
 

  1 

SPHERIC newsletter  12th issue – July 2011  
SPH European Research Interest Community 
http://wiki.manchester.ac.uk/spheric/  
Contact: david.letouze@ec-nantes.fr 

 
 
D. Le Touzé, Chairman 
N. Quinlan, Secretary 
B. Rogers, Webmaster 
D. Violeau, Newsletter 
 
Steering Committee 
Ecole Centrale de Nantes (France) 
National University of Ireland, Galway 
University of Manchester (UK) 
University of Vigo (Spain) 
L’Aquila University (Italy) 
EDF R&D / LNHE (France) 
VA TECH Hydro (Switzerland) 
University of Plymouth (UK) 
Swiss National Supercomputing Centre 
INSEAN (Italy) 
ESI-Group Netherlands 
Technical University of Munich (Germany) 
 
Members 
Ecole Centrale de Lyon (France) 
Novosibirsk State University (Russia) 
Technische Universitaet Muenchen (Germany) 
Univer. Nacional de Educacion a Distancia (Spain) 
Johns Hopkins University (USA) 
University of Nottingam (UK) 
University of Bradford (UK) 
University of Lancaster (UK) 
Université de Montpellier (France) 
Technical University of Madrid (Spain) 
Shanghai Jiao Tong University (China) 
Ecole Polytechnique Fédérale de Lausanne (Switzerland) 
Université du Havre (France) 
Swiss Federal Inst. of Technology (Switzerland) 
ERSE SpA (Italy) 
CIMNE Barcelona (Spain) 
University of Palermo (Italy) 
University of Genova (Italy) 
CEDEX (Spain) 
University of Pavia (Italy) 
Dublin Institute of Technology (Ireland) 
Imperial College London (UK) 
Institute for Plasma Research (India) 
BAE Systems (UK) 
University of Umeå (Sweden) 
Institut Français du Pétrole (France) 
University of West Bohemia (Czech Republic) 
Tarbiat Modares University (Iran) 
University of West Bohemia (Czech Republic) 
Universidade de Santiago de Compostela (Spain) 
CUGRI (Italy) 
University of Hamburg (Germany) 
Iran University of Science & Technology 
University of Cambridge (UK) 
ASR Limited (New Zealand) 
Cranfield University (UK) 
City University London (UK) 
HydrOcean (France) 
Laboratório Nacional de Engenharia Civil (Portugal) 
Aristotle University of Thessaloniki (Greece) 
Catholic University Leuven (Belgium) 
University of Calabria (Italy) 
University of Ljubljana (Slovenia) 
Virginia Tech (USA) 
SINTEF Materials and Chemistry (Norway) 
Manchester Metropolitan University (UK) 
Aberystwyth University (UK) 
J P KENNY Sdn. Bhd. (Malaysia) 
Politecnico di Milano (Italy) 
Bangladesh Univ. of Engineering and Technology 
Ritsumeikan University (Japan) 
Institut fuer Thermische Stroemungsmaschinen (Germany) 
Sulzer Markets & Technology Ltd (Switzerland) 
University of Heidelberg (Germany) 
Fraunhofer-Chalmers Res. Centre for Ind. Math. (Sweden) 
Simulation Innovation Lab (South Korea) 
Mustafa Kemal University (Turkey) 
National Cheng Kung University (China) 
Amir Kabir University of  Technology (Iran) 
University Technology Malaysia 
National Nuclear Laboratory (UK) 
Texas A&M University (USA) 
Istituto Nazionale di Geophisica e Vulcanologia (Italy) 
Glasgow Caledonian University (UK) 
National Technical University of Athens (Greece) 
University of Exeter (UK) 
University of Parma (Italy) 
Kyoto University (Japan) 
CRS4 (Italy) 
University of Regina (Canada) 
University of Auckland (New-Zealand) 
Alstom Hydro (France) 
Mara University of Technology (Malaysia) 
Institute of Mechanics (Vietnam) 
Instituto Superior Tecnico (Portugal) 
Kitware (USA) 

Sixth International SPHERIC Workshop 
By Thomas RUNG, Chair of the Local Organising Committee 
Institute for Fluid Dynamics and Ship Theory, Hamburg University of 
Technology, Schwarzenbergstraße 95C, 21073 Hamburg, Germany 

The Institute for Fluid Dynamics and Ship Theory of the Hamburg University of 
Technology (TUHH) was honoured and pleased to organise the 6th international 
SPHERIC workshop under the aegis of the Smoothed Particle Hydrodynamics 
European Research Interest Group. Over 100 participants – among them 40 
student delegates – followed our invitation to the exciting cosmopolitan city of 
Hamburg. The enjoyable and successful meeting was held from June 8th to June 
10th in a splendid maritime atmosphere at the Rilano Hotel along the shore of the 
river Elbe. 

