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Polydôme EPFL

Designing Josephson junctions arrays for the implementation of
topologically protected quantum bits

A. Fabricio Albuquerque

Theoretische Physik, ETH-Z•urich, ETH-H•onggerberg

Abstract
Physical implementations of quantum computers face the far from trivial problem

of controlling the various sources of decoherence acting upon the quantum bits. A
promising possibility is to explore the topological properties displayed by some quantum
systems in order to build a topologically protected quantum bit. Recently, Ioffe and
collaborators realized that the quantum dimer model defined on the triangular and
kagome lattices has the desired properties and proposed an implementation based on
Josephson junctions arrays. In this work we build upon this proposal using a new
numerical method, inspired by the Contractor Renormalization Group technique
originally introduced by Morningstar and Weinstein, by means of which is possible to
design Josephson junctions arrays which efficiently emulate quantum dimer models.

Optimized Waveform Relaxation Methods for RC Type Circuits
Mohammad Al-Khaleel

McGill University, Montreal

Abstract
The Standard methods for solving systems of ODE's can become inefficient for very 
large systems. Various approaches have been proposed to overcome this drawback based 
on partitioning techniques. The classical Waveform Relaxation methods are one of those 
new approaches, but lead to a non-uniform and slow convergence. As a consequence, the 
Optimized Waveform Relaxation algorithms were introduced which greatly improved the 
convergence by introducing new transmission conditions. In this talk I consider two RC 
type circuits to illustrate the theory and the performance of this new approach. 

Numerical analysis of microstructures with �nite level of laminations
Omar Anza Hafsa

Institute of mathematics, University of Zurich, Winterthure rstrasse 190, CH-8057 Z•urich

Abstract
We are concerned with the discrete approximat ion of some minimizing problems of the Calculus of
Variat ions by using piecewise linear �n ite elements. The integrands are supposed to vanish on a set of
wells described by a compact subset of the 2 � 2 diagonal matrices. A general est imate of the behaviour
of these problems is provided in terms of the mesh size and the level of laminat ions of the set of wells.

(This is a joint work with M. Chipot)
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Entropic Lattice Boltzmann Model for Binary Mixtures

S. Arcidiacono 1, S. Ansumali 2, I. Karlin 3, J. Mantzaras 1 and
C. Frouzakis 3

1 Paul Scherrer Institute, Combistion Research, CH-5232 Vil ligen PSI
2 Nanyang Technical University, Division of Chemical and Biomo lecular Engineering, Singapore 639798

3 ETH-Z•urich, Institut f•ur Energietechnik, CH-8092 Z•uri ch

Abstract

The simulati on of mixtures has an importan t role in several practi cal applicati ons such
as chemical reactions, pollut ant dispersion, di� usion in porous media, etc. The use of latti ce
Boltzmann (LB) method in such �el ds can be advantageous, especially when the conti nuum
approach is invalidated as length scalesbecomecomparable to the mean freepath of the gases.
Recentl y someLB models wereproposed for mixtures . However, those approaches have one or
more of the following limit ations: not thermodynamically consistent, non-satisfying the indif-
ferenti abilit y pri nciple (the single component gas equation is not achieved when the mixture
parti cles are made mechanically equivalent), and the requirement of a Schmidt number (rati o
between viscosity and di�usion coe�ci ent) of unit y. Furtherm ore, the discretized implemen-
tat ion of such models faces severe numerical instabi li ti es at large molecular mass rati os [1].
In thi s work a new LB model for binary mixtures is proposed. The model ensures: thermody-
namic consistency (the H-Theorem is satis�ed) [2, 3], indi �eren t iabi li ty pri nciple, recovery at
the hydrodynamic limit of the Navier-Stokesand the Stefan-Maxwell di�usio n equations, and
a straight forward generalizat ion to multispeciesand chemical reactions. Successful applicati on
of the present model in simulating mixtures with arbitrari ly mass rat ios is demostrated.

[1] M.E. McCracken and J. Abr aham, Latti ce Boltzmann methods for binary mixtur es with dif-
ferent molecular weights, Physical Review E, 71, 046704,2005.

[2] S. Ansumali and I.V. Karl in, Single relaxation time model for entr opic lattice Boltzmann
methods. Physical Review E, 65(5), Art. No. 056312,2002.

[3] A.N. Gorban and I.V. Kar lin , General-Approach To Construct ing Models Of The Boltzman-
nEquation. Physica A, 206(3-4), 401-420,1994.

A re�ned Galerkin error and stability analysis for highly inde�nite
variational problems

L. Banjai and S. Sauter

Institut f•ur Mathematik, Universit•at Z•urich, Winterthu rerstrasse 190, CH-8057 Z•urich

Abstract

Recent ly, a re�n ed �n ite element analysis for highly inde�n ite Helmholtz problems was in-
t roduced by the second author. We generalise the analysis and apply it t o the Brakhage-Werner
boundary integral formulat ion of the Helmholtz problem, discret ised by a standard Galerkin
boundary element method. In the re�n ed analysis, the condit ion for stabili ty and a quasi-
opt imal error est imate is expressed in terms of an approximat ion property T (� u + S) � S,
� 2 f 0; 1g. Here, u is the solut ion of the original variat ional problem, T is a certain cont inuous
solut ion operator, and S is the �n ite dimensional test and trial space.

In the case of scatt ering by the unit sphere, we derive the explicit dependence of the error
and of the stabili ty condit ion on the wave number k. We show that hk . 1 is a su� cient
condit ion for stabili ty and a quasi-opt imal est imate. Thus, the boundary element method does
not su� er from the pollution e� ect. Further, we show that t he constant of quasi-opt imali ty is
independent of k, which is an improvement over previously available results.
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CFD simulations of LHC Experiments
Michele Battistin, CERN CFD team poster

CERN, TS/CV Detector Cooling and CFD Studies, CH-1211 Genev e 23

Abstract
CERN is the European Organization for Nuclear Research, the world' s largest parti cle

physics laboratory and the birthpl ace of the World Wide Web. Its prim ary objecti ve is to
provide the scienti �c communit y with facili ti esto study the sub-nuclear parti cles and forcesof
matter. Most of the activiti esat CERN are current ly directed towards buil ding a new part icle
accelerator and collider, the Large Hadron Colli der (LHC) and the detector experiments for it.
Const ructi on of these experiments requires an extraordi nary engineering e�ort and the CFD
team of TS/CV/DC Section has been asked to develop numerical simulat ions of thermal-

ui d related problems, parti cularl y during the development, design and construc tio n phases
of the LHC experiments. The poster wil l focus on studies performed for the experiments
currently being bui lt to run on the colli der, for example, a 2D transient simulati on of the
thermal behaviour of ATL AS cavern and a 3D steady-state natural convection study of the
ALICE Muon magnet. These CFD numerical studies ran on the high performance dual Intel
Itani um processor cluster named Openlab (http: //ww w.cern.ch/op enlab) available at CERN.
Calculati on performancesincreased approximately 8 tim es since the Openlab cluster as been
used for CFD calculati on.

New Scalability Frontiers in ab initio Electronic Structure
Calculations

C. Bekas 1, A. Curioni 1, W. Andreoni 1, P. Broqvist 2 and A. Pasquarello 2

1 IBM, Zurich Research Laboratory, CH-8803 R•uschlikon,

2 IRRMA-EPFL, CH-1015 Lausanne,

Abstract

In recent years the BlueGene/L supercomputer (BG/L) has signi¯cantly
extended the computational frontiers in several important problems of science
and engineering. Key to this successhas been the combination of solid single
node performancewith an unprecedented scalability of the interconnection net-
work. In this talk we report our progressin scaling the CPVcode (part of the
Quantum Espressopackage,www.pwscf.org) on EPFL's recently installed 4096
node BG/L system, following the sameimplementation strategy(1) usedfor the
CPMD code (www.cpmd.org). We con¯rm that the BG/L architecture is well
suited for this classof applications which is heavily dominated by denselinear
algebra as well as FFT kernels.

(1) J.Hutter and A.Curioni, ChemPhysChem 6, 1788-1793(2005).
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High-speed rendering of large particle datasets using point sprites
John Biddiscombe

CSCS, Swiss National Supercomputing Centre

Abstract

Visualization of large datasets from particle simulations can be time consuming if
individual particles are rendered using small  spheres or other polygon based
representations. Modern graphics hardware is capable of rendering a user defined sprite
image, or fragment program at each vertex of a dataset which can dramatically reduce the
amount of data transfer between the CPU and GPU and thereby improve rendering
performance. Integrating this rendering functionality within a VTK class framework
enables the display of large particle datasets alongside traditional visualization
techniques.

Identi�cation des bifurcations a�ectant un r�eseau �elect rique
Jean-Marc Blanc

Ecole d'Ing�enieurs de Fribourg

Abstract
On a souvent tendance�a croire et, pire, �a enseignerquelesph�enom�e-nesque l' on �etudie

sont lin�eairesou, en tout cas, que leur non-lin�earit �e peut être n�eglig�ee. Or il existe des cas
o�u la non-lin�earit peut être la caused'accidents gravesli �es �a l'apparition de bifurcations.

Dans cette perspecti ve, nous avons �etudi�e les ph�enom�nes de ferror�esonance dans les
r�eseaux �a moyenne tension. Diverses techniques ont �et�e d�evelopp�ees pour permettre
d' identi �er et de tri er les divers r�egimes stationnaires qui peuvent survenir, et d�elimiter
leurs bassins d'attr acti on respectif s.

Comparaison of semi-Lagrangian and Eulerian algorithms for solving
Vlasov-type equations

M. Brunetti , S. Brunner, X. Lapillonne, T.M. Tran

Centre de Recherches en Physique des Plasmas, Association Euratom-Conf�ed�eration Suisse
Ecole Polytechnique F�ed�erale de Lausanne, CH-1015 Lausanne

Abstract

In view of pursuingCRPP's e�ort in carrying out gyrokinetic simulations usingan Eulerian-type
approach [M. Brunetti et al., Comp. Phys. Comm. 163, 1 (2004)], di�eren t alternative algo-
rithms have beenconsidered:1) cubic spline interpolation, 2) Cubic Interpolation Propagation,
3) PiecewiceParabolic Method, 4) Positive and Flux Conservative scheme,5) (Weighted) Es-
sentially Non-Oscillatory scheme. The systematiccomparisonof thesealgorithms with respect
to their abilit y to avoid the overshoot problem, di�usion/dip ersion properties, convergence
with time-step and spatial resolution is presented in order to identify the most appropriate
time-stepping scheme. Results from solving the guiding-center model of the two-dimensional
Kelvin-Helmholtz instabilit y are then compared. This test problem allows us to addresssome
of the key technical issuesalsomet with the more complexgyrokinetic-type equations.

