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Editorial 
SPHERIC is now one year old and still growing. The last meeting of the Steering 
Committee in Manchester (UK) was the occasion to summarize our past 
achievements and to build a list of on-going and future activities. Defining a plan 
and respecting it will be a key point for us to keep our status of Special Interest 
Group within ERCOFTAC (European Research Community On Flow, 
Turbulence And Combustion). 
In this framework, the second SPHERIC Workshop will be the major event of 
2007. It will be held in Madrid (Spain) from May 23rd to May 25th 2007. The 
main objectives of the Workshop are: 

 Bringing together scientists actively working on SPH; 
 Exchanging and sharing information about recent developments on SPH; 
 Intercomparing different SPH models. This goal will be achieved by means 

of different test cases which can be downloaded from SPHERIC website. 

The main topics of the workshop will be: 

 Solids, plasticity and fractures; 
 Water waves, wave loads, numerical wave tanks; 
 Fluid-Structure Interaction; 
 Engineering applications; 
 Mathematical and fundamental aspects; 
 Turbulence; 
 “Non-Standard” formulations; 
 Parallel computing and visualization; 
 Multiphase flow; 
 Boundary conditions; 
 Compressibility in fluids. 

The number of presentations will be limited to 50 through paper submission and 
reviewing; a CD-ROM will be given to the participants along with a book of 
abstracts. An award will be presented for the best student contribution. 
Additional information (programme, invited speakers, deadlines) can be found 
on the website dedicated to the workshop: http://www.uvigo.es/webs/spheric/  

 Moncho Gómez-Gesteira 
 Damien Violeau 
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Artificial viscosity comparisons: the case of hypervelocity impacts 
V. Mehra & S. Chaturvedi, Institute for Plasma Research, Bhat Gandhinagar, India 

A confusing feature to a new SPH developer is the 
existence of numerous SPH formulations. These 
formulations may differ in how they tackle the 
problem of shock-capturing. The most common way 
to capture shocks has been to use Artificial Viscosity 
(AV) in the Standard SPH form (SAV). However 
SAV tends to overestimate the viscosity, and 
modifications have been proposed of which the most 
popular are Balsara's (1995, here referred to as BAL) 
and Morris and Monaghan's (1997, here denoted by 
MON) forms. Another SPH formulation dispenses 
with AV altogether and instead achieves shock 
capturing through the so-called Riemann solver. The 
Riemann techniques are common in modern mesh-
based techniques but much less so in SPH. An 
implementation of the Riemann technique within 
SPH is Contact SPH (CON) of Parshikov and Medin 
(2002). Hence studies of AV comparisons are 
needed. 
We compare four different SPH methods: SAV, 
BAL, MON and CON, as applied to hypervelocity 
impact of  metal spheres on thin metallic plates 
(Mehra and Chaturvedi, 2006). The target plates are 
penetrated and debris cloud is formed behind the 
plate, consisting of both projectile and target 
material. The passage of the projectile through the 
target also leads to the formation of a crater in the 
target plate. 
We consider the impact at 3.1 km/s of 1 cm diameter 
steel and aluminum  (Al) spheres onto a 0.2 cm thick 
aluminum plate. These simulations are done in 
planar geometry and use an elastic-perfectly plastic 
constitutive model in order to compare with the 
simulations of Howell and Ball (2002). Comparison 
is made through the crater diameter, the distance 
traveled by the projectile in a specified time interval 
after impact, and values of the  pressure at specified 
positions and times. 
The CON scheme gives the best overall results. In 
particular, it does not suffer from numerical fracture 
and “clump formation” that are very visible in SAV 
and modified SAV (MON and BAL) simulations. 
Differences are slight between AVs regarding 
geometrical quantities, but are greater when 
specified pressures are compared. This comparison 
leads us to have more confidence in CON and BAL, 
and to a lesser degree in MON. The standard SPH 
viscosity SAV is inadequate, particularly for steel-Al 
impact. 
The CON algorithm, with its attractive quality of 
being free from arbitrary parameters, is promising. 

