
 

  1 

SPHERIC newsletter  18th issue – July 2014  
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, Web master 
D. Violeau, Newsletter 
 

Steering Committee 
Ecole Centrale Nantes (France ) 
National University of Ireland, Galway 
University of Manchester (UK) 
EDF R&D (France) 
University of Vigo (Spain) 
University of Pavia (Italy) 
ANDRITZ Hydro SAS (France) 
Hamburg University of Technology (Germany) 
Technical University of Madrid (Spain) 
CNR-INSEAN (Italy) 
ESI-Group Netherlands 
Technical University of Munich (Germany) 
Cranfield University (UK) 
 
Members 
University of Plymouth (UK) 
Ecole Centrale de Lyon (France) 
CSCS (Switzerland) 
ANDRITZ Hydro AG (Switzerland) 
Johns Hop kins University (USA) 
University of Nottingham (UK) 
University of Bradford (UK) 
Technical University of Madrid (Spain) 
CSIRO Mathematical and Information Sciences (Au stralia) 
Ecole Polytechnique Fédérale de Lausanne (Switzerland) 
Université du Havre (France) 
Swiss Federal Institute of Technology 
RSE SpA (Italy) 
University of Genova (Switzerland) 
Dublin Institute of Technology (Ireland) 
Bhabba Atomic Research Center (India) 
BAE SYSTEMS (UK) 
University of We st Bohemia (Czech Republic) 
UNISA CUGRI (Italy) 
Hamburg University of Technology (Germany) 
City University London (UK) 
HydrOcean (France) 
Laboratório Nacional de Engenharia Civil (Portugal) 
Catholic University Leuven (Belgium) 
University of Calabria (Italy) 
University of Ljubljana (Slovenia) 
Virginia Tech (USA) 
SINTEF (Norway) 
Monash University (Autralia) 
Karlsruhe Institute of Technology (Germany) 
Sulzer Markets & Technology Ltd (Switzerland) 
University of Heidelberg (Germany) 
Amir Kabir University of Technology (Iran) 
Istituto Nazionale di Geophisica e Vulcanologia (Italy) 
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) 
Instituto Superior Tecnico (Portugal) 
Australian Nuclear Science and Technology Organisation 
(Aust ralia) 
Eindhoven University of Technology (The Netherlands) 
The University of Adelaide (Australia) 
Newca stle University (UK) 
University of Zanjan (Iran) 
National Taiwan University (China) 

9th International SPHERIC Workshop 
By Damien VIOLEAU, head of the Local Organising Committee 

The 9th SPHERIC International workshop was held in the city of Paris (France), 
June 2–5 2014. 114 delegates came to share their recent research efforts on SPH, 
most of them from Europe, but also from the USA, Asia and the Pacific. The 
workshop was hosted by the Conservatoire National des Arts et Métiers 
(CNAM) and co-organised by EDF (Electricité de France) and the Saint-Venant 
Laboratory for Hydraulics (Université Paris-Est). It began, as usual, with a 
training day for ca. 25 students, jointly organised by Prof. Thomas Rung 
(‘Monolithic Approaches to Erosional and Sediment Transport Problems Using 
SPH’) and Prof. David Le Touzé (‘SPH Variants, Particle-Lagrangian Evolution, 
Accuracy and Conservation: Links, Strengths and Difficulties’). Dr Benedict 
Rogers and Dr Alex Crespo then focused on the DualSPHysics and Paraview 
PV-meshless codes. 

During the next 3 days, 60 papers were presented covering a range of topics 
within numerical aspects of SPH, multiphase, boundary treatment and hardware 
acceleration (see detailed programme below). Two keynote lectures were given 
by Prof. Walter Dehnen (‘Bliss and woe of simulating compressible flows with 
SPH’) and Dr Andrea Colagrossi (‘Simulating Free-Surface Viscous Flows with 
SPH: Theoretical and Practical Aspects’). The Libersky award for the best 
student paper was given to Agnes Leroy for her work entitled ‘Buoyancy 
modelling with incompressible SPH and the unified semi-analytical wall 
boundary conditions’. Runner-up prizes were presented to Winfried Säckel and 
Magdalena Neuhauser (see picture below). Following the format from the 7th and 
8th workshop, two discussion panels were organized, the first one organised as an 
‘SPH Question Time’, the second one addressing the needs of Industry in SPH 
for CFD.  