5

Numerical modelling of glacier 
ow
Andy Aschwanden and Heinz Blatter

Institute for Atmospheric and Climate Science, ETH-Zurich

Abstract
Glacier ice is generally tr eatedas an incompressiblenon-Newtonian 
uid obeying the

Stokesequation

�r p + r �
�
� (r v + r vT )

�
= � � g; (1)

wherep is the pressure,� is the viscosity of ice, v is the velocit y, � is the density and g
is the acceleration due to gravit y. To simplify this systemof equations, a scaleanalysis,
e.g. Blatter (1995), is performed. The aspect r atio � = H=L, where L and H are the
magnitude of the horizontal and vertical extents of a glacier, respect ively, is generally
small and is usedasscaling parameter. By consideringonly two spatial dimensionsand
neglectingterms of the order � 2 and higher, the �rst order approximation (FOA) is:
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whereS = S(x) is the elevation of the upper free surface.
Aspect ratios for small valley glaciers are typically of order 10� 2. However in steep

parts of a glacier, the assumptionthat � � 1 can be violated locally. By means of the
Finite Element Method, both the Stokesequation and the FOA are solved numerically
and solutions are compared for di�eren t aspect ratios to fathom the limit ations of the
FOA in areas of largehorizontal gradients.

References

Blatter, H. (1995). Velocity and stress�elds in grounded glaciers: a simple algorithm
for including deviatoric stress gradients. Journal of Glaciology 41(138), 333 { 344.

Third Order Accurate Shock Capturing Scheme for Non-Linear
Hyperbolic Conservation Laws

Miroslav Cada

Seminar for Applied Mathematics, ETH-Zurich, CH-8092 Zurich

Abstract
We have derived a compact thi rd order scheme using logarith mic limiters. Our method

employs and generalizes the idea of double logarithmic reconstructi on, as proposed re-
cent ly by Ar tebrandt and Schroll. This reconstruct ion handles diconti nuities as well as
local extrema. An ident i�cation of the basic features of the double logarithmic recon-
struction lead to conditions for the constr uction of new non-oscillatory th ird-order limiter
functions. We have simpli�ed this formulat ion for e� ciency. This new formulation re-
sembles the standard semi-discrete TVD-MUS CL algorithm in that it usesonly a single
limit er function. Results of a set of demanding test bench simulations are compared.
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Parallel Mesh Adaptive Techniques for Complex Simulation
Angelo Casagrande

Laboratoire d'ing�enierie num�erique (LIN), EPFL, Ch-101 5 Lausanne

Abstract

Unstructured meshes are of particular interest for industrial applications
as the mesh generat ion process can be fully automated. These generators
can be direct ly coupled to CAD systems and incorporated with in a unique
software tool which can, at least in principle, provide afast resolution of the
problem at hand, with out the intervention of the user, once the domain and
the boundary conditi ons have been speci� ed. One of the main advantages
of unstructured meshesis their capabili ty to dynamically adapt the mesh
by localised re� nement and dere�n ement during the calculation in order to
enhance the solution accuracy and to optimise the computation al time.

Method of invariant manifold for chemical kinetics
Eliodoro Chiavazzo

Aerothermochemistry and Combustion Systems Laboratory, ETH- Z•urich, 8092 Z•urich

Abstract

The idea that dissipativ e systemsin chemical kinetics can have a simpli�ed
description derives from some evidencesfound out when such systemsare
numerically integrated. Indeed, looking out the tra jectoriestypical behavior
in phasespaceduring the relaxation, it is possible to realizethat they quickly
move forward a lower dimensionmanifold and then, when it is reached, they
do not leave it any more going along it slowly towards the equilibrium. Now
it is straightforward to understand why, if such a manifold exists, its name
can be Slow Invariant Manifold (SIM), and it provides an original system
simpli�catio n. Several methods wereproposedto �nd the SIM. A grid-based
approximation of invariant manifolds (MIG: Method of Invariant Grids) was
suggested(for details see,e.g.,thebook of Gorban and Karlin, Invariant Man-
ifolds for Physical and Chemical Kinetics, 2005Lect. NotesPhys. Springer),
and it represents a very att ractive procedure from the computational stand-
point in order to obtain a reduceddescription of the dissipativ e systems.
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Electromagnetic Interference (EMI) Studies Based on an Integral
Equation Formulation

B. Cranganu-Cretu 1, R. Hiptmair 2 and Z. Andjelic 1

1 ABB Schweiz AG, Corporate Research, Segelhofstrasse, CH-5405 Baden-Daettwil
2 Seminar for Applied Mathematics, ETH-Z•urich, CH-8042 Z•uri ch

Abstract 
The study of EM shielding effectiveness provides a means to help reduce 

electromagnetic emission or to improve the immunity of components present inside 
metalli c casings. Such casings with apertures of various sizes and shapes are 
commonly used in electrical and electronic devices. The apertures serve a range of 
purposes such as input and output connections, ventilation panels or visual-access 
windows. The importance of numerical modeling for the treatment of such problems 
was recognized at an early stage by the Electromagnetic Compatibilit y community see 
(IEEE, 1980) and (IEEE, 1993). One of the most widely used numerical techniques is 
the boundary element method, and specificall y applied here is the Electric Field 
Integral Equation (EFIE) technique. Applying integral equation solution to the 
shielding problem has the advantage of requiring the meshing of only the metalli c 
surface, hence avoiding 3-dimensional meshes in an infinitely extended domain 
(IEEE, 1993) – (Olyslager et al., 1999).  

The main purpose of the computation is to obtain the field that penetrates through 
an opening into a metalli c casing. The essential quantity in which we are interested is 
the shielding effectiveness (computed for the electric field). We denote it by the 
acronym EFS, and it is given by:  

incscatEFS ee /log20-=      (1) 

To compute the transmitted field one has at least two options: in the particular case of 
a metalli c casing where the medium inside the enclosure is the same as the one 
outside, model the problem as a pure scattering one, on an open surface of a perfectly 
electric conducting (PEC) object or more generall y model the problem as a 
transmission one.  

In the following we present a new variational direct boundary integral equation 
approach for solving the scattering and transmission problem for dielectric objects 
partiall y coated with a perfect conductive layer (PEC) layer. This development 
originated as a transmission through aperture in PEC casing problems - and was 
extended to account for the situation of coated arbitrary dielectric bodies (Cranganu 
and Hiptmair, 2005).  This represents a new development in the range of aperture 
problems – covering an area eluded at present by most of the commerciall y available 
tools. The main idea is to use to use the electromagnetic Calderon projector along 
with transmission conditions for the electromagnetic fields.  This leads to a 
symmetric variational formulation that lends itself to Galerkin discretization by 
means of divergence-conforming discrete surface currents.  Whole ranges of 
numerical experiments were carried on – and results reported here, confirming the 
eff icacy of the new method  

B. Cranganu-Cretu, and R. Hiptmair, (2005) “Direct boundary integral equation method for  
       electromagnetic scattering at partly coated dielectric bodies” , Computating and  
      Visualization in Science, Springer Verlag, DOI 10.1007/s00791-005-0007-4.  
 
Olyslager, F.,  Laermans, E. De Zutter, D.  et all  (1999), "Numerical and Experimental Study  
 of the Shielding Effectiveness of a Metalli c Enclosure", IEEE Trans. Electromagn.  
 Compat., vol 41 no.3 pp. 202-213. 
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Gaussian Quantum Monte Carlo Method for Fermions
Philippe Corboz

Institut f•ur Theoretische Physik, ETHZ

Abstract
Recent ly Corney and Drummond int roduced the sign-free Gaussian

Quantum Monte Carlo method (GQMC) for the Hubbard model. I t is
based on a posit ive expansion of the density operator in an overcomplete
Gaussian operator basis. The dist ribut ion of the basis elements is sam-
pled with stochast ic di� erent ial equat ions. The simulat ion of the Hubbard
model with this method shows systemat ic errors at low temperatures for
certain parameters. The symmet ries of the system are not reproduced
correct ly by the stochast ic sampling. A symmet ry project ion scheme re-
stores the broken symmet ries leading to accurate result s for ground state
propert ies.

Calculation of X-ray di�raction patterns for computer generated
nanocrystalline systems

P.M. Derlet , S. Branstetter, S. Van Petegem, H. Van Swygenhoven

Materials Science and Simulation NUM-ASQ , Paul Scherrer In stitute, CH-5232 Villigen PSI

Abstract
The visualisation of computer generated atomic configurations representing realistic material 
microstructures provides an unprecedented spatial and temporal resolution that is normally  
not accessible to experiment. Despite this, it becomes necessary to develop numerical tools to 
simulate experimental probes for direct comparison with experiment. In the present work we 
show the usefulness of using traditional atomic visualisation techniques in conjunction with a 
simulated diffraction experiment to better characterize the microstructure of a computer 
generated nanocrystalline metal. We also demonstrate the power of this approach as an aid in 
the interpretation of experimental diffraction patterns of nanocrystalline Ni performed at the 
Swiss Synchrotron Light source. 
 

Error Estimates for Absorbing Boundary Conditions and Perfectly
Matched Layers

Julien Diaz , Patrick Joly

Department of Mathematics, University of Basel, Rheinsprung 21, CH-4051 Basel

Abstract

Thanks to the use of the Cagniard-de Hoop method, we derive an analyti c
solution in the time domain for the half-spaceproblem associated with the wave
equation wit h high order Absorbing Bounday Conditi ons (ABC) or Perfectly
Matched Layers (PML) . Thi s permits us to derive new convergenceresults when
the order of the ABC or the damping coe� cient of the PML tends to in� nit y,
as well as error esti mates. The theory wil l be illustr ated by numerical results.
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Numerical construction of solitary waves in doubly periodic
nonlinear photonic waveguides

Tom�a�s Dohnal

Seminar of Applied Mathematics, ETHZ, CH-8092 Z•urich

Abstract
Solitary wavesare localized disturbances that propagate without changing their shape. They

arise due to a balance between linear (dispersive) and nonlinear (focusing) e�ects. In nonlinear
optics such waves are promising as information carrying pulses in, for instance, logic devices.
Using asymptotic analysis, Floquet theory and numerical relaxation methods, we construct a
family of such solutions in 2D doubly periodic photonic waveguideswith a cubic nonlinearity. The
periodicit y in the propagation direction is the Bragg grating, which allows solitary waveswith a
large rangeof velocities, including v = 0; stationary light bullets! The temporal frequencyof these
waveslies within the photonic band gap, i.e. the regionsforbidden in the linear dispersionrelation.
For each given frequency the solitary wave envelope is constructed via a Newton's iteration in a
�nite di�erence discretization. In order to suppressstanding wave oscillations in the pro�le a PML
boundary treatment is adopted in the iterations.

Equalizer - A Toolkit for Scalable Graphics Applications
Stefan Eilemann

University of Zurich, Dept. of Informatics, Winterthurerst r. 190, 8057 Z•urich

Abstract

We present Equalizer, a new programming interface and resource management
system for scalable, interact ive and distr ibuted graphics applications. The fo-
cus of the presentation is an architectural overview and the di�e rentati on of
Equalizer over tr adit ional multi-pip e graphics middleware. An outlook into our
futur e research in the area of high-performance visualization wil l be given.

