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Master thesis presented by BCAM internships
 Aitziber IBAÑEZ  and Josu IZARRA

She started at BCAM-Basque Center of Applied Mathematics as an Internship 
and then as  a PhD Student within Partial differential equations, numerics and 

control Research Line and has finished her Master degree in Computational 
Engineering and Intelligent Systems this month at the Euskal Herriko 

Unibertsitatea/University of the Basque Country, Donostia, Basque Country, 

Spain.

IBAÑEZ´s main research interest is in the area of Control Theory.

Her Master Thesis:  

Optimal control and turnpike properties of the Lotka-Voterra model

The Lotka-Volterra equations, also known as predator-prey equations, are a 
differential nonlinear system of two equations, and are used to model 
biological systems where two species interact: a prey and a predator. In this 
work, in spite of analysing it, we treat it as an optimal control problem and we 
study how to apply the Potryagin Maximum Principle to it and, on the other 
hand, solve it using the routine IPOPT. The final goal is to study the Turnpike 
property of the Lotka-Volterra model and to use it to improve the classic 
indirect shooting method to solve it numerically.

Advisor: Enrique ZUAZUA, BCAM and Ikerbasque

Date and Place: Friday, September 19, 2014, 10:30h, Computer Science 

Faculty, Euskal Herriko Unibertsitatea/University of the Basque Country, 

Donostia, Basque Country, Spain.
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Josu IZARRA    

He started at BCAM-Basque Center of Applied Mathematics as an Internship 

within CFD Computational Technology and has finished his Master degree in 

Math Modelling and Computational Statistic, at the Euskal Herriko 
Unibertsitatea/University of the Basque Country, Vitoria-Gasteiz, Basque 

Country, Spain, doing the Master final project this  month at BCAM working on 
FEniCS project "Analysis of the Venturi effect in a jet of gas".

IZARRA´s main research interest is in the area of Industrial Management.

His Master Thesis:  

Adaptive computation of turbulent flow with applications in home 
appliance design

The main goal of this  project is to build a simulation model of a jet that ejects 
gas through a nozzle into a mixing tube. The gas  is mixed with air which is 
dragged by the Venturi effect that the jet causes. To build the model we use 
the Finite Element Method (FEM) and the Navier-Stokes Equations (NSE), 
which describe the conservation of mass, momentum and energy in a fluid.

This  method can show us how the gas and the air are mixed in the mixing tube 
and a future use can be to determine when the perfect mixture happens or if 
the geometry is changed how it affects the mixture. For the model building we 
start with the mesh of the nozzle mixing tube, also we have the velocity of the 
jet, the boundary conditions and the physical properties of the gas and the air.
The free software project used for building the model is  named FEniCS which 
solves differential equations and one of most important application is making 
solutions for FEM problems.

We have all the necessary conditions to build the model, but in order to get a 
better outcome we have to define the appropriate conditions  for the auto-
adaptive mesh which FEniCS works with . As that mesh is based on an error 
goal function, finding an appropriate one of it will mean to build an accurate 
enough mesh on the least time which finally comes to lower error and less 
time wasted by the simulation.
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Moreover, the way in which the mixture can be detected and showed is  also 
important to be defined because it is absolutely required for solving the 
problem. The only magnitude showed by FEniCS which can tell us something 
about it is the density of the gas into the mixing tube as that physical 
characteristic both of the gas and the air is different. Initially this is the only 
way to know the evolution of both fluids differentiated. Otherwise, we could 
also try to add another property on those gases in order to make easier to 
distinguish them and know their mixing degree.

Advisor: Johan JANSSON, BCAM 

Date and Place: Friday, October 3, 2014, 9:30h at Science and Technology 
Faculty, Euskal Herriko Unibertsitatea/University of the Basque Country, Leioa, 

Basque Country, Spain.

AITZIBER and JOSU, Congratulations, we are very delighted and proud of  

your success!
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