Designing Josephson junctions arrays for the implementati of
topologically protected quantum bits
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Abstract

Physicalimplementation®f quantumcomputerdacethefar from trivial problem
of controlling the various sourcesof decoherencecting upon the quantumbits. A
promisingpossibility is to explorethe topologicalpropertiesdisplayedoy somequanturr
systemsin order to build a topologically protectedquantumbit. Recently,loffe and
collaboratorsrealizedthat the quantumdimer model defined on the triangular and
kagomelattices hasthe desiredpropertiesand proposedan implementationbasedon
Josephsorjunctions arrays. In this work we build upon this proposalusing a new
numerical method, inspired by the Contractor RenormalizationGroup technique
originally introducedby Morningstarand Weinstein,by meansof which is possibleto
design Josephson junctions arrays which efficiently emulate quantum dimer mode
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Optimized Waveform Relaxation Methods for RC Type Circuits
Mohammad Al-Khaleel

McGill University, Montreal
khaleel@math.mcgill.ca

Abstract
B k f Ab The Standard sthods for solving systesnof ODES can becominefficient for very

0 O O StI’aCtS large systems. Various approaches have been proposed to overttesdrawback base
on partitioning techniques. The classicaéform Relaxation rathods are one of thos
new approaches, but lead to a non-unifammd slow convergence. As a consequence
12 April 2006 Optimized Waveform Relaxation algorithmwere introduced which greatly proved the

convergence by introducing new trarission conditions. In this talk | consider two R(
type circuits to illustrate the theory and the parfance ofthis new approach.
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Numerical analysis of microstructures with nite level of &minations
Omar Anza Hafsa

Institute of mathematics, University of Zurich, Winterthure  rstrasse 190, CH-8057 Zsrich
anza@math.unizh.ch

Abstract
We are cncerned with the discrete approximation of some minimizing problems of the Calculus of
Variations by using piecevise linear n ite dements. The integrands are supposed to vanish on a set of
wells described by a compact subset of the2 2 diaganal matrices. A general estimate of the behaviour
of these problems is provided in terms of the mesh size and the level of laminations of the set of wells.
(Thisisajoint work with M. Chipot)




Entropic Lattice Boltzmann Model for Binary Mixtures
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Abstract

The simulation of mixtures has an important role in several practical applications such
as chemical reactions, pollutant 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 aslength scalesbecomecomparable to the mean free path of the gases
Recently someLB models were proposed for mixtures. However, those approaches have one or
more of the following limitations: not thermodynamically consistert, non-satisfying the indif-
ferenti ability principle (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 viscosty and di usion coeci ent) of unity. Furtherm ore, the discretized implemen-
tation of such models faces severe numerical instabilities at large molecular mass rati os [1].

CFD simulations of LHC Experiments
Michele Battistin, CERN CFD team poster

CERN, TS/CV Detector Cooling and CFD Studies, CH-1211 Genev e 23
http://www.cern.ch/cfd

michele.battistin@cern.ch

Abstract

CERN is the European Organization for Nuclear Researc, the world's largest parti cle
physics laboratory and the birthpl ace of the World Wide Web. Its primary objective is to
provide the scienti ¢ community with facilitiesto study the sub-nuclear parti cles and forces of
matter. Most of the activiti esat CERN are currently directed towards building a new particle
accelerator and collider, the Large Hadron Collider (LHC) and the detector experiments for it.
Constructi 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 simulations of thermal-
ui d related problems, parti cularly during the development, desgn and construction phases
of the LHC experiments. The poster will focus on studies performed for the experiments
currently being built to run on the collider, 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 proces®r cluster named Openlab (http: //ww w.cem.ch/op enlab) available at CERN.
Calculati on performancesincreased approximately 8 tim essince the Openlab cluster as been

In thiswork a new LB model for binary mixtures is proposed. The model ensures thermody-
namic consistency (the H-Theorem is satis ed) [2, 3], indi erentiability principle, recovery at
the hydrodynamic limit of the Navier-Stokesand the Stefan-Maxwell di usio n equations, and
a straightforward generalzation to multisp eciesand chemical reactions. Successful application
of the present model in simulating mixtures with arbitrari ly mass ratios is demostrated.

used for CFD calculation.

New Scalability Frontiers inab initio Electronic Structure
[1] M.E. McCracken and J. Abraham, Latti ce Boltzmann methods for binary mixtures with dif- Calculations
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Abstract

. - . . . . In recent years the BlueGene/L supercomputer (BG/L) has signi cantly
A re ned Galerkin error and_Stab”lty analysis for highly inde nite extended the computational frontiers in seweral important problems of science

variational problems and engineering. Key to this successhas beenthe combination of solid single
L node performancewith an unprecederted scalability of the interconnection net-
L. Banjai and S. Sauter work. In this talk we report our progressin scaling the CPVcode (part of the
Quantum Espressopadkage, www.pwscf.org) on EPFL's recertly installed 4096
node BG/L system,following the sameimplementation strategy(1) usedfor the
CPMD code (www.cpmd.org). We conrm that the BG/L architecture is well

Institut far Mathematik, Universitat Zsrich, Winterthu rerstrasse 190, CH-8057 Zsrich
lehelb@math.unizh.ch

Abstract

Recatly, aren ed nite dement analysis for highly inden ite Helmholtz problems was in-
troduced by the seacond author. We generalise the analysis and apply it t o the Brakhage-Werner
boundary integral formulation of the Helmholtz problem, discretised by a standard Galerkin
boundary element method. In the ren ed analysis, the cndition for stability and a quasi-
optimal error estimate is expressed in terms of an approximation property T( u+ S) S,

2 f0;1g. Here, u isthe solution of the original variational problem, T is a certain continuous
solution operator, and S isthe n ite dimensional test and trial space

In the case of scatt ering by the unit sphere, we derive the explicit dependence of the aror
and of the stability condition on the wave number k. We show that hk . 1isasu cient
condition for stability and a quasi-optimal estimate. Thus, the boundary element method does
not su er from the pollution e ed. Further, we show that the mnstant of quasi-optimality is
independent of k, which is an improvement over previously available results.

suited for this classof applications which is heavily dominated by denselinear
algebraaswell as FFT kernels.
(1) J.Hutter and A.Curioni, ChemPhysChem 6, 1788-1793(2005).




High-speed rendering of large particle datasets using posprites

John Biddiscombe

CSCS, Swiss National Supercomputing Centre
biddisco@cscs.ch

Abstract

Visudizaion of large ditasets from paticle smulationscan be time consuming if
individud particles are rendered usng small spheres or other polygon based
representations Moden graphics hardware is cgpable of rendering auser defined rite
image or fragment program at ead vertex of a daaset which can dramaticaly reducethe
amountof data transfer between the CPU and GPU and thereby improve rendering
peformance Integrating this rendeing fundiondity within aVTK classframework
enables the display of large particle datasets dongside traditiond visudization
techniques.

Identi cation des bifurcations a ectant un eseauelectrique

Jean-Marc Blanc

Ecole d'Ingenieurs de Fribourg
Jjmarc.blanc@eif.ch

Abstract

On a souvent tendancea croire et, pire,a ensegnerqueles phenome-nes quel' on etudie
sort lineairesou, entout cas queleur non-linearite peut &tre negligee. Or il existe des cas
ou la non-linearit peut &tre la caused'accidents gravesliesa I'apparition de bifurcations.

Dans cette perspedive, nous avons etudie les phenomnes de ferroresonarce dans les
res@ux a moyenne tension. Diverses techniques ont ete developpees pour permettre
d'identi er et de trier les divers regimes stationnaires qui peuvent survenir, et delimiter
leurs bassns d'attr action regpedif s.

Comparaison of semi-Lagrangian and Eulerian algorithmsrfgolving
Vlasov-type equations

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

Centre de Recherches en Physique des Plasmas, Association Eatom-Con&ceration Suisse

Ecole Polytechnique Fecerale de Lausanne, CH-1015 Lausanne
maura.brunetti@epfl.ch

Abstract

In view of pursuing CRPP's e ort in carrying out gyrokinetic simulations usingan Eulerian-type
approad [M. Brunetti et al., Comp. Phys. Comm. 163, 1 (2004)], di erent alternative algo-
rithms have beenconsidered:1) cubic splineinterpolation, 2) Cubic Interpolation Propagation,
3) PiecewiceParabolic Method, 4) Positive and Flux Consenative scheme,5) (Weighed) Es-
sertially Non-Oscillatory scheme. The systematic comparisonof thesealgorithms with respect
to their ability to avoid the overshomt problem, di usion/dip ersion properties, corvergence
with time-step and spatial resolution is presetnied in order to identify the most appropriate
time-stepping scheme. Results from solving the guiding-certer model of the two-dimensional
Kelvin-Helmholtz instability are then compared. This test problem allows us to addresssome
of the key technical issuesalsomet with the more complex gyrokinetic-type equations.