AMR Simulations and Visualizations in Astrophysics

Jean M. Favre 1, Rolf Walder 2, Doris Folini 2

1 CSCS, Swiss National Supercomputing Centre, CH-6828 Manno
2 Institut f•ur Astronomie, ETHZ, Scheuchzerstr. 7, CH-8092 Z •urich

Abstract
The use of adaptive meshes is mandatory in astrophysical simulations as many di�erent

spatial and temporal scales has to be resolved. With our A-MAZE code package, we
simulate the mass transfer in binary star systems, resolving the stellar orbit (1010 km, 2
years) and the 
ow in the vicinity of the accreting star (104 k m, seconds). Similar in scale,
jets from young stars penetrate the molecular cloud out of which they are born. Post-
processing and visualization require great care in �le and memory management because
of the sheer size of the data, the extreme numerical ranges, the complexity of the grid
structures. Our visualization tools allow parallel data I/ O with MPI and HDF5, load
distribution on a parallel graphics engine, and o�-screen hardware accelerated rendering
for time-dependent movie creation.
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Parallel visualization applied to tera-scale rotor-stator simulations in
water turbines

Jean M. Favre 1 and Etienne Parkinson 2

1 CSCS, Swiss National Supercomputing Centre, CH-6828 Manno
2 VA TECH Hydro Vevey

Abstract
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Lagrangian Particle Dispersion Modeling at Jungfraujoch

D. Folini 1, S. Ubl 1, P. Kaufmann 2, S. Reimann 1

1 Lab. for Air Pollution / Environmental Technology, EMPA, Mat erials Science and Technology, 8600
Dubendorf

2 Bundesamt f•ur Meteorologie une Klimatologie

Abstract

At the Swisshigh Alpine station Jungfraujoch (3580m asl) 20 di�eren t halocarbons
are continuously measuredby our group since 2000. The goal of our work is to derive
from thesemeasurements emissionmapsfor central Europe by meansof inversemodeling.

To obtain the necessaryresidencetime mapswe employ a backward LagrangianParti-
cle DispersionModel (LPDM), for the inversionwe usesimulated annealing. The LPDM
originally comesfrom the German Weather Service(DWD). The numerical wind �elds
neededby the LPDM comefrom the Alpine Model (aLMo) of MeteoSwiss.

We present somepreliminary results on the performanceof our inversion for a test
data set, look at the quality of the residencetime maps,and give estimateson the repre-
sentativ enessof Jungfraujoch as a monitoring station.

Kinetically Reduced Local Navier-Stokes Equations

I.V. Karlin 1, A. Tomboulides 2, Ch. Frouzakis 1, S. Ansumali 3

1 Aerochemistry and Combustion Systems Laboratory ETHZ
2 Aristotle University of Thessaloniki, Greece

3 School of Chemical and Biomedical Engineering, Nanyang Tehcnological University, Singapore

Abstract 
Coupled equations for the grand potential and the fluid momentum are explored for fluid dynamics at 
low Mach number. The Taylor-Green vortex flow is considered in the new framework, and compared 
to the spectral element solution of the classical incompressible Navier-Stokes equations. The new 
equations provide a viable alternative for computational fluid dynamics. 
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Numerical simulation of pulsating axisymmetric non-premixed jet

ames

C.E. Frouzakis 1, A.G. Tomboulides 2, P. Papas 3 and K. Boulouchos 1

1 Aerochemistry and Combustion Systems Laboratory ETHZ
2 University of Western Macedonia, Kozani, Greece

3 School of Mines, Colorado, USA

Abstract 
Experimental investigations of axisymmetric methane and propane jet non-premixed flames 
close to extinction have shown low frequency oscillations of the anchoring base and the tip of 
the flame. The self-excited oscillations result in periodic contraction and extension of the 
flame. In order to study the effect of combustion and hydrodynamic instabilities and 
buoyancy and identify the mechanisms leading to the experimentally observed pulsations, 
reacting axisymmetric jet flames are simulated using a MPI-based parallel code for low Mach 
number compressible reacting flows. The combustion chemistry is described by a single-step, 
finite-rate reaction and detailed transport properties are specified for the species. 
Compositions and flow velocities are taken from the experiments, and the oxygen mass 
fraction in the coflowing oxidizer stream is varied to bring the system close to extinction. The 
simulations clearly show the role of triple flames in the stabilization, pulsation and extinction 
of the flames.  

Consistent metric terms in numerical models of the atmosphere
Oliver Fuhrer

Laboratoire de pollution atmosph�erique et du sol LPAS, EPFL , CH-1015 Lausanne

Abstract

Modeling the Earth's atmosphere represents a formidable challenge due to strong 
anisotropy and dominance by the gravitational source term. In numerically integrating the 
equations of motion in terrain-following coordinates, care must be taken in treating the 
metric terms that arise due to the sloping coordinate surfaces. In particular, metric terms 
that appear in the advection and pressure-gradient operators should be represented in a 
manner such that they exactly cancel when transformed back to Cartesian coordinates. 
Noncancellation of these terms can lead to spurious forcing at small scales on the 
numerical grid. This effect is demonstrated for a mountain wave ßow problem through 
analytic solutions to the linear Þnite-difference equations. Further conÞrmation is provided 
through numerical simulations using both explicit and a semi-Lagrangian atmospheric 
models.
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Stokes eigenvalue problem using divergence-free, non-conforming hp
basis functions

R. Gruber 1 and M. Azaiez 2

1 Laboratoire d'Ingenierie Num�erique LIN, EPFL, CH-1015 La usanne
2 Laboratoire TREFLE, ENSCPB, Pessac, France

AbstractAbs tract
The two-dimensionalStokeseigenvalue problem with homogeneous boundary con-

ditions is solved in two steps. First, we apply a new non-pollutin g, non-conforming
hp approach to compute the kernel of the -grad(div) eigenvalue problem imposing the
same boundary conditions. Then, the spectr um of the Laplacian is computed using th is
divergence-free basis to approximate the velocity components. The obtained spectrum
only includes the Stokesmodes with high order accuracy. It is compared with the one
in [1]. We give numerical results to prove that the numerical eigenvaluesconvergeex-
ponentiall y with the polynomial degreep and in N**(-2p) with respect to the number
of mesh cells N in both directi ons. These results are con� rmed when the geometry is
rotat ed.

References

[1] E. Leriche, and G. Labrosse, "Stokeseigenmodesin squaredomain and the stream
function-velocity correlation", J. of Computation al Physics, 200 (2004) 489-511.

Optimized ensemble Monte Carlo simulations of dense
Lennard-Jones 
uids

Emanuel Gull

Institut f•ur Theoretische Physik, ETHZ

Abstract

We apply the recent ly developed adapt ive ensemble opt imizat ion technique to simulate dense
Lennard-Jones ßuids and a part icle-solvent model by broad-histogram Monte Carlo techniques.
Equili brat ion of the simulated ßuid is improved by sampling an opt imized histogram in radial
coordinates that shift s stat ist ical weight t owards the ent ropic barr iers between the shell s of the
liquid. Interst it ial states in the vicinity of these barr iers are ident iÞed with unprecedented accuracy
by sharp signatures in the quickly converging histogram and measurements of the local di! usivity.
The radial dist ribut ion funct ion and potent ial of mean force are calculated to high precision.
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O�-lattice Boltzmann simulations of 
uid 
ows
Andrei Gusev

Department of Materials, ETHZ, CH-8093 Z•urich

Abstract
The Lattice Boltzmann method o�e rs an appealing potential for simulation of


u id 
 ows. However, the intri nsic coupling of momentum and space discreti zation
rest ricts the applicabilit y of the Latti ce Boltzmann method to uniform, regular lat-
tices which is often disadvantageous in practi ce. Available o�- lattice Boltzmann
algorithms have stabilit y problems which are to be handled at the expense of addi-
tional computation al cost. As a consequence, the o�-lattice Boltzmann techniques
have rarely been employed in pract ice today. Here, we proposeand validate a general
characterist ic-based algorithm for o�- lattice Boltzmann simulations. The algorithm
preserves all appealing properties of the standard Lattice Boltzmann method while
extending the method to unstructured grids.

Auxiliary space methods for edge elements

R. Hiptmair
(joint work with J. Zou and G. Widmer)

Seminar for Applied Mathematics, ETHZ

Abstract
Auxilia ry spacepreconditioning targets elliptic boundary value problems

discet ized by meansof �nite elements. The idea is to usea related discrete
boundary valueproblem,whosesolution is lessexpensive,asa preconditioner.
The connection betweenboth problemsis established by meansof a suitable
prolongation operator.

We adapt this idea to H (cur l)-elliptic variat ional problems discret ized
by meansof edgeelements on unstructured meshes. The auxiliary spaceis
built upon a semi-structured grid. The focus is on theoretical analysis withi n
the abstract framework of subspacecorrection. Employing a Helmholtz-type
splitting of edge element vector �elds we can establish asymptotic h-uniform
optimalit y of the preconditioner de�ned by our auxiliary spacemethod. Nu-
merical experiments con�rm the good performanceof the method.

References

[1] R. Hipt mair, G. Wid mer, and J. Zou, Auxiliary space precondi-
tioning in H 0(curl ; 
), Numer. Math., (2006). To appear. Published
as Technical Report CUHK-2005-06 (327), Department of Mathematics,
The ChineseUniversit y of Hong Kong.
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Wavelet-based Multiresolution Particle Methods
Michael Bergdorf, Petros Koumoutsakos

CSE Lab, ETH-Z•urich

Abstract
Part icle methods are a robust numerical tool for solving transport problems as they

emerge in disciplines such as 
u id dynamics, quant itat ive biology or computer graphics. In
a Lagrangian formulat ion part iclemethodsarestablenumerical schemeswith small dissipa-
t ion and inherent adapt ivity. It is their adapt ivity, however, that deteriorates their accuracy
if part icle propert ies are not regularized. We present a hybrid part icle method that em-
ploys a mult iresolut ion analysis to ident ify and adapt t o small scales in convect ion-di� usion
problems. The method combines the versat ili ty and e� ciency of grid-based Wavelet collo-
cat ion methods while retaining the numerical propert ies and stabili ty of part icle methods.
The accuracy and e� ciency of this method is then assessed for t ransport and interface cap-
turing problems in two and threedimensions, ill ust rat ing the capabili t ies and limitat ions
of our approach.

Numerical Debris Flow Simulation
Julia Kowalski

Eidg. Forschungsanstalt f•ur Wald, Schnee und Landschaft

Abstract
Debris 
o ws constitute a major hazard in mountainous areas. They consist of mobi-

lized rocks and gravel in a whole range of di� erent sizes ( milli meters to meters ) fully
or partly saturated with water. Thus, debris 
o ws are polydisperse gravit y currents wit h
an intersti tial 
u id, that is less densethan the parti culate matter, but denser than the
ambient 
u id. Dependent on the amount of water in the debris and the slope of the
current, they run down with velocities between 5 m

sec and 8 m
sec .

Debris 
o w forecast is stil l very di�c ult, but once released, there exist quit e many
attempts to physically model the dynamics of such 
o ws. One is, to describe them as
multi phasemedia and consider each phase seperately with a coupling forcebetween them.
Sincethe 
o ws are shallow, thoseapproaches can be furth er simpli� ed by depth-averaging.
Two dimension reduced multiph ase attempts ( Iverson / Pitman ) are considered. In the
wet case, which means,that the height of the 
 ow is nontriv ial, both form strictly hyper-
bolic, nonlinear systems of conservations laws. Thus, the development of disconti nuit ies
is possible and a shock-captur ing solver has to be applied. As a �r st attempt we approx-
imate the solutions wit h a � rst order Godunov solver, incoporating a Roe 
 ux functi on
and an explicit Euler time integration. We compute the solution on a tr iangular mesh
and compare the results in an inclined plane framework.
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Linear scaling electronic structure calculations and accurate
sampling with noisy forces

Florian Krajewski , Michele Parrinello

Computational Science, Dept. of Chemistry and Applied Biosci ences, ETHZ

Abstract
Statistical sampling of the ionic Boltzmann distribution can be basedeither
on empirical force �elds or on electronicstructure calculations. In the latter
casethe use of linear scaling algorithms is imperative in order to simulate
large systems. We present a new linearly scaling electronic structure algo-
rithm that allows the calculation of the band energy and the inter-atomic
forceswithin a Monte Carlo method[1]. Furthermore we show how atomic
forcesa�ected by a stochastic noisecan be usedto samplethe exact Boltz-
mann distribution for the atomic coordinates using a Langevin dynamics[2].
The accuracyof the method is demonstratedby performing simulations of
tight binding silicon in the semiconductingcrystalline and in the liquid metal-
lic phase. Our approach can be adapted to other stochastic schemesfor
evaluating inter-atomic forcessuch as quantum Monte Carlo.