As at previous workshops, a record number of abstracts were submitted and the 
amount of workshop delegates increased. This clearly indicates the sustained 
increase in interest in the workshop which has taken a root as the primary annual 
event on SPH. The remarkable success of the SPHERIC workshop series is 
attributed to the strict methodological focus in an interdisciplinary application 
environment, integrating the know-how of physicist, mathematicians, IT experts 
and engineers from academia and industry. Dedicated to the aim of stimulating a 
direct exchange of ideas between members of the most active groups in the 
advancement and dissemination of SPH, it was decided to continue with the 
workshop ethos of the event and allow everyone to view all presentations. 

 

Prior to the workshop, an SPH training day was organised on the campus of 
TUHH on June 7th. The overture is most suitable for researchers who are familiar 
with principles of SPH but beginning their work in the field and was attended by 
30 participants. The training day comprised two morning lectures followed by a 
comprehensive introduction into the application of SPH in the afternoon. After 
an outline of the fundamentals and the mathematical framework of SPH by Prof. 
Stefano Sibilla from the University of Pavia (Italy), Prof. Rade Vignjevic 
(Cranfield University, UK) lectured on the application of SPH for solids and 
structures based on a total Lagrangian formalism in the morning. In the 
afternoon, the participants were introduced to an open-source SPH software 
package (SPHysics) under the supervision of Dr. Benedict Rogers (University of 
Manchester, UK) and Dr. Alex Crespo (University of Vigo, Spain). Focal points 
of the afternoon were the effects of different approximation strategies, kernel 
issues, boundary conditions and formulation enhancements in conjunction with 
practical examples. Subsequently, John Biddiscombe (CSCS, Switzerland) gave  
an afternoon  lecture dedicated  to the post-processing  and visualisation  of large 
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particle simulation data sets using ParaView-meshless, a tool developed at CSCS. 

Following the opening address by the organisers of the workshop, the chairman of the SPHERIC Steering Committee, 
Dr. David Le Touzé (ECN, France), gave an overview of recent activities and the present status of the SPH European 
Research Interest Community. 

The scientific part of the workshop was structured into 18 sessions – among them one poster session – which provided 
an overview of the recent advancements of SPH. It was seen that the method has considerably matured and the range of 
practical SPH applications to sub-micro-scale to macro-scale problems is rapidly growing. Prominent examples outlined 
during the workshop referred to tsunami and flooding simulations, cosmic structure formation, wave-energy generation, 
slamming loads on maritime structures, geotechnical multi-physics problems, virtual reality simulations, material 
fracture, lava-stream flows and simulations of pedestrian crowds. Due to the large computational effort, a significant 
portion of the presentations was concerned with high performance computing with emphasis on GPU computing and 
the use of multiple GPU arrays. A number of contributions did show noticeable advancements on the formulation of 
boundary conditions for both fundamental and practical applications. Improvements were also reported for scale-
resolving turbulent simulations. Moreover, an increase of activities was observed in the area of variable and dynamic 
resolution as well as dimension reduction approaches, both aiming at drastic reductions of the computational cost. 

 

The first two days of the workshop were opened by two outstanding keynote lectures. The keynote of Prof. Seiichi 
Koshizuka from the University of Tokyo (Japan) was devoted to the recent advancements of the Moving Particle 
Implicit Method – which has strong links to SPH – and grand-challenge applications of particle simulation methods, i.e. 
nuclear engineering and virtual reality simulations. Prof. Volker Springel from the University of Heidelberg showed us 
billion-particle simulations of cosmic structure formation problems using SPH and an interesting new approach to 
combine meshless and mesh-based methods. 

At the end of the second day, a conference banquet took place at a shipyard in the harbour. During the banquet, the 
Libersky student prize was awarded to Christian Ulrich from TUHH for his paper on a variable resolution technique for 
water/soil-flows. The organiser of the next SPHERIC workshop, Prof. Joe Monaghan from Monash University 
(Australia), briefly introduced the location in Prato (Tuscany, Italy). 

In line with the constant growth of the SPHERIC workshop, the organisation certainly became more demanding. The 6th 
SPHERIC workshop was made possible by the generous financial support provided by Deutsche 
Forschungsgemeinschaft (DFG) which is greatly acknowledged. We are also indebted to the ERCOFTAC organisation 
for sponsoring the student participations. 

We are confident that the workshop series continues in its friendly and creative spirit in Prato 2012 and would like to 
thank everyone for their efforts to the successful meeting in Hamburg. 

