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Editorial 
The first SPHERIC workshop has been held in Rome, from 10th to 12th May 
2006, at the Engineering faculty of the University of Rome La Sapienza. Indeed, 
this was the first international event ever organized about Smoothed Particle 
Hydrodynamics, hosted in the historical room of the cloister of the church of San 
Peter in Chains, now part of the Engineering Faculty. Due to the great 
participation of people and to the large number of works presented, the workshop 
was a considerable success. 72 SPH researchers came from 55 international 
Universities, private companies, and National Agencies from 11 countries. 
Keynote lectures were given by Prof. J.J. Monaghan (Monash University, 
Melbourne, Australia), Prof. R.A. Dalrymple (Johns Hopkins University, 
Baltimore, USA) and Prof. M. Gallati (Pavia University, Italy). 
The workshop was divided into seven main sessions, where 39 works on SPH 
were presented and discussed. One of the sessions was dedicated to benchmark 
test cases proposed in the context of SPHERIC, and simulated to compare 
different SPH codes developed by various institutions. During those three days 
in Rome, a SPHERIC Steering Committee meeting also took place. Details are 
available on http://w3.uniroma1.it/cmar/SPHERIC/SPHERICWorkshop.htm; pdf 
files of the presentations as well as movies can be downloaded from SPHERIC’s 
website. 
I really believe that the success of the workshop came from the interest of people 
in learning, sharing and exchanging knowledge on SPH, and I would like to 
acknowledge all the participants and speakers. It is now clear that SPHERIC has 
taken off and promises fruitful discussions and exchanges in the future. It has 
been decided that the second SPHERIC workshop will be organized in Madrid in 
2007. 

We are also glad to welcome 10 new institutes to SPHERIC, raising the number 
of members to 38. 

 Andrea Panizzo 

(See detailed information about this workshop p. 2). 

     

 

Top left: a few participants in the 
University’s courtyard. 
Top right: the room of the cloister.
Left: a typical presentation. 
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SPHERIC 2006 – The Roman workshop 
A. Panizzo, University of Rome La Sapienza, Italy 

The first SPHERIC workshop, held in Rome (La Sapienza University) in May 2006, has been a motivating and fruitful 
event (see editorial p. 1). Below is the detailed workshop programme and a map showing the geographical locations of 
the 55 institutes who participated to this meeting. 

May 10 2006 
9:00 – Welcome reception 
9:30 – Opening ceremonies & workshop presentation 
10:00 – Keynote lecture of Prof. J.J. Monaghan: SPH simulations of violent impacts and gentle waves. 
11:00 – Coffee Break 
11:30 – Technical session: SPHERIC benchmark test cases – Chairman: Nathan Quinlan (NUI Galway) 

• M. Lastiwka, R. Nestor, M. Basa and N. Quinlan: SPHERIC benchmark cases. 
• A. Panizzo, T. Capone, D. Longo and A. Del Guzzo: SPH simulation of benchmark case 1.  
• S. Falappi: SPH simulation of benchmark case 1.  
• P. Groenenboom, B. Overpelt and J. Kalis: SPH simulation of case 1 using PAM-CRASH including the effect of 

the wet bottom.  
• D. Le Touze, A. Colagrossi and G. Colicchio: Ghost technique for squared angles applied to the solution of 

benchmarks 1 and 2.  
• E.-S. Lee: Test case 3: Lid-driven cavity flow.  
• M. Gómez-Gesteira, A.J.C. Crespo, M. de Castro and R.A. Dalrymple: SPH Accuracy to Describe the Wave 

Impact on a Tall Structure. 
13:15 – Lunch 
14:30 – Technical session: 2D flows – Chairman: Moncho G. Gesteira (Vigo University) 

• A.J.C. Crespo, M. Gomez Gesteira and R.A. Dalrymple: Effect of wet bottom on dam break evolution. 
• L. Delorme and A. Souto Iglesias: Application of SPH to 2D shallow water sloshing problem. 
• M. Ellero, M. Serrano and P. Espanol: An incompressible SPH model based on the SHAKE methodology. 
• R. Rossi, S. Idelshon and E. Onate: Particle Hydrodynamics Methods using FE shape functions. 
• D. Graham and J. Hughes: Absorbing re-reflected random waves in SPH. 