[1] F. R. Kra jewski and M. Parrinello, Phys. Rev. B 71, 233105(2005)
[2] F. R. Kra jewski and M. Parrinello, Phys. Rev. B 73, 041105(2006)

Numerical simulation of the interaction between buildingsand
atmosphere

Andrea Krpo

Laboratoire de pollution atmosphrique et du sol LPAS, EPFL, C H-1015 Lausanne

Abstract
Around half of the global population is now urbanised and this proportion is forecast to
increase to three quarters during the next twenty five years. The welfare of the majority
of the population is therefore intrinsically linked with the urban environment and this in
turn is responsible for the majority of Greenhouse Gas (GHG) emissions.
Urban forms not only modify the local climate, but can also alter the dispersion of the
pollutants at mesoscale (the scale where secondary pollutants, like ozone, form). 

A finite volume (FVM) mesoscale wind model able to represent the impact of  urban
buildings on airflow is presented. The mass, momentum, energy and turbulent kinetik
energy equations are solved; extra terms are introduced to represent the effect of
buildings surfaces (roof, walls and street). 
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Computational Heat Transfer and Two-phase Flow in Miniature
Tubes

Djamel Lakehal , C. Narayanan

ASCOMP GmbH, Zurich

Abstract
 
Miniature pipes are now exploited to make micro-cooling devices for electronic components (e.g. laptops, 
computer chips, cellular phones, etc.), radar and aerospace avionics. The physics of two-phase flow in 
miniature tubes is complex and multifaceted, featuring significant differences with macroscale transport 
phenomena. Known differences concern pressure and temperature drop, friction coefficient, and velocity 
profile. More subtle differences are rooted into the unbalance between surface tension, which dominate with 
decreasing tube size, and body forces. The high ratio of total surface area to volume, characterising 
microchannels, is useful in facilitating the removal of a large amount of heat from the tube confines. From a 
thermodynamics point of view, the use of convective boiling is particularly desirable for increasing heat 
removal efficiency, as the latent heat of vaporization is appreciably higher than sensible heat changes for a 
set of temperature operating ranges. 
 
The ability to predict the physics of microfluidics and associated heat transfer in miniature tubes is essential 
for advancing the knowledge in various emerging technologies. In practical applications, the flow may 
involve phenomena acting at different time/length scales. At each level of the scale cascade, the physics of 
the flow is amenable to numerical prediction by scale-specific strategies. The simulation approach should 
typically be capable of predicting the flow motion of immiscible fluids separated by evolving interfaces, e.g. 
“Interface Tracking Methods”. Such capabilities should pave the way for including inter-phase heat transfer 
mechanisms and surface tension. These new simulation strategies are invoked in flow scenarios where the 
identification of interfaces needs to be precise.  
 
We will report on our recent advances made in predicting this class of flow, using the Level Set approach, in 
which we have incorporated phase-change capabilities, surface tension and triple-line dynamics models 
based on the Young’s unbalanced forces. We will focus on the tremendous role played by flow regime in 
controlling heat transfer. We will show that a tiny change in the gas-phase Reynolds number can change a 
bubbly flow regime into a bubbly-slug flow regime, which in turn leads to an appreciable increase in local 
heat transfer. The 2D axisymmetric simulations were performed in a 1mm diameter tube heated at the 
surface, in which air bubbles were injected into a water stream. The computational strategy combines the 
unsteady Navier-Stokes equations for the flow and Level Sets for interface dynamics. These novel methods 
were found to accurately predict various multi-flui d micro-flow phenomena. Figure 1 shows predicted 
bubbly/slug flow regime. The heat removal rate is shown to increase as compared to the single-phase flow 
regime (upper panel), and was found to be higher than the bubbly flow regime (see isocontours of 
temperature –blue: low; red: high). The presence of phase change will add to the heat transfer removal rate. 

 

 

 
 

Figure 1. Heat removal rate predictions in single and multiphase miniature pipe flow.  
 

17

Dynamics for a single particle of organic aerosol
Chantal Landry

Inst. d'Analyse et Calcul Scienti�que ASN, EPFL, CH-1015 La usanne

Abstract
Part icles in the atmosphere arise from natural sourcessuch as wind-

borne dust, sea spray and volcanoes, and from anthrop ogenic activiti es
such as combustion of fuels. Anthrop ogenic emissions leading to atmo-
spheri c aerosol have increased dramatically over the past century and
have been impl icated in human health e� ects, in visibi li ty reduction in
urban and regional areas, in acid deposition and in pert urbing the earth's
radiation balance. These aerosol part icles are subjected to an array of
transport and tra nsformation processesthat alter their size, number and
composition. Our work is to develop resolutio n methods for the numer-
ical simulati on of the physical and chemical processes that govern the
dynamics, size and chemical composition of atmospheri c aerosols.

Aspects of ahp �nite element program for electromagnetic
scattering problems
Paul David Ledger

Center for Computational Physics, Z•urcher Hochschule Wint erthur

Abstract
Aerospace engineers are interested in the scatt ering of a plane wave by

a general obstacle where the wavelength of the incident wave is short com-
pared to the length of the scatt erer. One of the computat ional challenges
involved in solving this problem is to overcome the dispersion phenomena.
Here it is known that �n ite elements with enriched polynomial degree (p{
version) perform bett er t han low order elements with re�n ed mesh spacing
(h{ version). However, realist ic scatt erers often contain small features which
are best r esolved by re�n ing the mesh, hence using the hp{ version �n ite
element method o� ers the best of both re�n ement t ypes. In this poster pre-
sentat ion we shall present some aspects of our current approach. This will
include the available element t ypes, use of a parallel li near equat ion solver,
rapid output predicat ion using a reduced{order model as well as a select ion
of numerical examples.
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Stokes eigenmodes in con�ned geometry: their dynamics and the
potential vector-vorticity correlation

G�erard Labrosse 1, Emmanuel Leriche 2

1 Universit�e Paris Sud, LIMSI-CNRS, France,
2 Institut des Sciences de l'Energie, EPFL, CH-1015 Lausanne

Abstract
The knowledge of Stokes eigenmodes in a square/cube (or in any bounded domain) could provide some

insight into the understanding or analysis of turbulent instantaneous°ow ¯eld as simple as, for instance, those
occurring in driven cavit y.

The Cartesian Stokes eigenmodes are not analytically known except when they are periodic in all, or in
all but one, spacedirections. If they are indeed constrained to verify velocity no-slip conditions on a closed
boundary they can only be determined by numerical approach. The aim of the present contribution is to provide
a ¯rst deepinsight into the Stokeseigenspacein the most simple con¯ned geometries,namely a square([10, 9])
or a cube ([12]), and then to provide a generalisation to any bounded domain [11].

Sincethe early work of G.I. Taylor ([14]) on the leading eigenmode of the buckling load problem, to the au-
thors' knowledge,only a few attempts weremadefor computing some2D Stokeseigenvaluesand/or eigenmodes
in fully con¯ned geometries([2, 15, 3, 5, 4]).

Computing the 2D/3D Stokeseigenmodescan be made from their (velocity-pressure)primitiv e variable, or
from the potential vector-vorticit y formulation. The 2D Stokesproblem reduced to the scalar stream function
formulation, known in structural mechanics as the buckling load problem ([14]). With the former formulation,
the well known Stokessolvers are either non consistent, like the time-splitting schemes,or very expensive, even
for the 2D case,namely the Uzawa and Green(or in°uence matrix) options. Moreover oneof the problemsraised
by the eigenmodesaccuratenumerical determination regardsthe possiblerequirement of enforcingthe numerical
velocity to be divergencefree to obtain relevant and convergent results. An alternativ e way of computing the
2D/3D Stokeseigenmodescomesfrom the Lattice Boltzmann approach.

The present contribution hasopted for using three di®erent solvers,associated with each Stokesformulation:
a spectral Chebyshevcollocation method in primitiv e variable (2D/3D), the Galerkin-Reid-Harris (RH) decom-
position in the stream function formulation (2D), and the Lattice Boltzmann approach (2D/3D). The ¯rst one
feedsa pseudospectral solver in primitiv e variables (the Projection-Di®usion) known to be consistent with the
continuous space-timeproblem ([8]), and optimal in computation cost. The secondone usesthe well known
Reid-Harris expansionsbasedon no-slip/no-°ux eigenmodes of the fourth-order di®erential problem ([13]) for
directly solving the biharmonic problem arising in the stream function formulation. Theseapproachesare quite
di®erent, as regards, for instance, the numerical velocity divergencewhich asymptotically vanisheswith the
cut-o® frequency in the former case,while it is exactly zero in the secondone. Finally, the third solver makes
use of the Lattice Boltzmann approach witch can be interpreted as a discretized version of the Boltzmann
statistical description of microscopicmotions in a °uid, but formulated at the mesoscopicscale,and constitues
an alternativ e way in numerical simulation of °uid phenomena([7]).

First, the numerical accuracyof three methods, applied with several discretizations, are compared,for both
the eigenvaluesand the main featuresof the corresponding eigenmodes. The Chebyshev approach is by far the
most e±cient, even though the associated solver doesnot provide a divergencefree velocity but asymptotically
([10, 12]).

Then, the symmetries which underlie the Stokes eigenmodes patterns are identi¯ed. All symmetry con¯g-
urations are reported in this contribution. The evolution laws of the spectra are ¯tted and are found to be in
excellent qualitativ e agreement with the theoretical asymptotic predictions proposedby Constantin and Foias
in [6], ¸ k ' k2=d + O(k1=d), with d = 2; 3. The slopes are found to be speci¯c to each family of eigenmode

symmetries. The dynamic equilibria are analyzed and lead to a linear relationship between the vorticit y and
the potential vector in the core part of the eigenmodes. The closed°ows are thus characterized by functional
relationships between the vorticit y and stream function, not only in the inviscid 2D regions at high Reynolds
number ([1]). Thesefeatures of the Stokeseigenmodescon¯ned in the squareor in the cube are sharedby the
fully periodic Stokeseigenmodes,and it will be shown that this linear relationship characterizesthe dynamics
of each Stokeseigenmode in the internal part of any closed2D or 3D domain ([11]).
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A framework for semantic integration of model components

Hongtao Li 1, Ioannis N. Athanasidis 1, David Huber 2,
Andrea E. Rizzoli 1, Marcello Donatelli 3 and Ferdinando Villa 4

1 Istituto Dalle Molle di Studi sull'Intelligenza Arti�cial e, Lugano, Switzerland
2 AntOptima SA, Lugano, Switzerland

3 CRA- Research Institute for Industrial Crops, Bologna, Ita ly
4 University of Vermont, USA

Abstract 
Abstract: Model linking and component integration for scientific simulations is a 
laborious process that requires dealing with problems related to model specifications, 
pertinence constraints, and scaling issues. Our remedy to these problems involves the 
specification of rich model semantics, by using ontologies. Model assumptions, interfaces 
and causal chains, along with available data sources can be specified in a declarative 
fashion, serving as the building blocks of a semantic-aware integration framework. Such 
an approach is demonstrated here in the context of the Seamless project, which aims to 
integrate biophysical, farm and economic agricultural models at multiple scales. In 
particular, a set of ontologies describing model components and databases is 
demonstrated. Ontologies set up clear definitions for loosely integrating models in an 
open environment. In this way, models are approached as autonomous agents, or self-
explained web services confronting to open interfaces and strict contracts. 