Contact: thomas.rung@tuhh.de 

DAY 1: Wednesday 8 June 

Keynote lecture:  Prof. Dr. Seiichi Koshizuka, Department of Systems Innovation, Tokyo Univ. 
Technologies and Applications of Moving Particle Simulations 

Session 1: Numerical Aspects 1 
Chair: D. Le Touzé, Ecole Centrale de Nantes (FR) 

• Non-reflecting boundary conditions and multi-resolution SPH, S. Powell, R. Vignjevic, Cranfield Univ. (UK) 
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• Characterisation of SPH noise in simulations of protoplanetary discs,  S. Arena, F. Gonzales, E. Crespe, Univ. de 
Lyon (FR) 

• A stabilising diffusion based shifting algorithm for incompressible Smoothed Particle Hydrodynamics, S. Lind, R. 
Xu, P. Stansby, B. Rogers, Univ. of Manchester (UK) 

Session 2: Numerical Aspects 2 
Chair: J.J. Monaghan, Monash Univ. (AUS) 

• Dimension reduction method for SPH equations, A. Tartakovsky, T. Scheibe, Pac. NW Nat. Lab. (USA) 

• Benefits of using a Wendland kernel for free-surface flows, F. Macià, A. Souto-Iglesias, M. Antuono, A. Colagrossi 
Techn. Univ. Madrid (ESP), INSEAN (IT) 

• A splitting integration scheme for SPH for high viscosity ratio, S. Litvinov, M. Ellero, X. Hu, N.A. Adams Tech. 
Univ. Munich (DE) 

Session 3: Scale-Resolving Turbulence Simulations 
Chair: X. Hu, Technical University of Munich (DE) 

• A comparative study on the accuracy of SPH schemes in DNS simulation of 2D wall–bounded decaying turbulence, 
A. Rafiee, M. Rudman, S. Cummins, K. Thiagarajan, Univ. Western, Monash Univ., CSIRO (AUS) 

• SPH implicit turbulence modelling, Y.L. Shi, M. Ellero, N.A. Adams, Tech. Univ. Munich (DE) 

• Simulation of 2D turbulence in a no-slip box using SPH, A. Valizadeh, J. J. Monaghan, Monash Univ. (AUS) 

Session 4: Coupled Approaches to Fluid-Structure Interaction & Particulate Flows 
Chair: P. Groenenboom, ESI Group (NL) 

• Simulation of particulate flows using coupled SPH and DEM simulations, T. Breinlinger, T. Kraft, A. Wonisch, 
Fraunhofer Inst. for Mechanics of Materials (DE) 

• Mesoscale fluid-particle interaction using two-way coupled SPH and the Discrete Element Method, M. Robinson, 
M. Ramaioli, Univ. Twente (NL), Nestle Research Center (CH) 

• Three-dimensional validation of a SPH-FEM coupling method, G. Fourey, D. Le Touzé, B. Alessandrini, École 
Centrale de Nantes (FR) & CNRS Nantes (FR) 

Session 5: Adaptive Resolution Strategies 
Chair: R. Vignjevic, Cranfield University (UK) 

• Validation of a conservative variable-resolution SPH scheme including grad(h) terms, A. Marsh, G. Oger, D. Le 
Touze, D. Guibert, Ecole Centrale & CNRS Nantes (FR) 

• A dynamic particle coalescing and splitting scheme for SPH, R. Vacondio, B.D. Rogers, P. Stansby. P. Mignosa, J. 
Feldman, Parma Univ. (IT), Univ. Manchester (UK) 

• SPH Modelling of water/soil-flows using a variable resolution scheme, C. Ulrich, N. Koliha, T. Rung, Hamburg 
Univ. of Technology (DE) 

Session 6: Pre- and Post-Processing Techniques 
Chair: M. Gómez-Gesteira, Universidad de Vigo (ESP) 

• Particle initialization through a novel packing algorithm, B. Bouscasse, M. Antuono, S. Marrone, A. Colagrossi, 
CNR-INSEAN (IT) 

• Development of a new pre-processing tool for SPH models with complex geometries, J. Domínguez, A. Crespo, A. 
Barreiro, A. Mayrhofer, Univ. Vigo (ESP), Univ. of Manchester (UK) 

• Marching correctors – fast and precise polygonal isosurfaces of SPH data, B. Schindler, R. Fuchs, J. Waser, R. 
Peikert, ETH Zürich (CH), VRVis Vienna (AT) 

DAY 2: Thursday 9 June 

Keynote lecture:  Prof. Dr. Volker Springel, Heidelberg Inst. for Theoretical Studies, Univ. Heidelberg (DE) 
Simulating the Universe with SPH: A mixed blessing 

Session 7: Alternative Formulations 
Chair: M. Ellero, Techn. Univ. Munich (DE) 

• Improving accuracy of viscous fluid simulation using finite particle methods, E. Jahanbakhsh, O. Pacot, F. Avellan, 
P. Maruzewski, EPFL Lausanne (CH), Électricité de France (FR) 
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• Finite volume particle method with non-circular particle supports, L. Lobovský, R. M. Nestor, N. J. Quinlan, Nat. 
Univ. of Ireland (IE) 

• A maximum entropy method for particle simulations, D. Duque, P. Español, Politec. Univ. Madrid (ES), Nat. Univ. 
Madrid (ES) 

