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The annual SPHERIC International Workshop is a unique international 
event with exclusive focus on the Smoothed Particle Hydrodynamics 
(SPH) method and associated particle-based schemes. The workshop 
is part of the eponymous SPH research and engineering international 
community (SPHERIC) organisation, dedicated to the development, 
application, and dissemination of advances in SPH. The annual 
SPHERIC International Workshop brings together researchers and 
practitioners from academia and industry and focuses on new 
concepts and applications of the scheme. 

The 17th edition of the SPHERIC International Workshop (SPHERIC 
2023) will be held in the island of Rhodes, Greece organised by the 
Department of Mechanical, Aerospace and Civil Engineering (MACE) of 
the University of Manchester, UK. Attached to the event, an optional 
training day is offered, suitable for researchers who may or may not be 

Medieval City of Rhodes
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familiar with the principles of SPH or seasoned researchers who wish to 
discuss and share ideas. 

The topics of the workshop cover a wide range on theoretical, 
numerical and industrial aspects such as theoretical and numerical 
challenges, numerical modelling, scientific computing, alternative 
formulations and industrial applications.

Rhodes is located in the southeast end of Greece in the Aegean Sea 
and is one of the top tourist destinations in Europe. A UNESCO World 
Heritage site, the old town of Rhodes is considered as one of the best 
preserved fortified medical towns that includes the Street of the 
Knights and Palace of the Grand Master. A summer destination, 
Rhodes has some of the most amazing beaches in the Aegean Sea to 
suit all ages and preferences.  

Further details and instructions for delegates and authors are 
available at the dedicated SPHERIC 2023 website 
(www.spheric2023.com). 

We look forward to welcoming you to Rhodes, Greece and sharing an 
enjoyable and fruitful SPHERIC International Workshop. 

The Local Organising Committee 
spheric2023@manchester.ac.uk

Key dates (provisional)

17th February 2023 

Abstract Submission Deadline

17th March 2023

Announcement of Selected 

Abstracts

28th April 2023

Full Paper Submission Deadline

7th April 2023

Early Registration Deadline

5th May 2023

Presenter Registration Deadline

26th June 2023

Training Day

27th to 29th June 2023

SPHERIC International Workshop

Lindos and Acropolis

https://www.spheric2023.com
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The SPHERIC International Workshop is the annual 
meeting of the international community of 
researchers and engineers that develop and work 
with the Smoothed Particle Hydrodynamics (SPH) 
numerical method for computational fluid 
dynamics. The single-track event, that focuses 
exclusively on SPH and its ecosystem, has been 
held annually since its inception, with the exception 
of the 2020 edition, which was cancelled due to the 
COVID-19 outbreak.

After the successful first Virtual Edition in 2021, the 
16th SPHERIC International Workshop has seen a 
return to in-person participation. Organized by the 
Osservatorio Etneo, Catania section of the Istituto 
Nazionale di Geofisica e Vulcanologia (INGV), with 
the support from the University of Catania, it was 
held in Catania from the 6th to the 9th of June 
2022.

The choice to meet in person has been a difficult 
wager, considering the difficulties associated with 

The SPHERIC 2022 delegates in the cloister of the main venue. (Photo credits: Jamie MacLeod.)

Dr. Steven Lind (2nd left) and Prof. Ben Rogers (right) 
receiving the 2022 Joe Monaghan prize from Prof. 
Renato Vacondio (2nd right), chair of SPHERIC. Salvatore 
Marrone (left), 2018 Joe Monaghan prize laureate, 
Administrator of this year's prize. (Photo credits: Jamie 
MacLeod.)

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
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the ongoing pandemic and the problematic 
international situation. Despite the restrictions 
preventing a number of researchers from 
participating, the Workshop has been successful, 
with the active participation of 90 delegates from 
16 different countries, 2 keynote lectures from 
renowned scientists, and 56 high-quality 
contributions (of which only 54 could be presented 
due to travel restrictions).

Customarily, the Workshop was preceded by a 
Training Day (6 June 2022), aimed at presenting 
the fundamentals of the SPH method and its 
applications to young researchers. The Training 
Day, hosted by the Department of Civil 
Engineering and Architecture of the University of 
Catania, saw the attendance of 25 students, with 
the first morning lecture delivered by Prof. Robert 
A. Dalrymple (Northwestern University) 
introducing the method and its application to CFD, 
and the second morning lecture by Dr. Chun Hean 
Lee (University of Glasgow) on applications of SPH 
for solid dynamics. The afternoon practical sessions 
introduced the participants to GPUSPH, the first 
implementation of SPH to run entirely on GPU 
using CUDA, with a hands-on session guided by 
me, Dr. Vito Zago, and Prof. Dalrymple, where the 
students learned to set up a test case in GPUSPH, 
run a simulation, and visualize and analyze the 
results in ParaView.

The main venue for the Workshop was the 
Monastero dei Benedettini di San Nicolo l'Arena, a 
16th century Benedictine monastery that survived 
the 1669 Mt. Etna eruption and was rebuilt after 
being partially destroyed by the 1693 earthquake. 
The monastery is now a UNESCO World Heritage 
Site, hosting part of the University of Catania.