Arrangements de droites et pseudo-droites avec beaucoup de
triangles

S�ebastien Loisel

D�epartement de math�ematiques, Universit�e de Gen�eve

Abstract
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Monte Carlo Methods for Partial Di�erential Equations: Computing
Permeability

Michael Mascagni

Seminar f•ur Angewandte Mathematik, ETHZ, CH-8092 Z•urich

Abstract

For brevity, we consideronly someMonte Carlo methods for
obtaining the solution of simple elliptic partial di®erential equa-
tions (PDEs) as part of exterior boundary value problems that
arise in electrostatics and °ow through porous media. These
Monte Carlo methodsarebasedon usingthe Feynman-Kacequa-
tion to represent the solution of the elliptic PDE at a point as
the expected value of functionals of Brownian motion tra jecto-
riesstarted at the point of interest. We discussthe rapid solution
of these equations, in complex exterior geometries,using both
the \w alk on spheres"and \Greens function ¯rst-passage" algo-
rithms. We then concentrate on methods for quickly computing
the isotropic permeability usingthe \unit capacitance"and \p en-
etration depth" methods. The ¯rst of these methods, requires
computing a linear functional of the solution to an exterior el-
liptic PDE. Both thesemethods for computing permeability are
simple, and provide accuratesolutions in few secondson laptop-
scalecomputers.

Quantum Monte Carlo Study on the E�ects of Magnetic Impurities
in Spin-1 Quasi-One-Dimensional Antiferromagnets

Munehisa Matsumoto

Institute for Theoretical Physics, ETHZ, CH-8092 Z•urich

Abstract
Abstract: In spin-1 quasi-one-dimensionalantiferromagnets that have quantum
disordered ground states, the e®ectsof magnetic impurities are investigated
utilizing the quantum Monte Carlo method with the continous-time loop algo-
rithm. Impurit y-induced transition temperatures are determined with respect
to the concentration of impurities by parallel simulations of randomly doped
samples. The qualitativ e di®erencesbetween the speciesof impurities in the
impurit y-induced phasetransitions are discussedby looking into the local mag-
netic structure around impurities.
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Stable FEM-BEM Coupling for Helmholtz Transmission Problems
R. Hiptmair, Patrick Meury

Seminar f•ur Angewandte Mathematik, ETHZ, CH-8092 Z•urich

Abstract

We consider acoustic scattering at a non-smooth penetr able object and coupled
boundary element �n ite element schemesfor it s numerical simulation. Straight-
forward coupling approaches are haunted by instabili ties at wave numbers re-
lated to interior resonances, the so-called spurious resonances.
A remedy is o� ered by adopting the idea underlying the widely used combined
�eld integral equations. We apply it in the form of modi�ed trace operators.
These wil l alsofeature regularizing operators to o� set the lack of compactnessof
the double-layer potenti al integral operators on non-smooth surfaces. Calder�on
projectors can be de� ned basedon the modi� ed trace operators. Thus, Costa-
bel' s approach to the symmetric coupling of domain variational formulations
and boundary integral equations carries over.
The modi� ed traces guarantee uniquenessof solutions of the coupled problem,
whereasregularization ensures coercivit y. From this we immediately conclude
asymptotic quasi-optimalit y of a combined �n ite element and boundary element
Galerkin discretization.

Bio
uid Mechanics Developments at CFS Engineering
Elizabeth Mickaily-Huber

CFS Engineering, PSE-B, CH-1015 Lausanne

Abstract

�� � �� ��� �	 	 
� ���� �	 
 �� ���	 � ����� �	 ���� 	 
� 
� ��� �� �� � ����������� �� �� �� ���� �
�
 ��
	 � ���� ��� ������ 	 �
 ��	 �
� � � ���� � �� 	 
�� �� 	 � �� �� ����� �
  !�� � ��� 	 ��� ��� �� �	 �� �" ��	 ��� 
� 	 �#������ �� ��� 	
 �� �� 
 � ��
�$� 	 � � ���%���� �
	 ���
� ������ �	 
� ��#&���	 �� �� �	 
�� � �$	 �����	 �	 ���	 ����
�$� �� 	 �� 
� ��� ��� �
� ����� ���%���� � �$	 	 ���� 	 ��� � �
� �� �� � �	 �$������� �" ����� 	 �� �� ����� � 
�	 �� ��	 ���	 �� 	 �� ��� 
� 	 
� 	 � !�� � �" 	 ���� � �� �
��� �" ����� �	 �
	 � �� 
� ��
# �
�
� 
 ����' �	 �
	 � �� �� �
 �

�$�
� �	 �" ����� ��� 	 ������ �	 
�
	 � 	� 

 �	 
� ���' ���
��	 
�#�� �� �� � �	 �$������� �" ��� �
� � � ��	 
��	 �� 	 ��&������ 	 " ���� � ���� �� ��� ��	 �� �� 
	 ��	 
	 �� � 
#���( 	 �	 ���� 	 �� � �� 
	 ����	 
" � #��� �
��
 �
��
� �	 �� �� �� ������ ������� 	 " ���� � ��� ��	 ����� ��� � � ��� �� ��" ��� ��� ���" ���
�) �" 	 
�* � " &������� � �
�
�+ 	 
� �	 �����  � 	 #����� ��� ��	 �� �$#���� �� 	 �� ��� �� 
� ��������
 ��� �� �� ��� 
� � 	 �	 
� �

22



Simulation of �lling of micro
uidic devices using a coarse-grained
continuum contact angle model

Chidambaram Narayanan and Djamel Lakehal

ASCOMP GmbH
Institute of Engergy Technology ETHZ, ETH-Zentrum CLT D3, C H-8092 Z•urich

Abstract

Micro
uidic technologies have developed rapidly over the past few years. How-
ever, mature designsupport, in termsof modelling and simulation tools, is yet largely
unavailable. In particular , many extensionsto conventional computational 
uid dy-
namics (CFD) are required: small scalephysical e�ects such as surface forces, dy-
namics of three{phasecontact lines, heterogeneouschemical reactions, surfactants,
etc. are some obvious examples.

We present a new dynamic contact angle model applied to the �lling problem
in micro
uidic devices. The level-set method is used for interface capture. Several
attempts have been madein the past decadesto model contact{line dynamicswithin
the continuum 
uid dynamics framework. Generally, ad{hoc models are used where
contact angles are prescribed basedon front velocities and criteria for advancingand
recedingscenarios[1]. The model presented in this study is basedon the molecular
dynamicsdescription of the contact{line[2], such that it doesnot requirethe speci�ca-
tion of ad{hoc contact angles. Figure 1 presents a simulation of return to equilibrium
of a wetting liquid (initi al contact angle: 150o, equilibrium 60o[1]).

Bubble entrapment is an common problem in the designof micro
uidic devices.
Occurrenceof thesebubblescan be avoided through careful designof the chip geom-
etry, control of the �lling process, and selection of material properties (hydrophobic
or hydrophilic). Theseissuesreferred to as self-priming and bubbletolerance in the
designof micro{pumps are of great importance. Simulation of castingof prepolymers
on to a master to createstamps for microcontact processingis shown in Fig. 2. The
simulation showsthat the propertiesof thepolymer and 
o w rateshave to adjustedto
avoid bubble entrapment. The paper will present furt her applications of the level-set,
dynamic contact model to �lling problemsin micro{devices.

References

[1] Spelt, P. D. M., J. Comp. Phys., 207, 389-404(2005)

[2] Qian T., Wang, X-P., and Sheng, P., Phy. Rev. E, 68 (2003)

(a) t = 0s (b) t = 0:6s

(c) t = 1:0s (d) t = 2:0s

(e) t = 3:6s (f ) t = 5:2s

Figure 1: Return to equilibrium of a wetting liquid; Spelt[1](2005)

(a) t = 0:3s (b) t = 1:2

Figure 2: Filling of a master to create stamps for microcontact processing.

Breaking Distance by Regression due to Efroymson
Herbert Niessner

Baden-Ruetihof/AG

Abstract
Regression due to Efroymson allows to systematically select important t erms of a

multiv ariate regressionequation and to discard unimportant onesby statistical tests on
the decreaseor increase of the residual sum of squares. This sum and the residual vector
of the normal equations dependlinearly on the choice of regressioncoe�cien ts, this by
a symmetric and often singular matrix . Stepwise exchange of individual elements of the
residual vector against corresponding regressioncoe�cien ts (very e�cie nt due to matrix
symmetry) enablescontrolling variations in the residual sum of squares. But reasonable
resultsareobtainedonly if the individual termsof the regression equation are well founded.
A bad exampleis a formula for t he breaking distanceof a car deducedfrom observations
as found in a book frequently used in schools of engineering.
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Electric 3D-Simulation of Metallized Film Capacitors
J. Ostrowski , R. Hiptmair, H. Fuhrmann

ABB Switzerland Ltd, Corporate Research, CH-5405 Baden-D•attwil

AbstractAbstract 
Purpose  - This paper deals with the computation of time-harmonic electric potentials, cur- 
rents, and surface charge distributions inside self-healing metallized film capacitors in three 
dimensions. A 50Hz exciting voltage is applied at contacts. 
Design/methodo logy /approach  - Extreme aspect ratios warrant dimensional reduction: 
the metallization is modelled as a two-dimensional shell. This greatly reduces computational 
costs and makes possible an excellent resolution of the geometry. An integro-differential equa- 
tion for the complex amplitudes of the electric potential and surface charge densities on this 
shell is derived and discretized by means of boundary elements (BEM). 
Find ings  - Adaptive cross approximation (ACA) and H-matrix technology is employed for 
matrix compression and preconditioning of iterative solvers. This permits us to use fine surface 
meshes and achieve satisfactory accuracy as demonstrated in numerical experiments. 
Research limitations /implications  - The model is based on an electroquasistatic approach, 
thus it is valid for low frequencies only. 

Improving the stability of numerical simulations of quantum
dynamical systems using stochastic di�erential equationstechniques

Christian Perret

Seminar for Applied Mathematics, ETHZ, CH-8092 Z•urich

Abstract
Numerical simulat ions of path integrals by stochastic di� erenti al equations sometimes

show stabili ty problems. To improve the results, new numerical methods have recentl y been
developed. However, it seems that the choice of the numerical method alone might not
guarantee the reliabil it y of the results. Integrabili ty condit ions have to be considered more
carefully, part icularly when there are constraints.