Session 8: Geotechnical and Hydraulic Applications 
Chair: H. H. Bui, Ritsumeikan University (JP) 

• Simulation of gravity driven free-surface flow in fractured geological media, J. Kordilla, T. Geyer, A. Tartakovsky, 
G.-A.-Univ. Göttingen (DE), Pac. NW Nat. Lab. (USA) 

• SPH simulation of gas explosion inside an underwater non-cohesive sediment deposit, S. Manenti, S. Sibilla, M. 
Gallati, G. Agate, R. Guandalini, Univ. of Pavia (IT), RSE s.p.a. (IT) 

• Effect of wall boundary treatment in SPH for modelling turbulent flows with inlet/outlet, O. Mahmood, C. Kassiotis, 
D. Violeau, M. Ferrand, C. Denis, Lab. d'Hydraul. Saint-Venant (FR), EDF (FR) 

Session 9: Numerical Aspects of Multi-Phase Flows 
Chair: B.D. Rogers, University of Manchester (UK) 

• A simple and efficient SPH algorithm for multi-fluids, J. Monaghan, Monash Univ. (AUS) 

• ISPH modelling of Rayleigh-Taylor instability, M. Shadloo, M. Yildiz, Sabanci Univ. (TR) 

• A fully coupled 3D transport model in SPH for multi-species reaction-diffusion systems, S. Adami, X. Hu, N.A. 
Adams, E. Ryan, A. Tartakovsky, Tech. Univ. Munich (DE), Pac. NW Nat. Lab. (USA) 

Poster Presentations 
Chair: T. Rung, Hamburg University of Technology 

• ISFAA, prospects for an implicit SPH, J. Escartín, D. García-Senz, R. Cabezón, Univ. Politèc. de Catalunya (ESP), 
Univ. Basel (CH) 

• ISPH-FEM coupling simulator for the FSI problems, M. Asai, A. Aly, Y. Sonoda, Kyushu Univ. (JP) 

• Testing accuracy and convergence of GPUSPH for free-surface flows, E. Rooney, W. Wei, J. Irish, R. Weiss, R. 
Dalrymple, A. Hérault, G. Bilotta, Texas A&M Univ. (USA), John Hopkins Univ. (USA), Inst. Nat. di Geofis. e 
Vulc. (IT), Univ. di Catania (IT) 

• Semi-analytic approach for treating fixed and mobile boundaries: validation cases, R. Guandalini, G. Agate, A. 
Amicarelli, S. Manenti, M. Gallati, S. Sibilla, RSE S.p.A. (IT), Univ. of Pavia (IT) 

• Modelling armour block sea defences with SPH on GPUs, C. Altomare, B. Rogers, A. Crespo, P. Stansby, Univ. 
Politèc. de Catalunya (ESP), Univ. of Manchester (UK), Univ. de Vigo (ESP) 

• Prediction of ship motions for a Wigley hull using SPH, M. Pearce, K. Takeda, D. Hudson, Univ. Southampton 
(UK) 

Session 10: Hydraulic Applications 
Chairman: Dominique Laurence, EDF, France 

• Application of SPH-ALE method to Pelton hydraulic turbines, Marongiu, J.-C., Parkinson, E., Leboeuf, F., Leduc, J. 

• Flow modeling in a Turgo turbine using SPH, Koukouvinis, F., Anagnostopoulos, J. S., Papantonis, D. E. 

• The use of 3D SPHERA code to support spillway design and safety evaluation of flood events, Agate, G., 
Guandalini, R. 

Session 11: Maritime Free-Surface Flows 
Chairman: Jean-Christophe Marongiu, Andritz Hydro (CH) 

• Simulating ship wave patterns through a 3D parallel SPH code, S. Marrone, B. Bouscasse, A. Colagrossi, CNR-
INSEAN (IT) 

• Coupling SPH with a 1-D Boussinesq-type wave model, C. Kassiotis, M. Ferrand, D. Violeau, B. Rogers, P.K. 
Stansby, M. Benoit, Univ. Paris-Est (FR), EDF (FR), Univ. of Manchester (UK) 

• 3D long-wave runup with GPUSPH, nee GPU-SPHysics, R. Weiss, A. Munoz, R. Dalrymple, A. Hérault, E. 
Rustico, G. Bilotta, Texas A&M Univ. (USA), Johns Hopkins Univ. (USA), Conserv. Nat. des Arts et Metiers Paris 
(FR), Univ. di Catania (IT) 

DAY 3: Friday 10 June 
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Session 12: Wall Boundary Conditions 1 
Chair: S. Sibilla, University of Pavia (IT) 

• Consistent wall boundary treatment for laminar and turbulent flows in SPH, D. Violeau, M. Ferrand, B. Rogers, D. 
Laurence, Électricité de France (FR), Univ. of Manchester (UK) 