Numerical modelling of glacier ow
Andy Aschwanden and Heinz Blatter

Institute for Atmospheric and Climate Science, ETH-Zurich
blatter@env.ethz.ch

Abstract

Glaciericeis generdly treatedas an incompressiblenon-Newtonian uid obeyingthe
Stokesequdion

rop+r (rv+rvh) = g 1)

wherep is the pressure, is the viscosity of ice, v is the velocity, is the density and g
is the acceleraion dueto gravity. To simplify this systemof equations, a scaleanalysis,
e.g. Blatter (199), is performed. The asped ratio = H=L, whereL and H are the
magnitude of the horizontal and vertical exterts of a glacier, respedively, is generally
small and is usedas scaing parameter. By consideringonly two spatial dimensionsand
neglectingterms of the order 2 and higher, the rst order approximation (FOA) is:

@ a@ le @ @.
‘e @ ‘2@ @ ‘@& @
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 stegp
parts of a glacier, the assumptionthat 1 can be violated locally. By means of the
Finite Elemert Method, both the Stokesequaion and the FOA are solved numerically
and solutions are compared for di erent aspect ratios to fathom the limit ations of the
FOA in areas of large horizortal gradierts.

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
cada@math.ethz.ch

Abstract

We have derived a compact third order scheme using logarith mic limiters. Our method
employs and generalizes the idea of double logarithmic reconstruction, as proposedl re-
cently by Artebrandt and Sdhroll. This reconstruction handles diconti nuities as well as
local extrema. An identi cation of the basic features of the double logarithmic recon-
struction lead to conditions for the constr uction of new non-o<illatory third-order limiter
functions. We have simplied this formulation for e ciency. This new formulation re-
sambles the standard semi-disaete TVD-MUS CL algorithm in that it usesonly a single
limit er function. Results of a set of demanding test bench simulations are compared.




Parallel Mesh Adaptive Techniques for Complex Simulation

Angelo Casagrande

Laboratoire d'ingenierie nurrerique (LIN), EPFL, Ch-101 5 Lausanne
angelo.casagrande@epfl.ch

Abstract

Unstructured meshes are of particular interest for industrial applications
as the mesh generation process can be fully automated. These generators
can be directly coupled to CAD systems and incorporated within a unique
software tool which can, at leastin principle, provide afast resolution of the
problem at hand, with out the intervertion of the user, once the domain and
the boundary conditi ons have been speci ed. One of the main advantages
of unstructured meshesis their capability to dynamically adapt the mesh
by localised re nement and dere n ement during the calculation in order to
enharce the solution acauracy and to optimise the computational time.

Method of invariant manifold for chemical kinetics
Eliodoro Chiavazzo

Aerothermochemistry and Combustion Systems Laboratory, ETH- Zuarich, 8092 Zsrich

chiavazzo@lav.mavt.ethz.ch

Abstract

The ideathat disdpative systemsin chemicalkinetics can have a simpli ed

desciption derives from some evidencesfound out when such systemsare
numericaly integrated. Indeed,looking out the trajectoriestypical behavior
in phasespaceduring the relaxation, it is possble to realizethat they quickly
move forward a lower dimensionmanifold and then, whenit is reaced, they
do not leave it any more going along it slowly towards the equilibrium. Now
it is straightforward to understand why, if suc a manifold exists, its name
can be Slow Invariant Manifold (SIM), and it provides an original system
simpli catio n. Sewera methods wereproposedto nd the SIM. A grid-based
approximation of invariant manifolds (MIG: Method of Invariant Grids) was
suggested (for details see,e.g.,thébook of Gorban and Karlin, Invariant Man-
ifolds for Physial and Chemial Kinetics, 2005Lect. NotesPhys. Springer),
and it represeits a very attractive procedure from the computational stand-
point in order to obtain a reduceddescription of the disspative systems

Electromagnetic Interference (EMI) Studies Based on an legral

Equation Formulation

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

1 ABB Schweiz AG, Corporate Research, Segelhofstrasse, CH-805 Baden-Daettwil

2 Seminar for Applied Mathematics, ETH-Zsrich, CH-8042 Zari ch
bogdan.cranganu-cretu@ch.abb.com

Abstract

The study of EM shielding effediveness provides a means to help reduce
eledromagnetic emisson or to improve the immunity of comporents present inside
metallic casings. Such casings with apertures of various sizes and shapes are
commonly used in eledricd and eledronic devices. The apertures serve a range of
purposes such as input and output conredions, ventilation panels or visua-access
windows. The importance of numericad modeling for the treament of such problems
was remgrized at an ealy stage by the Eledromagnetic Compatibility community see
(IEEE 1980 and (IEEE, 1993. One of the most widely used numericd techniquesis
the boundry element method and spedficaly applied here is the Eledric Field
Integral Equation (EFIE) technique. Applying integral equation solution to the
shielding problem has the advantage of requiring the meshing of only the metallic
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 ametalli c casing. The esential quantity in which we are interested is
the shielding effediveness (computed for the eledric field). We denote it by the
aaonym EFS andit isgiven by:

EFS=- 20loge™ /€™ (€]
To compute the transmitted field one has at least two options: in the particular case of
a metdlic casing where the medium inside the enclosure is the same as the one
outside, model the problem as a pure scatering one, on an open surfaceof a perfedly
eledric conduwcting (PEC) objed or more generaly model the problem as a
transmisson ore.

In the following we present a new variationa dired boundry integral equation
approach for solving the scatering and transmisson problem for dieledric objeds
partialy coated with a perfed conductive layer (PEC) layer. This development
originated as a transmisgon through aperture in PEC casing problems - and was
extended to acourt for the situation of coated arbitrary dieledric bodes (Cranganu
and Hiptmair, 2005. This represents a new development in the range of aperture
problems — covering an areaeluded at present by most of the commerciadly avail able
tods. The main ideais to use to use the eledromagnetic Caderon projedor along
with transmisgon condtions for the eledromagnetic fields. This leals to a
symmetric variational formulation that lends itself to Galerkin discretization by
means of divergence-conforming discrete surface currents.  Whoe ranges of
numericd experiments were caried on — and results reported here, confirming the
efficagy of the new method

B. Cranganu-Cretu, and R. Hiptmair, (2005 “Dired boundury integral equation methodfor
eledromagnetic scatering at partly coated dieledric bodes’, Computating and
Visualizationin Science, Springer Verlag, DOI 10.1007s00791005-0007-4.

Olyslager, F., Lagmans, E. De Zutter, D. et al (1999, "Numericd and Experimenta Study
of the Shielding Eff edivenessof a Metalli c Enclosure”, IEEE Trans. Eledromagn
Compat., vol 41no.3 pp. 202213




Gaussian Quantum Monte Carlo Method for Fermions
Philippe Corboz
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Abstract

Recently Corney and Drummond introduced the sign-free Gaussan
Quantum Monte Carlo method (GQMC) for the Hubbard model. It is
based on a positive expansion of the density operator in an overcomplete
Gaussan operator basis. The distribution of the basis elements is sam-
pled with stochastic di erential equations. Thesimulation of the Hubbard
model with this method shows systematic errors at low temperatures for
certain parameters. The symmetries of the system are not reproduced
correctly by the stochastic sampling. A symmetry projection scheme re-
stores the broken symmetries leading to accurate results for ground state
properties.

Calculation of X-ray di raction patterns for computer geneaated

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

peter.derlet@psi.ch

Abstract

The visualisationof conmputer generated abmic configurationsrepreseting redistic material
microstructires provides amnprecedentedspatial andiemporal resoldion that is nomally
not acessble to experiment. Desjite ths, it becomes necesaryto dewelop numerical tools to
simulate experimental probes fordirect comparison withexperiment. In the presentwork we
show theusdulnessof using tradtional atanic visualsationtechriques in corunction with a
simulated diffradion experiment to better chracterize themicrostructre of a @mputer
gereratednanocrystalline metal. We also demonstrate the power of this apprach as araid in
the interprettion of experimental diffraction patterns of mnocrystalline Ni perfomed a the
Swiss Syichrotron Lightsource.

