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Ronald H.W. Hoppe

Domain Decomposition Methods in Electrothermomechanical Coupling Problems

Location: Room 005, Time: Tuesday, 22 July, 16:00

The functionality of modern electronic devices and sys-
tems often depends on the coupling of various phys-
ical phenomena on different scales in both time and
space. The mathematical modeling on a macroscopic
level typically leads to coupled systems of partial differ-
ential equations whose numerical solution requires suit-
able problem oriented discretizations and efficient iter-
ative solvers such as domain decomposition and multi-
level methods.

In this contribution, we consider electrothermomechan-
ical coupling problems as they arise in the modeling and
simulation of high power electronic devices. In partic-
ular, we are faced with a hierarchy of coupled physi-
cal effects in so far as electrical energy is converted to
Joule heat causing heat stresses that have an impact on

the mechanical behavior of the devices and may lead to
mechanical damage without appropriate cooling mech-
anisms.

Moreover, there are structural coupling effects due to
the sandwich-like construction of the devices featuring
multiple layers of specific materials with different ther-
mal and mechanical properties. The latter motivates
the application of domain decomposition techniques on
nonmatching grids based on individual finite element
discretizations of the substructures. We will address
in detail the modeling aspects of the hierarchy of cou-
pling phenomena as well as the discretization-related
couplings in the numerical simulation of the operating
behavior of the devices.

Vsevolod Nefedov

Subgridding in Finite-Difference Time-Domain Method

Location: Room 005, Time: Tuesday, 22 July, 16:25

Finite-Difference Time-Domain (FDTD) method is a
simple and effective solution method for the Maxwell
Equations. It most commonly used on structured uni-
form grids and for that reason lacks adaptivity.

In this talk we consider various ways to improve FDTD
algorithm by employing local refinement algorithms, for
instance, Local Defect Correction (LDC). We construct
a combination of LDC and FDTD, discuss stability and

accuracy issues and consider an application of LDC and
FDTD to a number of problems.
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Fausto Saleri, E. Miglio, S. Perotto

A Multiphysics Strategy for Free Surface Flows

Location: Room 005, Time: Tuesday, 22 July, 16:50
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Several environmental engineering applications involve
free surface flows phenomena. In this context the wide
variety of situations leads to consider a large spectrum
of space and time scales related to the presence of dif-
ferent physical phenomena [2,6,7].

Various models have been developed in order to cope
with the above mentioned problems; these models can
be grouped into the following categories (in descending
order of complexity): as for the 3D case one can con-
sider either the Free Surface Navier-Stokes or the Hy-
drostatic Shallow Water equations (see [1]); concerning
the 2D situation the Boussinesq, Serre or Shallow Wa-
ter models can be adopted (see [4], [5]); finally the 1D
counterpart of these latter models can be used. Most
of these models are well established, both in terms of
a sound mathematical formulation and of a robust nu-
merical implementation.

Ideally one should use a full 3D model to capture all
the physical features of the problem at hand. However
this approach is characterized by a huge computational
effort that we aim to reduce by suitably coupling mod-
els of different dimensions among the ones mentioned
above.

We present a multiphysics strategy in order to take into

account different scales by combining 3D, 2D and 1D
models retaining a reasonable computational cost.
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Friedhelm Schieweck, W.J. Layton, I. Yotov

Coupling Fluid Flow with Porous Media Flow

Location: Room 005, Time: Tuesday, 22 July, 17:15

The transport of substances back and forth between sur-
face and ground water is a very serious problem. We
study herein the mathematical model of this setting con-
sisting of the Stokes equations in the fluid region cou-
pled with Darcy’s equations in the porous medium, cou-
pled across the interface by the Beavers-Joseph-Saffman
conditions.

We prove existence and uniqueness of a weak solution.
For the approximation of velocity and pressure, we use
an arbitrary pair of conforming LBB-stable finite el-
ement spaces in the fluid region and any pair of the
well-known mixed finite element spaces like RT-spaces
or BDM-spaces in the region of the porous medium.
The coupling of the normal components of the velocity
approximation across the interface can be characterized

easily by means of hanging nodes. For the coupled ap-
proximation spaces of both regions, we prove the LBB-
condition and optimal interpolation estimates. This
leads to an estimate of the discretization error which
is of optimal order.

The analysis of our finite element scheme suggests a way
to uncouple the solution of the global discrete problem
into steps involving only solvers for the porous media
and fluid flow subproblems. This is important because
there are many codes available which have been opti-
mized for solving these subproblems.
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Paolo Zunino

Iterative Substructuring Methods for Advection-Diffusion Problems in Heterogeneous

Media

Location: Room 005, Time: Tuesday, 22 July, 17:40

This work is devoted to the numerical approximation of
a system of advection-diffusion equations set in adjacent
domains and coupled with non-standard matching con-
ditions. The specific application of the model at hand
is the study of the transfer of chemicals through media
of heterogeneous nature, for example a free fluid and
a porous medium. This problem has several practical
applications, for instance the study of the motion of a
pollutant from a basin to the adjacent soil or the study
of the transport of chemicals from the blood flow to the

wall of the vessels.

Because of the heterogeneity of the media we consider,
the concentration of chemicals may feature large vari-
ations from one medium to the other. For example,
if a pollutant is released into a basin, its concentra-
tion in the free fluid is reasonably higher than the
one in the surrounding soil. Consequently, the nu-
merical simulation of such problems could be an ex-
tremely challenging task. To this aim, we propose a par-
ticular choice of the matching conditions between the
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advection-diffusion equations on each medium, which
allow the discontinuity of the concentration across the
interface.

After the description of the model, we focus our atten-
tion on its numerical treatment. In particular, since our
model couples subproblems in different media, we study
an iterative procedure where the solutions provided sep-
arately on each subdomain are suitably matched (a so
called iterative substructuring method). More precisely,
we consider a strategy based on Robin interface condi-
tions for both subdomains. The convergence of this it-

erative strategy is analyzed at both the continuous and
the discrete level, by means of suitable interface oper-
ators of Steklov-Poincaré type. Moreover, an algebraic
reinterpretation of this technique is provided, leading
to the definition of optimal preconditioners for the lin-
ear system arising from the discretization of the global
problem.

Finally, numerical results are presented, in order to as-
sess the computational efficiency of the numerical meth-
ods proposed.
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