Contact: damien.violeau@edf.fr  

http://spheric2014.cnam.fr/  
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DAY 1: Tuesday 3 June 2014 

Keynote lecture: Prof. W. Dehnen, Univ. Leicester, UK 

Bliss and woe of simulating compressible flows with SPH 

Session 1: Multiphase Flow 1 
Chair: N. Quinlan 

• A Multi-phase particle shifting algorithm for SPH simulations for violent hydrodynamics on a GPU, A. Mokos, 
B.D. Rogers, P.K. Stansby 

• 3-D SPH modelling of sediment scouring induced by rapid flows, G. Fourtakas, B.D. Rogers, D. Laurence 

• SPH modelling of granular flows, A. Amicarelli, G. Agate 

• Two-phase benchmarks for SPH multiphase fully compressible schemes, I. Zisis, R. Messahel, B. van der Linden, 
M. Souli 

Session 2: Incompressibility 
Chair: P. Groenenboom 

• A non-Newtonian ISPH scheme for improved prediction of pressure fields, A.M. Xenakis, S.J. Lind, P.K. Stansby, 
B.D. Rogers 

• Buoyancy modelling with incompressible SPH and the unified semi-analytical wall boundary conditions, A. Leroy, 
D. Violeau, M. Ferrand, A. Joly 

• Modelling buoyancy and thermocapillary convection in molten metals using an incompressible SPH method, C. 
Demuth, A. Mahrle, A.F. Lasagni 

• Space potential particles as free-surface boundary condition in projection-based particle methods, N. Tsuruta, A. 
Khayyer, H. Gotoh 

Session 3: Surface Tension 
Chair: P. Stansby 

• A Novel Laplacian-based surface tension model for particle methods, A. Khayyer, H. Gotoh, N. Tsuruta 

• On the issue of interface spurious fragmentations in multiphase SPH, K. Szewc, J. Pozorski, J.-P. Minier 

• Numerical simulation of jet fragmentation in multi-fluid medium using Smoothed Particle Hydrodynamics, T. Yue, 
A. Kruisbrink, F. Pearce, H. Morvan 

• Implementation of surface tension in polymer flow during Reactive Rotational Molding, A. Hamidi, S. Khelladi, L. 
Illoul, A. Tcharkhtchi 

Session 4: Boundary Conditions 
Chair: T. Dalrymple 

• Exact computation of SPH wall renormalising integrals in 3-D, D. Violeau, A. Mayrhofer, A. Leroy 

• Local Uniform STencil (LUST) boundary conditions for 3-D irregular boundaries in DualSPHysics, G. Fourtakas, 
J.M. Domínguez, R. Vacondio, A. Nasar, B.D. Rogers 

• Explicit strategies for consistent kernel approximations, M. Leonardi, T. Rung 

• Open boundary conditions using the mirror ghost particle approach in OpenFOAM SPH, B. Werdelmann, W. 
Krebs, E. Portillo-Bilbao, R. Koch, H.-J. Bauer 

Session 5: High Performance Computing 
Chair: J. Monaghan 

• Multi-GPU, multi-node SPH implementation with arbitrary domain decomposition, E. Rustico, J. Jankowski, A. 
Hérault, G. Bilotta, C. Del Negro 

• Towards a highly scalable Incompressible Smoothed Particle Hydrodynamics (ISPH) toolkit: Optimization for real 
applications, X. Guo, B.D. Rogers, S. Lind, P.K. Stansby, M. Ashworth 