At moderately high impact velocities, it performs as well as 
more conventional SPH methods, while not suffering from 
numerical fracture that plague other SPH methods. However, 
it does not perform as well in the hypervelocity impact 
regime. CON relies upon a low-order approximation of the 
Riemann problem, and a better approximation such as 
Dukowicz's iterationless solution should help improve CON. 
  
 

 
Figure 1 – Configurations produced by Al-Al impact 8ms 
after 3.1 km/s impact with different AVs. Note the lack of 
numerical fracturing with CON. 
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Aeronautical Structure Impact Simulations using  a hybrid FE/SPH Solution 
H. Climent, EADS/CASA, 28906 Getafe (Madrid), Spain 
N. Toso-Pentecôte, DLR Stuttgart, Germany 
P. Groenenboom, Engineering Systems International BV, Krimpen aan den IJssel, The Netherlands 

At DLR Stuttgart, one of the activities of the 
"Structural Integrity" Department is the modelling 
and simulation of aircraft structures impacting on 
soft soil or ditching on water. EADS/CASA is an 
aircraft manufacturer with capabilities to build 
complete aircraft. The aim of  structural dynamics 
studies by DLR and CASA is to assess the damage 
and structural integrity in real crash events. They are 
crucial for the development and certification of 
aircraft structures. Impact phenomena to be studied 
include bird strike, propeller blade loss, ice impact, 
vulnerability for projectile impact on fuel tanks, and 
ditching. A key instrument in the success to tackle 
these challenges has been the emergence of software 
tools based on the Finite Element Method (FEM) 
technique, like PAM-CRASH from ESI-Group. One 
of the milestones in recent numerical simulations has 
been the introduction of the Smoothed Particle 
Hydrodynamics method that allows proper 
modelling of a bird and of impacted liquids. For a 
number of years the design of the leading edge of 
various CASA aircraft has been based on a 
stochastic analysis in combination with the hybrid 
FE/SPH solution of PAM-CRASH. The maturity of 
this approach has been demonstrated when the pure 
mechanical simulation was accepted as a means of 
showing compliance with the regulations. 

 

Figure 1 – Cylinder impacting on water. 
Supported in part by European projects, EADS-
CASA has significantly increased its capabilities in 
analysing and predicting the aircraft  behaviour and 
structural response during ditching. The first 
validation of the numerical methodology has been 
achieved through a series of vertical impact cases 
with known test results that were analysed in-depth 
by DLR. For the vertical impact of a rigid cylinder 

(figure 1) the water is modelled as a compressible liquid 
material. The combination of a fine particle distribution close 
to the impact region with a coarser finite element mesh in the 
outer region, allows a  CPU-efficient solution. Figure 2 
shows that an excellent agreement can be reached between 
numerical (orange and blue lines) and experiments (red line) 
in terms of the contact force. It is reassuring to observe that a 
finer distribution of particles produces less oscillation in the 
computed force. 
A good correlation between test and numerical simulation of 
impact with water on a helicopter sub-floor structure has also 
been demonstrated. Numerical results of ditching considering 
horizontal velocity were not yet able to reproduce scale-
model test results at adequate accuracy. Physical phenomena 
like cavitation, spray and air suction are important and should 
be included in future numerical models. Robust commercial 
tools like PAM-CRASH that permit the use of explicit FE 
techniques to solve highly sophisticated problems have 
significantly improved the understanding of the phenomena 
involved and allowed the manufacturing of better products. 

 

Figure 2 – Time history of the contact force for the cylinder 
impact study. Figures by courtesy of DLR (Pentecôte, 2003). 
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Accuracy of SPH diffusion models 
D.I. Graham, School of Mathematics and Statistics, University of Plymouth, UK 

Quinlan et al. (2005) recently demonstrated that 
SPH errors can behave in a strange way for those of 
us who are familiar with grid-based numerical 
schemes. They showed that, under some cir-
cumstances, the accuracy of SPH approximations 
can deteriorate when resolution is improved. This is 
different from finite difference schemes where, 
typically, errors decrease as o(dy2) or o(dy) at worst, 
for a typical grid spacing of dy. The issue boils down 
to the fact that there are two independent length 
scales in SPH – namely the inter-particle distance dx 
and the kernel smoothing distance h. simulations 
usually ‘converge’ only when both of these 
quantities reduce to zero (Rasio, 2000). Quinlan’s 
results were based upon SPH interpolations of given 
functions. Here we adopt a slightly different 
approach and investigate the accuracy of SPH 
simulations of momentum diffusion in one spatial 
dimension, in a startup problem in fluid dynamics. 