• On the non-slip boundary condition enforcement in SPH methods, L. Gonzáles, A. Souto-Iglesias, F. Macià, A. 
Colagrossi, A. Antuono, ETSIN (ES), CNR-INSEAN (IT) 

• A modified no-slip condition in weakly-compressible SPH, M. de Leffe, D. Le Touzé, B. Alessandrini, HydrOcean 
(FR), École Centrale de Nantes (FR) 

Session 13: Wall Boundary Conditions 2 
Chair: D. Violeau, Électricité de France (FR) 

• SPH concepts for continuous wall and pressure boundaries, A. Kruisbrink, F. Pearce, T. Yue, K. Cliffe, H. Morvan, 
Univ. Nottingham (UK) 

• A unified view of SPH wall boundary conditions and particle motion correction methods, P. Groenenboom, ESI 
Group Netherlands (NL) 

• Generalized ghost particle method for handling reflecting boundaries, S. Børve, Norwegian Defence Research 
Establishment (NO) 

Session 14: Geotechnical Applications and Environmental Flows 
Chair: P. K. Stansby, University of Manchester (UK) 

• 3D SPH Simulation of non-Cohesive Sediment Flushing, S. Manenti, S. Sibilla, M. Gallati, G. Agate, R. Guandalini, 
Univ. of Pavia (IT), RSE s.p.a. (IT) 

• SPH simulations of buoyant and non-buoyant jets into open-channel flows, I. Federico, S. Marrone, F. Aristodemo, 
A. Colagrossi, P. Veltri, Univ. della Calabria (IT), CNR-INSEAN (IT), Univ. di Roma (IT) 

• A SPH model for seepage flow through deformable porous media, H. Bui, C. Nguyen, K. Sako, R. Fukawaga, 
Ritsumeikan Univ. (JP) 

Session 15: Hardware Acceleration & GPU Computing 
Chair: J. Biddiscombe, CSCS/ETH Zürich (CH) 

• DualSPHysics, new GPU computing on SPH models, A. Crespo, J. Domíngues, A. Barreiro, M. Gómez-Gesteira, B. 
Rogers, Univ. de Vigo (ESP), Univ. of Manchester (UK) 

• Developing massively parallel SPH simulations on multi-GPU clusters, D. Valdez-Balderas, J. Domínguez, A. 
Crespo, B. Rogers, Univ. of Manchester (UK), Univ. de Vigo (ESP) 

• GPU implementation of a SPH-ALE fluid dynamics solver, J.-C. Marongiu, J. Leduc, M. Schaller, ANDRITZ Hydro 
(CH), Ec. Polyt. Fed. de Lausanne (CH) 

Session 16: Non-Newtonian Fluids 
Chair: A. Collagrossi, CNR-INSEAN (IT) 

• Simulating rheology and microrheology with Smoothed Dissipative Particle Dynamics, A. Vázquez-Quesada, M. 
Ellero, P. Español, Tech. Univ. Munich (DE), Univ. Nac. de Edu. a Dist. (ESP) 

• SPH simulations of a viscoelastic flow around a periodic array of cylinders confined in a channel, M. Ellero, A. 
Vázquez-Quesada, Tech. Univ. Munich (DE) 

• GPU-LAVA: SPH lava flow simulation on CUDA, A. Hérault, A. Vicari, C. Del Negro, G. Bilotta, E. Rustico, Inst. 
Nat. di Geofisica e Vulcanologia (IT), Univ. di Catania (IT) 

Session 18: Coastal Flows and Shallow-Water Applications 
Chairman: A. Souto-Iglesias, Technical University of Madrid (ESP) 

• Validation of standard and Riemann-based SPH solvers for shallow water flows including bed discontinuities, J. 
Zhao, M. de Leffe, D. Le Touzé, L. Gentaz, P. Ferrant, École Centrale de Nantes (FR), HydrOcean (FR) 

• Numerical investigation of wave-induced mean flows in the surf zone using the SPH method, R. Farahani, R. 
Dalrymple, A. Hérault, G. Bilotta, Johns Hopkins Univ. (USA), Conserv. Nat. des Arts et Metiers Paris (FR), Univ. 
di Catania (IT) 

• Shallow water sloshing modeled through the δ-SPH scheme, M. Antuono, B. Bouscasse, A. Colagrossi, C. Lugni, 
CNR-INSEAN (IT) 
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SPH Modelling of Water/Soil-Flows using a Variable-Resolution Scheme 
C. Ulrich, N. Koliha, T. Rung, Institute for Fluid Dynamics and Ship Theory, Hamburg University of Technology, 
Schwarzenbergstraße 95C, 21073 Hamburg, Germany 

This work received the award of best student paper (Libersky 
Prize) at the 6th Int. SPHERIC Workshop, Hamburg (Germany), 
June 2011 (Ulrich et al., 2011). 