• Achieving the best accuracy in an SPH implementation, A. Hérault, G. Bilotta, R.A. Dalrymple 

• Efficient implementation of double precision in GPU computing to simulate realistic cases with high resolution, 
J.M. Domínguez, A.J.C. Crespo, A. Barreiro, B.D. Rogers, M. Gomez-Gesteira 

Discussion Panel 1: SPH Question Time 
Chair: B.D. Rogers 
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DAY 2: Wednesday 4 June 2014 

Keynote lecture:  Dr A. Colagrossi, INSEAN, Italy 

Simulating free-surface viscous flows with SPH: Theoretical and practical aspects  

Session 6: Multiphase 2 
Chair: B. Rogers 

• Application of multiphase SPH to fluid structure interaction problems, R. Paredes, L. Imas 

• Drying and morphology evolution of single droplets in spray processes, W. Säckel, M. Huber, M. Hirschler, P. 
Kunz, U. Nieken 

• Pairwise force Smoothed Particle Hydrodynamics multiphase flow model, A.M. Tartakovsky, U.B. Bandara, M. 
Oostrom, B. Palmer 

• Application of SPH method using interparticle contact algorithms to mesomechanics of heterogeneous media, A. N. 
Parshikov, S.A. Medin, A.V. Ivanov 

Session 7: Adaptivity 
Chair: A. Colagrossi 

• 3-D SPH scheme with variable resolution: assessment of the optimal splitting refinement pattern, R. Vacondio, B.D. 
Rogers, P. Mignosa, P.K. Stansby 

• Particle filling and the importance of the SPH inertia tensor, P. Groenenboom 

• Smoothed Particle Hydrodynamics with adaptive discretization, F. Spreng, D. Schnabel, A. Mueller, P. Eberhard 

• Toward a higher order SPH-ALE method based on Moving Least Squares method, G.-A. Renaut, J.-C. Marongiu, S. 
Aubert 

Session 8: Turbulence, Structures, Energy 
Chair: A. Souto-Iglesias 

• Flow structure detection with Smoothed Particle Hydrodynamics, B. Toth, K.G. Szabo 

• Large eddy simulation with SPH: Mission impossible?, A. Mayrhofer, D. Laurence, B.D. Rogers, D. Violeau 

• 2D turbulence using the SPH method, A. Valizadeh, J.J. Monaghan 

• Energy conservation in the δ-SPH scheme, M. Antuono, B. Bouscasse, A. Colagrossi, S. Marrone 

Session 9: Coupling 
Chair: R. Vignjevic 

• An interface-energy-conserving approach for the coupling of smoothed-particle-hydrodynamics and finite-element 
methods for transient fluid-structure interaction, J. Nunez, Z. Li, J.-C. Marongiu, A. Combescure 

• Coupling of a SPH-ALE and a Finite Volume method. Extension to 2D and 3D, M. Neuhauser, J.-C. Marongiu 

• Coupling between SWASH and SPH for real coastal problems, C. Altomare, T. Suzuki, J.M. Domínguez, A.J.C. 
Crespo, M. Gómez-Gesteira 

• Modeling and validation of guided ditching tests using a coupled SPH-FE approach, M.H. Siemann, P.H.L. 
Groenenboom 

Session 10: Numerical Stability 
Chair: J.-C. Marongiu 

• Momentum conserving methods that reduce particle clustering in SPH, S.P. Korzilius, A.C.H. Kruisbrink, T. Yue, 
W.H.A. Schilders, M.J.H. Anthonissen 

• Pressure evaluation improvement for Euler isentropic SPH scheme, M. Clayer, J.L. Lacome, J. Limido, J.P. Vila 

• Towards both numerical consistency and conservation for SPH approximation, S. Litvinov, X.Y. Hu, N.A. Adams 

• On SPH nonlocal regularisation method for instabilities due to strain-softening, R. Vignjevic, N. Djordjevic, T. De 
Vuyst 