n h = dx h = 1.2dx h = 1.5dx 
9 

13 
21 
37 
69 
133 
261 

4.19 10–5 
1.55 10–5 
4.27 10–6 
1.09 10–6 
2.75 10–7 
6.89 10–8 

3.49 10–2 
1.37 10–2 
9.92 10–3 
1.52 10–2 
1.77 10–2 
1.89 10–2 

1.72 10–1 
8.01 10–2 
4.66 10–2 
3.12 10–2 
2.38 10–2 
2.02 10–2 
1.84 10–2 

Table 1 – Convergence for uniform dx. 
First of all, we investigate the case where particles 
are uniformly-spaced. Throughout, we use the 
familiar cubic spline kernel and the ‘second-order’ 
approximation to the viscous diffusion term used by 
Morris et al. (1997). We consider the problem of 
pressure-driven flow between parallel plates where 
particles are accelerated by an instantaneously-
activated pressure gradient. The viscous flow (Re = 
1) eventually attains a parabolic profile. When h = 
dx, the SPH formulation of the viscous term is 
simply central differencing, thus the error is O(dx2) 
and can be reduced indefinitely by increasing the 
number of particles (see table 1). However, when h 
is different from dx, the error behaviour is much 
more complex. When h = 1.2dx, the error initially 
decreases as O(dx2) but then increases and even-
tually reaches a steady value around 1%. Similar 
behaviour is observed in Quinlan’s Figure 2(a). For 
h = 1.5, the error continues to decrease but conver-
gence is rather slow (and is certainly not O(dx2)). 
In SPH, of course, particle spacing is rarely uniform. 
Simulations were then undertaken with random 
particle positions defined as perturbations about a 

uniform configuration. Suppose that the uniform spacing is 
dx. Particle j was then shifted by an amount αUdx, where U 
was sampled from a uniform probability distribution with 
mean zero. Thus the greater the value of α, the greater the 
variance in particle position (however, particles subsequently 
remain fixed in time). h is fixed as a multiple of dx. Figure 3 
illustrates the convergence behaviour for four cases (a) h = 
0.83dx; (b) h = dx; (c) h = 1.2dx and (d) h = 1.5dx. In almost 
every case, randomness increases error. In every case, the 
error tails off to a steady level independent of the number of 
particles. Surprisingly, increasing randomisation can in some 
cases lead to a reduction in errors. 

 

Figure 1 – Errors at steady-state in Poiseuille flow [average 
of 50 realisations]. Legend: purple: α = 0.0625; black:  α = 
0.1875; orange: α = 0.3125; brown: α = 0.4375.  

As a conclusion, the accuracy of our 1D simulation of 
viscous diffusion depends upon (i) the mean inter-particle 
distance, (ii) the smoothing length and (iii) the randomness of 
the particle positions. If h/dx is fixed, the method appears to 
converge only in the case where the randomness is absent and 
h/dx = 1. Generally, increasing randomness decreases the 
accuracy of the results, but the error behaviour is much more 
complex than in conventional grid models. 

Contact: dgraham@plymouth.ac.uk 
 
References 
Quinlan, N.J., Lastiwka, M. and Basa, M. (2006), Truncation 
error in mesh-free particle methods, Int. J. Num. Meth. Eng. 
66: 2064-2085. 
Rasio, F. (2000), Particle methods in astrophysical fluid 
dynamics, Progress of Theoretical Physics Supplement 138: 
609-621. 
Morris, J.P., Fox, P.J. and Zhu, Y. (1997), Modeling low 
Reynolds number incompressible flows using SPH, J. 
Comput. Phys. 136:214-226. 