The Composite Mini Element - A mixed FEM for the Stokes
equations on complicated domains

Daniel Peterseim
(joint work with S. Sauter)

Institute of mathematics, University of Zurich, Winterthure rstrasse 190, CH-8057 Z•urich

Abstract
Abs tact . In this talk, we introduce a new mixed �nite element for the dis-
cretization of the Stokes equations with Dirichlet as well as slip boundary
conditions. The underlying grids of the standard �nite element pairs always
hasto resolve thedomainwhich a�ects thenumber of degreesof freedom crit-
ically. In contrast to that, our approach decouplesthe minimal dimension of
the approximation spacefrom the domain geometry by using an overlapping
two-scalegrid. This approach allows low-dimensional approximations even
for problemswith complicatedgeometricdetails. We prove stabilit y and op-
timal convergence(up to logarit hmic terms) for the proposed nonconforming
mixed method.
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Spatio-angular modeling for the formation of oriented patches in
chondrocytes cultures

V. Palumberi and M. Grote 1, A. Barbero and I. Martin 2, B. Wagner 3

1 Department of Mathematics, University Basel
2 Department of Surgery and Research, University Hospital Bas el

3 Weierstrass Institute for Applied Analysis and Stochastic (WIAS), Berlin

Abstract

In cell therapy applications,the useof cytokinesduring cell expansionhas
beenproposedas a promising method to increasethe number of cells that
can be obtained starting from a small tissue biopsy. In particular speci¯c
growth factors have beenrecently shown to enhancethe proliferation rate of
adult human articular chondrocytes (AHA C) expandedin monolayer [1].

In collaboration with the groupof Ivan Martin(Univ ersity Hospital Basel),
wehavedevelopeda mathematicalmodel that combinestime-lag (delay) with
logistic growth to capture the non-instantaneousand asynchronous expan-
sion of the AHAC during the entire experiment [2]. The logistic delay model
was found not only to ¯t well the experimental growth curves, but also to
con¯rm the generation time estimated from experimental data as well as
other key kinetic parameters(eg.: carring capacity, growth rate).

As the cell population evolves, AHAC changetheir orientation and po-
sition either randomly, or in responseto neighboring cells. Since the cells
are elongated,they present an inherent axis of orientation, so that they can
be represented by an angle of orientation and a position in space. Experi-
mentally, it was shown that when the density of the cells reachesa critical
level there is a spontaneoustendencyto align along a commondirection. To
take into account this spatial behaviour we have deviseda new mathemat-
ical model which involves spatio-angular cell-cell interactions coupled with
logistic growth. Linear stabilit y analysisindicatesthat the selectionof a pre-
ferred axis of orientation results from a bifurcation wherethe uniform steady
state becomesunstable, thus leading to the emergenceof coherent oriented

patterns. Further insight into the dynamicsof this nonlinearmodel is gained
through systematicparameterstudiesand numerical simulations.

References:

[1 ] Barbero A., Grogan S.P., Schafer D., Heberer M., Mainili-V arlet P.,
Martin I. Age related changesin human articular chondrocyte yield,
proliferation and post-expansion chondrogenic capacity, Osteoarthritis
Cartilage, Volume 12, 2004. Pages476-484.

[2 ] Barbero A., Palumberi V., WagnerB., SaderR.,Grote M.J. and Mar-
tin I., Experimental and Mathematical Studyof the In°uence of Growth
Factors on the Growth Kinetics of Adult Human Articular Chondro-
cytes. Journal of Cellular Physiology, Volume204,Issue3, 2005. Pages
830-838
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Ultra-cold atoms in an optical lattice: a numerical approach
Lode Pollet and Matthias Troyer

Departement Theoretische Physik, ETHZ, CH-8092 Z•urich

Abstract
Quantum Monte Carlo algorithms are an indispensable tool in our understanding of ultracold

atoms in an optical lattice. As an example, we discussstrongly interacting bosonsin one dimension.
As the interaction is turned, the bosonsbehave lik e fermions in many respects (Tonks bosons). The
gradual crossover as a function of the interaction strength is discussedusing quantum Monte Carlo
simulations. We have also developed new algorithms in the canonical ensemble. Such an approach
opens the way to study mixtures of di�eren t species. We discussthe ground state phasediagram of
a one-dimensional Bose-Fermi mixture in an optical lattice, when an unusual pairing of the bosons
with the fermions can occur. Other phenomena include phase separation and the formation of
insulating anti-ferromagnetic states. The algorithms can also be applied in other applications such
as superconducting grains, with strong parit y e�ects.

Implementation and application of a simple non-hydrostatic
atmospheric �nite volume model

Catherine Pomezny

Laboratoire de pollution atmosph�erique et du sol LPAS, EPFL , CH-1015 Lausanne

Abstract
Numerical models of the atmosphere often solve the Euler equations on highly anisot ropic, de-
formedgrids. Even thoughfacilitatin g the formulation of the lower boundary condition s, thi scan
lead to a myriad of numerical t runcation errors related to the grid deformation, especially over
steep and complex topography. Another approach is to keep the grid Cartesian, but implement
a cut-cell approach for the lower boundary condition s. To th is end, we develop a straightfor ward
two-dimensional � nite volume discretization of the fully non-hydrostatic Euler equations on a
Cartesian grid. Model veri �cation is done using hydrostatic equili brium, sound wave and buoy-
ancy 
 ow simulat ions and give good results if a numerical smoothing � lter is applied. Sensitivit y
to numerical �lterin g, source term formulation and time-stepping method is presented.

Multiscale algorithm with patches of �nite elements
Vittoria Rezzonico

Institut d'Analyse et Calcul Scienti�que ASN, EPFL, CH-101 5 Lausanne

Abstract
We present a method to solve ell iptic problemsin which a better precision is neededin

certain regions of the domain.
Let TH be the coarse tetrahedrisation of the domain, with tetrahedra of size H , let

VH be the corresponding �n ite element space. We add to the coarsetetrahedrisation TH

several tetrahedrisations (patches) Th with tetrahedra of sizeh << H . The patches are
not necessarily conforming to the coarsegrid. The �nite element solution can be written
as uH h = uH + uh; where uH 2 VH and uh 2 Vh. We are seeking for the solution of the
weak formulation a(uH h; v) = F (v); 8v 2 V = VH + Vh: A successive subspace correction
method to compute uH h will be presented and implementation issueswill be discussed.An
industrial example pertaining to aluminium product ion cells will be presented.
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Entropic Lattice Boltzman Method for Thermal Flows
Nikolaos Prasianakis

Institut f•ur Energietechnik, ETHZ, Clausiusstrasse 33, C H-8092 Z•urich

Abstract
A newthermal entropic latt iceBoltzmann modelon the standard two-dimens..na
nine-velocity latt iceis introduced for simulation of weakly-compressible
o ws.The
Newmodel coversa wider rangeof 
o ws than the standard isothermal model
on the samelattice, and is computationally e�cien t and stable. Results for
thermal couette 
o w and Natural Convection in a square Cavit y for Rayleigh
numbers up to 105 will be presented.

In t roduct ion to Entropi c Latt ice Bo lt zmann Metho d

The lattice Boltzmann method is a discrete computational method based
upon the Boltzmann equation. The 
uid is represented by a particle velocity
distributio n function at each grid point. The time is counted in discrete t ime
stepsand the 
uid particles can move and can collide. The rules governing
the collisions are designed such that the hydrodynamic limit of the model is
consistent with the Navier-Stokes equation. It is an approach that bridges
microscopicphenomenawith the continuum macroscopic equations. Further,
it can model the time evolution of systems.

Reduced basis methods for Navier-Stokes equations in parametrized
domains

Gianluigi Rozza

Modelling and Scienti�c Computing IACS-CMCS, EPFL, CH-1015 Lausanne

Abstract 
The reduced basis method has been applied to approximate  flows in parametrized domains, e.g. 
blood flows in arterial  bypasses, and advection-diffusion problems, e.g. in environmental fluid 
mechanics, depending on physical and geometrical  parameters. The aim is to provide (a) a 
sensitivity analysis for relevant geometrical and physical quantities and (b) rapid and reliable 
prediction of integral functional outputs (such as fluid mechanics indexes). The goal of this 
investigation is (i) to develop numerical methods for optimization and design in fluid mechanics, 
and (ii) to provide an input-output relationship led by models with lower complexity and 
computational costs than the complete solution of fluid dynamics equations by a classical finite 
element method. Interesting results are provided by studying different stabilization issues dealing 
both with approximation and algebraic aspects. 
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Algebraic Multilevel Preconditioners for Non-symmetric Linear
Systems

Marzio Sala 1, Raymond S. Tuminaro 2

1 Department of Computer Science, ETHZ, CH-8092 Z•urich
2 Sandia National Laboratories, Livermore, CA, USA

Abstract

We proposea new variant of the smoothed aggregation algebraic
multigr id method suitable for solving nonsymmetric linear systems.
While interpolation is simil ar to standard smoothed aggregation, the
rest riction is not taken as the transpose of the interpolation. Instead,
an auxiliary smoothed aggregation interpolation operator is built for
the tr ansposeof the linear system being solved. The restr ict ion opera-
tor is then taken as the transpose of this auxili ary interpolation oper-
ator. In order to complete the proposed Petrov-Galerkin approach, a
procedure is il lustrated for choosing damping parameters neededwhen
generating smoothed aggregationgrid tr ansfers.Numerical results are
given showing how thi s method performs on highly nonsymmetric sys-
tems.

SESES, a Multiphysics Finite Element Software with Industrial
Applications

Guido Sartoris

Center for Computational Physics, Z•urcher Hochschule Wint erthur, CH-8401 Winterthur

Abstract

SESES is a general purpose mult iphysics numerical simulat ion tool for
the analysis of micro{macro, sensor{actuator and generic devices by the � -
nite element method in two{ and three{ dimensional domains. The major
tr end in the development of this program in the past few years was the clear
separat ion between discret izat ion models and physical models. The former
are hardcoded within SESES, like any other numerical tool, however, for t he
latt er we str ive for t heir externalizat ion to the user level. In other words,
generic physical models likematerial laws and coupling e� ects between di� er-
ent physical � eldsarespeci� ed ent irely by theuser t hrough a funct ional input
language. This methodology great ly improves the 
 exibili ty of the software.
In this poster presentat ion we shall discuss some aspects of the program, in
part icular t his will i nclude, examples of the funct ional input used to specify
generic physical coupling mechanisms and a select ion of industr ially relevant
numerical examples.
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Homogenization of the heat equation in multilayers with interlayer
conduction

K�evin Santugini

Section de math�ematiques, Universit�e de Gen�eve

Abstract

�
�

�
�

�

�
�

�

�
�

	



�

�

� �� 


�

�
� �

� �
� �

�

�
� 


	

�


�

�

�

�
� �

	

�

�

��

	
�

�




�

�

� �


� �

� 	 �



�

� �

�
�

�

�
�

�

�

� 	

�

��

� 	 	

� � �

�

�

� � �


 �

�

�

�

�

�
�


 

� �
�� �



�

�

	

�
�

�

�
�

�
�

�

	
�

�

� � �




	

�
�

�
�

�




�




��

�

�
� � �

�

�
� 


�


 � ��

�
�

�

�
�

�

�
�

� �� �

�
�

�

� �

�
�


 �




�

�
�

�
�

�

�
�

� �



�

�

�

�

�
� 


�

�




�




�

	

�

�

��
�

�

	

�




�

�

�

�

�

	� �

�

� � �


�

�
�

� �



� � �



�

�
�

	

�

� �

�
� 


�

�

�
�




�

�
�

�
�

�

�
� 	

� �

�

� � � 	

�

�

� 	



�

�



�

�

�

�

� 	
�

�

� � �

	




�




�



� �
�� �




�
�

�
�

�
� �

�

�

�
� 


�

�

�
�

�

�

�

�




�

�

�

�

�
�

�

�



�

�

�
� �

�

�

�




�




��

�

�
� �

�

�

�

�
� 


�


 � ��

�
�

�

�
�

�

�
�

�


 � �

�

�




�


� �

�

�
�

�

� �
�

�

� � 	

�

� 

�

	

�

�

�




�




�
�

�

�



�

�




� �
�

�
�

�

� �

�




�
�

�


 � 	 	 � � ��

�


 	 � � 
 	
�

� 


�

�

�

�

�

�

� �

� �

� 	 �




� �




�

�

�
�



�

�

�

	 �
�

�

� �
�

�
�

� �

�

�

�




�

�
�

�




� �

 
�

�

�
�

� !