Discussion Panel 2: The needs of Industry 
Chair: D. Le Touzé 

Steering Committee meeting 

Short visit of the Louvre Museum and Banquet 
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DAY 3: Thursday 5 June 2014 

Session 11: Water Waves 
Chair: A. Crespo 

• On the model inconsistencies in simulating breaking wave with mesh-based and particle methods, S. Marrone, D. Le 
Touzé, A. Colagrossi, A. Di Mascio 

• Modeling the coherent vortices in breaking waves, R. Jalali Farahani, R. A. Dalrymple, A. Hérault, G. Bilotta, E. 
Rustico 

• SPH numerical computations of wave impact onto a vertical wall, X.Z. Lu, J.M. Cherfils, G. Pinon, E. Rivoalen, J. 
Brossard 

• Modelling of wave impacts on harbour structures and objects with SPH and DEM, R.B. Canelas, J.M. Domínguez, 
A.J.C. Crespo, R.M.L. Ferreira 

Session 12: Real-Life Applications 
Chair: D. Le Touzé 

• Hydrodynamic performance simulations using SPH for automotive applications, D. Barcarolo, J. Candelier, D. 
Guibert, M. de Leffe 

• Simulation of earthquake sloshing loads in a nuclear reactor, J.L. Cercos-Pita, A. Moreno, L.M. Gonzalez, A. 
Guerrero, S. Salgado 

• Modelling real-life flows in hydraulic waterworks with GPUSPH, G. Bilotta, A. Vorobyev, A. Hérault, A. 
Mayrhofer, D. Violeau 

• Application of GPUSPH to design of wave energy converters, B. Edge, R.A. Dalrymple, A. Hérault, K. Gamiel, G. 
Bilotta 

Session 13: Alternative Approaches 
Chair: X. Hu 

• Multiphase and free-surface flows in the finite volume particle method, N.J. Quinlan 

• Finite Volume Particle Method for 3-D elasto-plastic solid simulation, E. Jahanbakhsh, C. Vessaz, F. Avellan 

• Applications and improvements of the particle finite element method to free surface flows, J.M. Gimenez, L.M. 
Gonzalez, P. Galan del Sastre 

• Voronoi-SPH: on the analysis of a hybrid Finite Volumes – Smoothed Particle Hydrodynamics method, D. 
Barcarolo, D. Le Touzé, G. Oger, F. De Vuyst 

Session 14: Free-Surface Flow 
Chair: R. Vacondio 

• SPH modelling of wave pressures at vertical and perforated breakwaters, D.D. Meringolo, F. Aristodemo, P. 
Groenenboom, A. Lo Schiavo, P. Veltri, M. Veltri 

• Evaluation of SPH in capturing flow separation points on hydrophobic and hydrophilic bodies during bluff water 
entry, A. Kiara, R. Paredes, D.K.P. Yue 

• Investigation of ship flooding situations by MPS and SPH methods compared to dedicated experiments, H. 
Hashimoto, D. Le Touzé, N. Grenier, M. Sueyoshi 

• Energy decomposition analysis in free-surface flows: road-map for the direct computation of wave breaking 
dissipation, A. Colagrossi, B. Bouscasse, A. Souto-Iglesias 

Session 15: Miscellaneous 
Chair: T. Rung 

• Smoothed Particle Hydrodynamics (SPH) simulation of a highpressure homogenizer, L. Wieth, S. Braun, R. Koch, 
H.-J. Bauer, K. Kelemen, H. P. Schuchmann 

• A semi-implicit SPH scheme for the shallow water equations, A. Bankole, A. Iske, T. Rung, M. Dumbser 

• Multiphase SPH for liquid-dust flow and its application to sedimentation in a turbulently convecting flow, J. Kwon, 
J.J. Monaghan 

• Whale to turbine impact using the GPU based SPH-LSM method, S.M. Longshaw, B.D. Rogers, P.K. Stansby 

Closing and awards 
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Buoyancy modelling with incompressible SPH and the unified semi-analytical wall 
boundary conditions 
A. Leroy, D. Violeau & A. Joly, Saint-Venant Laboratory for Hydraulics, 5 quai Watier 78400 Chatou, France 
 M. Ferrand, MFEE, EDF R&D, 5 quai Watier 78400 Chatou, France 
 
This work received the award for best student paper 
(Libersky Prize) at the 9th Int. SPHERIC Workshop, Paris 
(France), June 2014 (Leroy et al., 2014a). 