16:30 – Coffee Break 

May 11 2006 
9:00 – Keynote lecture of Prof. R. A. Dalrymple: Breaking Waves and Plunging Jets. 
10:00 – Technical session: Turbulent SPH – Chairman: Benedict Rogers (University of Manchester) 

• D. Violeau & R. Issa: Eddy viscosity-based turbulence closure models in SPH. 
• C. Buvat: SPH turbulent simulations of boom and oil spill under a steady current and regular waves. 
• R. Issa: Modelling turbulent flows through Large Eddy Simulation in SPH. 
• B.D. Rogers, E.-S. Lee, D. Laurence and P.K. Stansby: SPH velocity fluctuation - Noise or stochastic turbulence 

model? 
11:00 – Coffee Break 
11:30 – Technical session: 2D flows – Chairman: Damien Violeau (EDF R&D) 

• X. Hu: A multi-phase SPH method. 
• A. Colagrossi, D. Le Touze and G. Colicchio: Characteristics aspects for SPH solutions for free surface 

problems: source and possible solutions of high frequency numerical oscillations of local loads. 
• M. Serrano and P. Español: A compressible fluid particle model based on the Voronoi tessellation: Comparison 

with Smoothed Dissipative Particle Dynamics. 
• M. Lastiwka, R. Nestor, M. Basa and N. Quinlan: Multidimensional truncation error analysis for SPH. 
• S. Falappi and M. Gallati: SPH simulations of dam break waves over granular beds.  

13:15 – Lunch 
14:30 – Technical session: fluid-structure interaction – Chairman: Francis Leboeuf (Ecole Centrale de Lyon) 

• M. Lastiwka, R. Nestor, M. Basa and N. Quinlan: Cylinder in crossflow modelled with SPH. 
• J.-B. Deuff, G Oger, B Alessandrini and P Ferrant: Fluid-structure coupling using SPH formulation. 
• C. Antoci, M. Gallati and S. Sibilla: SPH simulation of fluid-structure interaction problems. 
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• P. Groenenboom and B. Cartwright: Simulations of water waves and interaction with structures with PAM-
CRASH/SPH. 

• L. Libersky: SPH: Strengths and Weaknesses Regarding Modeling of Shocks and Fragmentation. 
• A. Panizzo and P. De Girolamo: Modelling landslide generated waves with SPH. Application to the Stromboli 

volcano generated tsunamis. 
16:30 – Coffee Break 
16:45 – Meeting of the SPHERIC Steering Commitee 
20:30 – Workshop dinner (not included in the registration fee) 

May 12 2006 
9:00 – Keynote lecture of Prof. M. Gallati: About SPH as an engineering tool: validation tests and open problems 
10:00 – Technical session: SPH alternative schemes – Chairman: Andrea Panizzo (L'Aquila University) 

• A. Panizzo, D. Longo and G. Bellotti: Non linear shallow water waves in SPH. 
• P. Maruzewski and Shepel: The Level Set interface-tracking model coupled to SPH method. 
• E.-S. Lee: Development of an Incompressible SPH Solver. 
• P. Koumoutsakos, P. Chatelain and G.-H. Cottet: rSPH: Re-meshed Smooth Particle Hydrodynamics. 

11:00 – Coffee Break 
11:30 – Technical session: supercomputing and visualization – Chairman: Etienne Parkinson (VA TECH HYDRO) 

• J.M. Favre, J. Biddiscombe and T. Foggia: Particle Data Management: from disk archives to 3D graphics. 
• P. Lanucara: supercomputing and SPH at CASPUR. 
• J.-C. Marongiu and E. Parkinson: SPH Modelling of the flow in a Pelton turbine. 
• R. Guandalini: A parallelization approach of the 3D code SPHERA for the simulation of landslide induced 

impulse wave in a reservoir with coupled propagation of the wave and the landslide. 
• N. Nakasato and T. Hamada: SPH Simulations with reconfigurable hardware accelerator. 
• V. Bovolin and G. Viccione: An optimized SPH algorithm for neighbouring particles identification in free 

surface flows. 
• P. Berczik, G. Hensler, Ch. Theis and R. Spurzem: Special, hardware accelerated, multi-phase chemodynamical 

