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Editorial 

         

SPHERIC has now reached 50 members, all of them working on 
the SPH method for Hydraulics, Compressible Flow, Continuous 
Media, Astrophysics and other applications in Research and 
Industry. Since October 2005, the date of birth of our community, a 
great deal of work has been done in organizing events, publishing 
and communicating on SPH in general, and the Steering Committee 
would like to thank all SPHERIC members involved in this effort. 
We expect that SPHERIC will continue growing and proposing 
challenging benchmarks, workshops, summerschools and other 
scientific activities on SPH. All initiatives are welcome. 
 Damien Violeau 
 
The 3rd international SPHERIC workshop will be the major event of 2008. It will 
be held in Lausanne, Switzerland, from June 4th to June 6th 2008 with an 
additional training day on June 3rd. The purpose of this workshop is to: 

 Encourage exposure to PhD students in the early stage of their career; 
 Enable sharing by SPH researchers of experience on scientific research; 
 Create a friendly and cooperative connection between SPH researchers all 

around the World. 

 

The topics of the third workshop will cover a large scale of applications of the 
Smoothed Particle Hydrodynamics method: 

 Astrophysics; 
 Solids, Plasticity and Fractures; 
 Water waves, wave loads, numerical wave tanks; 
 Fluid-Structure Interaction; 
 Engineering applications; (Continued next page) 
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 Mathematical and 
fundamental aspects; 
 Viscosity and Turbulence; 
 “Non-Standard”; 
 Visualization; 
 Multiphase SPH; 
 Boundary conditions; 
 Compressibility in fluids; 
 Hardware and Computing. 

The number of presentations is limited to 100 through paper 
reviewing. A book of proceedings and a CD-ROM will be 
delivered during the workshop. The Libersky student prize 
will be awarded to the best student contribution. The deadline 
for submission of abstracts is January the 31st 2008. 
Additional information and recommendations to the speakers 
and participants (important dates, submission process, venue, 
programme, etc.) are given on the dedicated website 
http://lmhwww.epfl.ch/Spheric. 

 Pierre Maruzewski, chairman of the LOC 
 

 

 

 

Surfing wave quality with SPH 
Laurent Lebreton & Kerry Black, ASR and Surf Pools Ltd, New Zealand 

Understanding wave-breaking dynamics with 
classical numerical models has always been a 
complex process. Until now, the best way to 
describe a breaker’s shape was to use the Irribaren 
number, measuring the ratio between wave height, 
wavelength, and bottom slope. This remained a good 
empirical formula to establish if a wave was spilling, 
surging or plunging. 
ASR and Surf Pools Ltd is currently working on 
several indoor surf pool projects, which include the 
bathymetry design and the wave generation system. 
The main objective is to create high-quality plunging 
and spilling waves in the wave pool for surfing. 
The ASR wave generator is a caisson-type using 
hydraulically controlled rams to move the plunger 
which forces water through a designed exit channel 
into the wave pool. Using the SPH modelling 
system, the design goal was to have versatility in the 
wave shapes while eliminating undesired vortices 
that were occurring around the caisson exit. Runs 
were performed with the new SPHysics model 
(Professor Dalrymple’s team) until the optimal wave 
generator design was found.  
The two-dimensional model proved to be sufficient 
in terms of wave profile understanding and compu-
tational processing time. Repulsive boundary con-
ditions (Monaghan and Kos, 1999) provided the 
simplest option for “external geometry” generation. 
A large part of this work involved coding new 
algorithms to efficiently make different initial 
generator shape designs and then to fill the domain 
with water particles. The original SPHysics_2D code 
has been modified to allow specific plunger motions 
in both x and z directions and to read coordinate time 
series files. 
Numerous avenues are now open to our research 
team. Starting from the open source models of 
SPHysics_2D and SPHysics_3D, the next step 
would be to work on parallelisation through a 

Graphical Processor Unit. Indeed, computational time still 
remains the biggest problem of SPH modelling. Then, three-
dimensional models could be seriously considered and since 
most ASR Ltd projects are focused on coastal protection and 
sediment transport, coupling SPH long wave propagation 
with ASR’s Lagrangian sediment models (e.g. Black and 
Vincent, 2001) would be an exciting possibility. Specifically, 
studying sediment transport induced by wave breaking 
dynamics and near-shore currents would be achievable with a 
double particle-type SPH model for sand and water. 
 
