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Dear SPHERIC Members,
It gives me pleasure to announce that during the last SPHERIC
workshop I was appointed Chair of the SPHERIC Steering Committee.
Firstly, I must say that coordinating the SPHERIC Steering Committee
for the next 5 years is a great honor and responsibility. Secondly, I
would like to wholeheartedly thank my predecessor, Prof. Benedict
Rogers for his work in the past 6 years. Prof. Rogers successfully
coordinated several very important initiatives which really helped in
disseminating the SPH numerical scheme through the international
community of researchers. Therefore, the ﬁrst challenge for me will be
to maintain the high standard of my esteemed predecessor who so
ably steered SPHERIC throughout the last 6 years.
Looking at the future, I think these are exciting times for numerical
schemes in general and for SPH in particular. Many complex physical
phenomena like turbulent ﬂows, complex FSI and multiphysics
problems which were considered too complex to be reproduced
numerically until a few years ago, are now successfully simulated using
SPH. Moreover, the continuous increase of the computational power of
modern HPC infrastructures, (together with the reduction of the cost
of FLOPS) represents an important opportunity for computational
demanding approaches such as SPH. Together with that, and despite
the dramatic advances reached in the last years on issues like stability
and consistency, I think that it is also mandatory to keep working in
improving the mathematical foundation of SPH.
Consequently, during my term as Steering committee Chair, I will do
my best to complete the conversion of SPHERIC from a European to
an international organization through various initiatives, including the
organization of workshops in non-European countries. Moreover, I will
try to consolidate the dialogue between industry and academia within
SPHERIC. I believe that the two workshops already scheduled in 2022
(SPHERIC Xi'an International Workshop, Xi'an, China, 28 March - 1 April,
and 16th International SPHERIC SPH Workshop, Catania, Italy, 7-9
June) represent a unique opportunity for the SPH community to
exchange ideas and work on the advances of SPH. I look forward to
meeting you during those two events.
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Workshop organizer, Angelo Tafuni, announces the opening.

15th SPHERIC International Workshop (June 8-11, 2021)
Dr. Angelo Tafuni
atafuni@njit.edu
School of Applied Engineering and Technology, New Jersey Institute of Technology, Newark, NJ 07103

Dean of the Newark College of Engineering Prof.
Moshe Kam welcomes the SPHERIC delegates.

New SPHERIC chair Dr. Renato Vacondio thanks
the former SPHERIC chair Prof. Ben Rogers

The SPHERIC International Workshop, the annual global
forum for the development and application of Smoothed
Particle Hydrodynamics (SPH), was canceled in 2020 for
the ﬁrst time since its inception in 2006 due to the
COVID-19 outbreak. Despite the unfortunate pandemic
still affecting the World a year after, the 2021 SPHERIC
Workshop was made possible via a virtual solution and
held on June 8-11, 2021. The optional training day usually
offered alongside the Workshop was also run virtually on
June 7, 2021. The 2021 SPHERIC Workshop was organized
by the Newark College of Engineering at New Jersey
Institute of Technology in Newark (NJ), and it was the ﬁrst
edition among SPHERIC Workshops to ever run online.
Along with the invaluable work of the local organizing
committee at NJIT, the Workshop was also kindly
supported by the contributions of 27 Scientiﬁc
Committee members from 23 different institutions who
were involved in the abstract review process, Libersky
prize selection process and the overall scientiﬁc steering
of the event. The Workshop attracted good participation,
with 147 delegates from 27 different countries, 4 keynote
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meshless methods for ﬂuid-structure interactions,
with a focus on biological systems. Next was the
keynote lecture of Dr. Steven Lind from the
University of Manchester, who discussed the story

Opening keynote by Prof. Leslie Greengard.

Keynote by Dr. Wenxiao Pan.

and current implications of the Particle Shifting
Technique, one of the most groundbreaking
correction algorithms for SPH. Finally, the last
keynote lecture was delivered by Dr. Dan Negrut
from the University of Wisconsin, Madison on the
application and potential of SPH for granular
material dynamics.
A total number of 57 presentations were
delivered showing advances in the SPH state of the
art for several areas, including convergence,
consistency, and stability of the method, coupling
of SPH with other solvers and the ever-increasing
applicability of SPH to complex industrial
problems. Every technical session was followed by
a panel discussion that was moderated by the
session chair and included interactions of the
delegates with the session presenters via live
questions, both by audio and chat. The discussions
led to very insightful comments and brought the

lectures from renowned scientists, and 57 highquality technical presentations by researchers from
around the world.
The Training Day was attended by 44 delegates
and was composed of two morning lectures: one
on the fundamentals of SPH, delivered by Dr.
Daniel Duque from Universidad Politécnica de
Madrid, and one on Fluid-Structure Interaction in
SPH led by Dr. Xiangyu Hu from the Technical
University of Munich. The afternoon was dedicated
to a hands-on SPH session with some of the
developers of the DualSPHysics code, including
Drs. Altomare, Crespo, Domínguez, Fourtakas,
Rogers and Vacondio.
The SPHERIC Workshop started on June 8, 2011,
with the opening keynote lecture delivered by Prof.
Leslie Greengard from the NYU Courant Institute of
Mathematical Sciences and the Flatiron Institute.
The lecture focused on fast and adaptive methods
for the simulation of physical processes such as
diffusion in complex geometries. Dr. Wenxiao Pan
from the University of Wisconsin, Madison lectured
on challenges and potential solutions to the use of

Keynote by Dr. Steven Lind.