SPH code for galaxy evolution. 
13:15 – Lunch 
14:30 – ERCOFTAC SPHERIC round table – Moderator: Robert Dalrymple (John Hopkins University) 
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Benchmark case 1: Collision between a dam break a tall structure 
M. Gómez- Gesteira1, A.J.C. Crespo1, R.A. Dalrymple2, 
S. Falappi3, M. Gallati3, 
D. Le Touzé4, A. Colagrossi5, G. Colicchio5, 
P. Groenenboom6, B. Overpelt6, J. Kalis6 
1Grupo de Física de la Atmósfera y del Oceano, Universidad de Vigo,Spain 
2 Department of Civil Engineering , Johns Hopkins University, Baltimore, MD 
3 Hydraulics and Environmental Engineering Departement (HEED), University of Pavia, Italy 
4 HOE Group, Fluid Mechanics Lab., Ecole Centrale Nantes, France 
5 INSEAN – The Italian ship model basin, Rome, Italy 
6 ESI BV, The Netherlands 
Benchmark case 1 (see SPHERIC website) corresponds 
to the experiment described by Gomez-Gesteira and 
Dalrymple (2004). This experiment has been referred to 
by the experimenters as a “bore in a box”, and consists 
of a dam break problem confined within a rectangular 
tank. The experimental box (Figure 1) is 160 cm long, 
61 cm wide and 75 cm high. The volume of water 
initially contained behind a thin gate at one end of the 
box was 40 cm long, 61 cm wide and 30 cm high. A 
square cylinder of size 12 cm  and height 75 cm was 
placed 50 cm downstream of the gate and 24 cm from 
the nearest sidewall of the tank. In the experiment, an 
initial layer of water (approximately 1 cm deep) existed 
on the bottom of the tank, since it was difficult for the 
experimenters to completely drain the tank downstream 
of the gate prior to the dam break. Experimental 
measurements included the time histories of the net 
force experienced by the structure and fluid velocity at 
different locations. Forces were measured with a load 
cell and velocities at a single point were measured with 
a Laser-Doppler Velocimetry (LDV) system. The 
velocity measurement location was 14.6 cm upstream of 
the center of the structure and 2.6 cm off the floor of the 
tank, i.e. at (75.4 cm, 31 cm, 2.6 cm) in terms of 
absolute tank coordinates. Different models with 
different approaches showed the capability of SPH to 
reproduce the velocity and force exerted on the 
structure. 
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Figure 1 – SPHERIC benchmark case n°1: 

experimental setup. 

 
Figure 2 – Comparison between computations (red line) 
and experiments (blue line). Top: velocity in the x-
direction just in front of the obstacle. Bottom: force 
exerted on the cylinder (the computed results are 
unfiltered).  

Groenenboom, Overpelt and Kalis used PAM-CRASH 
explicit Finite Element/SPH Version 2006. They 
considered an approximation of symmetry with 43,056 
particles of 1 cm3 and an average time step of 30 
microseconds. Walls were built  as  finite  elements  using 
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penalty contact formulation. The basic SPH 
characteristics referred to Monaghan formulation with a 
low amount of artificial viscosity, cubic spline kernel 
and symmetry by ghost particles. Figure 2 shows time 
histories of the velocity in the x-direction measured just 
in front of the obstacle and the force exerted on the 
obstacle. 
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Figure 3 – Top: velocity in front of the structure; 
bottom: force exerted on the structure. Comparison 
between experimental data (dots) and numerical data 
(red line: wet bottom; blue line: dry bottom). 

Fallapi and Gallati carried out numerical simulations 
using the 3D code developed at the Hydraulics and 
Environmental Engineering Departement (HEED) of the 
University of Pavia. This code is based on a standard 
SPH model (Monaghan and Gingold, 1983), improved 
with the XSPH velocity correction (Monaghan, 1989). 
The kernel function is a cubic spline function with 
constant support. The time integration is carried out 
using a staggered Euler scheme that is stable under a 
Courant condition. The effects of vertical walls and of 
the bottom are reproduced via the ghost particle method, 
while the structure is represented by a set of fixed 
particles. In the first simulation (wet bottom) the 
geometrical configuration of the reference experiment 
has been reproduced. Since the proper discretization of 
water volume in the reservoir requires a particle size 
higher than the thickness of the water level in front of 
the dam, the latter has been over evaluated. A second 
simulation has then been performed with a dry bottom. 
The system at rest has been discretised by a set of 
particles placed according to a regular grid with a step 
equal to 0.015 m, with a corresponding number of 
particles of about 22,000 representing the volume of 
water behind the gate and about 3200 for the structure. 
The smoothing length was 0.0225 m. The velocity in 
front of the structure (Figure 3) is well reproduced in 
both simulations. The force on the structure is well 
reproduced even if the impact occurs in advance in the 
dry configuration test. In both simulations the energy of 
the reflected wave is higher than the experimental one 
and the negative force on the structure is over evaluated. 
This may be due to the fact that the dissipative turbulent 
effects after the wave reflection on the downstream wall 
are not modelled. 