The present work aims at modelling incompressible 
viscous flows taking active scalar effects into 
account. Buoyancy plays an important part in many 
industrial and environmental flows. Modelling its 
effects through a Lagrangian method presents the 
advantage of avoiding artificial diffusion, since the 
convection directly corresponds to the particle 
displacement. The system of equations to be solved 
is composed of the incompressible Reynolds-
Averaged Navier-Stokes (RANS) equations coupled 
to a heat equation and to the k–ε turbulence closure 
(Launder & Spalding, 1972). The buoyancy model is 
based on the Boussinesq approximation so that 
density differences only act through the gravity term 
and the density field is kept constant. For turbulent 
flows, the effects of buoyancy on the turbulent 
kinetic energy and its dissipation rate are modelled 
through a buoyant production/destruction term in the 
k and ε equations. 
The buoyancy model was introduced in an 
incompressible SPH (ISPH) model with the unified 
semi-analytical wall boundary conditions (USAW), 
denoted ISPH-USAW (Leroy et al., 2014b). Concer-
ning the time discretization, in the case of turbulent 
flows the discrete k and ε equations are solved at the 
beginning of each time-step in order to compute the 
eddy viscosity. Then, the momentum and continuity 
equations are solved through a Chorin predictor-
corrector scheme adapted to SPH (Cummins & 
Rudman, 1999). A pressure Poisson equation thus 
needs to be solved. The new temperature field is 
then computed through the discrete heat equation, 
after which the particles are moved and a stabilizing 
procedure consisting in a particle shift is applied 
(Lind et al., 2012).  

Concerning the space discretization, with the semi-
analytical boundary conditions the SPH interpolation 
is corrected by a wall renormalization factor that 
accounts for the kernel truncation near the walls. 
The discrete SPH operators are then modified. In 
particular, a boundary term appears in the Laplacian 
operator, which makes it possible to exactly 
prescribe arbitrary Neumann boundary conditions on 
the fields. This is a major advantage compared to 
other methods for modelling wall boundary 
conditions in SPH. Besides, the USAW boundary 
conditions are accurate even on complex wall 
geometries. The wall boundary condition imposed 
on the temperature can be of Dirichlet or Neumann 

type so as to model isothermal or adiabatic walls, or to 
impose a heat flux through a wall. In case of turbulent flows a 
wall function on the temperature based on the logarithmic 
law is used.  

 

Figure 1 – Laminar Poiseuille flow: profiles of adimensional 
temperature (left) and dynamic pressure (right) on the vertical 
section of the channel obtained with ISPH-USAW (colored dots), 
compared to the theoretical solutions (solid lines). 

The results obtained on several configurations of a 2D 
laminar plane Poiseuille flow show that the wall boundary 
conditions are properly imposed on the temperature, since 
excellent agreement with the theory was obtained, as shown 
on Figure 1. The cases tested corresponded to two horizontal 
isothermal walls (red dots on Figure 1) or a bottom 
isothermal wall and an imposed heat flux through the upper 
wall (blue dots on Figure 1, several values for the wall heat 
flux were tested). 
Several other laminar flows were simulated: a differentially-
heated cavity, a differentially heated lid-driven cavity and a 
lock-exchange. Good agreement was obtained with mesh-
based methods in all cases. For example, Figure 2 shows 
temperature profiles on the differentially-heated lid-driven 
cavity case. A comparison between ISPH-USAW and Finite 
Volumes (FV) is provided. The only remaining issue is the 
computation of the Nusselt number, which is still inaccurate 
for high temperature gradients. This can be seen in Figure 3 
where the Nusselt number distribution on the differentially-
heated lid-driven cavity case along the two horizontal 
isothermal walls is shown. 