 

  5 

SPHERIC newsletter 3rd issue – December 2006 

Modelling a boom and oil spill motion for the management of coastal pollution 
C. Buvat & D. Violeau, EDF R&D, Laboratoire National d’Hydraulique et Environnement, France

One of the solutions to protect the coast against oil 
pollution after a ship wreck consists of using a 
floating boom. As shown in figure 1, one expects the 
oil to be confined upstream of the boom skirt. 
However, turbulent stresses and gravity waves often 
allow the oil to go downstream of the boom. We 
investigated the possibility of studying the behaviour 
of an oil spill in the vicinity of a floating boom with 
SPH. 
For the present study, the boom is made of particles 
moving together following a rigid body motion. 
Angular motion is not considered, the angle θ 
between the skirt and the vertical axis depending on 
the choice of the vertical section (see figure 1). 
Modelling an oil spill with SPH consists of defining 
two kinds of particles, each having its own reference 
density and molecular viscosity. Turbulent effects 
are also accounted for. 

  
 

x 

z 

Us 
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H θ 

 

  
 

x,z planes of 
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Figure 1 – View of a vertical section of the boom 
and the oil spill (left), 3D view of the boom and 
choice of skirt with angle θ. 
We first tested the case of a steady flow in a periodic 
channel of length 16 m and water depth at rest H = 
2.5 m with about 90,000 particles. Figure 2 shows 
that the process of oil entrainment by turbulent shear 
stress is predicted correctly when compared with 
experiments. Entrainment occurs for a critical 
velocity Us close to 0.5 m/s, in accordance with 
these laboratory tests. 
The second case is a wave flume, consisting of 25 m 
long canal with water depth (at rest) H = 2 m. A flat 
bed ends with a gentle slope and a dyke to reduce 
wave reflection. At the opposite side, an oscillating 
paddle generates monochromatic waves with period 
T = 4 s. Figure 3 shows the different kinds of 
behaviour obtained depending on the parameters. In 
the case of light oil and θ = –10°, the oil stays 
upstream of the boom for small waves (wave 
amplitude Hw = 0.5) while leakage is observed when 
Hw = 1.0 m. However, contrary to the steady current 
case, the oil goes over the boom (leak by 
submersion). With the same parameters, the 
behaviour of the heavy oil is even worse; however, 
the inertia of oil is so strong in this case that some 
oil particles can go back under the skirt, following 

the wave orbital velocities. This modification of the oil 
motion is strongly connected to the vertical boom motion, 
which has been shown to be sensitive to θ. 

  
 

 

Figure 2 – Case of the steady open channel flow (1/15th 
scale). Comparison between experimental (left) and modelled 
(right) flows. 

 

 

 

 

Figure 3 – Case of the wave flume. Top: light oil, θ = –10°, 
Hw = 0.5 m; second plot: light oil, θ = –10°, Hw = 1.0 m; 
third: heavy oil, θ = –10°, Hw = 1.0 m; last: heavy oil, θ = 
+10°, Hw = 1.0 m. 
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2D flow past a square cylinder in a closed channel 
E.-S. Lee, D. Laurence & P.K. Stansby, The University of Manchester, UK 
D. Violeau & C. Moulinec, EDF R&D, Laboratoire National d’Hydraulique et Environnement, France 

Weakly compressible SPH (WCSPH) is a traditional 
SPH method based on an equation of state for 
pressure estimation. However, some drawbacks are 
observed such as large pressure fluctuations, and a 
very expensive CPU time due to the required CFL 
condition (Monaghan, 1994). Circumventing these 
drawbacks, a truly incompressible SPH (ISPH) 
method is developed, based on a pressure Poisson 
equation (see e.g. Shao et al., 2003).  A 2D laminar 
flow past a square cylinder in a recirculating channel 
is simulated to evaluate both WCSPH and ISPH 
methods. The results are compared to data obtained 
by an Eulerian software (STAR-CD V4). The 
geometry of the configuration shown in figure 1 is 
based on Kim et al. (2004) and ensures that the flow 
re-develops past the cylinder. Periodic boundary 
conditions in the axial direction are imposed, the 
flow being driven by a force which allows a constant 
flow rate and a Reynolds number (based on the inlet 
diameter) Re = 10. The initial particle distance is 
chosen to be 0.1d, while the cells in the Eulerian 
code are all squares of size 0.1d. 

 
Figure 1 – Geometry of the 2D bluff body. 