Error Estimates for Absorbing Boundary Conditions and Pe#dctly
Matched Layers

Julien Diaz , Patrick Joly

Department of Mathematics, University of Basel, Rheinsprung 21, CH-4051 Basel
julien.diaz@inria.fr

Abstract
Thanks to the use of the Cagniard-de Hoop method, we derive an analytic
solution in the time domain for the half-spaceproblem as®ciated with the wave
equation with high order Absorbing Bounday Conditi ons (ABC) or Perfectly
Matched Layers (PML) . This permits usto derive new corvergenceresults when
the order of the ABC or the damping coe ciernt of the PML tendsto in nity,
aswell aserror edimates. The theory will beillustrated by numerical results.

Numerical construction of solitary waves in doubly periodi
nonlinear photonic waveguides

Tona Dohnal

Seminar of Applied Mathematics, ETHZ, CH-8092 Zsrich
dohnal@math.ethz.ch

Abstract

Solitary wavesare localized disturbancesthat propagate without changing their shape. They
arise due to a balance betweenlinear (dispersive) and nonlinear (focusing) e ects. In nonlinear
optics such waves are promising as information carrying pulsesin, for instance, logic devices.
Using asymptotic analysis, Floquet theory and numerical relaxation methods, we construct a
family of sudch solutionsin 2D doubly periodic photonic waveguideswith a cubic nonlinearity. The
periodicity in the propagation direction is the Bragg grating, which allows solitary waveswith a
large range of velocities, including v = 0; stationary light bullets! The temporal frequencyof these
waveslieswithin the photonic band gap, i.e. the regionsforbidden in the linear dispersionrelation.
For ead given frequency the solitary wave envelope is constructed via a Newton's iteration in a
nite di erence discretization. In order to suppressstanding wave oscillationsin 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 Zsrich

eilemann@ifi.unizh.ch
Abstract

We present Equalizer, a new programming interface and resource management
sysem for scalable, interactive and distributed graphics applications. The fo-
cus of the presertation is an architectural overview and the di e rentati on of
Equalizer over tr aditional multi-pip e graphics middleware. An outlook into our
futur e researdh in the area of high-performance visualization will be given.

AMR Simulations and Visualizations in Astrophysics
Jean M. Favre !, Rolf Walder 2, Doris Folini 2

1 CSCS, Swiss National Supercomputing Centre, CH-6828 Manno

2 Institut far Astronomie, ETHZ, Scheuchzerstr. 7, CH-8092 Z urich
jfavre@cscs.ch

Abstract

The use of adaptive meshes is mandatory in astrophysical siolations as many di erent
spatial and temporal scales has to be resolved. With our A-MAE code package, w
simulate the mass transfer in binary star systems, resolvig the stellar orbit (1010 km, 2
years) and the ow in the vicinity of the accreting star (104 km, seconds). Similar in scale
jets from young stars penetrate the molecular cloud out of wich they are born. Post-
processing and visualization require great care in le and nemory management becaus
of the sheer size of the data, the extreme numerical rangeshé 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 fardware accelerated renderin
for time-dependent movie creation.




Parallel visualization applied to tera-scale rotor-statosimulations in
water turbines

Jean M. Favre ! and Etienne Parkinson 2
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Lagrangian Particle Dispersion Modeling at Jungfraujoch

D. Folini %, S. Ubl %, P. Kaufmann 2, S. Reimann ?*

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

2 Bundesamt isr Meteorologie une Klimatologie
doris.folini@empa.ch

Abstract

At the Swisshigh Alpine station Jungfraujoch (3580 m asl) 20 di erent halocarbons
are cortinuously measuredby our group since 2000. The goal of our work is to derive
from thesemeasuremets emissionmapsfor certral Europe by meansof inversemodeling.

To obtain the necessaryesidencetime mapswe employ a badkward 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 presert 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-
sertativ enessof Jungfraujoch asa monitoring station.

Kinetically Reduced Local Navier-Stokes Equations

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

1 Aerochemistry and Combustion Systems Laboratory ETHZ
2 Aristotle University of Thessaloniki, Greece
3 School of Chemical and Biomedical Engineering, Nanyang Tehcnological University, Singapore
frouzakis@lav.mavt.ethz.ch

Abstract

Coupled equions for thegrand poten#l and the flid momentumareexplored for fluiddynamics at
low Mach number. The Bylor-Green vortex flow igonsidered in the nefvamework, anccompared
to the spectral eteent solution ofthe classial incompressible Navier-Stokes equations. The ne
equations praide a viablealternative for conputatioral fluid dynamics.

Numerical simulation of pulsating axisymmetric non-premied jet

ames

C.E. Frouzakis !, A.G. Tomboulides 2, P. Papas ® and K. Boulouchos *

* Aerochemistry and Combustion Systems Laboratory ETHZ
2 University of Western Macedonia, Kozani, Greece
3 School of Mines, Colorado, USA
frouzakis@lav.mavt.ethz.ch

Abstract

Experinental investigations of axisymmetrivethane and propane jet non-piged flames
close to extinction have shownwdrequency oscillations of thenchaing base anthe tipof
the flame. The self-esited o<illations resultin periodic contractin and extension of t|
flame. In order to study the effect aforrbustion and hydrodynamic instabilities
buoyancy and identify the eshanisra leadingto the experirantally observed pulsatior
reating axiymmetric jet fames are simlatedusing a MPI-based parallel code for low M
number compresslie reacting flows. The cdougion chenistry is described by a single-st
finite-rate reaction ah detailed transpor properties are specified for the speci
Conpositions and fow velocitiesare takenfrom the experirnts, and the ggen nas:
fraction in the coflowing oxidizer streai® vared to bring the systeriose to extinction. Tt
simulations clearly show the role of tripleafhes in the stabilization, pulsation and extinc
of the flanes.

Consistent metric terms in numerical models of the atmosphe

Oliver Fuhrer

Laboratoire de pollution atmosplerique et du sol LPAS, EPFL , CH-1015 Lausanne
oliver.fuhrer@epfl.ch

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 Row problem through
analytic solutions to the linear bnite-difference equations. Further conbrmation is provided
through numerical simulations using both explicit and a semi-Lagrangian atmospheric
models.




Stokes eigenvalue problem using divergence-free, nonfocoming hp

basis functions
R. Gruber ! and M. Azaiez 2

! Laboratoire d'Ingenierie Nunerique LIN, EPFL, CH-1015 La usanne

2 Laboratoire TREFLE, ENSCPB, Pessac, France
ralf.gruber@epfl.ch

Abstract

The two-dimensional Stokes eigenvalue problem with homogeneous boundary con-
ditions is solved in two steps. First, we apply a new non-polluting, non-conforming
hp approac to compute the kernel of the -grad(div) eigenvalue problem imposing the
same boundary conditions. Then, the spedrum of the Laplacian is computed using this
divergencefree basisto approximate the velocity componerts. 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 eigenvalues converge ex-
ponertially with the polynomial degreep and in N**(-2p) with respect to the number
of mesh cells N in both directions. These results are con rmed when the geometry is
rotated.

References

[1] E. Leriche,and G. Labrosse, "Stokes eigenmalesin square domain and the stream
function-velocity correlation”, J. of Computation al Physics 200 (2004) 489511.

Optimized ensemble Monte Carlo simulations of dense
Lennard-Jones uids

Emanuel Gull

Institut far Theoretische Physik, ETHZ
gull@itp.phys.ethz.ch

Abstract

We apply the recently developed adaptive ensemble optimization technique to simulate dense
Lennard-Jones Buids and a particle-solvent model by broad-histogram Monte Carlo techniques.
Equilibration of the simulated Buid is improved by sampling an optimized histogram in radial
coordinates that shifts gatistical weight towards the entropic barriers between the shells of the
liquid. Interstitial statesin the vicinity of these barriers are identibed with unprecedented accuracy
by sharp signatures in the quickly converging histogram and measurements of the local di! usivity.
The radial distribution function and potential of mean force are calculated to high precision.

O -lattice Boltzmann simulations of uid ows
Andrei Gusev

Department of Materials, ETHZ, CH-8093 Zsrich
andrei.gusev@mat.ethz.ch

Abstract
The Lattice Boltzmann method o ers an appealing potential for simulation of
uid ows. However, the intrinsic coupling of momertum and space discreti zation
regricts the applicability of the Latti ce Boltzmann method to uniform, regular lat-
tices which is often disadvantageousin practice. Available o - lattice Boltzmann
algorithms have stability problems which are to be handled at the expense of addi-
tional computational cost. As a consequence the o -lattice Boltzmann techniques
have rarely been employed in practice today. Here, we proposeand validate a general
characteristic-baseal algorithm for o - lattice Boltzmann simulations. The algorithm
preseves all appealing properties of the standard Lattice Boltzmann method while

extending the method to unstructured grids.