 

 
Figure 4 – Comparison between computations (red line) 
and experiments (dots). Top: velocity in the x-direction 
just in front of the obstacle. Bottom: force exerted on the 
cylinder. 

Touzé, Colagrossi and Colicchio presented an extension 
of the ghost technique to handle the presence of convex 
geometrical singularities within solid boundaries, such as 
convex right angles on their model SapPHire-3D. The 
results obtained on this benchmark are reported in 
Figure 4. One can observe a very satisfactory agreement 
between the numerical simulation and the experimentally 
measured quantities: a point velocity ahead of the column, 
and the total force exerted on it. In the simulation results 
presented below, a low number of fluid particles has been 
used (about 80,000 fluid particles + corresponding ghost 
particles required for modelling solid boundaries) in 
consistency with the initial configuration imposed for 
benchmark 2 (see SPHERIC website), giving nonetheless 
a close agreement with the experiments. It must be 
underlined that this simulation has run in only 35 CPU 
hours for 34,000 time steps on a 3.2 GHz single-processor 
Xeon. The CPU cost per time step per fluid particle is 
thus 45 µs, with a mean number of 266 neighbours 
included in the 3h-radius kernel support. The  fastness  of 
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the model, which also includes a periodic density re-
initialization, the XSPH variant, and the control of the 
tensile stability, is due to a systematic optimization of 
the code, using especially an original and efficient 
technique for searching neighbours and minimized 
memory requirements. 
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Figure 5 – Dependence of statistical parameters A and 
P on the smoothing length h (in m) for the velocity 
(blue line: artificial viscosity; red line: full viscosity 
based on SPS approach). The dotted lines would 
correspond to a perfect agreement between signals. 

Finally, Gómez- Gesteira, Crespo and Dalrymple tried 
to quantify the difference between numerical and 
experimental results both in terms of the smoothing 
length and viscosity description: artificial (Monaghan 
and Kos, 1999) or based in a sub-particle scaling (Gotoh 
et al., 2001). Two statistical parameters were 
considered: 
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A perfect agreement between both signals should result 
in A → 1 and P → 0. Accuracy was especially good for 
velocity (A tends to 1 and P to zero when decreasing the 
smoothing length h) as showen on figure 5. 
Nevertheless, accuracy was not so good for the force 
(Figure 6). Indeed, A tends to 1 when decreasing h 
parameter but not monotonically. In addition, 

improvement in terms of the P parameter is stopped when 
considering small h values. This behaviour can be 
influenced by the sparse knowledge regarding 
experimental conditions (the thickness of the water layer 
near bed, the release velocity controlled by a moving gate, 
etc.). However, new physics should be considered to 
describe the turbulent flow near solid boundaries. 
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Figure 6 – Dependence of statistical parameters A and P 
on the smoothing length h (m) for the force. (blue line: 
artificial viscosity; red line: full viscosity based on SPS 
approach). The dotted lines would correspond to a perfect 
agreement between signals. 

Contact: mggesteira@uvigo.es 
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Benchmark case 3: Lid-driven cavity flow 
B.Rogers1, E.-S. Lee1, D. Violeau3, 
N. Quinlan2, M. Lastiwka2, M. Basa2 
1University of Manchester, UK 
2 National University of Ireland, Galway 
3EDF R&D, Chatou, France 

Benchmark case 1 (see SPHERIC website) is the 
famous 2D Lid-Driven Cavity Flow. This case is well 
documented and referred to in many publications. An 
example of a standard simulation is visible in figure 1 
(Chern et al., 2005); the reference paper chosen for our 
comparisons was published by Ghia et al. (1982). This 
case is particularly appropriate to test the accuracy of 
SPH solvers to model the boundary conditions. The test 
involves a cavity filled with fluid where the top wall 
moves at a pre-specified velocity. This test was 
attempted by the research group of Dr Nathan Quinlan 
from the National University of Ireland, Galway (NUI 
Galway), and by Ms Eun-sug Lee at the University of 
Manchester (U-Man).  Here, we will look at the results 
for Re = 1000. 

 
Figure 1 – Lid-driven cavity case: steady streamlines at 
Re = 1000 (from Chern et al., 2005). 