Our present research aims at simulations of full-scale ship 
manoeuvres in harbours. Special emphasis is given to the 
generation of scours close to quay walls. Such scours can 
be induced by the ship’s manoeuvring and propulsion 
devises (transvers thrusters, propellers) and may signifi-
cantly weaken the wharf’s structural support. Multiphysics 
SPH-simulations can help to analyse the scour-formation 
process and understand the interaction between water, soil, 
structure and scour protection. Such simulations need to be 
performed in large, three-dimensional domains, in which 
small areas of interest often demand fine resolution. 
Container ship lengths of about 300 m, docking in about 
300 m wide basins, are very common in harbours like 
Hamburg or Rotterdam. Assuming a water depth of 16.5 m 
and a ship draught of approximately 13.5 m, the typical 
diameter of the thruster for such container ships of approx. 
3 m is rather small compared to the overall size of the 
domain. Assuming that at least 10 particles per diameter are 
needed to discretize the thruster, the whole domain would 
easily come up to 100 million particles with an uniform 
resolution. Such particle numbers are clearly hardly feasible 
for industrial applications. A variable particle resolution 
seems to be a viable approach out of this dilemma. 

Different approaches exist to adjust the number of particles 
to subdomains (variable resolution) and/or local physics 
(dynamic resolution). As shown e.g. by Omidvar et al. 
(2010), one can initialise the simulation with an 
inhomogeneous particle distribution and retain the initial 
particle properties during the simulation. A disadvantage of 
such an approach is the rigid alignment to the initial particle 
configuration. The resolution is not adjusted to the 
simulation dynamics and might be inappropriate at a later 
stage. Moreover, “large” particles can penetrate into “small-
particle” regions (and vice versa) when large motions 
occur, which can cause inaccuracies and numerical 
instabilities. As opposed to the above-mentioned 
Lagrangian variable-resolution approach, Eulerian appro-
aches to variable and dynamic resolution exist. Vacondio et 
al. (2011) outlined a dynamic-resolution strategy in which 
“old particles” are split (or merged, respectively) into “new 
particles”. The properties and the location of the new 
particles need to be initialised in compliance with the 
conservation of mass and momentum. The adaption follows 
the simulation dynamics and is not restricted to small 
deviations from the initial scenario. The approach is, 
however, related to additional computational costs due to 
the splitting and merging algorithms and not yet transferred 
to 3D.  

 
Figure 1 – Top view of the initial set-up for a cube 
impacting into a water basin with variable particle 
resolution. The water particles are coloured according 
to their relative mass, based on the smallest particle 
spacing. 

In the present research, an efficient variable-resolution 
strategy is pursued. The key-feature is to assign the 
particle mass m and kernel length h to a prescribed 
spacing ∆p of Eulerian subregions. The properties are 
not aligned to the initial position of the particle 
(Lagrangian approach) but possibly vary in line with 
the actual position xα (Eulerian approach). The 
approach is not truly dynamic at the present state, as 
the resolution is governed by the location of a particle 
and not the local dynamics. We thus label the strategy 
Eulerian variable-resolution technique. 

 

Figure 2 – Comparison of cube position and 
orientation for different points in time. The left 
pictures refer to SPH simulations, the middle ones 
depict experimental photographs the right pictures 
show snapshots from VoF simulations. 
 

Accordingly, regions with an analytically described, 
zonal gradient of the (initial) spacing ∆P are defined in 
a pre-processing step. To provide smooth variations, 
constant gradients of the particle spacing are 
employed in the present study. Restricting our interest 
to incompressible media, the gradients of the particle 
spacing, mass and kernel length are linked by 
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Since the particle mass can change, the continuity equation 
is no longer necessarily solenoidal and needs to be 
supplemented by a source term to the RHS which accounts 
for the variation of the particle mass: 
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The W* term refers to a Shepard normalised kernel function. 
The classical momentum equation holds only for solenoidal 
fields. Therefore, a source term is also added to the RHS of 
the momentum equation that reads 
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Note that the global mass and volume are not necessarily 
preserved, which is a deliberate feature of the present 
strategy. The later is deemed defensible for free-surface 
flows. The analysis of the kernel function reveals an 
important modification required for spatially variable h. 
The gradient of the kernel function, which frequently 
occurs in the governing equations, needs be supplemented 
by the second term on the RHS of the following equation, 
viz. 
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h

W
r

r

W
WxhxrW αααββ ∇
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All terms in the above equation are evaluated analytically 
and no additional SPH operation occurs. Hence, the 
variable-resolution scheme causes no computational 
surplus. 

 
Figure 3 – 2D scour generated by a ship’s transversal 
thruster after 10 s simulation time. The upper picture 
depicts the results obtained from a uniform discretisation, 
the lower one shows the variable resolution results. 

The technique helps to significantly reduce the compu-
tational effort, in particular as regards the resolution of a far 

field. Since the amount of particles is kept constant, 
dynamic load balancing is no issue and the parallel 
performance remains unchanged. The advantage of the 
Eulerian over the Lagrangian variable-resolution 
method refers to the avoidance of severe inhomo-
geneities and the related enhanced stability. It is also 
much less prone to large particle motions. 