�

�

�

�




�

�




�

� � � � �

� 


� �




�

�

�

�




	

�

�

	 	

�
� 


� �



�

�

�

�

�
� 


�

�
�

�

� � 


�




�

�
�

�

�
�

	 � 

�

� �

�� �

�

�




�

�




�

�
�

"

�

�

�

�

	� �

�

�

� �

�

�
�

#

�

Solution of KKT systems in Large-Scale Interior-Point Optimization

Olaf Schenk 1, Andreas W•achter 2, Michael Hagemann 1

1 Department of Computer Science, University of Basel, Klingel bergstr. 50, CH-4056 Basel,
2 IBM T.J. Watson Research Center, Yorktown Heights, NY,

Abstract
Interior- point methods are among the most e� cient approachesfor solving large-scale non-

linear programming problems. At t he core of these methods, highly il l-condit ioned Karush-
Kuhn-T ucker problems have to be solved. We present combinat orial methods to preprocess
these matri ces in order to establish more favorable numerical propert ies for these systems.
Our approach is based on symmetric weighted matchings. This technique can be seen as an
alternati ve to the more t radit ional threshold pivoti ng techniques. We demonst rate the com-
petiti veness of thi s approach within an interior- point method for large scale opti mal control
problems based on parti al di� erenti al equati ons. The largest nonlinear optim ization problem
solved has more than 12 mill ion variables and 6 milli on constraints.

Di�usion-Reaction Equation in Thin Sheets
Kersten Schmidt

Seminar f•ur Angewandte Mathematik, ETHZ, CH-8092 Z•urich

Abstract

Sensitive measurement and control equipment is protected from
disturbing electromagnetic �elds by thi n shielding sheets. This shield-
ing e�ect can be studied by meansof the model problem of Di�usion
equation wit h additional dissipation in the thin sheet . The behaviour
of the solution motivates a quasi-tensor product approach inside the
sheet. Special �n ite elements are derived by an ODE in th ickness
direction. In this talk the problem formulati on will be given and a nu-
merical comparison with standard FE discreti sation wil l be discussed.
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Discontinuous Galerkin Finite Element Methods for Transient Wave
Equation

Marcus Grote 1, Anna Schneebeli 1, Dominik Sch•otzau
1 Department of Mathematics, University of Basel, Rheinsprung 21, CH-4051 Basel

2 Mathematics Dept., University of British Columbia, 121-198 4 Mathematics Rd., Vancouver, Canada

Abstract
Discontinuous Galerkin (DG) �ni te element methods (FEM) are basedon non-conforming,
completely discont inuous polynomial spaces. Conti nuity conditi ons across element bound-
aries are enforced in a weak senseby intro ducing suitable so-called numerical 
 uxes. The
main advantages of DG-FEM lie in their robustness, their conservation properties, and
their great 
exib ili ty in the mesh-design. They can easily handle elements of various types
and shapes, non-matching grids and local spaces of di�e rent polynomials. For Maxwell's
equations, DG discret izations wit h standard polynomial spaces pose an alternati ve to the
vector ial edgeelements commonly usedin conforming discretizations of the Maxwell opera-
tor. Moreover, in the caseof time-dependent problems, the massmatrix arising from spatial
DG discretizations is essenti ally diagonal. This enables the formulation of fully explicit t ime
stepping schemes.
We proposeDG-FEM for spatial discretization of the second-order scalar wave equation

@tt u � r � (cr u) = f ; in 
 � (0; T); 
 � Rd; d = 2; 3;

or the second-order Maxwell wave equation

"@tt E + � E t + r � (� � 1 r � E ) = f ; in 
 � (0; T); 
 � R3;

supplemented with suitable boundary and initial conditions. Weproveoptimal a-prior i error
estimates in the energy norm and in the L 2-norm for the semi-discrete DG approximations;
see [1, 2, 3]. The theoretical error bounds and the performanceof the method are validated
through a series of numerical examples.

Refer ences

[1] M. J. Gr ot e, A. Schneebeli and D. Sch •otza u, Discontinuous Galerkin Fini te
Element Method for the Wave Equation, Technical Report 2005-3, Mathematisches
Institu t, Universit•at Basel, 2005.Submitted to SIAM J. Numer. Anal.

[2] M. J. Gr ote, A. Schneebel i and D. Sch•otza u, Interi or Penalty Discontinuous
Galerkin Finite Element Method for Maxwells Equation: Energy Norm Error Estimate,
Technical Report 2005-13,Mathematisches Instit ut, Universit•at Basel, 2005.To appear
in J. Comput. Appl. Math .

[3] P. Ho ust on, I. Per ugia, A. Schneebel i and D. Sch •otza u, Interi or penalty
method for the inde�n ite time-harmonic Maxwell equati ons, Numer. Math. 100(3),
2005,pp. 485{518
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Two Surface Tension Models for the Level Set Interface-Tracking
Method

Sergey Shepel

Laboratory for Hydraulic Machines, EPFL, Avenue de Cour 33 b is, CH-1007 Lausanne

Abstract
We conduct a comparative study of two surface tension models for the Level Set interface-
tracking method.  In both models, the surface tension is represented as a body force, 
concentrated near the interface, but the technical implementation is different for the two 
options.  The first model is based on a traditional Level Set approach in which the surface 
tension is distributed in a band around the interface using a smoothed delta function.  In the 
second model, the surface tension is partly distributed in a band around the interface and 
partly localized to the computational cells containing the interface.  Both models are 
incorporated into the Finite-Element/Finite-Volume Level Set interface-tracking method.  
A critical evaluation of the two surface tension models by means of standard benchmark 
problems shows that the first model is the more general, and more robust method. 

Discontinuous and Continuous Finite Element Methods with Interior
Penalty for Hyperbolic Problems

Benjamin Stamm

Institut d'Analyse et Calcul Scienti�que CMCS, EPFL, CH-10 15 Lausanne

Abstract
We presentthecontinuousanddiscontinuousGalerkinmethodfor thetransportdominatedadvection-
reactionequationin a uni�ed setting.Thecontinuousmethodaswell asthediscontinuousonecanbe
stabilizedby interior penalty. We will discusstheh-convergenceof a discontinuousGalerkinmethod
where the stabilizationis augmentedwith a penalty term on the gradientjumps over interior ele-
mentfaces.In thecaseof quadraticpolynomialapproximationweconsiderthediscontinuousGalerkin
methodstabilizedusingonly gradientjumpswhich hasoptimal convergenceproperties.In a second
partof the talk we discussthat thecontinuousinterior penaltymethodcanbeconsideredasa limit of
thediscontinuousonewhenthestabilizationparameterassociatedwith thepenalizationof thesolution
discontinuitytendsto in�nity . Somenumericalexamplesarepresentedto compareconvergenceof both
methodsshowing therelationbetweenerrorandmesh-sizeon theonehandanderrorandthenumber
of degreesof freedomon the other. The convergenceof the discontinuousmethodto the continuous
one is also veri�ed numerically. In the last part of the talk we will presentthe recentwork for the
Ddiffusion-advection-reactionequationandgiveanoutlookto thefuturework.

Robust Eigenvalue Computation for Smoothing Operators
Radu Alexandru Todor

Seminar for Applied Mathematics, ETHZ, CH-8092 Z•urich

Abstract
Robust quasi-relat ive Galerkin discret izat ion error est imates are derived for the eigen-

value problem associated to a nonnegat ive compact operator K act ing in a Hilbert space.
As a consequence, t race discret izat ion error est imates are obtained for arbit rarily small
posit ive powers of K. Coupled with bounds on eigenfunct ion oscill at ions, the results are
then applied to the case of an integral operator with (piecewise) smooth kernel K on a
bounded domain and in the context of the h �n ite element method.
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A Multi-physics Model of Capillary Growth

Dominik Szczerba 1, Gabor Szekely 1, Haymo Kurz 2

1 Department of Electrical Engineering ETHZ, CH-8092 Z•urich
2 Institute of Anatomy and Cell Biology, University of Freibu rg, D-79104

Abstract
Recentevidencefrom experimentalbiology indicatesthat dynamicsof blood

�o w is importantfor optimizing both the geometryandthe topology of vascular
networks. However, it is not yet understood,how generegulationandmolecular
signalinginteractswith this processandcanbe integratedwithin a singlecom-
prehensive modelof vasculartissuemorphogenesis.We proposea multi-physics
computationalframework allowing to studyaparticulartypeof network formation,
theso-calledintussusceptivegrowth andremodeling.Thetissueis treatedasacon-
tinuumandtheevolving structure'sboundaryis trackedusingthelevel-setmethod.
Wederive thedeformation�elds from boundaryshearforces,surfacetensionsand
distribution of growth factors.Flow conditionsdeterminedby theanatomicaldo-
mainof interestareprovidedby computational �uid dynamics accountingfor non-
Newtonianpropertiesof blood. Our �ndings areconsistentwith observationson
real morphology, wherea micro-vascularnetwork is generatedfrom a primitive
capillary plexus. In additionto explaining the formationof bifurcationsandthe
separationof micro-vessels,our methodpredictsa primitive interdigitationof the
terminalbranchesandavoidsarterio-venousmalformations.

Matching of asymptotic expansions and Multiscale expansion for the
Rounded Corner problem

Gr�egory Vial 1 and S�ebastien Tordeux 2

1 IRMAR, Antenne de Bretagne de l'ENS Cachan, France
2 Group of Prof. Ralf Hiptmair, Seminar for Applied Mathematics, ETHZ, CH-8092 Z•urich

Abstract

The solutions of elliptic problems in polygonsare known to be singular near
the vertices. In applications, however, domainsarealways smooth, provided you
look at them to a su�cien tly large scale: for example a closer look to corners
let them appear more or lessrounded. The smoothnessof the solution resulting
from the regularity theory of elliptic problems is neverthelessmisleading. In-
deed, if the corner is rounded to a scale" , the singularities are ready to come
up as " goesto 0.