The 16th SPHERIC Workshop opened on June 7th 
with a keynote lecture by Prof. Qiang Du, Fu 
Foundation professor of Applied Mathematics at 
Columbia University (New York City, NY, USA), who 
presented a thought-provoking talk on Nonlocal 
continuum models as the mathematical 
foundation of SPH, challenging the standard 
vision of SPH as a discretization of traditional (local) 
continuum models, and shedding light on possible 
advances for the method viewed from the more 
general framework of nonlocal continua in both 
fluid and solid dynamics.

The second keynote was given on June 8th by Dr. 
Paul Cleary, Chief Research Scientist at the 
Commonwealth Scientific and Industrial Research 
Organisation (CSIRO) in Canberra, Australia. The 
talk centered on the Use of SPH for large 
multiscale and multiphysics simulation of 
industrial, geophysical and biophysical 
applications, showcasing the variety of fields in 
which the SPH method finds practical application, 
guiding the optimization of industrial processes, 

Public library in Monastero dei Benedettini di San Nicolo l'Arena (Photo credit: Xiangyu Hu)
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providing improved analysis of biophysical processs 
such as swimming or chewing, and as a tool for 
more accurate risk assessment and mitigation.

A total of 54 presentations were delivered during 
the Workshop, in 14 topical sessions covering the 5 

SPHERIC Grand Challenges identified by the 
Steering Committee: convergence, consistency and 
stability (GC1), boundary conditions (GC2), 
adaptivity and variable resolution (GC3), couping to 
other methods (GC4), and applicability to industry 
(GC5). Each session was followed by a panel 
discussion moderated by the session chair, with 
challenging and stimulating debates between the 
delegates and session presenters.

Particularly of note in this edition of the Workshop 
has been the growing number of presentations on 
practical applications of SPH, in support both of 
other scientific fields (from medicine to 
geophysics) and of the industry (naval, automotive, 
aeronautics), including a new proposed set of 
benchmarks specifically designed for the industrial 
applicability of SPH. Great attention was also given 
to the computational aspects of the method, 
covering pre-processing, post-processing and 
scalability.

Students presenting their work at a SPHERIC 
Workshop can enter their contribution to the 
Libersky prize competition. The Scientific 
Committee for SPHERIC 2022 evaluated both the 
manuscripts and presentations of this year's 
candidates, selecting the following papers:

1st place: Arbia Ben-Khodja, from Manufacture 
Francaise des pneumatiques MICHELIN and 
Ecole Centrale de Nantes, with Local 
numerical and experimental comparisons of 
a tire rolling over a puddle of water using a 
coupled SPH-FE strategy and the r-PIV 
technique

2nd place: Pietro Rastelli, from the Department 
of Engineering and Architecture of the 
University of Parma, with Implicit Iterative 
Shifting in ALE-SPH schemes

3rd place: Max Okraschevski, from the Institute 
of Thermal Turbomachinry of the Karlsruhe 
Institute of Technology, with A Novel LES 
Perspective on SPH:  The Issue of Particle 
Duality

SPHERIC 2022 also saw the third edition of the 
Joe Monaghan Prize, created in 2015 to recognize 

Prof. Qiang Du answering questions at the end of
his keynote (Photo credits: Jamie MacLeod)

 Arbia Ben-Khodja (right) receiving the 2022
Libersky prize. (Photo credits: Jamie MacLeod.)

 Dr. Paul Cleary giving his keynote. (Photo
credits: Jamie MacLeod)
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SPH researchers who have made outstanding 
advances in recent years on one or more of the 
SPHERIC Grand Challenges. All the delegates can 
express their preference by ranking 3 of the 
nominated papers from highest to lowest 
preference. Among the 6 nominations for this year, 
the winner was Incompressible smoothed particle 
hydrodynamics (SPH) with reduced temporal 
noise and generalised Fickian smoothing applied 
to body–water slam and efficient wave–body 
interaction by Alex Skillen, Steven Lind, Peter K. 
Stansby and Benedict D. Rogers (the prize was 
received by Lind and Rogers).

The last two years have been a challenge that the 
SPHERIC Steering Committee has managed to turn 
into an opportunity, with several online/virtual 
events to help spread awareness of the SPH 
method (most notably, the 16th SPHERIC 
International Workshop, the SPHERIC Global 
Seminars and SPH Online workshops). The success 
of the 16th SPHERIC International Workshop marks 
a return to in-person events that will hopefully 
continue with the upcoming editions in Rhodes, 
Greece (2023) and Berlin, Germany (2024) that have 
been announced during SPHERIC 2022.

Additional information on the 16th SPHERIC 
International Workshop can be found at 
www.spheric2022.it.

More information about SPHERIC, including 
resources on the SPH method and upcoming SPH-
related events, can be found at www.spheric-
sph.org.

Figure: Unique species of birch on Mt. Etna (Photo credit: 
Xiangyu Hu)

www.spheric-sph.org
https://www.spheric2022.it
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Joe Monaghan Prize 2022
Salvatore Marrone

salvatore.marrone@cnr.it

CNR-INM, Rome, Italy

The Joe Monaghan Prize is awarded every three years to authors of a 
journal article which has made an outstanding advance on one or 
more of the SPHERIC Grand Challenges (for a full list please see the 
SPHERIC web page). The prize is named in honour of the unique 
contributions made by Prof. J. Monaghan in the foundation of SPH and 
in its continuous development since 1977. The prize was awarded for 
the first time in 2015.