Figure 2 shows the velocity vectors from U-Man for a 
weakly compressible and a truly incompressible SPH 
solvers. The first is based on the traditional equation of 
state for pressure estimation, while the latter solves a 
pressure Poisson equation (see e.g. Shao & Lo, 2003). 
The incompressible solver does not exhibit the pressure 
and velocity fluctuations of the weakly compressible 
scheme (particularly near the corners), and clearly 
captures not only the main gyre but also the circulation 
zones in the corners. Figure 3 displays the velocity 
profiles along the vertical and horizontal directions. The 
numerical results are plotted along with the benchmark 
numerical results of Ghia et al. (1982) for comparison.  

The general agreement is good, but there are clearly 
discrepancies with the benchmark solution. At the 
occasion of the Roman SPHERIC workshop (see p. 2) Ms 
Lee was able to show that the choice of boundary 
conditions significantly affected the flow. It is also 
obvious that horizontal velocities are improved with the 
incompressible scheme. 

 

 
Figure 2 – Results from U-Man: velocity vectors and 
distribution of velocity magnitude with the weakly 
compressible (top) and truly incompressible (bottom) 
methods. 

Figure 4 shows the velocity profiles from NUI, Galway, 
using the kernel gradient correction of Bonet and Lok 
(1999) in the momentum and energy equations and a 
weakly compressible scheme. There is also good general 
agreement with the numerical benchmark; in particular 
the flow is correctly predicted near the walls; however, 
some discrepancies appear as well. The maximum 
negative velocity is significantly underestimated and 
seems to be rather sensitive to the discretization.  
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Figure 3 – Results from U-Man: distributions of axial 
velocity along the vertical centerline (top) and vertical 
velocities along the horizontal centerline (bottom). Red: 
Ghia et al. (1982); blue: incompressible SPH solver; 
green: weakly compressible SPH solver. 

Indeed, a convergence study using 50 × 50, 70 × 70 and 
100 × 100 particles across the cavity indicates that SPH 
gives inferior results to other numerical methods for this 
test case, with the scheme options considered here. The 
reasons for this weakness is still to be determined, and 
may arise in the difficulty of SPH in capturing high 
velocity gradients. Clearly, these comparisons indicate 
that work still has to be done to improve the quality of 
SPH results when compared with other numerical 
methods which give excellent agreement with each 
other. Also, of clear engineering interest in the future is 
how to accurately model the flow in the top right corner 
where there is essentially a discontinuity, and also to 
predict the pressure evolution within the cavity. 
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Figure 4 – Results from NUI, Galway: distribution of 
non-dimensional axial velocity along the vertical 
centreline. Empty circles: Ghia et al. (1982); continuous 
lines: SPH with n × n fluid particles (red: n = 50; green: n 
= 70; blue: n = 100). 

Contact: benedict.d.rogers@gmail.com 
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Motion Prediction of Ships and Yachts by SPH 
P. Groenenboom, Engineering Systems International BV, Krimpen aan den IJssel, The Netherlands 
B. Cartwright, Pacific ESI, Sydney, Australia 

The SPH solver used herein is implemented within 
the PAM-CRASH software package from 
Engineering Systems International. The code 
combines SPH and regular finite elements with 
advanced features such as “contact” algorithms that 
allow various material parts to interact. This 
facilitates the study of fluid-structure interactions by 
allowing a structural entity such as a ship, yacht or 
oil platform, to be modelled using standard shell 
elements, either deformable or rigid, and use SPH 
for the water. 
Although SPH might not be the method of first 
choice to simulate the hydrostatics, it is essential that 
it does predict the correct water line at rest and 
shows typical pitch response with a shift in the 
centre of gravity. The model of figure 1, typical of a 
small sports-fisher or workboat, consisted of about 
400 shell elements for the hull and 18,000 particles 
of 150 mm diameter for the water. The hull displays 
the expected behaviour and the pitch angle increases 
as expected when the vessel accelerates. The water 
line for another ship model has been verified. 

 
Figure 1 – The vessel is dropped into the water, 
producing an oscillating pitch response which soon 
damps out. Vertical height of the CG (lower left) 
and pitch of the vessel (lower right). 