References 
Monaghan, J.J. and Kos, A. (1999), Solitary Waves on a 
Cretan beach, Journal of Waterway, Port, Coastal & Ocean 
Eng. 125: 145–154. 
Black, K.P. and Vincent, C.E. (2001), High-resolution field 
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Figure 1 – Plunging breakers with SPH. 

Contact: enquiries@asrltd.co.nz 
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Modeling Disk Galaxies: Resolution Requirements 
R. Klessen, University of Heidelberg, Germany 

Smoothed particle hydrodynamics in connection with stellar 
dynamics is the method of choice when modelling formation 
and evolution of disk galaxies like our Milky Way. A 
commonly used tool is the cosmological N-body/SPH code 
GADGET (Springel et al. 2001, Springel 2005). We use the 
method to study stability of gaseous disk galaxies against 
local gravitational contraction (Li et al. 2005a,b, 2006) and 
introduce absorbing sink particles to measure the strength of 
collapse and subsequent star formation (Jappsen et al. 2005). 
An example is given in the figure to the right where we show 
the disk galaxy as seen from above. Spiral density structure in 
the gas as signature of gravitational instability is clearly 
visible. The regions of strong local gravitational collapse are 
indicated by yellow dots. 
N-body/SPH simulations must satisfy three numerical criteria 
to prevent numerical artifacts and produce results with 
physical meaning: (i) Jeans criterion: in a self-gravitating 
medium, the local thermal Jeans mass at each density must be 
resolved by the SPH kernel (Bate & Burkert 1997; Whitworth 
1998). (ii) Gravity-hydro balance criterion: gravity and 
hydrodynamic forces must have equal resolution, which 
requires that the gravitational softening length must not fall 
below the minimum hydrodynamic smoothing length (Bate & 
Burkert 1997). (iii) Equipartition criterion: if the masses of 
two populations of particles are unequal, the more massive 
particles will heat up the less massive ones by two-body 
interactions (Steinmetz & White 1997). To avoid the two-
body heating problem, every particle type must have mass mp 
and gravitational smoothing length hp related by (Gmp/hp)1/2 < 
Vth , where Vth is the thermal velocity dispersion. 
 
References 
Bate, M. R. and Burkert, A. (1997), Monthly Notices of the 
Royal Astronomical Society 288: 1060–1072. 
Jappsen, A.-K., Klessen, R.S., Larson, R.B., Li, Y. and Mac 
Low, M.-M. (2005), Astronomy & Astrophysics 435: 611–
623. 
Li, Y., Mac Low, M.-M. and Klessen, R.S. (2005a), The 
Astroph. J. 620: L19–L22. 
Li, Y., Mac Low, M.-M. and Klessen, R.S. (2005b), The 
Astroph. J. 626: 823–843. 
Li, Y., Mac Low, M.-M. and Klessen, R.S. (2006), The 
Astroph. J. 639: 879–896. 
Springel, V., Yoshida, N. and White, S.D.M. (2001), New 
Astron. 6: 79–117. 
Springel, V. (2005), Monthly Notices of the Royal Astron. 
Soc. 364: 1105–1134. 
Steinmetz, M. and White, S. D. M. (1997), Monthly Notices 
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Whitworth, A. P. (1998), Monthly Notices of the Royal 
Astron. Soc. 296: 442–444. 

  
 

 
Figure 1 – Resolution study of self-gravitating disk 
galaxies. Only the bottom model complies with all 
three resolution requirements as discussed to the left. 

Contact: rklessen@ita.uni-heidelberg.de 
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Examining shallow water assumptions for modelling dam-break floods 
D. Liang, Department of Engineering, University of Cambridge, UK 