Keynote by Prof. Dan Negrut.
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1st place: Arbia Ben Khodja from Manufacture
Franҫaise des pneumatiques MICHELIN with the

Student Arbia Ben Khodja delivers a presentation of her
work which has then been awarded the ﬁrst place in the
Libersky Prize competition.

authors (as well as the delegates themselves) some
interesting thoughts for future work. Some of the
best Workshop papers have also been invited to a
special issue on “Latest Advances in SPH for Fluid
Mechanics” on the European Journal of Mechanics B/Fluids, organized by Dr. Abbas Khayyer.
Following the tradition of every year, the Libersky
prize competition was held for the best work by a
student, based on their presentations and papers.
The SPHERIC 2021 Scientiﬁc Committee selected
the following papers:

A Q&A section in the Workshop.

paper “Validation of coupled SPH-FE hydroplaning
simulations using PIV measurements.”
2nd place: Joshua Borrow from Durham
University with the paper “Projecting SPH Particles
in Adaptive Environments.”
3rd place: Maryrose McLoone from the National
University of Ireland, Galway with the paper
“Coupling the Finite Volume Particle Method with
the Finite Element Method for ﬂuid-structure
interaction for large deformations of thin elastic
solids.”
The Workshop was supported by several
individuals and institutions, including the New
Jersey Institute of Technology, the SPHERIC
Steering Committee, the 2021 SPHERIC Scientiﬁc
Committee and ERCOFTAC.
Additional information on the SPHERIC 2021
Workshop can be found at www.spheric2021.com.
Information about SPHERIC is also available at
www.spheric-sph.org.
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Validation of coupled SPH-FE hydroplaning simulations using PIV
measurements
A.Ben Khodja¹,²*, C.Hermange¹, C.Poncet¹, S.Simoëns³, M.Michard³, G.Oger² and D. Le Touzé²
arbia.ben-khodja@michelin.com

¹Manufacture Française des pneumatiques MICHELIN 63000, Clermont-Ferrand, France
²LHEEA Lab. (ECN/CNRS UMR6598) Ecole Centrale Nantes 44300, Nantes, France
³Univ Lyon, Ecole Centrale de Lyon, CNRS Univ Claude Bernard Lyon1 INSA Lyon, LMFA, UMR5509 CNRS 69130, Ecully, France
*Libersky Prize winner (1st place) in the 16th SPHERIC International Workshop

Tire hydroplaning is a very complex problem from
a physical point of view involving a wide range of
key factors from the road texture to the tire design
and inﬂation pressure. It has been studied
numerically as a challenging FSI (Fluid Structure
Interaction) problem. Mesh-based methods have
enabled to provide early hydroplaning numerical
models [1, 2]. However, more recently meshless
methods have been used in order to overcome the
mesh limitations when modeling such a problem.
The Smoothed Particle Hydrodynamics (SPH)
appeared as an appealing approach. Its
Lagrangian nature offered a rather simple
handling of ﬂuid-structure interface [3]. Hermange
et al. [4] proposed a 3D ﬂuid–structure coupling
between the SPH and the Finite Element (FE)
methods for such phenomenon. This approach is
used in this study. The FE solver has been
developed by MICHELIN, and the SPH solver has
been jointly developed by the LHEEA laboratory of
Ecole Centrale Nantes, the CNR-INM and Nextﬂow
Software. In Fig. 1, we give a snapshot from a
numerical simulation of a rolling tire upon a water
ﬁlm. The numerical approach has the advantage of
covering a wide application scope giving access to
local information for performance prediction.
However, an experimental testing is still needed for
a validation purpose. In this work, an experimental
study based on the PIV (Particle Image
Velocimetry) [5] technique is conducted. The PIV is
an optical measurement technique providing a
two-dimensional slice of the velocity ﬁeld within a
selected region of the ﬂow. A pair of images of the
seeded ﬂow is recorded, and through a correlation
algorithm, the two planar components of
displacement of the illuminated particles are

estimated (2D-2C). The PIV method has never been
used for hydroplaning measurements until the
collaboration between MICHELIN and the LMFA
laboratory in 2017 which started studying the
feasibility of PIV application to a tire rolling through
a puddle [6]. For this aim, PIV is extended to
refraction illumination different from the classical
planar illumination. We call it refracted-PIV (r-PIV)
[7]. With this technique, local velocities of the water
ﬂow inside the tread pattern are accessible,
opening the possibility of a local comparison
between numerical and experimental results. One
of the difﬁculties of this comparison in the different
natures of the results since the experimental data
are not time-resolved, leading to the deﬁnition of
suitable averaged quantities to compare.
The results for the MICHELIN Primacy 4 225/45 R17
tire (PCY 4) at a worn state for three velocities have
been investigated: V0=11.11 m/s, V0=13.89 m/s and