Aucxiliary space methods for edge elements

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

Seminar for Applied Mathematics, ETHZ
hiptmair@sam.math.ethz.ch

Abstract

Auxiliary spaceprecanditioning targets elliptic boundary value problems
disceized by meansof nite elemerts. The ideais to usea related disarete
boundary valueproblem, whosesdution islessexpensve, asa preconditioner.
The connectio betweenboth problemsis established by meansof a suitable
prolongation operator.

We adapt this idea to H (curl)-elliptic variational problems disaetized
by meansof edgeelements on unstructured meshes. The auxiliary spaceis
built upon a semi-structured grid. Thefocusis on theoretical analysis withi n
the abstract framework of subgpace correction. Employing a Helmhdtz-type
splitting of edge elemen vector elds we can esteblish asymptotic h-uniform
optimality of the precondtioner de ned by our auxiliary spacemethod. Nu-
merical experimerts con rm the goad performance of the method.
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Wavelet-based Multiresolution Particle Methods
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Abstract

Particle methods are a robust numerical tod for solving transport problems as they
emerge in disciplines such as u id dynamics, quantitative biology or computer graphics. In
alLagrangian formulation particle methods are stable numerical schemeswith small disspa-
tion and inherent adaptivity. It istheir adaptivity, however, that deterioratestheir accuracy
if particle properties are not regularized. We present a hybrid particle method that em-
ploys a multiresolution analysisto identify and adapt t o small scalesin convedion-di usion
problems. The method combines the versatility and e ciency of grid-based Wavelet collo-
cation methods while retaining the numerical properties and stability of particle methods.
Theacauracy and e ciency of thismethod is then assessed for transport and interface @p-
turing problems in two and threedimensions, illustrating the capabilities and limitations
of our approach.

Numerical Debris Flow Simulation
Julia Kowalski
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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 erert sizes ( milli meters to meters ) fully
or partly saturated with water. Thus, debris o ws are polydisperse gravity currents with
an interstitial u id, that is less densethan the particulate matter, but dense than the
ambient uid. Dependent on the amount of water in the debris and the slope of the
current, they run down with velocities between 5% and 84

Debris ow forecad is still very dic ult, but once releasd, there exist quite many
attempts to physically model the dynamics of such ows. One is, to desaibe them as
multi phasemedia and consider eac phase seperately with a coupling force between them.
Sincethe o wsare shallow, thoseapproaches canbefurther simpli ed by depth-averaging.
Two dimension reduced multiph ase attempts ( Iverson/ Pitman ) are consicered. In the
wet cae, 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 discorti nuities
is possble and a shock-capturing solver hasto be applied. As a r st attempt we approx-
imate the solutions with a rst order Godunov solver, incoporating a Roe ux function
and an explicit Euler time integration. We compute the solution on a triangular mesk
and compare the reaults in an inclined plane framework.

Linear scaling electronic structure calculations and accate
sampling with noisy forces

Florian Krajewski , Michele Parrinello

Computational Science, Dept. of Chemistry and Applied Biosci ences, ETHZ
florian.krajewski@phys.chem.ethz.ch

Abstract

Statistical sampling of the ionic Boltzmann distribution can be basedeither
on empirical force elds or on electronic structure calculations. In the latter
casethe use of linear scaling algorithms is imperative in order to simulate
large systems. We presen 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 shav 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 accuracy of the method is demonstrated by performing simulations of
tight binding siliconin the semiconductingcrystalline andin the liquid metal-
lic phase. Our approat can be adapted to other stochastic schemesfor
ewaluating inter-atomic forcessuc as quartum Monte Carlo.

[1] F. R. Krajewski and M. Parrinello, Phys. Rev. B 71, 233105(2005)
[2] F. R. Krajewski 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
andrea.krpo@epfl.ch

Abstract
Around half ofthe global populatton is nowurbanised and tis propottion is forecast tc
increaseto threequarters duing the nex twentyfive years. The welfaref the majority
of the populaion is therefore intrinsiclly linked withthe urbanenvironment and this il
turn is responible for the majority of GreenhouséGas (GHG) emissions.
Urban formsnot only modify the Iacal dimate, but can ao aler the disgersion ofthe
pollutants atmesoscale (the scale whee secondarypdlutants, like ozore, form).

A finite volume (FVM) mesosale wind moe! able to represent the impat of urban
buildingson airflowis preseited The mass, momtim, energy and turbuént knetik
erergy equations ae soled; extra terms are introduced b represent the effed of
buildingssurfaces ¢oof, wallsand steef).




Computational Heat Transfer and Two-phase Flow in Miniatue

Tubes
Djamel Lakehal , C. Narayanan

ASCOMP GmbH, Zurich
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Abstract

Miniature pipes are now exploited toake nicro-ooling devices for electronic cgronents (e.g. laptop
computer chips, cellular phones, etc.), radar aedospace avionics. The s of two-phaseflow in
miniature tubes is copiex and nultifaceted, featurig significant differences with acroscale transpc
phenonena. Known differences concern pressure @mperature drop, friction coefficient, and veloc
profile. More subtle differences are rooted into tinéalance between surface tension, whichidate with
decreasing tube size, and boftyrces. The high ratio of total surface areavolume, characterisin
microchannels, is useful in facilitating the reval ofa large arunt of heat fronthe tube confines. Froa
thernpdynamics point of view, the use of convective boiling is particularlgesirable for increasing he
removal efficiency as the latent heat of vaporizatisnappreciablyhigher than sensible heat changes 1
set of terperature operating ranges.

The abilityto predict the phsics of nicrofluidics and asswated heat transfer inimature tubes is essent
for advancing the knowledge in various emging technologies. In practical applications, the flonayn
involve phenorena acting at different tieflength scales. At eadével of the scalecascadethe physics of
the flow is anenable to numrical prediction byscak-specific strategies. The sifation approachshoulc
typically be capableof predictingthe flow motion of immiscible fluids separated tBvolving interfaces, e.
“Interface TrackingMethods”. Such capabilities shouldveathe wayfor including inter-phase heat trans
mechanism and surface tension. These new gation strategies are invoked in flow scenarios whitie
identification of interfaces needs to be precise.

We will report on our recent advanaesdein predictingthis class of flow, using the Level Set approac!
which we have incorporated phase-change capabilisiegace tension and triple-line miyrics models
based on the Young'unbalanced forces. We will focus thre trenendous role plagd byflow regime in
controlling heat transfer. We will show that a tiogangein the gas-phase Rewlds nunber can change
bubbly flow regime into a bubblyslug flow reging, whichin turn leads to anpwreciable increase in loc
heat transfer. The 2D axisyretric simulations wereperformed in a 1mm diameter tube heated at t
surface,in which air bubbles were injected into a tea stream The conputational strateggonbines the
unsteadyNavier-Stokesequations for the flow andevel Sets for interface drics. These novel ehods
were found to accuratelpredict variousmulti-fluid micro-flow phenorena. Figure 1 shows predici
bubbly'slug flow regine. The heat rewval rate is Bown to increase as cgared to the single-phase flc
regime (upper panel), and waound to be higher than the bubblflow regime (see isocontours

tenperature —blue: low; red: high). The presence of pbhaage will add to the heat transfer cerml rate.

Single phase flow In a channel (water)

ASCOMP GmbH, Zurich

Slug formation in a 1mm channel with heat transfer

<_------_______A‘l..‘l.--_-—‘llllll'

ASCOMP GmbH, Zurich

Figure 1. Heat repval rate predictions isingle and naltiphase nmiature pipe flow.

Dynamics for a single particle of organic aerosol
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Abstract

Particlesin the atmosphere arise from natural sourcessuch as wind-
borne dust, seaspray and volcanoes, and from anthrop ogenic activiti es
such as combustion of fuels. Anthrop ogenic emissions leading to atmo-
spheric aerosol have increased dramatically over the past certury and
have been implicated in human health e ects, in visibility reduction in
urban and regional areas in acid deposition and in perturbing the earth's
radiation balance. These aerosol particles are subjected to an array of
transport and transformation procesesthat alter their size, number and
composition. Our work is to develop resolution methods for the numer-
ical simulation of the physical and chemical procesesthat govern the
dynamics, size and chemical composition of atmospheric aerosols.