For the 2022 edition nominations were sought in 2021 for articles 
published in the period 2013-2018 addressing one or more of the 
SPHERIC Grand Challenges. This process resulted in a shortlist of the 
following 5 eligible articles:

■ Canelas, R. B., Brito, M., Feal, O. G., Domínguez, J. M., & Crespo, A. J. 
C. (2018). Extending DualSPHysics with a differential variational 
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inequality: modeling fluid-mechanism interaction. Applied 
Ocean Research, 76, 88-97

■ Ferrand, M., Laurence, D. R., Rogers, B. D., Violeau, D., & Kassiotis, C. 
(2013). Unified semi‐analytical wall boundary conditions for 
inviscid, laminar or turbulent flows in the meshless SPH method. 
International Journal for Numerical Methods in Fluids, 71(4), 446-
472

■ Franz, T., Wendland, H. (2018). Convergence of the Smoothed 
Particle Hydrodynamics Method for a Specific Barotropic Fluid 
Flow: Constructive Kernel Theory. SIAM Journal of Mathematical 
Analysis, 50(5), 4752-4784

■ Skillen, A., Lind, S., Stansby, P. K., & Rogers, B. D. (2013). 
Incompressible smoothed particle hydrodynamics (SPH) with 
reduced temporal noise and generalised Fickian smoothing 
applied to body–water slam and efficient wave–body interaction. 
Computer Methods in Applied Mechanics and Engineering, 265, 
163-173

■ Vacondio, R., Rogers, B. D., Stansby, P. K., Mignosa, P., & Feldman, J. 
(2013). Variable resolution for SPH: a dynamic particle coalescing 
and splitting scheme. Computer Methods in Applied Mechanics 
and Engineering, 256, 132-148

The award was decided by a vote of delegates at the 2022 Workshop 
in Catania. The winning paper was “Incompressible smoothed particle 
hydrodynamics (SPH) with reduced temporal noise and generalised 
Fickian smoothing applied to body–water slam and efficient wave–
body interaction” by Skillen et al. which contributed to Grand 
Challenge #1 “Convergence, consistency and stability”. The Prize was 
presented by the SPHERIC Chair Renato Vacondio and the Prize 
supervisor Salvatore Marrone to the authors Steven Lind and Ben 
Rogers who were attending the workshop. Congratulations to all the 
authors on their major contribution to the development of SPH!
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Local numerical and experimental comparisons of a tire rolling over a 
puddle of water using a coupled SPH-FE strategy and the r-PIV technique
A.Ben Khodja¹,²*, C.Hermange¹, C.Poncet¹, S.Simoëns³, M.Michard³,  D. Le Touzé² and G.Oger² 

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 17th SPHERIC International Workshop  

The hydroplaning situation can create hazardous 
situation compromising the driver's safety. The tire 
tread pattern plays a major role in evacuating the 
water [1] and therefore preventing this situation. A 
local experimental investigation of the 
hydroplaning has been proposed by Cabut et al. [2] 
based on refracted Particle Image Velocimetry (r-
PIV). This dedicated measurement method is 
adopted in this work. On a numerical level, mesh-
based methods have provided early hydroplaning 
models [3, 4]. More recently, meshless methods 
have been used in order to overcome the mesh 
limitations when modeling such a complex 
problem. The SPH-FE coupling approach adopted 
in this study has been proposed by Fourey et al. [5] 
and has been improved by Hermange et al. [6]. A 
local comparison between the numerical fluid velocities inside the tread grooves and their 

experimental counterparts is conducted.
We limit our study to the MICHELIN Primacy4 

225/45 R17 (PCY4) at a worn state for a vehicle speed 
V0=13.89 m/s and a water height Hw=1.5 mm. We 
focus on the velocity component Vx inside a 
longitudinal central groove and in the region of the 
water-bank in front of this groove. We give in Fig. 1 
a 3D view of the PCY4 rolling over a puddle of water 
extracted from coupled SPH-FE simulation. We 
note that only the tread part is shown (in 
transparency), but the whole tire is modeled. We 
focus our study on groove B1. The results of the 
comparison between numerical and experimental 
data in groove B1 are presented in Fig. 2 Different 
interpolation planes have been included in the 
numerical post-processing to assess the evolution 
of Vx*=Vx/V0 at different altitudes.

First, we observe that the maximum velocity 
inside the water-bank is overestimated numerically. 

Figure 1 - Snapshot from SPH-FE simulation result: 
velocity field Vx (in m/s) for the PCY4 V0=13.89 m/s, Hw=1.5 
mm. We highlight the longitudinal Groove B1.

Figure 2 - Comparison between Vx* from experimental 
data and over different interpolation planes' altitudes 
from numerical data for Hw=1.5 mm and  V0=13.89 m/s.
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Then, we can see that experimentally Vx*>0 in the 
rear of the contact patch area. We make the 
hypothesis that a suction effect is present in this 
area and is not captured numerically in a first 
attempt. Improving the numerical results in this 
region will affect the velocity inside the whole 

longitudinal groove. Therefore, we choose to go 
deeper in the analysis of this effect as a lever to 
improve numerical results and reduce the gap with 
the experimental ones.

The tests are performed using a simplified 
numerical model called the Test-Bench in order to 
reduce the duration of calculation. The Test-Bench 
is a pure SPH model where the structure part is not 
solved. We give as input a pre-deformed mesh of 
the tire previously calculated with the coupled 
SPH-FE tool and this state of deformation is 
preserved during the whole Test-Bench simulation. 
Computing time is also reduced by reducing the 
SPH domain and filling only the groove of interest 
B1, as presented in Fig. 3.