Figure 1 - Example of simulation result: velocity ﬁeld Vx
for the MICHELIN Primacy 4 225/45 R17 at V0=13.89 m/s
(50 km/h) with a water height of 1.5 mm. Groove 3 is
highlighted with white dashed lines.
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V0=16.67 m/s. As an example of comparison, we
focus here on the ﬂow channeled in the
longitudinal central groove (Groove 3 in Fig. 1)
because
the
standard
deviation
in
the
experimental velocity measurements is lower in
this area than in the shoulder groove. The contact
patch area is deﬁned as the region where the tire
is in contact with the ground. Its length is
calculated along the longitudinal axis (X-axis in Fig.
1).
First, we ﬁnd that the loss of the contact patch
length increases with the vehicle velocity in both
numerical and experimental results. This is in good
agreement with the results of Todoroff and al. [8]
about loss of contact surface against tire speed.
Nevertheless, the length predicted numerically is
higher than the measured one. For example, for
V0=13.89 m/s, it is 20% lower in the experimental
results. This is in part due to the difference
between the numerical and experimental method
of contact patch length deﬁnition. Other reasons
for these differences are currently being
investigated. Second, the minimum of velocity
inside Groove 3 is independant of the vehicle
speed and this results is found experimentally as
well as numerically. However, the trend in
experimental results is to increase Vx* = Vx/V0
when V0 increases inside the contact patch. This is
not the case in the numerical results. Moreover, we
ﬁnd that there is a good agreement in the
maximum of velocity in the water-bank. This
region corresponds to the ﬂow in front of the tire
where the water pressure and velocity are the
highest. The water-bank is responsible for most of
the contact patch loss. R-PIV measurements show
that the maximum velocity reached in this region
is around 0.9 V0 regardless of V0 value. This result
agrees well with the numerical solution although
the position of the peak differs.. Concerning the
width of the water-bank, it gets wider as the
vehicle velocity increases for both numerical and
experimental results.
We give in Fig. 2 the results obtained for V0=13.89
m/s. The averaged dimensionless velocity ﬁeld Vx*
is plotted along X-axis in groove 3 and in the water-

Figure 2 - Comparison between numerical and
experimental results in Groove 3 for the PCY4 at worn
state with V0=13.89 m/s: Vx* along X-axis.

bank, from both r-PIV tests and numerical
simulations. We can already note that the overall
shapes of the curves are rather similar between the
numerical and experimental results. We also note
that for both conﬁgurations, the velocity is
negative in a part of the groove and the minimum
of velocity is around -0.1V0. However the position of
the peak is not the same.
We point out that the numerical/experimental
comparison is very challenging. This is in part due
to the different natures of the results since the
experimental data are not time-resolved, leading to
the deﬁnition of suitable averaged quantities to
compare. But the results obtained are quite
encouraging. Further studies should be conducted
to investigate the ﬂow velocity in the transversal
grooves, the effect of tread design and the
evolution of the spanwise component of the
velocity.
References
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Projecting SPH Particles in Adaptive Environments
Josh Borrow*
josh@joshborrow.com
MIT Kavli Institute for Astrophysics and Space Research
*Libersky Prize winner (2nd place) in the 16th SPHERIC International Workshop

To extract insights from simulations, they must be
post-processed. One case of interest for
astrophysics is the projection of three dimensional
data onto a ﬁxed two-dimensional grid. In
astrophysics,
projected
quantities
naturally
correspond to those that are observable; for
instance, it is signiﬁcantly easier to measure the
gas column density of a galaxy than it is to probe
its three dimensional density structure.
The question then becomes how to do this
projection. Typical approaches take each particle
and compute the value of their (projected) kernel
at the centre of each pixel, effectively creating a
midpoint rule integration of the kernel over the
ﬁeld. In scenarios where the smoothing lengths of

all particles are uniform, this will then give rise to a
predictable level of error for a given grid size. The
number of pixels can be increased to lead to a
lower reconstruction error, and decreased if speed
is of upmost importance.
For adaptive ﬁelds, like a galaxy (see the ﬁgure),
where smoothing lengths can vary by multiple
orders of magnitude, the story is different. If we use
a basic reconstruction based on the overlap of
kernels with pixel centres, some kernels will be
sampled by many pixels, and some by none at all. A
quick ﬁx to this latter problem is to associate
particles with very small smoothing lengths to their
nearest pixel, essentially returning to a Monte Carlo
sampling.

Figure 1 - Image of a simulated galaxy's density structure (left), and reconstruction error (right). Note that regions of high
error actually correlate with the high density regions; a troubling structure for those familiar with adaptive SPH.

9
NEWSLETTER | 32nd ISSUE | SEPTEMBER 2021

An additional complication is that in astrophysics,
we often want to create images at very low
resolutions, for direct comparison to observations. A
telescope may have created a 51x51 pixel image of a
galaxy, and for comparisons we would naturally
need an image of a similar resolution. As the grid
reconstruction is a static problem, we should be
able to reduce the error to a very low level so long
as we ensure that each particle is correctly
integrated.
Our new method does this in two ways:
1. For particles with very small smoothing lengths

relative to the grid spacing, we use a pre-calculated
kernel grid to appropriately weight the particle
across any possible pixel boundaries;
2. For all particles, we sub-sample the pixels they
overlap to ensure that each particle's kernel is
evaluated at least 64x64 times.
Through both of these interventions, we can
reduce the error to less than 0.1% even in extremely
adaptive environments to allow for accurate
comparisons to observations.
More information is available in the SPHERIC
paper in the 2021 proceedings.

10
NEWSLETTER | 32nd ISSUE | SEPTEMBER 2021

Fluid-structure interaction of thin elastic solids with
the Finite Volume Particle Method and Finite Element Method

Maryrose McLoone*, Nathan Quinlan
m.mcloone1@nuigalway.ie

Mechanical Engineering, National University of Ireland Galway, Galway, Ireland
*Libersky Prize winner (3rd place) in the 16th SPHERIC International Workshop

Difﬁculties can arise with particle-based CFD
methods in the modelling of thin structures where
the thickness of the solid is less than the diameter
of the particle. The particle diameter can extend
across the thickness of the thin structure, leading
to unphysical communication between particles
separated by the thin structure. The main
challenge is to properly truncate the particle
support, as in Fig. 1, to ensure that particles interact
only with the correct boundaries and particles. The
method developed here combines the ﬁnite
volume particle method (FVPM), a SPH-based CFD
method, and a mesh-based ﬁnite element (FE)
solver, FEBio [1], in a partitioned ﬂuid-structure
interaction (FSI) scheme. A novel method is
proposed for particle methods interacting with
thin structures which ensures that particles
interact with the correct neighbour particles and
boundaries, regardless of the particle overlap with
the thin structure. This allows us to choose particle
size independently of structure thickness.
FVPM, like SPH, is based on compactly supported
particle kernels. Kernels are interpreted as a
partitioning of volume, with particle and boundary
interactions deﬁned in terms of ﬂuxes across the
particle interface area. This leads to a scheme with
properties of both SPH and classical ﬁnite volume
methods. FVPM is advantageous for FSI modelling
as it is an arbitrary Lagrangian-Eulerian method in