 
Figure 2 – Differentially heated lid-driven cavity. Temperature 
profiles in x+ = ½ and z+ = ½ obtained with ISPH-USAW and FV 
after time-convergence. 
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Figure 3 – Differentially heated lid-driven cavity. 
Distribution of the Nusselt number along the lid (dash 
lines) and the lower wall (solid lines). Comparison of the 
results obtained with ISPH-USAW and FV after time-
convergence. 

 

 

Figure 4 – Turbulent plane Poiseuille flow. Profiles of 
velocity, temperature, turbulent kinetic energy and 
dissipation rate (from top to bottom) after time-
convergence. Comparison of ISPH-USAW and FV with 
DNS results provided by Kasagi & Iida (1999). 

The validation in turbulent mode was done on a 2D 
plane Poiseuille flow with two isothermal walls and 
on a differentially-heated rectangular cavity. Figure 
4 shows the velocity, temperature, k and ε profiles 
on the turbulent Poiseuille flow case. Comparisons 
with FV and Direct Numerical Simulation (DNS) 
show that the boundary conditions in turbulent mode 
are satisfactorily imposed in the SPH model, in spite 
of some differences between ISPH-USAW and FV 
on k and ε close to the walls. 

In the present work, only 2-D confined validation cases were 
considered, but it is also possible to apply the model to free-
surface flows. Its extension to 3-D in a GPU framework is an 
ongoing work, the aim being to build a code able to model 
realistic 3-D cases for industrial applications. Preliminary 
results were shown during the conference, including free-
surface flows and inlet/outlet boundary conditions for 
pressure and temperature (see Figure 5). 

 
Figure 5 – A preliminary example of industrial use of the present 
model: connected pipes with different temperatures, with open 
boundary conditions. 

Contact: sengaleroy@gmail.com 
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Drying and Morphology Evolution of Single Droplets in Spray Processes 
W. Säckel, M. Huber, M. Hirschler, P. Kunz & U. Nieken 
Institute of Chemical Process Engineering, University of Stuttgart, Böblinger Str. 78, D-70176 Stuttgart

This work received the 2nd prize in the competition for the best 
student paper at the 9th Int. SPHERIC Workshop, Paris 
(France), June 2014. 

Spray drying is a widely used technique in process 
industries. After atomisation of a liquid feed (e.g. a 
suspension) inside a heated dryer, the solvent evaporates 
and small, solid particles are produced. Common 
applications are for instance drying of food (e.g. milk 
powder production) or manufacturing of pharmaceuticals. 
Whereas the product morphology is a crucial property for 
its further manufacturing, the evolution of structure is still 
subject to current research (Eckhard et al, 2014). This 
contribution can be considered as a first step towards 
predictive modelling of structure development during 
droplet drying. Model systems were a pure liquid for 
validation of heat and mass transfer, the drying of a 
suspension (a slurry containing solvent and suspended 
solid particles) and drying of a porous structure. 

The typical engineering approaches for heat and mass 
transfer at the liquid-gas interface based on the 
dimensionless Nusselt and Sherwood numbers were 
transformed into SPH equations. The hydrodynamics of a 
suspension were considered as an incompressible, 
Newtonian liquid, in which the suspended primary 
particles were treated as rigid bodies. Pressure evaluation 
was undertaken by an ISPH approach. Surface tension 
and wetting phenomena were implemented by pairwise 
forces between SPH particles.  

Figure 1 shows the course of drying of a 2D droplet at 
different output times. Due to evaporation of the solvent, 
the droplet shrinks and the suspended primary particles at 
the droplet surface accumulate. Further drying is partially 
inhibited due to the formation of a solid crust. 