The improvements proposed here are based on 
the work of Michel [7] (chapter 4) and were inspired 
from the work of Sun et al. [8]. Michel introduced a 
model of jet detachment compatible with the 
suction effects. We have experimentally 
highlighted a flow directed towards the CPA 
(contact patch area) in the rear region, and we can 
assume that it is due to the fluid that stays 
attached to the tire when it leaves the ground. We 
give in Fig. 4 the results obtained with the new 
treatment along with the experimental results 
inside Groove B1 and in front of it. First, we can see 
that we have succeeded in capturing a positive 
velocity at the rear of the CPA (x ≈ 100 mm, as 
observed experimentally. Second, the values of Vx* 
in the water-bank are very close to the ones 
experimentally measured, especially for Z3 and Z4. 
However, we can see that from one interpolation 
plane to another, |Vx*| increases with the plane 
altitude which was not the case in the fully coupled 
model (Fig. 2). Moreover, the velocity profile inside 
the groove 170 mm ≤ x ≤ 210 mm has become 
uniform in all the interpolation planes, while 
experimentally it follows a rather linear increasing 
tendency. This is also a different result from the one 
obtained with the fully coupled model.

We give in Fig.5 an enlarging view of the rear of 
the CPA with this new flow separation model. We 
can clearly see how the particles stay attached to 
the tire (represented in transparency) when it 

Figure 3 - View in the XY plane for the Test-Bench 
configuration where only the Groove B1 is filled. The PCY4 
tread mesh is also represented. For a clarity purpose, the 
view is for Z ≤ 2mm.

Figure 4 - Comparison between Vx* from experimental 
data and over different interpolation planes' altitudes 
from the Test-Bench. The new flow detachment model is 
used here (in contrast to Fig.  2).
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leaves the ground. This is what we physically expect 
to happen when an object leaves the surface of a 
fluid: it drags with him the free surface before it 
detaches.

References
[1] V. Todoroff, S. Paupy, F. Biesse, and Y. L. 
Chenadec, “The mechanisms involved during the 
wet braking of new and worn tires,” Vehicle System 
Dynamics, vol. 57, no. 11, pp. 1601–1620, 2019.
[2] D. Cabut, M. Michard, S. Simӧens, V. Todoroff, C. 
Hermange, and Y. Le- Chenadec, “PIV 
measurements using refraction at a solid–fluid 

interface,” Measurement Science and Technology, 
vol. 32, no. 3, 2020.
[3] S.-T. Jenq, Y.-S. Chiu et al., “Transient 
hydroplaning performance of inflated radial tire 
with V-shape grooved tread pattern using LS-DYNA 
explicit interactive FSI scheme,” Journal of the 
Chinese Society of Mechanical Engineers, vol. 36, 
no. 2, pp. 135–144, 2015.
[4] T. Okano and M. Koishi, “Hydroplaning 
simulation using MSC. DYTRAN,” in Proceedings of 
the 3rd European LS-DYNA Users Conference, 2001.
[5] G. Fourey, C. Hermange, D. Le Touzé, and G. 
Oger, “An efficient FSI coupling strategy between 
smoothed particle hydrodynamics and finite 
element methods,” Computer Physics 
Communications, vol. 217, pp. 66– 81, 2017.
[6] C. Hermange, G. Oger, Y. Le Chenadec, M. de 
Leffe, and D. Le Touzé, “In-depth analysis of 
hydroplaning phenomenon accounting for tire 
wear on smooth ground,” Journal of Fluids and 
Structures, vol. 111, p. 103555, 2022.
[7] J. Michel, “Développements numériques de la 
méthode SPH couplée aux eléments finis 
appliqués au phénoméne de l’hydroplanage.” Ph.D. 
dissertation, ´ Ecole centrale de Nantes, 2020.
[8] P. Sun, A.-M. Zhang, S. Marrone, and F. Ming, “An 
accurate and efficient sph modeling of the water 
entry of circular cylinders,” Applied Ocean 
Research, vol. 72, pp. 60–75, 2018.

Figure 5 - Test-Bench results using the new flow 
separation model. We highlight the back area of Groove 
B1 between Y=17 mm and Y=18 mm (middle width of 
Groove B1). We represent Vx (in m/s) adding the tire in 
transparency. The X-axis is in m.
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The implicit iterative particle shifting (IIPS) 
technique, recently proposed in Rastelli et al. [1], 
exploits a minimization procedure for the gradient 
of particle concentration to maintain the 
discretization error under a pre-defined threshold 
level, usually defined through the max norm. The 
method was initially presented as a purely 
geometric approach. Thus, in this work, different 
options for embedding the IIPS in an ALE-SPH 
scheme [2] are illustrated. As a global view, it is 
proposed to keep separated the updating of 
physical quantities, after the implicit procedure, 
from the time integration algorithm, used in the 
ALE-SPH solver [3]. Following these considerations, 
two different solutions are herein proposed: the 
first one is based on a fictitious time step and the 
second one on a Moving Least Squares (MLS) 
reinterpolation. These methods allow us to 
coherently updated the physical quantities at the 
new particles’ positions computed through the IIPS 
procedure.