Figure 1 - Truncated support of ﬂuid particle i with a thin
structure.

which the particle distribution can conform to the
varying shape of the ﬂuid-solid interface.
Boundaries are deﬁned as exact geometries
without
ﬁctitious
particles.
This
exact
representation of boundaries allows for the FVPM
boundaries to align exactly with the FEBio element
surfaces at the ﬂuid-solid interface. This gives an
exact ﬂuid-structure interface where data can be
passed between the solvers with no need for
interpolation.
In this work, a thin structure is deﬁned to be a
solid with a thickness, T, which is less than the
diameter, D, of a particle which interacts with it.
There are four problems that are resolved here for
thin structures in FVPM.
1.
A particle support is truncated by the thin
structure it interacts with, as illustrated in Fig. 1, to
ensure that the particle support does not contain
disconnected regions.
2.
Particles are identiﬁed as neighbours only if
their truncated supports overlap.
3.
Particle-particle overlap regions are deﬁned
consistently with the properly truncated supports
for the calculation of interparticle area.
4.
The particle transport velocity correction
(particle shifting) method is modiﬁed for thin
structure interactions.
The FVPM-FEBio FSI scheme, with the novel
method for thin structures, was validated against
the experiment of Liao et al. [2], of a dam-break with
a downstream elastic wall. The computed wall
deformation agreed well with experimental results
for the initial impact of the ﬂuid against the elastic
wall. The FVPM-FEBio FSI method was also applied
to a biomechanics application in the case of the 2-D
idealised heart valve leaﬂet of De Hart et al. [3]. The
method was successful in modelling the
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Figure 2 - Heart valve leaﬂet deformation and ﬂuid velocity vectors of the FVPM-FEBio model. FVPM ﬂuid velocity
vectors are shown for every 4th particle.

deformation of the leaﬂet and the computed ﬂuid
velocity ﬁeld, including the formation of a vortex, as
illustrated in Fig. 2. Without the novel method for
thin structures, the particle diameter would have to
be less than the structure thickness to prevent the
particle overlapping the structure, with D < T. This
would
require
small
particles,
increasing
computational cost. The results in this work show
that the novel method was successful in truncating
the particle support by a thin structure. The dambreak with a downstream elastic wall was modelled
with a particle diameter which was 1.61 times
greater than the wall thickness. The heart valve
leaﬂet was modelled with a particle diameter which
was over 16 times greater than the thickness of the
leaﬂet. This shows that the novel method allows for
the selection of particle sizes which are not
restricted by the thickness of the thin structure.
This can improve computational cost, particularly in
cases where the solid thickness is much less than

the length-scales of the ﬂuid dynamics.
Acknowledgement
This research is funded by a Government of
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Da Vinci’s observation of turbulence: a study that aims to reproduce with
the delta-LES-SPH method the physics behind one of his drawings
Andrea Colagrossi¹,², Salvatore Marrone¹, Paolo Colagrossi³ and D. Le Touzé²
andrea.colagrossi@cnr.it

¹CNR-INM, Institute of Marine Engineering, 00128, Rome, Italy
²ECN/CNRS, Ecole Centrale Nantes 44300, Nantes, France
³Punkt.ink, Roma, Italy

In 2019, on the occasion of the 500th anniversary of
Leonardo da Vinci’s death we planned to present a
joint work at the scientiﬁc dissemination event “La
fête de la Science 2019” in Nantes, France. This
study results from a 15-years
Italian-French
collaboration between our two research groups,
respectively of CNR-INM in Italy and of Ecole
Centrale Nantes (ECN) in France.
Both groups belong to the SPHERIC community
from its beginning and are involved in the study of
free-surface ﬂows and develop SPH numerical
models for the investigation of such kinds of ﬂows.
One of the inspirations of this work is also the fact
that CNR-INM is based in Rome and ECN in Nantes
which is an ideal prolongation of the path between
the cities of Vinci in Italy and Amboise in France
which Leonardo travelled when he was invited by
King Francis I of France. He settled in the Manor of
Clos-Lucé which was his residence in the city of
Amboise for his last three years of life.
The main idea was to reproduce one of
Leonardo’s
drawings
with
in-house
solver
developed by the two groups, to see if through
proper simulation setup and careful analysis we
could recognize the ﬂow features drawn by
Leonardo and further described in his handwritten
notes below the drawing.
The subject of our research was the drawing
reported in Fig. 1 and labeled as sheet RCIN 912660
of the Windsor collection, where a water jet
impacts on a water pool. This drawing has been
largely used by ﬂuid dynamicists as an example of
a turbulent ﬂow, because this drawing is supposed
to be one of the ﬁrst illustrations of what
turbulence can be [1, 2]. Leonardo represented the
intrinsic three-dimensional nature of this turbulent
ﬂow with the idea that it consisted of a set of

Figure 1 - Leonardo da Vinci’s Studies of water (c.1510–12).
The fall of a stream of water from a sluice into a pool.
Bottom part of the sheet RCIN 912660. Royal Collection /
Her Majesty Queen Elizabeth II.