Figures 1 and 2 depict an illustrative validation case 
for water/structure interaction simulations. A cube 
impacts into a water basin that is discretised by a 
variable particle resolution (Figure 1). The obtained 
results show encouraging agreements to experiments 
by Kraskowski (2010) and VoF reference simulations 
(Figure 2).  A generic 2D set-up is used to scrutinize 
the technique’s applicability to sediment scouring 
predictions. Figure 3 shows a ship frame with a bow 
thruster tunnel. The thruster jet is deflected by the 
quay wall and causes a scour close to the wall. The 
comparison between the variable resolution and a 
uniform reference shows only negligible differences 
for the shape of the scour as well as the free surface 
and the water/soil interface. The chronological 
evolutions of scour depths also are of satisfactory 
agreement for both set-ups (Figure 4). 
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Figure 3 – Bottom lowering at 2.5 m away from the 
quay wall (black vertical line in Figure 3). Red circles 
represent the uniform resolution, black squares refer to 
the variable spacing. 
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A fully coupled 3D transport model in SPH for multi-species reaction-diffusion 
S. Adami, X.Y. Hu, N.A. Adams, Institute of Aerodynamics and Fluid mechanics, TU München, Germany 
E.M. Ryan, A.M. Tartakovsky, Computational Mathematics Technical Group, PNNL, USA

This work received the 2nd award of best student paper at the 6th 
Int. SPHERIC Workshop, Hamburg (Germany), June 2011 
(Adami et al., 2011). 

In the context of global warming, a lot of effort has been 
focused on developing renewable and alternative energy 
sources that reduce the production of greenhouse gases. A 
promising alternative energy technology, which converts 
chemical energy to electrical energy, is the cold 
combustion in fuel cells. Amongst various realizations of 
this technology, solid oxide fuel cells (SOFC) are of 
special interest as their working conditions at high 
temperatures enable the usage of a wide variety of fuels. 
Degradation is a central issue in SOFCs, such as 
chromium poisoning, which arises from the chromium 
contained in the stainless steel. This chromium reacts with 
air to form volatile chromium species that migrate into the 
porous cathode and react with its surface. This so-called 
chromium poisoning has been shown to decrease the 
efficiency of the fuel cell dramatically and has to be 
controlled (Cruse et al., 2007). 

Ryan et al. (2011) have developed a pore-scaled SPH 
model of a SOFC to investigate the reactive transport of 
chromium species in the cathode. Based on a multi-scale 
approach including a cell level model of the cathode, air 
channel and the current collector they determined the 
boundary conditions for the pore scale simulations. In 
their two-dimensional work they varied the reaction rates 
of oxygen and chromium and the working conditions of 
the fuel cell to study the deposition of chromium. They 
could reproduce qualitatively the species distributions in 
the cathode as compared to experimental findings and 
show that their nonlinear competitive adsorption-
desorption model is adequate to study the complex 
chromium poisoning. 

 

Figure 1 – Discretization of a section of a real porous 
cathode structure with pore (red) and air (blue) particles. 

Based on this work we study a more realistic three-
dimensional reaction-diffusion problem in a porous 
structure as it occurs in a SOFC cathode. For that purpose 
we take a pixel map of a section of a real cathode 
structure provided by the Pacific Northwest National 

Laboratory and discretize the pores and the air phase 
with different types of  particles, see the red (pores) and 
blue (air) particles in Figure 1. 

We use the competitive adsorption-desorption model of 
Ryan et al. (2011) and simulate the chromium 
deposition in this structure. In this study, unlike the 
former two-dimensional study, we cannot neglect 
surface diffusion in the porous material as this structure 
allows an interfacial connection throughout the entire 
domain and diffusion along the interface may play an 
important role in the poisoning process. 

 

Figure 2 – Exemplary result showing the surface and 
bulk concentration of chromium in the cathode. 

Figure 2 shows a colour map of the chromium 
deposition in the cathode as found in our simulations. 
We can show that at certain conditions surface diffusion 
dominates the interfacial chromium transport that is 
responsible for the degradation of these fuel cells. In the 
future, we want to investigate the different transport 
mechanisms in more detail to better understand the 
limiting working conditions of this promising energy 
source technology and to develop more complex models 
including e.g. electrochemical reactions. 
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Simulation of gravity driven free-surface flow in fractured geological media 
J. Kordilla &  T. Geyer, Appl. Geology, Georg-August-Univ. Göttingen, Goldschmidstr. 3, 37077 Göttingen, Germany 
Alexandre Tartakovsky, Comput. Science and Mathematics Division, Pacific Northwest National Laboratory, 
Richland, USA 

This work received the 3rd award of best student paper at the 6th 
Int. SPHERIC Workshop, Hamburg (Germany), June 2011 
(Kordilla et al., 2011). 