For flood routing, the Shallow Water Equations (SWEs) have 
been widely used, which can be derived by integrating the 
three-dimensional Navier-Stokes equations over the depth, 
under assumptions such as gradual variance, hydrostatic 
pressure distribution and small vertical velocity component. 
Being a set of hyperbolic equations, the SWEs admit 
discontinuities in the solution, which correspond to the 
hydraulic bores and jumps. However, the underlying 
assumptions adopted in the derivation of the SWEs become 
invalid close to the steep variations (or discontinuities). This 
inherent inconsistency casts doubt on the application of 
SWEs to model dam-break flows. The purpose of this study 
is to examine the reliability of the SWEs by comparing their 
solutions with those acquired by solving the Navier-Stokes 
equations using a newly-developed SPH model.  
The idealised dam-break case has been adopted widely to 
benchmark the shock-capturing models, as the analytical 
solutions to the SWEs are well understood for this simple 
configuration. Figure 1 shows comparisons between the SPH 
results, analytical solutions and laboratory measurements 
(Stansby et al., 1998) in terms of the water surface evolution. 
The wave/structure interaction problem studied previously 
with a SPH method (Gómez-Gesteira and Dalrymple, 2004) 
has been simulated again herein by both the present SPH 
model and the TVD-MacCormack model based on SWEs 
(Liang et al., 2007). Figure 2 shows the numerical results and 
comparisons with the measured forces on the structure.  
The present study shows that the SPH model produces results 
that agree better with the measured data than the SWEs 
model. However, the SWEs can sometimes provide 
surprisingly good approximations even when their underlying 
assumptions are doubtful.  
 

 
(a) t* = 2.4 

 
(b) t* = 8.9 

Figure 1 – Hypothetical dam-break with a depth ratio of 0.1, 
H1 = initial upstream water depth, t* = t/(H1/g)1/2 with g being 
gravitational acceleration. Solid lines denote the analytical 
solutions, symbols denote the measured water surface 
positions, dark grey represents a higher pressure and light 
grey represents a smaller pressure.  
 

 

 

 
Figure 2 – Interaction between a flood wave and a 
structure in a closed tank. Top figure shows the 
water surface shape at 0.4 s predicted by a SWEs 
model, middle figure shows the water surface shape 
at 0.4 s predicted by a SPH model and the bottom 
figure shows the history of the forces acting on the 
structure.  

Contact: DL359@cam.ac.uk 
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SPH work at BAE Systems Advanced Technology Centre 
R. Banim, BAE SYSTEMS, Advanced Technology Centre, UK 

Developments on and applications of the BAE 
Systems SPH code, BAESPH, were presented at the 
SPHERIC 2nd International Workshop in Madrid in 
May 2007. Since May, 2007 has been a year of 
planning the future of the code and establishing new 
application areas.  
Currently, there are plans for a major new contract to 
simulate sloshing and for new (non-sloshing) 
application areas in the marine field (see figure 1).  
The marine applications are being led by the CFMS 
consortium (https://www.cfms.org.uk). The Advanced 
Tech-nology Centre is playing a key role in this major 
new UK Government backed project aimed at 
developing computer-based simulation technologies 
that will improve the design process for aircraft and 
ships (see figure 2).  
The project is intended to increase dramatically the 
power of fluid flow simulation during the design 
process. With an overall budget of £17.4m, the CFMS 
consortium includes BAE Systems, Airbus, Rolls-
Royce, MBDA, Williams F1, Westland Helicopters 
and DML Group. The project also involves 
technology suppliers such as QinetiQ, the Aircraft 
Research Association, Clearspeed, Microsoft and 12 
universities.  
SPH forms a part of the marine work packages, and 
we will soon be running marine based test cases to 
determine how best to develop the code to yield useful 
results that are currently difficult to achieve with 
mesh-based CFD. There are also work-packages 
focussing on new application accelerator hardware 
such as the Clearspeed card, IBM Cell processors and 
GPU programming.  The potential speedups obtained 
with these new types of parallel hardware are only 
achievable with significant programming effort. The 

SPH algorithm is being used as a test case to demonstrate 
the relative merits of each type of hardware and hopefully 
give order of magnitude code speedups. 
Finally, there is a task to assess what is required to improve 
the technology readiness level (TRL) of meshless methods 
in general so that they (or hybrid methods) can be used to 
replace current mesh based CFD methods, even for external 
aerodynamics type problems. This task aims to identify a 
programme in which world leading experts can work on 
overcoming the many technical limitations of current 
meshless implementations with a goal of dramatically 
reducing the labour intensive CFD problem setup time 
imposed by mesh generation. 

 
Figure 2 – Extermal Aerodynamics with CFD – One day 
with meshless methods?  © BAE SYSTEMS.  