coexisting eddies ranging in scale from large to
small. This concept was formalized mathematically
400 years later in 1941 by A.N. Kolmogorov, and is
known as the “cascade model of turbulence” [3] .
Observation and drawing were for Leonardo a
true “method of investigation”. Actually, historians
showed that by systematically drawing phenomena
and parts of phenomena he was observing,
Leonardo was able to analyze these phenomena in
detail and even extract rational explanations for
them. In this sense, his pictorial analysis method
was a prelude to the Galilean scientiﬁc method
which came about one century later[4].
In this framework the present work is outlined
trying to address the following questions:
1. What is the story of the speciﬁc drawing of
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Fig. 1?
2. What was actually represented by Leonardo
(size, conditions, ﬂow characteristics...)?
3. How can we reproduce it numerically?
4. Is it possible to simulate and visualize up to
the details da Vinci drew?
5. Was Leonardo really describing underwater
phenomena that he could not even see?
A ﬁrst attempt to reproduce the RCIN 912660
drawing with the SPH method was done by
Monaghan & Kajtar [5]. That study was performed
in a two-dimensional framework without taking
into account the presence of the air. With these too
restrictive simpliﬁed conditions the dynamics of
the ﬂow is quite different with respect to what
Leonardo described. On the other hand, that work
showed the capabilities of this numerical method
in simulating turbulent ﬂows where an air-water
interface is present, therefore inspiring the present
study. Among the different variants of SPH
developed during the last decades we select the LES-SPH model described in [6] which has been
adapted to the multi-phase ﬂow context following
the work of Hammani et al. [7].
The ﬁrst problem in numerically reproducing the
ﬂow drawn by Leonardo Da Vinci in the sheet RCIN
912660 is the fact that we have no indications about
the geometry and the ﬂow conditions. Therefore,
we started with performing some preliminary tests
in order to set the simulation parameters.
All the simulations of the present study, including
this preliminary stage of the work, were performed
in the three-dimensional framework.
Once a good conﬁguration was found we focused
our study on the relevance of air-entrainment and
the effect of the percentage of air/water mixture.
For example Fig. 2 shows a 3D view of the water
jet and of the water pool surface in a simulation
where only the liquid phase is modelled. From
these contour plots the turbulent regime of the
ﬂow ﬁeld can be clearly observed. The turbulent
energy is mainly focused close to the shear layers
while the rest of the domain remains almost at rest.
Remarkably, while with this single-phase model
the underwater vortical structures are, as already

Figure 2 - SPH simulation using a single-phase model
(air phase is not included). Top: 3D view of the free
surface with two slices of the domain where particles are
colored with the y-vorticity component at time 1.5 s.
Bottom: contour plot of the modulus of the velocity in
the mid z − x plane at time 5.0 s.

mentioned, rather similar to what was drawn by da
Vinci, the water pool surface remains almost ﬂat
and smooth and thus very far from that drawn by
Leonardo, on the contrary.
It is clear that modelling the liquid phase alone is
not enough to reproduce the ﬂow drawn in the
RCIN 912660 sheet. In order to get closer to
Leonardo’s drawing the air phase was added in the
numerical model.
In Fig. 3 only the air particles are represented for
two different time instants and from two different
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Figure 3 - SPH simulation using an air-water model ﬁnal conﬁguration. Rendering of the air particles. Top:
side view at time instant 4.2 s. Bottom: “ﬁsh- view” at
time instant 8.4 s.

points of view: in the top plot the whole ﬁeld is
depicted at t = 4.2 s whereas in the bottom plot a
close view below the free surface in front of the jet
is shown at t = 8.4 s.
From these views, three different regions of the
ﬂow can be recognised:
•the jet ﬂow in which the air is dispersed and
starts aggregating in the form of small
bubbles;
•the liquid region in front of the jet ﬂow where
larger bubbles are formed and rise towards
the free surface interacting with each other;
•the area on the free surface in front of the jet
where the bubbles eventually burst creating
“rosettes”, similarly to what drawn by
Leonardo
Finally, in the left plot of Fig. 4 a non-

Figure 4 - SPH simulation using an air-water model. Top:
Non-photorealistic rendering, top view at time instant 5.8
s. Bottom: Trajectories of water particles from the inﬂow
up to their ascent to the pool surface.

photorealistic rendering of the simulation using
the same colors as of Leonardo’s drawing is
presented.
This plot highlights the air-water interaction on
the pool surface. The previously mentioned
“rosette” shapes due to bursting of the biggest air
bubbles are clearly visible, thus recognizing one of
the main ﬂow features stressed by Leonardo in his
RCIN 912660 drawing. Bottom plot of Fig. 4 depicts
some particles trajectories from the inﬂow section
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up to their ascent to the pool surface. These curved
trajectories are another ﬂow feature stressed in
Leonardo's drawing.
The two-phase simulation involved 50 million
particles in average and ran on 720 cores for about
107 hours to simulate 128,000 time steps,
corresponding to a physical time of 8.4 seconds.
Note that high-end visualization techniques had to
be used to properly render this huge simulation.
When looking at the post-processing of the
present simulations and comparing them with the
RCIN 912660 drawing what is still missing are the
large rounded curves/trajectories drawn by
Leonardo on the pool surface. Our hypothesis is
that these curves are mainly linked to the domain
conﬁnement and since in our simulation the ﬂow
exits from the lateral and the front sides of the
domain, this recirculation is not present.
Furthermore, this recirculating motion of the ﬂow
around the pool would have a characteristic time
scale much longer than the few seconds
computed in our simulation. This topic deserves
more investigation and leaves the door open to
further studies of the RCIN 912660 drawing.
For the interested reader supplementary material
(storytelling, simulations, conference, interview) are
available on a dedicated YouTube repository:
https://www.youtube.com/playlist?
list=PLWTMhavH6kZ4sR4nIXzJ7cdOPQfz_nOXZ
Further material have been published in the
“News and Event” section of the ECN website:
https://lheea.ec-nantes.fr/english-version/newsand-events/quand-lart-rencontre-la-science-laturbulence-vue-par-leonard-de-vinci