Projecting SPH Particles in Adaptive Environments
P. Rastelli¹*, R. Vacondio¹, J.C. Marongiu²

pietro.rastelli@unipr.it

¹Department of Engineering and Architecture, University of Parma, Parma, Italy 

²R&D Department ANDRITZ Hydro, Vevey, Switzerland

*Libersky Prize winner (2nd place) in the 17th SPHERIC International Workshop  

In the first method, following 
the explicit nature of the ALE-
SPH scheme, the particle 
displacements obtained from 
the IIPS are used to compute 
the fictitious transport velocity 
in a fictitious time step. 
Furthermore, the implicit 
shifting generates convective 
fluxes that need to be 
considered. Thus, to compute 
the variation of the physical 
quantities, the transport 
velocity is introduced in the 
advection terms of the ALE-
SPH governing equation [3], as 

shown in Eq. (1). In order to evaluate the feasibility of 
the two methodologies, they have been initially 
tested using the two-dimensional Taylor-Green 
vortex (TGV) to assess the performances, comparing 
them to the existing explicit shifting technique, 
proposed in [5].

As shown in Figure 1, the IIPS technique increases 
the convergence rates to values higher than 2, due 
to its capability of reducing the discretization error. 
Additionally, updating the physical quantities 
through the fictitious time step (NFTS) or the MLS 
second-order interopolation (MLS II) further 
enhances the convergence rates. These results 
validate the methodologies previously proposed 
and confirm that keeping a consistent approach, 
introducing a post treatment after the implicit 
iterative shifting procedure, is fundamental to reach 
higher accuracy. 

Later, the proposed methodologies have been 
applied in the 2D impinging jet to assess the 
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Figure 1 - Taylor-Green-Vortex test case. Convergence 
analysis.

Figure 2 - Impinging jet. (a) Particles distribution and particle concentration 
using the IIPS procedure. (b) Shifting procedure comparison, normalized 
pressure at the fluid-wall interface.

capability of the IIPS technique in presence of rigid 
structures and free surface. 

As shown in Figure 2(a), the implicit procedure, 
due to the global approach, is able to redistribute 
the particles even in the zone close to the 
stagnation point, in which the physical kinematics 
are low. Moreover, it has been investigated how the 
different shifting techniques affect the physical 
quantities. The pressure at the interface with the 
plate is shown in Figure 2.b. It can be observed that 
the non-dimensional pressure obtained with the 
explicit shifting formulation has an error higher 
than 10%, close to the stagnation point. Differently, 

introducing the IIPS formulation the same error 
reduces to 2.85% and to 1.45% respectively for the 
NFTS and the MLS II interpolation procedures. 
Therefore, it has been confirmed that even in 
presence of a free surface, the IIPS algorithm is 
able to improve the accuracy for the ALE-SPH 
scheme.

The results presented confirm that the accuracy 
of the numerical scheme is improved by 
introducing a post treatment to update the 
physical quantities at the end of the IIPS procedure 
moreover the implicit iterative methodology has 
demonstrated superior performance in controlling 
the particles distribution quality.

References
[1] P. Rastelli, R. Vacondio, J.C. Marongiu, G. 
Fourtakas, B. D. Rogers, “Implicit iterative particle 
shifting for meshless numerical schemes using 
kernel basis functions,” Computer Methods in 
Applied Mechanics and Engineering vol. 
393:114796, 2022.
[2] J. P. Vila, “On particle weighted methods and 
Smooth Particle Hydrodynamics,” Mathematical 
Models and Methods in Applied Sciences vol. 9 pp. 
161–209, 1999.
[3] J-C Marongiu. “Methode numerique 
Lagrangienne pour la simulation d’ecoulements a 
surface libre: application aux turbines Pelton”. Ph.D. 

thesis, Ecole Centrale de Lyon, 
2007.
[4] R. Vacondio and B. D. Rogers, 
“Consistent iterative shifting for 
SPH methods,” Proceedings of 
the 12th International SPHERIC 
Workshop, Universidade de Vigo, 
Ourense, Spain, 2017.
[5] M Neuhauser. “Development 
of a coupled SPH-ALE/Finite 
Volume method for the 
simulation of transient flows in 
hydraulic machines”. Ph.D. thesis, 
Ecole Centrale de Lyon, 2014) 
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A novel LES perspective on SPH & the issue of particle duality
Max Okraschevski*, Niklas Bürkle, Rainer Koch & Hans-Jörg Bauer

max.okraschevski@kit.edu

Institute of Thermal Turbomachinery, Karlsruhe, Germany

*Libersky Prize winner (3rd place) in the 17th SPHERIC International Workshop  

Movtivation
It is nearly three decades ago that the similarity of 
Large Eddy Simulation (LES) and Smoothed 
Particle Hydrodynamics (SPH) was mentioned in 
the literature [1]. This is not surprising considering 
that both methods employ a Kernel as a 
fundamental object. However, only few attempts 
have been made to understand how these 
methods are related to each other, e.g. Ref. [2, 3] to 
recall the newest examples. LES has become a 
standard for tackling turbulent flows not only in 
academia but is nowadays also a viable option for 
industry.

Figure 1 - Schematic to illustrate Particle Duality. In a truly explicit LES, super 
fluid element quantities result from the averaging of fluid elements. However, 
in practice, this information is not available. It has to be replaced by certain 
surrogates. In SPH the super fluid element approximants are used instead, 
implying that the particles are supposed to play a dual role.