Simulation of free-surface flow in fractured geological 
media represents a challenge for numerical models due to 
the highly heterogenous flow field induced by faults, 
joints and fissures. Intermittent flow regimes may locally 
increase flow velocities such that volume effective 
modelling approaches underestimate these flow features 
(Dragila & Weisbrod, 2003). Several empirical and semi-
analytical flow modes in fractures have been described in 
literature (Ghezzehei, 2004) ranging from droplets, 
rivulets to falling film flow and adsorbed films (Or & 
Tuller, 2000).  

In order to investigate micro-scale flow in fractures we 
use a three-dimensional multiphase SPH code (Tarta-
kovsky & Meakin, 2005). Pairwise fluid-fluid and solid-
fluid interaction forces and a van der Waals equation of 
state are used to to simulate a wide range of wetting 
conditions encountered on rock surfaces.  

To calibrate and verify our model, we investigate static 
and transient droplets in this work. Static contact angles 
for a sessile droplet with a Bond number of one are 
measured for several radii, i.e. discretizations. Solid-fluid 
interaction forces are varied such that contact angles 
between 140° and about 20° are simulated. As shown in 
Figure 1, static contact angles are independent of the 
resolution, however, this has not yet been verified for 
transient conditions. 

Transient droplet dynamics are verified using the 
dimensionless scaling law proposed by Podgorski et al. 
(2001). The linear scaling holds for droplets with radii 
close to or smaller than the capillary length of water.  

       

Figure 1 – Static contact angles for several resolutions. 

Below static contact angles of about 50°, droplets leave 
behind adsorbed water films. Simulations are repeated 
under prewetted conditions, i.e. the surface is covered 
with an amount of particles equal to the film volume left 
behind. The linear scaling still holds (see Figure 2), 
however, flow velocities are nearly doubled, highli-
ghting the importance of adsorbed films. 

 

Figure 2 – Linear scaling for dry and prewetted surface. 
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SPH Shallow Water Equation Solver with open boundaries 
R. Vacondio & P. Mignosa, Dept of Civil Engineering, Parma Univ., 43100, Parma, Viale G.P. Usberti 181/A Italy 
B.D. Rogers & P.K. Stansby, School of Mechanical, Aerospace and Civil Engineering, University of Manchester 
Manchester, M13 9PL, UK 

The numerical simulation of flooding events over initially 
dry areas due to dam breaks or tsunamis is an important 
tool for flood risk analysis. To date, this kind of study has 
been conducted using the Shallow Water Equations (SWE) 
with classical Eulerian numerical methods. The SPH 
technique has recently been formulated for the SWE 
obtaining promising results: Ata and Soulaïmani (2004) 
proposed a new formulation for the stabilization term 
avoiding the use of artificial viscosity, Rodriguez-Paz and 
Bonet (2005) introduced a SWE formulation derived from a 
variational approach with variable smoothing length; De 
Leffe et al. (2008) presented a SWE scheme based on the 
volume integral formulation with anisotropic kernels. In 
this work, we developed an SPH-SWE numerical scheme to 
simulate real flooding cases. This required the development 
of a new conservative particle splitting procedure to 
overcome the problem of poor resolution at small depths. A 
novel technique for source terms discretisation is 
introduced, which can describe real arbitrarily-varying 
bathymetries. Finally, open boundary conditions are also 
required to generalise the method for the simulation of real 
flooding events: a simplified characteristics method is 
proposed to handle supercritical and subcritical inflow and 
outflow conditions. 

 

 

Figure 1 – Steady transcritical flow over a bump with 
(above) and without (below) a shock. 

Figure 1 shows the steady flow over a bump test case with 
and without shock where the flow regime is determined by 
the inflow and outflow boundary conditions; the agreement 
between the numerical and the analytical solutions is close, 
and validates both the open boundary algorithm and the 
shock-capturing capability of the scheme. A real-life test 
case simulation is also is carried out for the 9km × 4km 

Thamesmead site which is a low-lying area located in 
the estuary of the River Thames. The flooding is 
generated by a breach located in the North-West part 
of the domain and the breach is simulated by imposing 
an inflow boundary condition. Figure 2 shows the 
water depth maps obtained at 10 hours using the SPH-
SWE model and the commercial software TUFLOW 
based on a finite volume scheme.  The agreement 
between the two models is very close with the extent 
of the flooding in the bottom half of the domain 
dependent on the modelling of a culvert at (547.8, 
180.3) km, the form of which is not known exactly for 
TUFLOW. The resulting code, SWE-SPHysics will be 
released in early 2011 as part of the freely available 
open-source SPHysics range of software. 

          

 

Figure 2 – Thamesmead test case at t = 10 hrs: 
contour plot of water depth of (top) SPH-SWEs and 
(bottom) TUFLOW simulations. The color axis is 
expressed in meters. 
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