More information is
proceedings of the
Workshop 2021 [8].

also available in the
International SPHERIC
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The rise of SPH-ﬂow software, proof that the SPH method is well
established in the industrial world
Laura Trappolini and Edouard Lété
laura.trappolini@nextﬂow-software.com and edouard.lete@nextﬂow-software.com
Product Manager and VP Sales at Nextﬂow Software

With booming electriﬁcation and the autonomous
driving trends, automotive manufacturers are
facing incredible demand to deliver their products
faster and better, while innovating and improving
the performance earlier in the development
process are critical. Traditional CFD mesh methods
provide accurate analyses of performances and
require a high level of meshing expertise.
Improve design innovation earlier
The next-generation meshless software, SPH-ﬂow,
provides the capabilities that enable automotive
manufacturers to improve their design innovation
earlier in the development cycle. SPH-ﬂow uses the
smoothed particle hydrodynamics (SPH) method
that sheds new light on Computational Fluid
Dynamics. This solver quickly gives ﬁrst results for
the design as there is no mesh to generate and as
the simulation is so easy to set up thanks to the
intuitive guided user interface, Nextﬂow Studio.
Focus on physics, not on meshing
Nextﬂow Software is an Independent Software
Vendor, created in 2015 and headquartered in
France. The company develops and sells advanced
computer-aided engineering (CAE) software in the
ﬁeld of computational ﬂuid dynamics (CFD).
Nextﬂow Software brings its expertise to the
automotive industry, and also in aeronautics,
marine, energy, environment, industrial process,
and many other ﬁelds.
SPH-ﬂow
and
Nextﬂow
Studio
address
engineering
companies
developing
and
manufacturing products/systems involving ﬂuid
ﬂows, potentially with complex geometries and
interactions with solids.
SPH-ﬂow has been developed for more than 20
years in close partnership with leading academic
research laboratories, in particular Ecole Centrale

de Nantes and CNR-INM. Thanks to its talented
team of experienced doctors and engineers, the
limits of hydrodynamics simulation are pushed
further and further: the focus is on physics, no more
on meshing.
Next-generation CFD software
Next-generation CFD software strives to break
current numerical simulation limits by integrating
leading-edge scientiﬁc research into world-class
software products. Our product solutions offer
unprecedented simulation capabilities that enable
customers across industries to design safer and
more competitive products in reduced time and
cost.
SPH-ﬂow has proven its effectiveness, optimized
for High-Performance Computing (HPC), it allows to
simulate what others can’t. Thanks to its Lagrangian
characteristic and its particle-based approach, SPHﬂow is particularly well suited for high-dynamics
ﬂows, deformable and complex boundaries,
interfaces with fragmentations & reconnections,
such as solid impacts, shocks, breaking waves, jets
and splashes, moving parts, deformations etc.
Nextﬂow Studio provides a guided step-by-step
workﬂow with an intuitive interface. It uses built-in
user assistance in the interface to help avoid
standard setup mistakes. Nextﬂow Studio brings a
fully integrated simulation and analyses workﬂow to
shorten their engineering cycles and optimize their
designs.
These
product
solutions
provide
software
frameworks that reduce industrialization cycles of
innovative CFD methods and technologies.
SPH brings solutions to industrial challenges
Each application has its own set of complex issues.
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Therefore, each application requires a dedicated
approach. Some believe that the perfect simulation
tool must solve all design problems, we don’t.
We know that ideal tools are ideal for a given

Simcenter™ software portfolio, part of the Siemens’
Xcelerator™ portfolio of software and services. The
addition of Nextﬂow Software’s SPH technology into
the Simcenter portfolio enables analysts to leverage

design problem. They result from the combination
of advanced speciﬁc solvers and strong, technical
case-speciﬁc expertise. For years, we have been
developing case-speciﬁc, issue-solving-oriented
solutions, based on non-standard solvers and
highly diverse industrial experience.

the complementary nature of meshless and meshbased solvers to capitalize on each of their
strengths, opening the door to new applications
that were previously difﬁcult to address.
Click here to read the press release

Nextﬂow Software news
On the 1st of June 2021, Nextﬂow Software has
been acquired by Siemens Digital Industries
Software, where its offering expands the

Case study: Minimize heat losses of an industrial
electric motor
Challenge
Thermal constraints result in signiﬁcant limitations in
how electric motors perform and affect their reliability
and safe operation.
Solution
Use SPH-ﬂow to accurately simulate the cooling oil jets &
atomization, and help optimize the cooling efﬁciency.
Beneﬁt
-Reduce heat dissipated power to ensure higher
efﬁciency and extended life of the machine
-Optimize the quantity of oil lubrication and reduce
churning losses.