Simultaneously, it is well-
known that SPH struggles to 
capture subsonic turbulent 
flows [4], which makes the task 
to work on a SPH-LES 
framework appealing. Possibly, 
it could improve SPH 
simulations of turbulent flows.
Ideas & implimantation
Our work explores the relation 
between LES and SPH using 
the coarse-graining method of 
Hardy [5, 6]. It can be rigorously 
demonstrated by this method 
that the LES equations 
describe the movement of 
coarse fluid elements [6], i.e. 
super fluid elements, whose 
properties are exactly defined 
by the collective dynamics of 
fluid elements comprised in it 
(see Fig. 1). Assuming that SPH 
particles themselves are 
approximants of super fluid 
elements, one can 
conceptually understand the 
difference between a true LES 

and SPH-LES, which is depicted in Figure 1. Since 
the fluid element quantities are unknowns in 
practice, they must be replaced by the properties 
defined by the SPH particles. Hence, the SPH 
particles play a dual role as they are fluid element 
replacements and super fluid element 
approximants at the same time, eventually 
causing an increased effective interaction distance 
between the super fluid elements. The latter is 
physically unjustified but a reasonable 
consequence of the non-local discretization 
character of SPH.
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Figure 2 - Kinetic energy spectra for subsonic HIT 
obtained by SPH without SFS model and with explicit 
SFS model. The inertial range scaling should prevail up to 
the kernel scale. 

This is of significant importance for the SPH 
modelling of the subfilter stress (SFS), which is the 
most important quantity in LES. As we could 
demonstrate by simulations of subsonic 
homogeneous, isotropic turbulence (HIT) in 3D, 
standard SFS models like Smagorinsky fail to solely 
remove artificial kinetic energy from the smallest, 
dissipative scales below the kernel. Consequently, 
deficiently resolved scales above the kernel, which 
should actually represent the inertial range of 
turbulence, are also affected. This represses the 
inertial range development even stronger as 
illustrated in Figure 2.

From this we can conclude that standard 
dissipative SFS models should be disregarded in 
SPH due to the non-locality of the method, which 
can be visually interpreted by the Particle Duality 
issue. The results are thus in accordance with 
Rennehan’s expectation [7]. The implicit, excessive 
numerical dissipation in SPH seem to outperform 
standard dissipative SFS models. However, this 
might just be an indication that SFS models are 
needed, which incorporate SPH peculiarities from 
the beginning. For more details, we refer to the 
complete study presented in [8].
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A well-known and widely applied class of SPH 
methods for simulation of incompressible free-
surface fluid flows corresponds to the so-called 
Weakly Compressible SPH (WCSPH) which 
provides an explicit solution of hydrodynamic 
pressure via an equation of state. Despite its 
robustness and computational efficiency, WCSPH 
schemes may result in imprecise pressure fields 
characterised by high-frequency acoustic noise 
due to an explicit calculation of pressure from 
deviation of an estimated density field from the 
reference density and through incorporation of a 
numerical speed of sound with respect to 
computational considerations. To enhance the 
estimated density field and thus the pressure field, 
the so-called delta-SPH scheme [1,2] with a 

Figure 1 - Concise presentation of the VEM & VCS schemes for an enhanced 
resolution of the continuity equation in the weakly compressible SPH context.

carefully designed density 
diffusion term, comprising 
Laplacian and bi-Laplacian 
operators in density rate 
equation, was proposed and in 
this regard significant 
achievements have been 
made [3].

To further enhance the 
reproduced pressure field in 
the context of WCSPH and 
improve the local/global 
volume conservation, we may 
focus on enhancing the 
numerical resolution of the 
continuity equation, i.e., 
ensuring that two conditions 
corresponding to a nearly 
incompressible fluid flow 
would be satisfied. These two 
conditions correspond to 

divergence free velocity and invariant density 
conditions as shown in Fig. 1. To improve the 
satisfaction of divergence-free velocity condition, 
we may incorporate a so-called Velocity divergence 
Error Mitigating (VEM) term. The VEM term is 
derived to link the instantaneous velocity 
divergence error to the undesired (or unphysical) 
density variation and then to a corresponding error-
mitigating pressure pVEM obtained through an 
EOS. A corresponding gradient term (acceleration) 
is then incorporated into the momentum equation 
to attenuate the numerical noises in the velocity 
divergence field.

To enhance the invariance of density field, we may 
employ the concept of projection particle methods 
with keeping the computational efficiency in mind. 
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In this regard, the local volume 
error at each time step, i.e., 
deviation of kernel-
summation density from the 
reference density can be 
considered. Then a distinct 
particle shifting, referred to as 
Volume Conservation Shifting 
(VCS), can be found through 
an efficient projection of the 
volume error into a 
divergence-free velocity space. 
As a result of this projection, a 
pressure gradient 
corresponding to a volume 
conservation error-mitigating 
pressure pVCS can be obtained 
that would result in a distinct 
and slight shifting in particle 
positions, i.e., drVCS. This 
distinct shifting is obtained 
with respect to the concept of 
projection-based particle 
methods and through the 

Figure 2 - Representative enhancements in pressure, density and velocity 
divergence fields through incorporation of the VEM & VCS schemes.

consideration of continuity, momentum, and 
differential definition of sound speed. The 
corresponding Poisson Pressure Equation (PPE) is 
constructed globally and by consideration of the 
relevant boundary conditions. To ensure efficiency 
of simulations, the corresponding PPE is solved 
explicitly, as in case of Explicit ISPH methods (e.g., 
[4]). It must be noted that the PPE is designed by 
considering the slight or weak compressibility of 
fluid in the context of explicit or weakly 
compressible SPH, i.e., the divergence-free velocity 
space is “nearly divergence free” and implicitly 
includes allowable deviations from a perfectly 
divergence free space backed by rigorous physics. 
The VCS scheme enhances the local and thus 
global volume conservation and resolves the 
possible issue of global volume error linked with 
particle shifting schemes in the context of explicit 
weakly compressible SPH schemes.

