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Outline of the talk

modelling of transport mechanisms in fuel
cells

DUNE – Distributed and Uni�ed Numerics
Environment

numerical experiments done with DUNE
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Fuel cells
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Sketchof a fuel cell

cathodic catalyst layer:
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modelling approaches

porous layers:

two-phase �o w for water and gas

transport of species (water, oxygen,
hydrogen, and nitrogen) in the gas phase

chemical reactions in the catalyst layers

potential �o w of electrons and protons

energy balance in the porous media is
accounted for

gas channels:

incompressible Navier-Stokes equations for
free multi-component gas �o w

coupling between gas channels and porous layers
through interface conditions

membrane
cathodic    anodic

diffusion layer    diffusion layer

+     _

+

cathodic anodic
gas channel gas channel

anodic 
catalyst layer
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catalyst layer

free gas flow of O2 N2 H2O free gas flow of H2 H2O
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Governing equations

two-phase �o w
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DUNE – Distrib uted and Uni�ed NumericsEnvir onment

Related groups:
Peter Bastian (Heidelberg)

Mario Ohlberger and Robert Klöfkorn (Freiburg)

Ralf Kornhuber (Berlin)

Martin Rumpf (Duisburg)

Idea of DUNE :

Geometry IF

Functions &
Operators IF

Visualization IF

Grid IF

Sparse
Matrix
Vector 
IF

Solvers IF

CRS

Block-CRS

SPGridAlbert

User Code

UG

Grape DX

Sparse BCRS
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Featuresof the grid interface

template based interface keeps interface
overheads as small as possible

interface allows dimensionless programming
of user code

interface includes adaptivity and
parallelisation concept

DOF management excluded from grid data
structure
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Model problem1
The Buckley-Leverett problem with "quasi exact solution"

and unknown water saturation 0

` and given

,
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Model problem1

Solution calculated on a triangular adaptive mesh at calculation

endtime T. A posteriori error estimates (due to Ohlberger) used

for adaptivity.
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300
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Model problem1

Solution calculated on a tetrahedral adaptive mesh at calculation

endtime T.
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Model problem1

Solution calculated on a triangular parallel grid on 4 processors

with

Š‹Œ � z

cells each grid partition.
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Model problem2
Buckley-Leverett with capillary pressure =…• and unknown saturation of water 0

` and

pressure of water =
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Model problem2

Water saturation calculated on a triangular adaptive mesh at

calculation endtime T.
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Model problem2

Water pressure calculated on a triangular adaptive mesh at

calculation endtime T.
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Model problem3
Two-phase �o w in a fuel-halfcell geometry with the unknown water saturation 0

` and the

water pressure =
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Model problem3
cartesian grid with 65536 cells
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Next Steps

implementation of the complex two-phase fuel
cell model using the DUNE interfaces

make use of higher order �nite volume
methods

extention of the DUNE interfaces

adaptive, parallel, load balanced 3d
calculations
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adaptive,parallel 3d grid
Simulation of Rayleigh-Taylor Instability (Dedner, Rohde, Wesenberg , Schupp )
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