Case study: Protect the underneath structure of the
vehicle from damages due to water wading

Challenge
High-speed fording generates high-pressure splashes
that may impact the underneath structure of the vehicle.
Electronics, air intake, and other areas may be sensitive to
water.
Solution
Use SPH-ﬂow with adapted particle reﬁnement (APR) to
correctly capture the free-surface ﬂow, multiple splashes,
and water run-off and be able to trace back the water
source.
Beneﬁt
-Protect the underneath structure of the vehicle from
damages
-Identify the water sources and optimize the safety cover
to protect critical parts of the car.
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2022 SPHERIC Xi'an International Workshop
Xi'an, China (28 Mar.-2 Apr. 2022)

Fei Xu

xufei@nwpu.edu.cn
Northwestern Polytechnical University

Key dates

November 15th, 2021
Abstract Submission Deadline

Local committee
Prof. Fei Xu (Northwestern Polytechnical University)
Prof. Moubin Liu (Peking University )
Prof. Aman Zhang (Harbin Engineering University)
Prof. Hongfu Qiang (Xi’an Hi-tech Institute)

December 19th, 2021
Announcement of Selected Abstracts

January 9th, 2022
Early registration deadline

January 25th, 2022
Final paper submission deadline

February 1st, 2022
Author registration deadline

March 11th, 2022
Regular registration deadline (Or
register on-site)

Keynote speakers
Prof. Dongdong Wang Dongdong Wang is professor of Xiamen
University, Ph.D graduated from University of California, Los Angeles.
Dr. Lin Fu Lin Fu is currently an Assistant professor in the Department
of Mathematics and the Department of Mechanical and Aerospace
Engineering at the Hong Kong University of Science and Technology.
PhD graduated from Technical University of Munich.
Dr. Ha Bui Ha Bui is currently an Associate Professor and ARC Future
Fellow at the Department of Civil Engineering, Monash University. PhD
graduated from Ritsumeikan University.
Abstract and ﬁnal paper submission
email to spheric2022@163.com.
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Libersky student prize (Excellent/Outstanding/
The best)
The Libersky Prize is awarded at every SPHERIC
Workshop for the best work by a student, based on
their presentations and papers, as judged by the
Scientiﬁc Committee. All students who present at
the Workshop are considered for the award, which
is named in honor of Prof. Larry Libersky, one of the
pioneers of SPH in engineering. Student authors,
who would like to sign up for the student prize
should indicate it with the submission of the paper.
Note that to be eligible for the student prize, the
student must be the ﬁrst author on the paper,
present the work and attend the ﬁnal ceremony.
Note: The ﬁnal paper is only for study within
attendees, the copyright belongs to the author,
who can freely submit it to other journals.
Few selected papers (5-8 papers, including those
won the best paper awards) will be recommend
for publication to peer-viewed Journal
Training day lectures
Dr. Pengnan Sun Pengnan Sun works as an
associate professor in Sun Yat-sen University. He
obtained the doctoral degree from Harbin
Engineering University. During his PhD study, he
worked in CNR-INSEAN of Italy for two years and
then he conducted his postdoctoral research in
Ecole Centrale of Nantes, France. Pengnan Sun is
mainly engaged in research of SPH theory and
numerical techniques, as well as the SPH
applications to ﬂuid-structure interactions in ocean
engineering. He is one of the developers of the
Delta-plus-SPH and Delta-ALE-SPH models. He
won the “Best Student Paper Award" of SPHERIC2017 International Workshop, the highly cited
article award of "Journal of Hydrodynamics" in 2018
and 2019, the "Best Presentation Award" of 2020
SPH Online International Workshop, and serves as
a member in editorial committee of "Journal of
Hydrodynamics“.
His lecture aims to introducing the fundamentals
of SPH, together with some latest developed
numerical techniques and results, including: basics
of the SPH method, SPH formulations in weaklycompressible approach; scheme stabilization (e.g.
use of diffusive terms); boundary conditions; space

varying
resolution
(e.g.
Adaptive
Particle
Reﬁnement) and applications to FSIs in ocean
engineering.
Dr. Chi Zhang Chi Zhang earned his doctorate of
engineering at the chair of aerodynamics and ﬂuid
mechanics of TUM where he also stayed as a
research associate. The focus of his research is the
development of new numerical methods and their
applications in multi-physics system, viz. ﬂuidstructure interactions, thermal and mass diffusion
and their coupling with chemically reacting ﬂow,
electromechanical response and ﬂuid-electrostructure interactions. One important achievement
during his research is the development of an opensource library SPHinXsys, which has shown its
robustness, accuracy and versatility in modeling
multi-physics problems in engineering and
bioengineering.
His lecture will review state-of-the-art algorithms
for the multi-physics applications, e.g. ﬂuidstructure interactions, cardiac modeling and wave
energy converters, of the SPH method.
Traning day afternoon session
The afternoon session is presented by Dr. Zhe Ji
and application experts from Altair China. In this
session, Zhe will be giving overviews regarding SPH
backgrounds and the recently developed multiresolution feature in the software nanoFluidX.
The local support team will provide hands-on
training on how to establish the full workﬂow, i.e.
pre-/post-processing and job submitting, with
nanoFluidX, SimLab and Paraview. Last but not
least, usecases covering typical applications in
water management and drive-train oiling problems
using nanoFluidX will be presented with full detail
and know-how documentation. The attendees will
be able to install individual software packages and
learn how to use the job submitting system on the
cloud with state-of-the-art GPU hardware.
Note: You are strongly recommended to bring
your own PC, and don’t forget to sign-up for the
day during registration. Please take a look at our
programme page for further details.
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16th SPHERIC International Workshop, Catania, Italy (7-9 June 2022)
Giuseppe Bilotta, Annalisa Cappello, Gaetana Ganci
giuseppe.bilotta@ingv.it
Istituto Nazionale di Geoﬁsica e Vulcanologia — Osservatorio Etneo,
piazza Roma, 2, 95125 Catania

The SPHERIC International Workshop is the annual global forum for
the development and application of Smoothed Particle Hydro
dynamics (SPH) and related methods, gathering researchers and
industries involved in the development and application of SPH to share
the latest advances and use-cases of the method.