Figures 2 and 3 show the velocity field and pressure 
contours. WCSPH shows very strong pressure 
fluctuations while ISPH appears very smooth. 
However, we have proved that time-averaging the 
fields in WCSPH provides much smoother pressure 
prediction, although this can only be possible for a 
steady flow and requires additional numerical 
treatment. The ISPH pressure on the cylinder facing 
upstream matches the Eulerian prediction; however, 
the pressure downstream seems to be overestimated. 
Obviously, the pressure boundary condition needs to 
be improved in our model. A drag coefficient is then 
calculated from all the (time-averaged) methods: the 
Eulerian approach gives 24.50, ISPH 19.25 and 
WCSPH 28.00. 
In terms of CPU time, WCSPH takes 16 h to 
compute a physical time of 34 min while ISPH only 
needs 7.5 h. This significant reduction of CPU could 
be improved by using a preconditioning when 
solving the Poisson equation. 

 
Figure 2 – Distribution of normalized velocity magnitude. 
Top: WCSPH; bottom: ISPH. The red lines are the result of 
the Eulerian simulation. 

 

Figure 3 – Pressure distribution in the vicinity of the body. 
Top left: WCSPH; top right: ISPH; bottom: Eulerian 
simulation. 
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Ongoing developments at CESI RICERCA, Milan 
A. Maffio, Environment and Sustainable Development Dept., CESI RICERCA, Milan, Italy 

CESI RICERCA carries out research in the electricity and 
energy sector, focusing on the improvement of the Italian 
electricity system from the environmental safety, security 
and economical point of view. In the framework of a 
project on power generation and energy sources, safety 
issues due to interaction between hydropower schemes and 
the surrounding territory are considered here. 
Reservoirs and dams may give rise to safety hazards for 
population and infrastructures where schemes are located, 
in the presence of particular hydro-geologic circumstances, 
equipment malfunctioning and/or structural failure. 
Spillway insufficiency to discharge extreme floods, 
clogging of dam bottom outlets due to sedimentation, the 
onset of landslide-induced waves in the reservoir, dam-
break waves formation due to hypothetical dam collapse are 
example of issues encountered. Related hydrodynamics 
problems exhibit flow features (free surface, multiphase, 
complex geometry, transient flow) which could be well 
captured with the SPH approach. 
Hence, a research activity is in progress to develop an SPH 
software tool (the SPHERA code) and make numerical 
simulations. As research is aimed at developing tools to be 
used in engineering applications, emphasis is placed on 
evaluating SPH from the point of view of both accuracy 
and computational cost. SPH results obtained are compared 
with experimental data and others numerical techniques in 
traditional CFD . 

  
 

 
Figure 1 – Examples of  pressure distribution in hydraulic 
jump configuration considered (top: classical; bottom: with 
positive step). 

Activities are currently focusing on the two-dimensional 
hydraulic jump with different configuration (classical, with 
positive/negative steps, figure 1) studied by Gallati (2006) 
as a simplified though useful test to individuate and analyse 
critical simulation issues related to this type of flow. 
Future activities are expected to focus on: 1) more complex 
flow within a three-dimensional stilling basin downstream 

of a dam spillway; 2) developing SPH for other 
hydrodynamic problems related to dam and reservoir 
safety issues (e.g. sediment scour induced by dam 
bottom outlets); 3) upgrading the parallel version of 
the SPHERA code (see figure 2). 
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Figure 2 – Parallel version of the SPHERA code. 
Example of speed up vs. number of CPU’s (2D flow 
test). 
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Modelling hydroelasticity using an enhanced SPH formulation 
based on a strongly-coupled approach 
J.-B. Deuff, Gaz Transport & Technigaz & Ecole Centrale Nantes, France 
D. Le Touzé, B. Alessandrini & P. Ferrant, Ecole Centrale Nantes, France 