Aspects of ahp nite element program for electromagnetic
scattering problems

Paul David Ledger

Center for Computational Physics, Zsrcher Hochschule Wint erthur
lep@zhwin.ch

Abstract

Aerospace enginea's 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 scatterer. One of the mmputational challenges
involved in solving this problem is to overcome the dispersion phenomena.
Here it is known that nite dements with enriched polynomial degree (p{
version) perform better than low order elements with ren ed mesh spacing
(h{version). However, realistic scatt erers often contain small features which
are best resolved by rening the mesh, hence using the hp{verson nite
element method o ersthe best of both ren ement types. In this poster pre-
sentation we shall present some aspeds of our current approach. This will
include the available dement types, use of a parallel linear equation solver,
rapid output predication using areduced{order model as well as a seledion
of numerical examples.




Stokes eigenmodes in con ned geometry: their dynamics anhlet
potential vector-vorticity correlation
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Abstract

The of Stokes ina (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 cavity.

The Cartesian Stokes eigenmales 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 presert cortribution is to provide
aTist deepinsight into the Stokeseigenspacen the most simple con ned geometries,namely a square ([10, 9])
or a cube ([12]), and then to provide a generalisationto any bounded domain [11].

Sincethe early work of G.1. Taylor ([14]) on the leading eigenmale of the buckling load problem, to the au-
thors' only afew attempts computing some2D Stokeseigenvaluesand/or eigenmales
in fully conned geometries([2, 15, 3, 5, 4]).

Computing the 2D/3D Slokesslgenmaiescan be made from their (velocity-pressure) primitiv e variable, or
from the potential y e 2D reducedto the scalar stream function
formulation, known in structural memamcsas(he bud(lmg load pvoblem ([14]). With the former formulation,
the well known Stokessohvers are either non consisten, like the time-splitting schemes,or very expensie, even
for the 2D case.namely the Uzawa and Green (or in“uence matrix) options. Moreover oneof the problemsraised
by the of numerical
ve\oclly to be divergencefree to obtain relevant and corvergert results. An alternativ e way of computing the
2013 the Lattice approach

symmetries. The dynamic equilibria are analyzed and lead to a linear relationship betweenthe vorticity and
the potential vector in the core part of the The closed“ows are thus by functional
relationships betweenthe vorticit y and stream function, not only in the inviscid 2D regionsat high Reynolds
number ([1]). T the red in the squareor in the cube are sharedby the
fully periodic Stokes eigenmales,and it will be shawn that this linear relationship characterizesthe dynamics
of eath Stokes eigenmale in the internal part of any closed2D or 3D domain ([11]).
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The present cortribution hasopted for using three di@erert solver:

aspeciral Chelysheveollocation method in primitv 6 variabie (20/3D), the Galerkin- Reld Harris (RH) decom-
position in the stream function formulation (2D), and the Lattice Boltzmann approach (2D/3D). The fst one
feedsa pseudospectral solver in primitiv e variables (the Projection-Di®usion) known to be consistert with the
continuous space-time problem ((8]), and optimal in computation cost. The secondone usesthe well known
Reid-Harris lip/no-°ux the fourth-order di®erertial problem ([13]) for
directly solving the biharmonic problem arising i the stream function formulation. Theseapproahesare quite
di@eren, as regards, for instance, the numerical velocity
cut-0® frequencyin the former case,while it is exactly zeroin the secondone. Finally, the third solver makes
use of the Latice Bolizmann approach witch can be asa version of the

statistical of in a°uid, but at the and constitues
an alternative way in numerical simulation of “uid phenomena([7]).

First, the numerical accuracy of three methods, applied with seweral mscreuzamns are cnmpared for both
the eigervaluesand the main features of the e Cl pproah is by far the
most excient, even though the assaiated solver doesnot provide a velocity but
(110, 12)).

Then, the ich underlie the Stok tterns are identied. Al symmetry cong-
urations are reported in this cortribution. The evolution laws of the spectra are Tted and are found to be in
excellert qualitativ e agreemen with the theoretical asymptotic predictions proposedby Constartin and Foias
in [6],,i ' k4 + O(k'd), with d = 2,3, The slopesare found to be specic to each family of eigenmale
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Abstract

Abstract: Model linking and comporent integration for sdentific simulations is a
laborious processthat requires deding with problems related to model spedfications,
pertinence constraints, and scding issies Our remedy to theseproblems involves the
spedficaion of rich model semantics by using ontologies Model assimptions, interfaces
and causd chains, along with avail able data sourcescan be spedfied in a dedarative
fashion, seving asthe building blocks of a semantic-aware integration framework. Such
an approach is demonstrated here in the context of the Seamlessprojed, which aims to
integrate biophysicd, farm and emnamic agricultural models at multiple scdes In
particular, a sd& of ontologies descibing model comporents and databases is
demonstrated. Ontologies se up clea definitions for loosdy integrating models in an
open environment. In this way, models are approached as autonomous agents, or sdf-
explained web sevicesconfronting to open interfacesand strict contrads.

Arrangements de droites et pseudo-droites avec beaucoup de
triangles

Sbastien Loisel

Departement de matlematiques, Universie de Gereve
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Monte Carlo Methods for Partial Di erential Equations: Computing

Permeability
Michael Mascagni
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Abstract

For brevity, we consideronly someMonte Carlo methods for
obtaining the solution of simple elliptic partial di®erertial equa-
tions (PDEs) as part of exterior boundary value problems that
arise in electrostatics and °ow through porous media. These
Monte Carlo methods are basedon usingthe Feynman-Kacequa-
tion to represen the solution of the elliptic PDE at a point as
the expected value of functionals of Brownian motion trajecto-
ries started 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 concettrate 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 accuratesolutionsin 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 Zsrich

Abstract

Abstract: In spin-1 quasi-one-dimensionakntiferromagnets that have quantum
disordered ground states, the e®ectsof magnetic impurities are investigatec
utilizing the quantum Monte Carlo method with the cortinous-time loop algo-
rithm. Impurit y-induced transition temperatures are determined with respect
to the conceriration of impurities by parallel simulations of randomly dopec
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.

Stable FEM-BEM Coupling for Helmholtz Transmission Problens

R. Hiptmair, Patrick Meury

Seminar isr Angewandte Mathematik, ETHZ, CH-8092 Zsrich

Abstract
We consider acoustic scattering at a non-smooth penetr able object and coupled
boundary element n ite element schemesfor its numerical simulation. Straight-
forward coupling approaches are haunted by instabilities at wave numbers re-
lated to interior resonances, the so-called spurious resonarces.
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 will alsofeature regularizing operatorsto o setthelack of compactnessof
the double-layer potenti al integral operators on non-smooth surfaces. Calderon
projectors can be de ned basedon the modi ed trace operators. Thus, Coda-
bel's approach to the symmetric coupling of domain variational formulations
and boundary integral equations carries over.
The modi ed traces guarantee uniqueness of solutions of the coupled problem,
whereasregulari zation ensures coercivity. 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
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Simulation of lling of micro uidic devices using a coarsegrained
continuum contact angle model

Chidambaram Narayanan and Djamel Lakehal

ASCOMP GmbH

Institute of Engergy Technology ETHZ, ETH-Zentrum CLT D3, C H-8092 Zasrich

Abstract

Micro uidic tecnologes have dewveloped rapidly over the past few years. How-
ever, mature designsupport, in terms of modelling and simulation toals, is yet largely
unavailable. In particular, many extensionsto corventional computational uid dy-
namics (CFD) are required: small scalephysical e ects suc as surface forces, dy-
namics of three{phasecontact lines, heterageneouschemical reactions, surfactants,
etc. are some obvious examples.

We presat a new dynamic contact ange model applied to the lling problem
in micro uidic devices. The level-set method is usedfor interface capture. Seweral
attempts have been madein the past decadeso model contact{line dynamicswithin
the continuum uid dynamicsframework. Generally, ad{hoc models are used where
cortact anges are preseibed basedon front velocities and criteria for advancing and
recedingscenarios[1]. The model preserted in this study is basedon the molecular
dynamicsdesciption of the contact{line[2], such that it doesnot requirethe speci ca-
tion of ad{hoc cortact angles. Figure 1 preserts a simulation of return to equilibrium
of a wetting liquid (initi al contact angle: 15C°, equilibrium 6C°[1]).

Bubble ertrapmert is an common problem in the designof micro uidic devices.
Occurrenceof thesebubblescan be avoided through careful designof the chip geom-
etry, cortrol of the lling proces, and selection of material properties (hydrophobic
or hydrophilic). Theseissuesreferredto as self-priming and bubbletolerance in the
designof micro{pumps are of great importance Simulation of casting of prepolymers
on to a master to create stamps for microcortact processingis shovn in Fig. 2. The
simulation showsthat the propertiesof the polymerand o w rateshaveto adjustedto
avoid bubble ertrapmert. The paper will presert further applications of the level-set,
dynamic cortact model to lling problemsin micro{devices.
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Figure 1: Return to equilibrium of a wetting liquid; Spelt[1](2005)
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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

Regession due to Efroymson allows to systematicdly selet important terms of a

multiv ariate regressionequation and to discard unimportant onesby statistical tests on
the decreaseor increase of the residuad sum of squares. This sum and the residua vector
of the normal equations dependlinearly on the choice of regressioncoecien 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) enablescortrolling variations in the residual sum of squaes. But reasondle
resultsareobtainedonly if the individual termsof the regression equaion are well founded.
A bad exampleis a formula for the breaking distance of a car deducedfrom obsenations
asfound in a book frequertly usel in schools of engneering.