Figure 1 – Drying of a suspension at contact angle 0°. Colour 
coding: blue = solvent, black = solid. 

Final morphologies at two different contact angles are 
shown in figure 2. If the liquid is fully wetting (left 
frame), suspended primary particles are mostly separated 
by a liquid layer. The solid crust at the droplet’s outer rim 
still contains micropores, which allow for further drying. 
In case of the partially wetting liquid (right picture) the 
crust formation sets in earlier and is more pronounced. 
Drying is inhibited at an earlier stage and the total amount 
of evaporated liquid is smaller, resulting in a large and 
hollow product. The product in case of the fully wetting 
liquid is smaller and rather dense. 

  

 
Figure 2 – Final morphologies at contact angles of 0° (left) 
and 40° (right). 

In a subsequent model, drying driven by vapour 
diffusion inside a porous structure was considered. The 
gas phase was modelled using an underlying grid, on 
which diffusion was calculated by centred difference 
operators. Coupling between SPH particles and the grid 
was achieved by an SPH diffusion operator. Figure 3 
contains simulations at two different contact angles. 
Again the depletion behaviour of pores and the overall 
mass transfer (evaporation) rate are affected by the 
physical properties of the liquid. 

The results are very promising and underline the ability 
of the SPH approach to model morphology evolution, so 
that our models will be further developed towards the 
predictive simulation of structure development in 
process engineering. 

 

Figure 3 – Diffusion driven drying of a porous structure 
at 0° (upper row) and 90° contact angle (below). Colour 
coding of the gas dots accords to the vapour pressure. 

Contact: winfried.saeckel@winf.net  
 
Reference 

Eckhard, S., Fries, M., Teipel, U., Antonyuk, S., 
Heinrich, S. (2014), Modification of the mechanical 
granule properties via internal structure, Powder 
Technol. 258:25. 
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Coupling of  SPH-ALE and a Finite Volume Method. Extension to 2D and 3D 
M. Neuhauser, LMFA, Ecole Centrale de Lyon, 36 Avenue Guy de Collongue, Ecully, France 
J.-C. Marongiu, ANDRITZ HYDRO SAS, 13 Avenue Albert Einstein, 69100 Villeurbanne, France 

This work received the 3rd prize in the competition for the best 
student paper at the 9th Int. SPHERIC Workshop, Paris 
(France), June 2014. 

In the following a multidimensional extension of the 
coupling of Smoothed Particles Hydrodynamics – 
Arbitrary Lagrange Euler (SPH-ALE) (Vila, 1999) with a 
mesh-based Finite Volume Method (FVM) is presented 
that was first published at last year’s SPHERIC workshop 
(Neuhauser, 2013). The approach allows us to combine 
the flexibility of the meshless method SPH-ALE with the 
advantages of the FVM, as for example the well-
established boundary treatment and the possibility of 
anisotropic refinement. The algorithm is very flexible and 
uses a decomposition of the computational domain into 
regions where the fields are computed by the FVM, 
regions where they are computed by SPH and overlapping 
regions where the information is transferred from FV to 
SPH and vice versa. The method can be used for fixed 
SPH particles, particles in Lagrangian motion or particles 
that move arbitrarily (ALE). FV cells are added in areas 
where a more accurate (refined) simulation is needed or in 
regions where there are other advantages to use FVM, as 
for example at the outlet of the computational domain. In 
the overlapping region, boundary values for the FV 
domain are obtained by interpolation from the SPH 
particles, similar to the CHIMERA method of overlapping 
grids, while FV cells are used as SPH neighbours for the 
coupling, see Figure 1. 

 

Figure 1 – Sketch of the coupling algorithm where boundary 
cell values are interpolated from the SPH domain to the FV 
domain and FV cells are used as SPH neighbours. 

