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Outline

The aim of this project is to develop efficient and robust numerical methods for simula-
tion of systems of conservation laws, in particular, compressible magnetohydrodynamics
(MHD) equations. The MHD equations describe the physical phenomenon in electrically
conducted fluids. The main applications for the MHD simulations are solar and stellar
winds, magnetic dynamo, star formation, etc.. The computational part of the project
will be done using the open-source finite element software FEniCS.

Finite element simulation of shock waves in a compressible flow model.

Project description

In this project, we will develop a finite element method to solve MHD equations. These
equations are given as a system of laws for conservation of mass, momentum, and energy,
and in addition, the so-called induction equation is solved for the magnetic field. More
specifically, the MHD equations consist of the compressible Navier-Stokes and Maxwell’s
equations.

Despite the old history of this system some basic mathematical questions, such as
existence and uniqueness of solutions to the Navier-Stokes equations, remain unsolved
in three space dimensions. The problem becomes even more difficult when the speed of
the fluid gets close or exceeds the speed of sound. Introducing the additional induction
equation for the magnetic field, the presence of strong shocks, contact discontinuities,
and expansion waves, make the mathematical analysis more complex and troublesome
to analyze. Therefore, numerical approximations of this system remain as an option in
order to understand the physics behind.

In this project we address the following main goals:

(1) Inviscid MHD equations: develop nonlinear stabilization techniques to stabilize
the inviscid MHD equations;

(2) Invariant domain: develop positivity and invariant domain preserving schemes;
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(3) Turbulent flow: develop and analyze numerical stabilization methods to simulate
compressible turbulent flow, to compare with the state of the art explicit Large
Eddy Simulations;

(4) Software development: implement parallel finite element algorithms in the frame-
work of the FEniCS project;

(5) Applications: use the developed tools from the above steps to simulate large scale
supersonic turbulence such as solar winds and star formations.

Murtazo Nazarov collaborates with leading research groups in Sweden and abroad, so
there will be a possibility for collaboration and research visits to those groups.

Qualification

A suitable background for this position would be a Master of Science in Mathematics,
Physics or Engineering, with a specialization in numerical analysis and with experience
in scientific computation. It is expected that the applicant has sufficient programming
knowledge in C/C++/Fortran or Python. A good knowledge in finite element analysis
counts as a merit.

Moreover, applicants must be strongly motivated for doctoral studies, possess the abil-
ity to work independently and perform critical analysis as well as possessing good levels
of cooperative and communicative abilities.

Advisors

Murtazo Nazarov, Div of Scientific Computing, Dept of Information Technology, Upp-
sala University, SE-751 05 Uppsala

Email address: murtazo.nazarov@it.uu.se
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