Electric 3D-Simulation of Metallized Film Capacitors
J. Ostrowski , R. Hiptmair, H. Fuhrmann

ABB Switzerland Ltd, Corporate Research, CH-5405 Baden-Deattwil

Abstract
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).
Findings - 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 equationgechniques

Christian Perret

Seminar for Applied Mathematics, ETHZ, CH-8092 Zsrich

Abstract
Numerical simulations of path integrals by stochastic di erential equations sometimes
show stability problems. To improve the results, new numerical methods have recertly been
developed. However, it seems that the choice of the numerical method alone might not
guarantee the reliability of the results. Integrability conditions have to be considered more
carefully, particularly 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 Zsrich

Abstract
Abstact . In this talk, we introduce a new mixed nite elemen for the dis-

cretization of the Stokes equations with Dirichlet as well as slip boundary
conditions. The underlying grids of the standard nite elemert pairs always
hasto resolhe thedomainwhich a ectsthe number of degees of freedan crit-
ically. In cortrast to that, our approach decouplesthe minimal dimension of
the approximation spacefrom the doman geomety by using an overlapping
two-scalegrid. This approach allows low-dimensonal approximations even
for problemswith complicatedgeometric details. We prove stability and op-
timal corvergence(up to logarithmic terms) for the proposed noncanforming
mixed method.




Spatio-angular modeling for the formation of oriented patees in

chondrocytes cultures

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

! Department of Mathematics, University Basel
2 Department of Surgery and Research, University Hospital Bas el
% Weierstrass Institute for Applied Analysis and Stochastic (WIAS), Berlin

Abstract
In celltherapy 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 specic
growth factors have beenrecerily shown to enhancethe proliferation rate of
adult human articular chondrocytes (AHA C) expandedin monolayer [1].

In collaboration with the group of lvan Martin(Univ ersity Hospital Basel),
we have developed a mathematical model that comrbinestime-lag (delay) with
logistic growth to capture the non-instartaneousand asyndronous expan-
sion of the AHAC during the ertire experimert [2]. The logistic delay model
was found not only to T well the experimertal growth curves, but also to
con rm the generationtime estimated from experimertal data as well as
other key kinetic parameters(eg.: carring capacity, growth rate).

As the cell population ewlves, AHAC changetheir orientation and po-
sition either randomly, or in responseto neigtboring cells. Sincethe cells
are elongated,they presen an inherert axis of orientation, sothat they can
be represeted by an angle of orientation and a position in space. Experi-
mertally, it was showvn that when the density of the cells readesa critical
level there is a spontaneoustendencyto align alonga commondirection. To
take into accourt this spatial behaviour we have deviseda new mathemat-
ical model which involves spatio-angular cell-cell interactions coupled with
logistic growth. Linear stability analysisindicatesthat the selectionof a pre-
ferred axis of orientation resultsfrom a bifurcation wherethe uniform steady
state becomesunstable, thus leading to the emergenceof coheren oriented

patterns. Further insight into the dynamicsof this nonlinear model is gained
through systematic parameter studiesand numerical simulations.

References:

[1 ] Barbero A., Grogan S.P, Sdafer D., Heberer M., Mainili-V arlet P.,
Martin |. Age related changesin human articular chondiocyte yield,
proliferation and post-ex@nsion chondiogenic capacity, Osteoarthritis
Cartilage, Volume 12, 2004. Pages476-484.

[2 ] Barbero A., Palumberi V., WagnerB., SaderR.,Grote M.J. and Mar-
tin 1., Experimental and Mathematical Study of the In°uence of Growth
Factors on the Growth Kinetics of Adult Human Articular Chondro-
cytes Journal of Cellular Physiology, Volume 204,1ssue3, 2005. Pages
830-838

Ultra-cold atoms in an optical lattice: a numerical approalk

Lode Pollet and Matthias Troyer

Departement Theoretische Physik, ETHZ, CH-8092 Zsrich

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 like fermions in many respects (T onks 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 ensenble. Such an approach
opensthe way to study mixtures of di erent species. We discussthe ground state phase diagram 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 parity e ects.

Implementation and application of a simple non-hydrostat

atmospheric nite volume model
Catherine Pomezny

Laboratoire de pollution atmospterique et du sol LPAS, EPFL , CH-1015 Lausanne

Abstract

Numerical models of the atmosphere often solve the Euler equations on highly anisotropic, de-
formedgrids. Even thoughfadilitatin g the formulation of the lower boundary condition s, thiscan
lead to a myriad of numerical truncation errors related to the grid deformation, egedally over
steep and complex topography. Another approach is to keep the grid Cartesian, but implement
a cut-cell approach for the lower boundary conditions. To this end, we develop a straightforward
two-dimensioral 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 simulations and give good reaults if a numerical smoothing Iter is applied. Sensitivity
to numerical lterin g, source term formulation and time-stepping method is preserted.

Multiscale algorithm with patches of nite elements

Vittoria Rezzonico

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

Abstract

We presert amethod to sdve dliptic problemsin which a better precigon is neededin
certain regons of the domain.

Let Ty be the coarse tetrahedrisaion of the doman, with tetrahedra of sizeH, let
V4 be the corresponding n ite elemen space We add to the coarsetetrahedrisaion Ty
seweral tetrahedrisations (patches) T, with tetrahedraof sizeh << H. The patchesare
not necesarily confaming to the coarsegrid. The nite element solution can be written
asupyp = Uy + Uy; whereuy 2 Vi and up 2 V. We are seekingfor the solution of the
weak formulation a(upyn;Vv) = F(v);8v 2 V = Vy + Vi A succesive subspace @rrection
method to compute uy, will be preseried and implemertation issueswill be discussed.An
industrial example pertaining to aluminium production cells will be preserted.




Entropic Lattice Boltzman Method for Thermal Flows
Nikolaos Prasianakis

Institut far Energietechnik, ETHZ, Clausiusstrasse 33, C H-8092 Zsrich

Abstract
A newthermal entropic latt ice Boltzmann model on the standard two-dimens
nine-velocity latt iceis introduced for smulation of weakly-compeessible o ws.
Newmodel coversa wider rangeof o ws than the standard isothermal model
on the samelattice, and is computationally e cient and stable. Resultsfor
thermal couette ow and Natural Convection in a squae Cavity for Rayleigh
numbers up to 1& will be preseited.

Introduction to Entropi c Latt ice Bolt zmann Metho d

The lattice Boltzmann method is a disarete cmmputational method baset
upon the Boltzmann equation. The uid is represetted by a particle velocity
distributio n function at each grid point. The time is counted in discretetime
stepsand the uid particles can move and can collide. The rules governing
the collisions are designed suc that the hydrodynamic limit of the model is
consisterh with the Navier-Stokes equation. It is an approach that bridge:
microscopicphenomenawith the continuum macrosopic equaions. Further,
it can model the time evolution of systems.

Reduced basis methods for Navier-Stokes equations in paretnized

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.

Algebraic Multilevel Preconditioners for Non-symmetric linear

Systems

Marzio Sala !, Raymond S. Tuminaro 2

! Department of Computer Science, ETHZ, CH-8092 Zusrich
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 sysems.
While interpolation is similar to standard smoothed aggregation the
redriction is not taken asthe transpose of the interpolation. Instead,
an auxiliary smoothed aggregationinterpolation operator is built for
the transposeof the linear sysem being solved. The redriction opera-
tor is then taken asthe transpose of this auxili ary interpolation oper-
ator. In order to complete the proposed Petrov-Galerkin approach, a
procedure is illustrated for choosng damping parameters neededwhen
generating smoothed aggregationgrid tr ansfers. Numerical results are
given showing how thi s meth od performs on highly nonsymmetric sys-
tems.