Hydroelasticity may play a significant role in impacts 
occurring in Liquefied Natural Gas (LNG) tankers. For 
safety reasons, fluid-structure interactions cannot be 
neglected in this kind of problem. SPH has been widely 
validated for fluid and structure in impact conditions (see 
e.g. Oger et al. (2005) where the structure is rigid). It is 
thus a good candidate to deal with hydroelastic issues. In 
the present SPH simulations, both the fluid and the 
structure are treated in a Lagrangian way, avoiding the 
additional complexity of an Euler-Lagrange coupling. The 
fluid-structure coupling thus appears natural in SPH 
whereas for other methods the use of a penalty method or 
Lagrange multipliers is necessary. 
A first comparison of a coupled SPH simulation with a 
semi-analytical method has shown satisfactory results (see 
Deuff et al. 2006). The case consists of a symmetric 
aluminium beam wedge (0.04 m thick and 0.6 m wide) 
impacting a water free surface with an initial angle of 10° 
and a speed of 30 m/s. The deformable beam wedge is 
constrained at three locations: in its middle (on the 
symmetry axis shown at the left of figure 1 plots), and at its 
two tips. To achieve such simulations, the standard SPH 
scheme has been enhanced thanks to a Riemann-solver 
approach which provides smooth and stable results as 
shown in figure 1. This enhanced formulation allows the 
accurate capturing of much localized phenomena like the 
high impact pressure moving along the wedge as it enters 
the water (a complete study of this case is to be submitted 
shortly to the Int. J. Num. Mech. Eng.). 
Ongoing developments will allow us to simulate more 
complex impacts involving multimaterial isolation in order 
to determine the influence of hydroelasticity in LNG 
tankers (figure 2). The simulation of this type of problem is 
very time consuming ; the next step will be to incorporate 
the work presented here into the parallelized (in 2D and 
3D) SPH model developed at Ecole Centrale Nantes. 

Contact: jean-baptiste.deuff@ec-nantes.fr 

References 
Deuff, J.-B., Oger, G., Doring, M., Alessandrini, B. and 
Ferrant, P. (2006), SPH Analysis of hydrodynamic impact, 
including hydroelastic fluid-structure coupling, Proc. IVth 
Int. Conf. Hydroelasticity in Marine Technology, Wuxi, 
China, pp. 131–137. 
Oger, G., Doring, M., Alessandrini, B. and Ferrant, P. 
(2005), Two-dimensional SPH simulations of wedge water 
entries, J. Comput. Phys. 213:803–822. 
 

 

 

 

 
Figure 1 – Impact of a constrained symmetric wedge 
beam using the enhanced SPH formulation. 

 

Figure 2 – Impact of a symmetric Mark III© isolation 
using the enhanced SPH formulation. 
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Compressible Flow through a Moving Valve 
D. Laurence, B. Rogers & P. Omidvar, The University of Manchester, UK 

SPH is offering researchers the opportunity to model 
moving body problems in mechanical engineering 
situations that until now have been difficult to simulate 
otherwise, such as the opening of a valve which separates 
different gases.  At the University of Manchester we 
simulated the flow following the opening of a valve that 
initially separates two gases using the SPARTACUS code 
of EDF. The code was modified to include the correction 
of Parshikov et al. (2000) who introduced a Riemann-type 
solver to model shocks (see also Monaghan, 1997). The 
tube consists of two sections with different density and 
pressure (the two gases are initially at 10kPa and 30kPa) 
with a sliding valve opening from the middle of the tube 
and moving in opposite directions.  Figures 1 and 2 show 
the particle plot and velocity vectors, respectively. As the 
valve is gradually opened, a circular shock first appears, 
then evolves toward a planar shock while a rarefaction 
wave develops upstream of the valve. When the valve is 
completely opened, the form of the flow profiles tend to 
be similar to the analytical solution of a 1D shock tube 
case. 

  
 

 
Figure 1 – Opening valve with SPH: particle positions. 

Further work is needed on the boundary conditions as the 
current ones use several layers of dummy particles in the 
solid (see e.g. Issa, 2005), resulting in a rather thick valve. 
The wall treatment also led to rather thick boundary layer 
effects in the 1D shock tube problem. In case of a shock 
expanding into a void, an adaptive kernel size would be 

needed as the fastest particles ended up being isolated 
and naturally continued to evolve with a constant 
velocity from the time of the kernel separation. 

  
 

Figure 2 – Opening valve with SPH: velocity distri-
bution. 
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