Contact: chris.constantinou@baesystems.com 

 
Figure 1 – Extreme sloshing in an oil tanker.  © BAE SYSTEMS. 
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Numerical modeling of the effects of breaking waves on an oil spill 
A. Valizadeh, M. Shafieefa &, S. A. Salehi, Dep. of Civil Eng., Tarbiat Modares Univ., Tehran, Iran 
J.J. Monaghan, Dep. of  Math., Monash Univ., Melbourne, Australia 

A weakly compressible SPH model is employed to 
reproduce wave breaking over a fixed sloping beach. 
The computations are validated against experimental 
data and a good agreement is observed. The present 
model is expected to provide a promising tool to 
predict the effects of wave breaking on the oil spill if 
further improvement in the two-phase modeling can 
be adequately performed. The verification and 
improvement of this model is performed in the 
department of civil engineering at University of 
Tarbiat Modares and some parts of the work are being 
done in the department of mathematical sciences at 
Monash University. 

 
Figure 1 – Schematic form of the aquarium and 
wavemaker. 

 
Figure 2 – Comparison of numerical results (bottom) 
with experimental results (top) after 7 periods. 

The profiles of the tested sloping beaches are shown in 
figure 1, where d, a and z represent the water depth at 
the still water level, the amplitude of wavemaker, and 
the slope of beach respectively. Other parameters are 
fixed as the wave tank which has been made for 
experimental simulation of wave motion and 
consequently for verification of the numerical model. 
The frequency and amplitude of wave maker can be 
changed easily to product different waves. Figure 2 
shows the comparison of experimental and numerical 

results after 7 wave periods. The profile of the free surface 
from the model is in good agreement with the experiments.  
The model is now being improved for simulations of oil 
spills under the effects of waves. The primary results for 
such a simulation are shown in figure 3. This simulation has 
been done for a wave with period of 2.5 s and height of 
1 m, and the third period of the wave is shown. 

 
Figure 3 – The spread of oil (coloured in yellow) under the 
effect of wave propagation on a sloping beach. For t = 0.0 s, 
5.1 s, 6.0 s, 6.5 s and 7.1 s, from top to bottom. 

Contact: valizada@modares.ac.ir 
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SPHysics Free-surface SPH flow solver 
B.D. Rogers, University of Manchester, Manchester, UK 
M. Gomez Gesteira & A. Crespo, Unidersidad de Vigo, Ourense, Spain 
R.A. Dalrymple & M. Narayanaswamy, The Johns Hopkins University, USA 
A. Panizzo, University of Rome La Sapienza, Italy 

SPHysics is an open-source Smoothed Particle Hydro-
dynamics (SPH) code inspired by the formulation of 
Monaghan (1992) developed jointly by researchers at the 
Johns Hopkins University (USA), the University of Vigo 
(Spain), the University of Manchester (UK) and the 
University of Rome La Sapienza (Italy). The first official 
release of version 1.0 of SPHysics is now available free from 
the website: http://wiki.manchester.ac.uk/sphysics. 
This code version is the basic version and incorporates the 
following features: 
• 2-D and 3-D versions 
• Variable timestep 
• Choice of two types of solid boundary condition: dynamic 

and repulsive force 
• Periodic open boundary conditions 
• Choice of: 

- Artificial Viscosity 
- Laminar Viscosity 
- Sub-Particle Scale (SPS) Turbulence Model 

• Different Types of Moving Objects (forced motion only):  
Moving Gate, Wavemaker, Sliding Wedge  

• Visualization routines using Matlab or ParaView  
The code has been developed over a number of years 
primarily to study free-surface flow phenomena where 
Eulerian methods can be difficult to apply, such as breaking 
waves, dam breaks, floating bodies, and fluid impact on 
structures. 

 
Figure 1 – Dam break hitting a structure. 

 

Extensions of the code are already underway to add 
the following features to the SPHYSICS code:  
floating bodies, parallelization, coupling of 
SPHysics to long wave propagation model. 

 
Figure 2 – Waves propagation up a beach. 