For validation we consider the inviscid flow around a 
two-dimensional symmetric hydrofoil with the 4-digit 
NACA profile as solid geometry. At first, the particles do 
not move. The simulations are inviscid and no wake 
should appear. Figure 3 shows the velocity field for two 
simulations with particles of the same size, one simulation 
without coupling and one coupled simulation. The SPH 
simulation shows a very strong numerical wake which 
arises due to the coarse (not adapted) discretization size. 
The FV mesh locally refines the simulation 
anisotropically with long and thin cells close to the wall 
and therefore the numerical wake almost disappears. 

Then, the coupling can be easily applied to impose 
outlet boundary conditions to the SPH particles through 
the FV domain. The SPH particles are deleted before 
reaching the outlet and the outlet condition is transferred 
from the FV domain to the particles by the coupling. 

 
Figure 2 – Set up of the simulation with Lagrangian moving 
particles where the outlet conditions are imposed by the FV 
domain. 

That enables us to launch simulations with particles that 
are following the flow in Lagrangian motion, shown by 
the testcase of the flow around a static NACA hydrofoil, 
see Figure 2. It can be observed that the coupling 
algorithm allows the particles to move undisturbed 
through the FV domain. This property opens the door to 
three-dimensional industrial simulations of moving 
guide vanes in Francis turbines or similar applications. 

 
Figure 3 – Comparison of the velocity field around a 
symmetric NACA hydrofoil. Above: SPH without coupling; 
below: a coupled SPH simulation. The artificial wake almost 
disappears with the coupling. 

Contact: Magdalena.Neuhauser@ec-lyon.fr   
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The Joe Monaghan Prize: call for nominations 
N. Quinlan, National University of Ireland Galway 

Introduction 
The Joe Monaghan Prize has been established to 
recognise SPH researchers who make outstanding 
advances in one or more SPHERIC Grand Challenges 
(https://wiki.manchester.ac.uk/spheric/index.php/SPH
_Theory_Working_Group): 

� Convergence 

� Numerical stability 

� Boundary conditions 

� Adaptivity 

The prize is named in honour of the unique 
contributions made by Prof. Joe Monaghan in the 
foundation of SPH and its continuous development 
since 1977. 

Eligibility 
The Prize will be awarded on the basis of a single 
article. Articles published in peer-reviewed inter-
national journals from 1 January 2008 to 31 December 
2012 may be considered for an award in 2015. Either 
the date of first online publication or the print issue 
date must fall within the eligibility period. A candidate 
article must represent a clear advance in one or more 
of the Grand Challenge areas.  

Process 
One or more individuals may nominate an article for 
the prize. Nominators should be active SPHERIC 
participants. That is, they must belong to a member 
organisation/institution of SPHERIC, and they must 
have attended at least one SPHERIC workshop in 
2012–2014.  

A nomination consists of: 

� Bibliographic details and DOI of the nominated 
article.  

� Abstract of the article. 

� Statement of which Grand Challenge(s) are 
addressed by the article. 

� A review of the article (500 words maximum), 
showing how the article represents a major 
advance in one or more Grand Challenge(s), and 
highlighting the impact and influence of the 
article in the SPH community.   

� Name(s) and contact details of the nominator(s). 

Nominations should be sent by 30 September 2014 to 
nathan.quinlan@nuigalway.ie with subject line “Joe 
Monaghan Prize nomination” and CC to any other 
nominators. An individual may nominate only one 
article. An individual may not nominate an article of 

which (s)he is an author. Nominations will be confidential.  
The SPHERIC Steering Committee will check nominations 
for eligibility and (depending on the volume of 
nominations) may prepare a shortlist. The SC will invite a 
panel of independent expert reviewers (not limited to 
SPHERIC membership) to review the shortlisted articles. If 
a worthy article is found, the prize will be presented to the 
author(s) at the 10th SPHERIC Workshop in Parma, 2015.  

 
 

 
 

 
Figure 1 – Which recent SPH articles will be classics? 

 

Figure 2 – Joe Monaghan asking a question during the 9th 
SPHERIC Int. Workshop, Paris 2014. 

Contact: nathan.quinlan@nuigalway.ie  