SESES, a Multiphysics Finite Element Software with Industial

Applications
Guido Sartoris

Center for Computational Physics, Zsrcher Hochschule Wint erthur, CH-8401 Winterthur

Abstract

SESES is a general purpose multiphysics numerical simulation tod for
the analysis of micro{macro, sensor{actuator and generic devices by the -
nite dement method in two{ and threq dimensional domains. The major
trend in the development of this program in the past few years was the dear
separation between discretization models and physical models. The former
are hardcoded within SESES, like any other numerical tod, however, for the
latter we strive for their externalization to the user level. In other words,
generic physical modelslike material laws and coupling e edsbetween di er-
ent physical eldsaresped ed entirely by the user through a functional input
language. This methodology greatly improves the exibility of the software.
In this poster presentation we shall discuss ®me aspeds of the program, in
particular this will i nclude, examples of the functional input used to spedfy
generic physical coupling medanisms and a seledion of industrially relevant
numerical examples.




Homogenization of the heat equation in multilayers with inerlayer

conduction
Kevin Santugini

Section de mattematiques, Universie de Gereve

Abstract

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

Olaf Schenk !, Andreas Wachter 2, Michael Hagemann 1!

1 Department of Computer Science, University of Basel, Klingel bergstr. 50, CH-4056 Basel,

2 |BM 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 ill-conditioned Karush-
Kuhn-T ucker problems have to be solved. We present combinatorial methods to preprocess
these matri cesin order to egablish more favorable numerical properties for these systems.
Our approach is basedon symmetric weighted matchings. This technique can be seen as an
alternati ve to the more traditional threshold pivoting techniques. We demonstrate the com-
petiti veness of thi s approach within an interior- point method for large scale optimal control
problems based on parti al di erential equations. The largest nonlinear optim ization problem
solved has more than 12 million variables and 6 milli on constraints.

Di usion-Reaction Equation in Thin Sheets
Kersten Schmidt

Seminar far Angewandte Mathematik, ETHZ, CH-8092 Zsrich

Abstract

Sensitive measuirement and control equipment is protected from
disturbing electromagnetic elds by thin shielding sheets. T his shield-
ing e ect can be studied by meansof the model problem of Di usion
equation with additional dissipation in the thin shee¢. The behaviour
of the solution motivates a quas-tensor product approacd inside the
shee. Spedal nite elements are derived by an ODE in thickness
direction. In this talk the problem formulati on will be given and a nu-
merical comparison with standard FE discreti sation will be discussed.
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Discontinuous Galerkin Finite Element Methods for Transiet Wave

Equation

Marcus Grote !, Anna Schneebeli ', Dominik Schetzau

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

Discontin uous Galerkin (DG) ni te element methods (FEM) are basedon non-conforming,
completely discontinuous polynomial spaces. Continuity conditi ons across element bound-
aries are enforced in a weak senseby intro ducing suitable so-alled numerical uxes The
main advantages of DG-FEM lie in their robustness, their consenation properties, and
their great exib ility in the mesh-design. They can easily handle dements of various types
and shapes non-matching grids and local spaces of di e rent polynomials. For Maxwell's
equations, DG discretizations with standard polynomial space pose an alternative to the
vedorial edgeelements commonly usedin conforming discretizations of the Maxwell opera-
tor. Moreover, in the caseof time-dependert problems, the massmatrix arising from spatial
DG discretizations is essenti ally diagonal. This enablesthe formulation of fully explicit time
stepping schemes

We proposeDG-FEM for spatial discretization of the second-order scalar wave eguation

@Qu r (cruy=f; in ©0;T); RYd= 23,
or the second-order Maxwell wave ejuation
"@E+ Ec+r ('r E)=f;  in (O:T) R®;
supplemented with suitable boundary and initial conditions. We prove optimal a-priori error
edimates in the energy norm and in the L2-norm for the semi-discrete DG approximationss;

see[1, 2, 3]. Thetheoretical error bounds and the performanceof the method are validated
through a series of numerical examples.

Refer ences

[1] M. J. Grote, A. Schneebeli and D. Schetza u, Discontinuous Galerkin Finite
Element Method for the Wave Equation, Tednical Report 2005-3, Math ematisches
Institu t, Universitat Basel, 2005. Submitted to SIAM J. Numer. Anal.

[2] M. J. Grote, A. Schneebeli and D. Schetza u, Interi or Penalty Discontinuous
Galerkin Finite Element Method for Maxwells Equation: Energy Norm Error Estimate,
Tedhnical Report 2005-13 Math ematisches Instit ut, Universtat Basd, 2005.To appear
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2005, pp. 485{518




Two Surface Tension Models for the Level Set Interface-Trkiog

Method
Sergey Shepel

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

Abstract
We conduct a coparative study of two surfacension nodels for the Level Set interface
trackng method. In bothmodels, the surface tsion is repesented as a by force,
concentratediear te interface, but the tenttal implenentation is different for the v
options. The first mdel is based on a traditial Level Set approac¢h which the surdce
tension is distribted in a band arau the inerface using a smoothed delta function. In
second mdel, the surface teim is partly distributed im band around the interface and
partly localized to ta canputational cells containg theinterface. Both models are
incorporated into th Finite-Elenent/Finite-Volume Levé Set interface-tracking rthod.
A critical evaluation of the two surface téas models by reans of staratd benchrark
problens shows that the firstodel is tte nore general, and more robusétimod.

Discontinuous and Continuous Finite Element Methods with iterior

Penalty for Hyperbolic Problems
Benjamin Stamm

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

Abstract

We presenthe continuousanddiscontinuousGalerkinmethodfor the transportdominatedadvection-
reactionequationin auni ed setting.The continuousmethodaswell asthe discontinuousnecanbe
stabilizedby interior penalty We will discussthe h-corvergenceof a discontinuousGalerkinmethod
where the stabilizationis augmentedwith a penalty term on the gradientjumps over interior ele-
mentfacesIn the caseof quadratigpolynomialapproximationwe considerthediscontinuousGalerkin
methodstabilizedusing only gradientjumpswhich hasoptimal corvergencepropertiesIn a second
partof the talk we discussthatthe continuousinterior penaltymethodcanbe considerecasa limit of
thediscontinuousnewhenthe stabilizationparameteassociatedavith the penalizatiorof the solution
discontinuitytendsto in nity . Somenumericalexamplesarepresentedo compareconvergenceof both
methodsshaving the relationbetweenrerrorandmesh-sizeon the onehandanderror andthe number
of degreesof freedomon the other The corvergenceof the discontinuousmethodto the continuous
oneis alsoveri ed numerically In the last part of the talk we will presentthe recentwork for the
Ddiffusion-adection-reactiorequationandgive anoutlookto the futurework.

Robust Eigenvalue Computation for Smoothing Operators

Radu Alexandru Todor

Seminar for Applied Mathematics, ETHZ, CH-8092 Zsrich

Abstract
Robust quasi-relative Galerkin discretization error estimates are derived for the egen-
value problem aswciated to a nonnegative cmpact operator K acting in a Hilbert space
As a consequence, trace discretization error estimates are obtained for arbitrarily small
positive powers of K. Coupled with bounds on eigenfunction oscill ations, the results are
then applied to the case of an integral operator with (piecevise) smooth kernel K on a
bounded domain and in the context of the h n ite dement method.

A Multi-physics Model of Capillary Growth
Dominik Szczerba !, Gabor Szekely !, Haymo Kurz 2

! Department of Electrical Engineering ETHZ, CH-8092 Zisrich
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 vasculal
networks. However, it is not yet understoodhow generegulationandmoleculai
signalinginteractswith this processand can be integratedwithin a single com-
prehensie modelof vasculartissuemorphogenesisWe proposea multi-physics
computationaframenork allowing to studya particulartypeof network formation,
theso-calledntussusceptivgronth andremodeling . Thetissueis treatedasacon-
tinuumandtheevolving structures boundaryis trackedusingthelevel-setmethod
We derive thedeformationelds from boundaryshearforces,surfacetensionsand
distribution of growth factors.Flow conditions determinedby the anatomicado-
mainof interestareprovidedby computatimal uid dynamics accountinfpr non-
Newtonianpropertiesof blood. Our ndings areconsistentwith obsenationson
real morphology, wherea micro-vascularnetwork is generatedrom a primitive
capillary plexus. In additionto explaining the formationof bifurcationsandthe
separatiorof micro-vesselspur methodpredictsa primitive interdigitation of the
terminalbranchesindavoidsarterio-venousmalformations.

