	Proposal Number:: 
	Title: Analysis, control and simulation of Newtonian and generalized Newtonian fluids with efficient outflow conditions
	box1: Objectives:   Investigation of the effectiveness of directional do-nothing boundary conditions on the simulation of Newtonian and generalized Newtonian fluids, including applications in flow control. Specifically, inflow boundary control will be considered in a portion of the boundary of a computational domain and an artificial boundary condition will be imposed on another boundary portion used to truncate the original fluid domain.   
	box2: Methodology and References (max. 3):Efficient artificial boundary conditions have long been an active research topic in the numerical approximation of fluid flows. The idea of replacing the classical do-nothing boundary condition by a so-called directional do-nothing (DDN) boundary condition was introduced by Bruneau and Fabrie in 1994, expecting a stabilizing effect by the new nonlinear term in the outflow boundary and the absence of backflow in the numerical simulations.  In recent years, the use of the DDN condition has been further explored in applications involving the Navier-Stokes equations, and our aim is to consider the effect of such artificial boundary conditions in optimal flow control for the Navier-Stokes equations and in the equations governing generalized Newtonian fluids (for example, power-law and Carreau models) used in the simulation of blood flow. In a first step, the minimization of a relevant quadratic functional will be carried out by controlling a Dirichlet-type velocity located on a part of the boundary of the fluid domain. These studies will use Lagrange multipliers to obtain the adjoint systems and the first-order optimality conditions. The novelty is the presence of the directional do-nothing boundary condition in the control problem. Then, the finite element method will be used for numerical simulations of the direct and optimal control problems. It would be interesting to consider applications in Hemodynamics, using real data. This is a good opportunity for further collaboration with the CEMAT group working on Mathematical Modeling in Biomedicine (see supervisor 2). If funding will be available, a small internship abroad in order to strengthen the knowledge and practice on optimal control and numerical analysis will be useful for the student.References include:C.-H. Bruneau, Boundary conditions on artificial frontiers for incompressible and compressible Navier- Stokes equations, ESAIM Math. Model. Numer. Anal., 34, 2 (2000), 303-314.S. Dong, A convective-like energy-stable open boundary condition for simulations of incompressible flows, J. Comput. Phys., 302 (2015), 300-328.Y. Li, J.-I. Choi, Y. Choic and J. Kim , A simple and efficient outflow boundary condition for the incompressible Navier-Stokes equations, Eng. Appl. Comput. Fluid Mech. 11, 1 (2017), 69-85.  
	Supervisor 1: Ana Leonor Mestre Vicente Silvestre (CEMAT and DM-IST, Universidade de Lisboa)
	Supervisor 2: Adélia Sequeira or Jorge Tiago, CEMAT / DM-IST, Universidade de Lisboa (regarding  possible applications to Hemodynamics)
	Affiliation: CEMAT and Department of Mathematics, Instituto Superior Técnico, Universidade de Lisboa
	Supervisor 3: 
	Requirements: Master degree in Mathematics or Applied Mathematics or a related Engineering master degree (with a strong mathematical training)
	PhD Programmes: PhD Program in Mathematics, Department of Mathematics, Instituto Superior Técnico
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