In the very simpleframework of the Laplace-Dirichlet equation in a polygonal
domain, slightly perturb ed near oneof its vertices,we aim in the present talk at
describingtwo methods: the multi-scale expansionand the matched asymptotic
expansions. We derive in a natural way the construction of the terms, as well
as the matching conditions. Moreover, we validate the expansionsby giving
optimal estimatesof the remainder in both cases.Finally we compare the two
techniquesand show how to switch from one expansionto the other.
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Homogeneous nucleation in simple 
uids
Federica Trudu , Davide Donadio and Michele Parrinello

Computational Science, Department of Chemistry and Applied Bi osciences, ETHZ
USI-Campus, Via Giuseppe Bu� 13, CH-6900 Lugano

Abstract

In the absenceof nucleation centers, moderately supercooled liquids are metastable but
after a whi le undergo homogeneous nucleation. This is usually described in term of classical
nucleation theory (CNT) in which spontaneous 
uctuati ons lead to the formati on of small
crystall it es [1]. When a crystalli te exceeds a crit ical size it is able to overcome the nucleation
free energy barrier, and the whole system crystalli zes. In this picture the criti cal nucleus
corresponds to the transi tion state, and the nucleation barri er is determined by a balance
betweena surface and volume free energy term. Several computer simulat ions have helped to
elucidate the microscopic aspectsof nucleation and allowed computing free energy barriers and
nucleation rat es [2, 3]. However calculati ons, just li ke experiments, have proven challenging
and much remains to be done. Using advanced simulati on techniques [4, 5] we �nd a rather
complex behaviour as a function of the degreeof supercooling. At moderate supercooling a
nucleation pict ure applies, whil e for deeper quenches the phenomenon progressively acquires
a spinodal character. CNT describes qualitat ively the nucleation regime but it needs to be
corrected for the anisotropy of the nucleus in order to become quant ita tiv e. In the nucleation
regime the dynamics occurs via a two-step process. The �rs t is rather abrupt: in only a few
picoseconds a crystall it e smaller than the critic al size appears from the random 
uctuat ions
of the 
uid. The second step is slower and eventually leads to the formation of the criti cal
nucleus. In contrast, as the degree of supercooling is increased, crystall ization proceeds in
a more cont inuous and collectiv e fashion and becomes more spatial ly di�use , indi cating a
breakdown of CNT.

[1] Kelton, K. F. in Solid State Physics Vol. 45, 75178(Academic, New York, 1991).

[2] Auer, S. & Frenkel, D. Prediction of absolute crystal-nucleation rate in hardsphere colloids.
Nature 409, 1020 1023(2001).

[3] Moroni, D., Ten Wolde, P. R. & Bolhuis, P. G. Interplay between Structure and Size in a
Criti cal Crystal Nucleus. Phys. Rev. Lett. 94, 235703(2005).

[4] Dellago C., Bolhuis P. G. & Geissler P. L., Transition path sampling. Adv. Chem. Phys. 123,
1 (2002).

[5] Laio, A. & Parrinello, M. Escaping free energy minima. Proc. Natl. Acad. Sci. U.S.A. 99,
12562{12566(2002).
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Dynamic simulation of rockfall impact into highly 
exible protection
nets

Axel Volkwein

Eidgenossische Institut f•ur Schnee und Lawinenforschung SLF, CH-7260 Davos-Dorf

Abstract 
The numerical simulation of today's flexible rockfall protection systems enables an efficient 
optimisation of existing types as well as the perfect new development of systems retaining 
still higher rockfall energies reducing the number of expensive prototype field tests. The 
specially developed software application FARO simulates the dynamic behaviour of a rock 
stopped by a such a barrier taking into account large deformations, continuously changing 
contact conditions, long distance sliding effects also including friction and non- linear 
materials. The falling rock is modelled as a spherical rigid body considering large three-
dimensional displacements and rotations. The results of the simulations are validated by full-
scale rockfall field tests measuring the cable and support forces as well as the accelerations 
and trajectory of the falling rock.  
 

Aerodynamic Studies of the F/A-18 Fighter for Loads Analysis

J.B. Vos 1, A. Gehri 2

1 CFS Engineering, PSE-B, CH-1015 Lausanne
2 RUAG Aerospace, Aerodynamics Department/TAE, CH-6032 Emmen

Abstract

CFS Engineering and RUAG Aerospace joint ly carry out a long term research program
on the numerical simulat ion of the 
 ow around the FA-18 � ghter of the Swiss Airforce.
The object ive of this research program is the development of a simulat ion tool for t he
predict ion of dynamic (bu� et) loads. In the � rst year of this program, results of CFD
simulat ions were compared with wind tunnel measurements made at RUAG Aerospace
and with data provided by Boeing. In the second year a post processing program was
developed to compute the aerodynamic loads on each aircraft component. Component
loadscomputed using CFD compared well with 
 ight data loads, in part icular for anglesof
att ack smaller t han 10o. At higher angles of att ack unsteady e� ects and the deformat ion
of the wing become import ant . These 2 topics were addressed in 2004, and a procedure
for t he computat ion of the stat ic deformat ion of the wing was put into place, seeFigure.
Research in 2005 and 2006 is focused on the development of a dynamic 
u id str ucture
interface. Init ial results will be presented at t he meet ing.

Pressure contours undeformed and deformed wing F/ A-18 � ghter.
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Fast Construction of the Fejr and Clenshaw-Curtis Quadrature Rules
J•org Waldvogel

Seminar for Applied Mathematics, ETHZ, CH-8092 Z•urich

Abstract

We present an elegant algorithm for stably and quickly generating
the weights of Fej�er's quadrature rules and of the Clenshaw-Curtis
rule. The weights for an arbitr ary number of nodes are obtained as
the discrete Fourier transform of an explicitly de�n ed vector of ra-
tional or algebraic numbers. Since these rules have the capabilit y of
forming nested famil ies, some of them have gainedrenewed interest in
connection with quadrature over multi-di mensional regions.

Sparse tensor product method for radiative transfer
Gisela Widmer

Seminar f•ur Angewandte Mathematik, ETHZ, CH-8092 Z•urich

Abstract
The stationary monochromatic radiation equation is stated in �v e dimensions,with the
intensity depending on spaceand direction.
In order to overcomethe high complexity, we discretizethe radiative transfer equation in
two spacedimensionswith a tensorproduct �nite element wavelet basisin spaceand solid
angle. Basedon the multilevel structure of the wavelets, we restrict the �nite element
spaceto the sparsetensor product of the two wavelet spaces.This reducesthe number
of degreesof freedom signi�cantly, as the complexity of the problem is reducedto the
number of degreesof freedomin spaceonly (up to logarithmic terms). In order to obtain
a stable formulation, we usea symmetric weighted least-squaresformulation.
Numerical results will be presented for sometest examples.

An un�tted �nite element method for incompressible heterogeneous
linear elasticity

Christoph Winkelmann , Eric Burman

Institut d'Analyse et Calcul Scienti�que CMCS-IACS, EPFL, CH-1015 Lausanne

Abstract
We propose a new ¯ni te element method for the equat ions of incompress-
ible linear elast icity with discont inuous st i®ness coe±cients. We show a priori
error est imates under certain regularity hypotheses. In part icular we prove
that if the exact solut ion is su± cient ly smooth in each subdomain then the
convergenceorder is opt imal.
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Adaptive boundary conditions for exterior 
ow problems
Peter Wittwer

D�epartement de Physique Th�eorique, Universit�e de Gen�ev e

Abstract

We consider the problem of solving numerically the stationary in-
compressible Navier-Stokes equations in an exterior domain in two
and three dimensions. This corresponds to studying laminar ‡uid
‡ows past a body. The necessity to tr uncate for numerical purposes
the in…nit e exterior domain to a …nite sub-domain leads to the prob-
lem of …nding so called “ art i…cial boundary conditi ons” to replace
the boundary condit ions at in…nit y. We propose a new solution to
this problem by providing an explicit divergence free vector …eld de-
pending on drag and lift and describing the soluti on up to second
and dominant th ird order, asymptotically at large distances from the
body. The numerical schemedeterminesthe boundary conditions and
the forces on the body in a self-consistent way as an integral part
of the solut ion process. When compared with other procedures the
computati onal ti mes necessary to obtain drag and lift with a given
precision are typically reduced by several orders of magnitude.

Ab inito simulations of minerals under the condition of the Earth's
D" layer

Feiwu Zhang and Artem R. Oganov

Lab. of Crystallography, Dept. of Materials, ETHZ, Wolfgan g-Pauli-Str. 10, CH-8093 Z•urich

Abstract

The effects of Al on the physical properties of the newly found MgSiO3 

post-perovskite (PPv), which is the main mineral of the Earth D” layer, is not well 
known. With large-scale ab initio simulations based on quantum-mechanical theory, we 
investigated the substitution mechanism of Al3+ into MgSiO3 PPv under high pressures. We 

examined three types of Al substitution in PPv, model with 6.25 mol % Al charge-coupled 

mechanism (CCM) substitution, 6.25 mol % Al oxygen-vacancy mechanism (OVM), and 

oxygen-vacancy Si-free end member Mg2Al 2O5 PPv. At pressures from 10 to 150 GPa, we have 

simulated five models of CCMs and five models of OVMs where Al atoms were put in different 

positions. Our enthalpy calculations show that Al3+ replaces the next-nearest-neighbor cation pairs 

at the Earth D”  layer pressures. The calculated bulk modulus of the most energetically favorable 

model is 3.15% lower than that of the Al-free Mg-PPv. We also find that the incorporation of 

Al 2O3 slightly increases the Pv-PPv phase transition pressure and the Al partition coefficient K 

equals 2.67 between Mg-Pv and PPv at 120 GPa and 3000 K.  
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Numerical simulations of rotor-stator interactions in a pump turbine
Alireza Zobeiri , Jean-Louis Kueny, Fran�cois Avellan

Laboratoire de machines hydrauliques LMH, EPFL, Av. de Cour 3 3bis, CH-1007 Lausanne

AbstractAbstract 
The aim of this paper is to present steady and unsteady rotor-stator calculation analysis in a pump-turbine 

(turbine mode), to study the effects of the rotor-stator interactions in each rotating and fix  frame. This machine is 
including 20 stay vanes, 20 guide vanes and 9 runner blades, with specific speed Q=0.19. Experimental model 
test is performed in the EPFL Laboratory for hydraulic machines in the framework of HYDRODYNA project. 
Two rotor-stator calculation methods are applied, mixing plane interface model as a steady calculation and full 
transient method as unsteady simulation with CFX-5.7. In a first step for steady calculation, five different 
operating points from part load to full  load operating points are chosen, with the same specific energy 
coefficients. In order to have the most important rotor-stator interactions in unsteady simulation, a single 
operating point at maximum guide vane opening is selected. The corresponding analysis permits to determine the 
interests of the whole unsteady rotor-stator calculation and validate the information provided by the steady 
calculation. Two configurations are computed. The unsteady periodic simulations are performed first for a 
restricted computing domain which includes 1 periodic channel corresponding to the flow passage of both the 
stay vanes grid and guide vanes grid and 1 impeller flow channel,  Figure 1. This restricted computing domain 
permits us to study the influence of the mesh size, the time steps and the residual. In a second step, unsteady 
calculation for the full machine including the 20 distributor periodic channels and 9 runner blades is performed. 
The analysis of the numerical simulations is focused on a better insight of the pressure fluctuation behavior in 
the rotor stator region.  

 

 
 

Figure 1. Unstead y ro tor-stato r perio dic domain (2 Ng / 1Nb) and entire mach ine 
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