Matching of asymptotic expansions and Multiscale expansidor the

Rounded Corner problem

Gegory Vial ! and Sbastien Tordeux 2

1 IRMAR, Antenne de Bretagne de I'ENS Cachan, France

2 Group of Prof. Ralf Hiptmair, Seminar for Applied Mathematics, ETHZ, CH-8092 Zsrich

Abstract

The solutions of elliptic problemsin polygonsare known to be singular near
the vertices. In applications, however, domainsare always smooth, provided you
look at them to a su cien tly large scale: for example a closerlook 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 simple framework of the Laplace-Dirichlet equationin a polygonal
domain, slightly perturbed nearoneof its vertices,we aim in the presen 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 estimates of the remainder in both cases.Finally we comparethe two
techniquesand show how to switch from one expansionto the other.




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 certers, moderately supercooled liquids are metastable but
after a while undergo homogeneous nucleation. This is usually described in term of classcal
nucleation theory (CNT) in which spontaneous uctuati ons lead to the formati on of small
crystallites [1]. When a crystallite exceedsa critical sizeit is able to overcome the nucleation
free energy barrier, and the whole system crystallizes In this picture the criti cal nucleus
corresponds to the transition state, and the nucleation barrier is determined by a balance
betweena surface and volume free energy term. Seweral computer simulations have helped to
elucidate the microscopic aspects of nucleation and allowed computing free energy barriers and
nucleation rates [2, 3]. However calculations, just like experiments, have proven challenging
and much remains to be done. Using advanced simulation techniques [4, 5] we nd a rather
complex behaviour as a function of the degreeof supercooling. At moderate supercooling a
nucleation picture applies, while 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 nucleusin order to become quantitative. In the nucleation
regime the dynamics occurs via a two-step process. The rst israther abrupt: in only a few
picosecands a crystallite smaller than the critical size appears from the random uctuat ions
of the uid. The secondstep is dower and eventually leads to the formation of the criti cal
nucleus. In contrast, as the degree of supercooling is increased, crystallization proceedsin
a more continuous and collectiv e fashion and becomes more spatially di use, indicating 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. & Geisder 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).

Dynamic simulation of rockfall impact into highly exible protection

nets
Axel Volkwein

Eidgenossische Institut fsr Schnee und Lawinenforschung SLF, CH-7260 Davos-Dorf

Abstract

The numerical simulatiorof today's flexide rockfall protectionsystemsenables arefficient
optimisation of existing types as well as the perfemtdevelopment fosystemsretaining
still higher rockfall energieseducingthe number of expensivergiotype field tests.The
specially developed software applicatiofRB simulates the yhamic behaviour of a roc
stopped bya such abarrier taking into account large deformatigreontinuouslychanging
contact conditions long distance sliding effectalso including friction and norlinear
materials. The falling rock is modelled as a spherical rigid body considering large-
dimensional displacements and rotatiofise results of theimulations are validated by fu
scale rockfall field tests measuring the cable and support forces as well as the acce
and trajectory of the falling rock.

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

J.B. Vos !, A. Gehri 2

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

Abstract

CFS Engineaing and RUAG Aerospace jointly carry out a long term research program
on the numerical smulation of the ow around the FA-18 ghter of the Swiss Airforce
The objedive of this research program is the development of a simulation tod for the
prediction of dynamic (bu et) loads. In the rst year of this program, results of CFD
simulations were mmpared with wind tunnel measurements made at RUAG Aerospace
and with data provided by Boeing. In the second year a post processng program was
developed to compute the aerodynamic loads on each aircraft component. Component
loads computed using CFD compared well with ight data loads, in particular for angles of
attack smaller than 1(°. At higher angles of att ack unsteady e eds and the deformation
of the wing become important. These 2 topics were addressed in 2004 and a procedure
for the amputation of the static deformation of the wing was put into place seeFigure.
Research in 2005 and 2006is focused on the development of a dynamic u id structure
interface Initial results will be presented at t he meeing.

Presaure ntours undeformed and deformed wing F/ A-18 ghter.




Fast Construction of the Fejr and Clenshaw-Curtis Quadratte Rules

Jorg Waldvogel

Seminar for Applied Mathematics, ETHZ, CH-8092 Zdrich

Abstract

We present an elegart algorithm for stably and quickly generating
the weights of Fejer'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 ned vector of ra-
tional or algebraic numbers. Since these rules have the capabhlity of
forming nested families, some of them have gained renewed interest in
connection with quadrature over multi-di mensioral regions.

Sparse tensor product method for radiative transfer
Gisela Widmer

Seminar far Angewandte Mathematik, ETHZ, CH-8092 Zsrich

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

An un tted nite element method for incompressible heterogneous

linear elasticity

Christoph Winkelmann , Eric Burman

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

Abstract
We propose a new nite element method for the equations d incompress
ible linear elasticity with discontinuous sti®ness coe* cierts. We show a priori
error egimates under certain regularity hypotheses In particular we prove
that if the exact solution is su+ ciently smoath in each subdomain then the
convergenceorder is optimal.

Adaptive boundary conditions for exterior ow problems

Peter Wittwer

DCepartement de Physique Theorique, Universie de Gerev e

Abstract

We condder 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 fuid
fows past a body. The necessity to truncate for numerical purposes
the in.nite exterior domain to a ..nite sub-domain leadsto the prob-
lem of .nding so called “arti..cial boundary conditions” to replace
the boundary conditions at in..nity. We proposea new solution to
this problem by providing an explicit divergence freevedor ..eld de-
pending on drag and lift and describing the solution up to se®nd
and dominant third order, asymptotically at large distances from the
body. The numerical schemedeterminesthe boundary conditions and
the forces on the body in a self-condstent way as an integral part
of the solution process. When compared with other procedures the
computati onal times necesary to obtain drag and lift with a given
predsion are typically reduced by severa orders of magnitude.

Ab inito simulations of minerg!;slunder the condition of the BErth's
ayer

Feiwu Zhang and Artem R. Oganov

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

Abstract

The efects of Al on the physicalproperties of the newly found MgSiC
post-perovskite RPV), which is themain mineral ofthe Earth D" layeris not well
known. With large-sca¢ ab initio simulations based @ quartum-mechanial theory we
investigated the substitution mechaism of AI*" into MgSiOs PPv under tgh pressures. &
examned tree typesof Al substtution in PPy modd with 625 mol % Al chage-oupled
mechanism (CCM) absttution, 6.25 mol % Al oxygenvacang mechanism(OVM), ard
oxygen-vacancy Si-free endmember MgAI,Os PPv. At pressuresrom 10 to 50 GPa, we have
simulated five modelsof CCMs and five modelsof OVMs where Al atoms were putin different
postions. Qi enhalpy calculations $iowthat AI** replaces he next-nearest-gighbor caion pairs
at the Eath D" layer pressres. Thecakulatel buk modulus of he most enegetically favorable
model is 3.15% lower than that of the Al-free Mg-PPv. We dso find thatthe incorporaton of
Al,0O; slightly increaseghe Pv-PPv phag transition pressureand the Al partition coeficient K
equals 2.67 lteveen MgPv andPPvat 12D GPaard 3W00K.




Numerical simulations of rotor-stator interactions in a punp turbine

Alireza Zobeiri , Jean-Louis Kueny, Frarcois Avellan

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

Abstract

The aimof this paer is to present stép andunsteag rotor-stator calculation alysis ina punp-turbine
(turbine mode), to stug the efectsof the rota-stata interactions in each reating andfix frame. This mactine is
including 20 stay vanes 20 guide vanesand 9 runnerblades, with spefic speedQ=0.19. Experimental model
test is prformedin the EPFLLabaatory for hydradic machnes n the framework of HYDRODYNA prgject.
Two rotor-stator catulation methods ae appled, mixing plne nterface model as a stadycakulation and full
transent method as wstealy simulation with CFX-5.7. In a first step for steady calculation, five different
opeating points from part load to full load opeating points ae cosen, with the sane specfic enegy
coefficients. In order to have the nost inportart rotor-stata interactons in unsteay simulation, a sinde
opeating point atmaximum guide vane opening is sekced. The caregponding anaysis permits © deermine the
interests of the wHe urstead rotor-stator calclation ard validate the iformation provided by the steag
calculation. Two configuratbns are @mputed. The unseady periodic simulations ae peformed first for a
resticted ®mputing domain which includes 1 periodic chamel correspndng to the flow passageof both the
stay vanesgrid and guide vanes gid and 1 impeler flow chamel, Figure 1.This resticted conputing comain
pernits us b sudy the influence of the mesh ske, te time stepsral the residualin a secondstep, unsteady
calcuation for the ful machine including the 20distributor periodic chramels anl 9 rumer Hades isperformed.
The analysis of the numerical simulations & focused on abeter insight of the pressire fluctuation behavior in
the rdor statomegon.

Figure 1. Unsteady rotor-stato r periodic domain (2 Ng/ 1Ns) and entire mach ine