At the SPHERIC 2008 Workshop (Lausanne, June 
3rd; see 1st page of the present Newsletter), a short 
course will be offered for users of SPHysics and will 
include: 
• An introduction and overview of the SPH theory 

used in the code; 
• An explanation of the code structure to enable 

new and current users to modify the code based 
on their own needs; 

• Hands-on experience in running test cases, 
setting up new ones, and visualizing the results. 

Contact: benedict.rogers@manchester.ac.uk 
 mggesteira@uvigo.es 
 rad@jhu.edu 
 
References 
Crespo, A.J., M. Gómez-Gesteira, and R.A. 
Dalrymple (2007), Boundary Conditions Generated 
by Dynamic Particles in SPH Methods, CMC: 
Computers, Materials, & Continua 5(3):173–184. 
Dalrymple, R.A. and B.D. Rogers (2006), Numerical 
Modeling of Water Waves with the SPH Method, 
Coastal Engineering, 53(2-3):141–147. 
Gómez-Gesteira, M., Cerquiero, D., Crespo, A.J.C. 
and Dalrymple, R.A. (2005), Green Water 
Overtopping Analyzed with an SPH Model, Ocean 
Engineering, 32(2):223–238. 
 
 
 



 

  8 

SPHERIC newsletter 5th issue – January 2008 

Scalability study of a new parallelized 3D SPH model on complex impact problems 
G. Oger, HydrOcean, France 
D. Le Touzé & B. Alessandrini, Ecole Centrale Nantes, France 
P. Maruzewski, Ecole Polytechnique Fédérale de Lausanne, Switzerland 

SPH is well suited to model complex free-surface 
problems of fast dynamics such as the water entry of 
3-D objects of complex geometry. With respect to 
classical Level-Set or VOF interface tracking, the free 
surface remains always precisely described by the 
particles in their Lagrangian motion with no need for 
adapting a mesh. The air modelling is also not 
required to be able to perform the simulation (though 
it can be also be included with no difficulty). 
Presently, most of the models present in the free-
surface SPH related literature are 2-D, and thus do not 
really suffer from high computational cost difficulties. 
But actual engineering applications (such as the hull 
slamming impact shown in Figure 2) are indeed three-
dimensional, which dramatically increases the 
computational cost, and finally limits the use of the 
SPH scheme. Millions of particles and an efficient 
parallelization are then required. In this context, being 
an explicit method, SPH presents the other asset of a 
rather straightforward parallelization with respect to 
classical FDM,  FVM or FEM methods used in CFD. 

 

 
Figure 1 – Billard ball impacting the free surface at 
4.8 m/s (free fall), from Laverty (2003), and 
equivalent SPH simulation (4.8 m/s imposed velocity). 

In the 3-D model SoPHy-N developed in Nantes, 
significant efforts have been made in two directions. 
Firstly, the accuracy of the model has been the object 
of a number of developments: a Riemann solver is 
implemented in the model, as well as kernel 
renormalization. Secondly, numerous developments 
have been dedicated to widen the model applicability. 
Arbitrary complex body geometries can now be 
included, in free or forced motion, open problems can 
be treated, and a specific algorithm has been 

developed to be able to use particles of variable size in 
order to concentrate the particles in the zones of interest. 
Still, the key of the application of the model to complex 3D 
problems is an efficient parallelization. Various develop-
ments have been made in the model so as to reach such an 
objective. In particular, a domain decomposition with 
periodic rebalancing of loads between processes is used, as 
well as optimized MPI communications. This parallelized 
model has first been tested on the Cray XD1 cluster of ECN 
on 32 processors, showing a very satisfactorily result of 
90% efficiency. To further investigate the parallelization 
quality, tests have been performed on the 8092 processor 
Blue Gene cluster of EPFL on the impact of a sphere (see 
figure 1), with up to 55 million particles on 1024 
processors. An encouraging efficiency was obtained at this 
large scale, in the range of 65%-85%. The consequent 
applicability of the model SoPHy-N on realistic engineering 
problems is further illustrated in figure 2 where a case of 
slamming impact of a 3D hull is simulated, with 2,400,000 
particles. The comparison to the experimental force 
measured during tests performed in the Large Wave Basin 
of ECN shows a fair agreement. 

 

 
Figure 2 – Simulation of a slamming impact and compa-
rison to the force measured in the experiments. 

Contact: david.letouze@ec-nantes.fr 
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