Before using SPH for interaction of waves with 
ships or other floating structures, the simulation of 
free surface waves has also been studied for both 
regular and solitary waves. In order to deal with 
dissipation of propagating waves i.e. for the 
combination of long wave length with a finite depth 
of the SPH domain, a technique has been developed 
whereby the wave was excited by a novel boundary 
condition on the tank floor that mimicked the motion 
of the wave at a particular depth. Using this method, 

the authors have propagated a wave, with an amplitude of 1 
metre and wavelength of 100 metres, for over one kilometre 
without any loss of amplitude at a depth of only 15 metres.  
Having generated a non-diminishing regular wave it was then 
possible to drive a ship through the waves to observe the ship 
response.  Figure 2 illustrates the response of a generic frigate 
in seas of 3 m height and 110 m wavelength.  Wave height is 
depicted by the shade of the SPH particles – dark blue for the 
wave trough and light blue tending to green for the wave 
crests. A very distinct wave profile of the high-speed frigate 
is easily visible. Verification for the interaction of exterior 
waves acting on an Amphibious Transport Ship and within its 
interior dock, which is not possible with commonly used 
numerical techniques, will be reported in the near future. 

  

 

 
Figure 2 – The upper images shows the frigate as it begins to 
move, the lower images depict top and side view of the vessel 
at a speed of 30+ knots. 

Contact: pg@esibv.nl 
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High speed and memory efficient particle rendering 
J. Biddiscombe & J. Favre, CSCS Swiss National Supercomputing Centre 

The display of large particle based datasets can be 
time consuming using conventional software 
packages. In general it is necessary to convert each 
particle into a polygonal representation of a sphere 
(or other approximation) so that it can be rendered 
using triangles by the graphical processing unit 
(GPU). Modern GPUs, however, are programmable 
and it is possible to evaluate a parametric function 
during the rendering process and thereby generate 
the appearance of curved surfaces without the need 
to polygonize the input (in actual fact we solve the 
intersection of the parametric surface with a ray 
from the viewpoint). A single vertex is passed to the 
GPU for each particle and the image of a sphere is 
rendered at the point. An image of this kind is often 
referred to as an imposter or sprite and the speed of 
rendering can be improved by several orders of 
magnitude. 
Figure 1 and Table 1 show different tessellations of 
a sphere and the number of vertices that would 
typically be required to render a large number of 
particles. Note that the bandwidth (BW) of typical 
desktop AGP-8x graphics cards is 2GB/s and so it 
would not even be possible to transfer the geometry 
of the high resolution spheres to the GPU 
interactively (assuming 25 frames per second (fps)) 
for large numbers of particles let alone perform the 
transformations required to render the spheres. 
We have developed software which uses this 
technique to allow the fast rendering of large 
numbers of particles and produce high quality 
images at interactive rates. We use two techniques to 
enhance the user experience. The first is a custom 
mapper which sends vertices to the GPU where a 
fragment program is evaluated to produce the 
particle image. The second is a cache which holds 
particles in memory so that animations can be 
generated at the highest possible speed (providing 
enough memory is present on the system). 

Transparency of particles requires them to be sorted from 
back to front (from the viewpoint of the camera) so that the 
image is composited correctly – this slows down the 
rendering process. However as the number of particles grows, 
some regions of interest within the data may be obscured by 
the presence of particles in front of them. The use of 
transparency greatly improves the visibility of the data – 
particularly when the opacity of each individual particle can 
be controlled by some scalar variable present in the data. By 
selecting which scalars from the data control the colour, 
opacity and radius of each particle the best possible 
representation of the data can be obtained. 

A single vertex Too many polygons 

 
Figure 1 – Different representations of a particle. Compare 
the complexities of tessellations with a single point image. 

 
Figure 2 – A comparison of the same data rendered with and 
without transparency. Note that particle sizes, colours and 
opacities are all controlled on a per-particle basis. The images 
show a snapshot from a sequence of the curvature-driven 
collapse of a dumbbell using a multi-resolution wavelet-
based particle level set method.  Data courtesy Michael 
Bergdorf and Petros Koumoutsakos, (CSE Lab), ETH Zürich. 

Contact: jfavre@cscs.ch 
 

# Particles # Vertices/Sphere Visual Quality # Total Vertices Total Memory BW @ 25fps 
103 50 Low 50000 600 KB 15 MB/s 
103 100 Medium 100000 1.2 MB 30 MB/s 
103 600 High 600000 7.2 MB 180 MB/s 
106 50 Low 50.106 600 MB 15 GB/s 
106 100 Medium 100.106 1.2 GB 20 GB/s 
106 600 High 600.106 7.2 GB 180 GB/s 

Using GPU      
106 1 Excellent 106 12 MB 300 MB/s 

Table 1 – Tessellating a sphere at different resolutions produces a huge number of vertices when many particles are to 
be rendered (NB. Float precision assumed giving 12 Bytes/vertex). 


