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SIMPLE-type preconditioners for the incompressible

Navier-Stokes equations

Flow and transport processes in domains composed of a porous medium and an
adjacent free-flow region appear in a wide range of industrial, environmental and
medical applications. The LH? group is for instance working on predicting evapora-
tion dynamics from soils or some processes in fuel cells by modeling free-flow coupled
with porous-medium flow. Efficiently gaining information about such coupled flow
phenomena requires good solution methods in both domains.

This Master’s Thesis focuses on examining some solution methods for the free
flow domain. More specifically, SIMPLE-type preconditioners for solving the incom-
pressible Navier-Stokes equations should be studied. The SIMPLE (semi-implicit
method for pressure-linked equations) algorithm is a widely-used method to solve
the Navier-Stokes equations. Instead of solving the coupled system of the momen-
tum and the mass balance simultaneously for the pressure and the velocity, every
iteration step of the SIMPLE algorithm involves solving first one equation for a
velocity correction and then another equation for a pressure correction. This way,
velocity and pressure are corrected further in every iteration step, starting from an
initial guess. The SIMPLE method, as well as some variants, have recently been
implemented in DuMu* using a matrix formulation as in [5]. Coefficients are mostly
formulated as in [4]. So far, the SIMPLE algorithm itself does not behave advan-
tageously compared to the Newton algorithm using a direct linear solver for the
fully-coupled system. The task of this thesis is to use the SIMPLE-method as a
preconditioner (as e.g. in [1, 2, 3]) and to, this way, likely let the method actually
become valuable for DuMu*.

The main subtasks will be:

e Understanding the relevant aspects about the currently implemented SIMPLE-
type algorithms in DuMu*.

e Studying literature on SIMPLE-type preconditioners.

e Extending the current implementation of the SIMPLE algorithm in DuMu* to
be usable as a preconditioner, using the existing DUNE solver functionalities
as well as their backends in DuMu*.

e Comparing different solution methods.
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e Studying some test problem(s), e.g. lid-driven cavity flow (see e.g. [3] for this
test problem in the SIMPLE-type preconditioner context).

The Master’s Thesis shall be summarized in a report and presented in an oral pre-
sentation.

Examiner(s): apl. Prof. Dr. rer. nat. Bernd Flemisch, Prof. Dr. rer. nat.
Dominik Goddeke
Supervisor(s): Wietse Boon, Melanie Lipp

Date of issue: any time
Date of submission: 6 months thereafter
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