Fig. 2 portrays some representative results 
achieved by incorporation of these two newly 
proposed VEM & VCS schemes. The presented 

results correspond to violent sloshing induced by 
sway excitations [5] and normal impact of two 
identical rectangular fluid patches [6]. 
Enhancements in pressure, density and velocity 
divergence fields are well evident. In the presented 
figure, the abbreviation OPS stands for Optimised 
Particle Shifting [7]. Detailed information on 
derivations and validations of VEM & VCS schemes 
is available in a recently accepted manuscript [8]. It 
is worth to mention that the enhancements are 
achieved with only about less than 10% increase in 
CPU time. The corresponding journal paper [8] also 
includes a comparison of the proposed VEM and 
the acoustic-damper term recently proposed by 
Sun et al. [9] as well as independent 
enhancements by VEM & VCS schemes in absence 
of the OPS scheme.
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Meshfree CFD software in your browser
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The Dive simulation software is used by 
mechanical engineering companies to develop 
products faster and better than before, and 
thereby stay competitive on the market. We apply 
SPH in our software to enable our customers to 
accurately predict free surface and multiphase 
flows of moving machinery.

Thanks to the combination of a meshless method 
and a cloud-native environment, our customers 
benefit from significantly shortening time-to-
result as compared to traditional on-premise CFD 
solutions. This fall, we’re launching a new post-
processor feature which cuts down analysis time 
significantly, by allowing teams to run parallel 
simulations. Our SPH model can be classified as 
weakly compressible with a segment-based 
approach for the discretization of boundaries.  

SPH’s road to industrial maturity 
While SPH has traditionally been used in academia 
for maritime applications, Dive and other 
companies have established SPH as a viable 
method in other industries. For instance, the Dive 
software is used by companies in gearbox 
manufacturing. Simulating lubricant flow for 
gearboxes is well suited for SPH based modelling, 
as both free surfaces and the moving gears make a 
mesh-based technique difficult. In the picture 

(next page), see an example of a wind turbine 
gearbox simulated with the Dive software.

Another major objective of many industries is to 
beat market competition. Product development 
teams benefit from more detailed simulation 
models, as this allows them to stay competitive. We 
face this demand by continuously adapting the 
latest advancement in CFD research, including from 
the SPH community, into our software for industrial 
use. For instance, customers have access to 
elaborate particle shifting, schemes, a tuning-free 
surface tension model, and accurate algorithms for 
computing forces on solid boundaries. Based on 
industry demand, we’re also developing a model for 
predicting the heat transfer in the fluid. 

As we implement software improvements with the 
help of SPH research, we see new use case 
opportunities arise across industries. For instance, 
there’s growing interest in SPH from the automotive 
industry, in the development of electric component 
cooling, as well as from manufacturing, in the 
development of home appliances. SPH models 
could also be integrated in the online catalogues of 
mechanical component suppliers as fast early-stage 
design-tools. Another possibility is the emergence of 
highly specialized solvers that could be used by 
trained experts in industrial R&D departments. This 
development depends on how the key challenges 
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are dealt with by the SPH community, like accurate 
physics models and efficient scalable algorithm 
design. Our goal is to apply relevant findings of 
SPH research to industrial use cases, and therefore 
bridge the gap between academia and industry. 

The only way forward is cloud-native
There is an ongoing global transition in the 
software industry toward cloud-native solutions, 
including simulation software. Cloud-native, unlike 
cloud-enabled, means that all aspects of the 
software are considered for the cloud. There are 
many benefits of this trend, some of which we 
discuss in this article. 

Deploying software in a cloud environment 
requires consideration.  Data structures and 
algorithms for e.g. neighbor identification and 
boundary segment interaction are optimized to 
perform well in such a scalable environment. 
Academic research sometimes neglects this 
aspect. Due to our software being cloud-native, a 
significant part of Dive's own research focuses on 
further improving SPH computation in the context 
of distributed hardware environments. 

A practical example is efficient point-cloud 

compression. When efficiently post-processing SPH 
results, the results are typically given as point-cloud 
data. Moving such data from one computer to 
another - say the cloud to the end-user – 
constitutes a significant share of the network 
communication time (and costs!).  

Our mission in  SPHERIC 
We are committed to actively spotlighting the 
applied aspects of SPH and sharpening the 
industrial perspective in the SPHERIC community, 
which is why we collaborate with partners from 
both industry and academia in publicly and 
privately funded research projects. Also, we’re 
excited to have the opportunity to host the next 
SPHERIC workshop, which will take place in Berlin 
in 2024. We’re hoping for broad engagement on 
SPH topics, among both academic and industry 
communities alike. 

About Dive 
Dive was established in 2018, following years of 
research in particle-based simulation for industry 
applications, in cooperation with TU Berlin, Berliner 
Hochschule für Technik, and Hausgeräte GmbH. 
Dive's client base includes mechanical engineering 
companies, in the DACH region and beyond. The 
Dive team is growing with plans of expansion, as 
the SPH code is showing promise in new industry 
applications.

