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Outline

The aim of this project is to develop efficient and robust numerical methods for simu-
lation of multiphase compressible flow phenomena. Applications range from combustion
of reactive gases in engines to dispersion of pollution in the atmosphere. The project
is a scientific challenge, as well as addresses important societal problems, such as fuel
efficiency and air pollution in urban areas.

This project will be a collaboration between Uppsala University and “Adaptive Simula-
tion AB”. “Adaptive Simulation AB” is a fast growing company with a wide experience in
numerical analysis, computational mathematics and fluid dynamics. The computational
part of the project will be done using the open-source finite element software FEniCS.

Figure 1. Finite element simulation of shock waves in a compressible flow
model.

Project description

We will develop a finite element method for the compressible Navier-Stokes equations.
These equations are given as system of laws for conservation of mass, momentum and
energy. Despite the old history of this system some basic mathematical questions, such
as existence and uniqueness of solutions to the Navier-Stokes (NS) 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. New flow phenomena de-
velop such as strong shocks, contact discontinuities and expansion waves, which makes
the mathematical analysis more complex and troublesome to analyze. Therefore, numer-
ical approximations of solutions to the NS equations remain as an option in order to
understand the physics behind.

The contribution of chemical species and gases are modeled by adding reaction terms
to the NS equations. These terms are usually make the system very stiff which creates
additional difficulties for numerical simulations. In spite of the fact that many efficient,
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high order numerical methods are introduced to solve non-reactive flows, the question of
extending them for reactive problems is not clear.

In this project we address the following main goals:

(1) Turbulent flow: develop and analyze numerical stabilization methods to simulate
turbulent flow, to compare with state of the art explicit Large Eddy Simulations;

(2) Reacting flows: develop new stabilization techniques for stiff problems, and im-
plicit time discretisations;

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

(4) Applications: use the developed tools from the above steps to simulate engine
combustion and dispersion of air pollution in realistic scenarios.

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.
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Murtazo Nazarov(the main advisor), Div of Scientific Computing, Dept of Information
Technology, Uppsala University, SE-751 05 Uppsala

E-mail address: murtazo.nazarov@it.uu.se

Johan Hoffman (co-advisor), Co-founder of “Adaptive Simulations”, Adaptive Simulations
AB, Drottning Kristinas väg 53, 11428 Stockholm

E-mail address: johan@adaptivesimulations.com

Niclas Jansson (co-advisor), Co-founder of “Adaptive Simulations”, Adaptive Simulations
AB, Drottning Kristinas väg 53, 11428 Stockholm
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