Figure: The Monastery of San
Nicolò l'Arena, venue of the 16th
SPHERIC International Workshop
in Catania.

The 16th edition of the workshop (SPHERIC 2022) will be held in
Catania from June 7 to June 9 2022, co-organized by the Osservatorio
Etneo, Catania section of the Italian National Institute for Geophysics
and Volcanology, and by the Department for Mathematics and
Computer Science of the University of Catania. The event will be
preceded by an optional Training Day on June 6, 2022, to introduce
young researchers to the theory and applications of the SPH method.
As the global epidemic subsides, we are aiming for an in-presence
event, with the main venue at the Monastery of San Nicolò l'Arena in
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Figure: Mt Etna, with Catania in the foreground

Key dates (provisional)

the historical city center, one of the largest Benedictine monasteries in
Europe and currently housing part of the University of Catania.

February 11, 2022
Abstract Submission Deadline

March 4, 2022
Announcement of Selected Abstracts

Topics for the workshop will cover a wide variety of theoretical and
practical aspects of the SPH method, including, but not limited to:
convergence and consistency, turbulence, viscosity and nonNewtonian rheological models, boundary conditions, highperformance computing, and industrial applications.

April 22, 2022
Full Paper Submission Deadline

April 22, 2022
Early registration deadline

May 6, 2022
Presenter registration deadline

June 6, 2022
Training Day

June 7-9, 2022
SPHERIC Workshop

Submissions will be taken in the form of one-page extended
abstracts, and only a limited number of papers will be accepted, so
there will be no parallel sessions. For the accepted contributions,
submission of the full paper will be required by the deadline. The
Libersky prize will be awarded to the best student contribution.
Additionally, two keynotes from renowned scientists and researchers
around the globe are scheduled.
We look forward to your submissions and to sharing a successful and
enjoyable meeting with you!
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17th SPHERIC International Workshop, Rhodes, Greece (2023)
Georgios Fourtakas
georgios.fourtakas@manchester.ac.uk
Department of Mechanical, Aerospace and Civil Engineering, Faculty of Science and Engineering, The University of Manchester, UK

Announcement
On behalf of the Local Organizing
Committee
Dr G. Fourtakas
SPHERIC 2023
Rhodes, Greece

The SPH research and engineering international community
(SPHERIC) organisation was formed nearly 16 years ago. Ever since, it
encourages the development, application and dissemination of the
numerical scheme, smoothed particle hydrodynamics (SPH). The
annual SPHERIC International Workshop is the leading event in SPH
where current and new concepts are presented, communication
between academia and industry is fostered and future SPH needs,
and applications are identiﬁed. The workshop itself has become a
synonymous to the SPH method. This year the workshop took place
online due to COVID-19 restrictions and was hosted by Newark College
of Engineering at New Jersey Institute of Technology in Newark (NJ),
by Dr Angelo Tafuni. Further, the SPHERIC 2023 International
Workshop was announced.
The 17th edition of the SPHERIC
International Workshop will be hosted by The University of Manchester
at Rhodes, Greece led by Dr Georgios Fourtakas during the early
months of the summer 2023.
Rhodes is one for the top tourist destinations in Europe with
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impeccable waters, famous archaeological ruins, and stunning sandy
beaches. The city of Rhodes, the largest in the complex of the
Dodecanese islands, offers attractions such as the Palace of the Grand
Masters (or Castello) with its Street of the Knights. The island of Rhodes
is easily reachable through air travel from all major EU and
International airports and makes it an ideal destination for SPHERIC
2023 with its 300 days of sunshine per year, cosmopolitan culture and
visitors and state-of-the-art hotel facilities.
More information for the venue, important dates and programme will
be announced in the 16th edition of the SPHERIC Workshop in Catania,
Italy. Dr Fourtakas, his colleagues from Manchester and the SPHERIC
organisation are looking forward to welcome you to Rhodes, Greece in
2023. Stay tuned at https://spheric-sph.org/conferences-workshops for
news.
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3rd Edition of the Joe Monaghan Prize
Salvatore Marrone
salvatore.marrone@cnr.it
CNR-INM, Institute of Marine Engineering, 00128, Rome, Italy

Prof. Joe Monaghan during the
prize ceremony in 2015.

The Joe Monaghan Prize was established in 2015 to recognize SPH
researchers who have made outstanding advances in recent years on
one or more of the SPHERIC Grand Challenges:
1. Convergence, consistency and stability
2. Boundary conditions
3. Adaptivity
4. Coupling with other methods
5. Industrial applicability
The prize is named in honour of the unique contributions made by Prof.
Joe Monaghan in the foundation of SPH, and in its continuous
development since 1977. The next Joe Monaghan Prize will be
presented at the 2022 workshop and will be devoted to journal articles
which demonstrated a clear advance on one of the Five Grand
Challenges.
Peer-reviewed journal articles published from 2013-2018 will be
considered eligible. The list of the journal articles which will participate
in the competition will be selected by the whole SPHERIC community.
Salvatore Marrone, member of the steering committee, will coordinate
and collect the different nominations.
Each SPHERIC member can send a nomination to the email address
salvatore.marrone@cnr.it before 30th October 2021 providing the
following information:
•Bibliographic details, DOI and abstract
•Identify Grand Challenge(s) addressed
•Review of the article (500 words maximum)
•Details of the nominator(s).
The steering committee will conﬁrm eligibility of nominations during
the Autumn meeting. A secret ballot of attendees at the 16th SPHERIC
Workshop in Catania will determine the winner. Authors of the winning
publication will give an invited lecture at the following SPHERIC
Workshop.
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