Figure: Wind Turbine gearbox simulated with Dive.

Figure: Pierre Sabrowski at 16th SPHERIC International 
Workshop in Catania.

https://customers.microsoft.com/en-CA/story/1496534349523036356-dive-solutions-azure-en
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The Fourth International Online Workshop on SPH, 
namely, SPH Online IV, was held on Monday, 
September 12th, 15:00-18:40 UTC. The focus topic of 
this online workshop was Solids & Structures. The 
workshop aimed at bringing together all SPH 
experts and potential future developers to discuss 
the latest developments and future perspectives 
corresponding to solids and structures. Registration 
started from July 28th, 2022 until September 1st, 
2022. We had the honour and pleasure of 
welcoming 158 participants including invited 
delegates. The workshop programme (see left 
panel) comprised a welcome message, a keynote 
talk, 5 invited talks, a panel discussion, and a 
concluding remarks speech. 

Excellent and impressive keynote and invited talks 
sparked active discussions that continued even 
more vividly during the panel discussion. During 

Workshop programme

Welcome Message by Dr Tom De Vuyst (The University of 
Hertfordshire, United Kingdom) 

Keynote Speech by Professor Antonio J. Gil (Swansea 

University, United Kingdom) “Entropy-stable Smooth Particle 

Hydrodynamics for large strain solid dynamics using first order 

conservation laws”

Invited Talk 1 by Dr Nathan J. Quinlan (National University of 

Ireland Galway, Ireland) “Coupling of the meshless finite volume 

particle method and the finite element method for fluid–

structure interaction with thin elastic structures”

Invited Talk 2 by Dr Michael Owen (Lawrence Livermore 

National Laboratory, United States of America)  “An SPH 

Damage Model Appropriate for Variable Resolution”

Invited Talk 3 by Professor Xiangyu Hu (Technical University of 

Munich, Germany) “SPH modelling of shell dynamics” 

Invited Talk 4 by Dr Md Rushdie Ibne Islam (Indian Institute of 

Technology Delhi, India)“SPH based computational framework 
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for modelling material damage and failure”

Invited Talk 5 by Dr Chun Hean Lee (University of Glasgow, 

United Kingdom) “A new Updated Reference Lagrangian SPH 

algorithm for fast solid dynamics”

Panel Discussion 

Chair: Dr Tom De Vuyst (The University of Hertfordshire, United 

Kingdom)

Panel Members: Professor Rade Vignjevic (Brunel University 

London, United Kingdom), Professor Antonio J. Gil (Swansea 

University, United Kingdom), Professor Mehmet Yildiz (Sabanci 

University, Turkey), Dr Lu Wang (Chang'an University, China), Dr 

Chong Peng (ESS Engineering Software, Austria)

Closing Remarks 

by Dr Steven Lind (The University of Manchester, United 

Kingdom)

Core questions of the panel discussion

I. What are the challenges and advantages of SPH to 

predict complex physics including heterogeneous 

materials, damage and failure? 

II. What can be potential advantageous features of SPH 

with respect to mesh-based methods, e.g., FEM, in solid 

mechanics? 

III. How does the state-of-the-art of SPH in solid mechanics 

compete with that of other meshfree methods such as 

Peridynamics? 

IV. What are the challenges in global recognition of SPH as 

a robust reliable computational method for solid/

structural mechanics? 

V. Is SPH currently capable of enforcing solid boundary 

conditions especially in complex structural mechanics 

problems? 

VI. What are the key future perspectives for development of 

SPH as a reliable method for computational solid/

structural mechanics?

the panel discussion, first the panellists discussed 
and shared their vision corresponding to 6 core 
questions (see left panel) and then some other 
participants also shared their viewpoint. 

During the panel discussion the challenges as 
well as future perspectives corresponding to 
development of SPH for robust and reliable 
simulations corresponding to solids & structures 
were actively discussed. In brief, panellists 
highlighted the need for a rigorous and structured 
approach towards further SPH development for 
solids & structures, in particular, with special 
attention to rigorous achievement of stability. They 
also highlighted the attractive features of SPH with 
respect to other computational methods in this 
field, e.g., the inherent potential capability of SPH in 
modelling damage and fracture in a precise and 
physically consistent manner. Panellists also 
underlined the importance of scrupulous validation 
and comprehensive presentation of SPH results 
including those in the field of solids & structures, 
e.g., presentation of stress field in solids. 

The award selection committee of the workshop 
evaluated all the talks and with respect to their 
evaluation, the Best Presentation Award was 
presented to Professor Antonio J. Gil. The members 
of award selection committee included Professor 
Andrea Colagrossi (CNR-INM National Research 
Council-Institute of Marine Engineering, Italy), Dr 
Renato Vacondio (The University of Parma, Italy), Dr 
Georgios Fourtakas (The University of Manchester, 
United Kingdom), Dr Corrado Altomare (Universitat 
Politècnica de Catalunya, Spain) and the organisers, 
i.e., the authors of this article. SPH Online is an 
SPHERIC-affiliated event, and we look forward to 
organising SPH Online V in 2023 (likely in 
September 2023). The exact date and focus topic 
will be announced later.

SPH Online IV was a part of a larger plan of new activities by SPHERIC’s Solids & Structures Interest Group (SSIG) to 

focus on solids and solid mechanics modelling with SPH. Interested researchers are invited to contact the organisers 

including Dr Tom De Vuyst who is currently the chair of SSIG.
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