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11th International SPHERIC Workshop 
By Xiangyu HU, head of the Local Organising Committee 

The Technical University of Munich (Germany) was delighted to host the 11th 

international workshop organized by SPHERIC. The Scientific Committee 

received more than 70 abstracts of good quality, and 60 of them were selected to 

appear in the proceedings. This demonstrates just how active the field is, with 

works ranging from traditional hydrodynamics to solids, fluid-structure 

interaction, high performance computing and computer animations. 

More than 130 delegates attended this 11th consecutive workshop held from June 

14th to June 16th 2016, preceded by a training day attended by 32 participants. 

After an introduction to the SPH method by Prof. Robert A. Dalrymple 

(Department of Civil Engineering, Johns Hopkins University) taking both 

beginners and experienced practitioners through the basics of SPH, Prof. Walter 

Dehnen (Department of Physics & Astronomy, University of Leicester) gave a 

stimulating lecture on the SPH kernel functions. The afternoon session was 

arranged by Altair Engineering GmbH and devoted to SPH pre-processing and 

visualization using the state-of-art software packages nanoFluidX, HyperMesh 

and ParaView. 

Over the next three days, the 15 workshop sessions (see below) gave an excellent 

overview of the varied SPH activity occurring around the world. The two 45-

minute keynote lectures were given at the beginning of the first and the second 

day of the workshop by Prof. Moubin Liu (College of Engineering, Peking 

University, China) with the title “SPH coupling with EBG for modeling fluid-

flexible structure interactions” and Dr. Dmitry Fedosov (Institute of Complex 

Systems (ICS), Forschungszentrum Jülich (FZJ), Germany) with the title 

“Smoothed dissipative particle dynamics or SPH at mesoscale: Theory and 

applications”. 

   

The banquet took place at the Restaurant “Schlosscafé im Palmenhaus” in the 

park of the famous Nymphenburg Palace. During the banquet, a special 

presentation was made to appreciate the contribution of Dr. Paul Groenenboom 

(ESI Group, The Netherlands) as a member of the SPHERIC steering committee. 

Two new members of the steering committee, Dr Renato Vacondio (University 

of Parma, Italy), Dr Matthieu De Leffe (Nextflow software, France) were also 

announced.  A short presentation was made by Dr. Alex Crespo (Univ. de Vigo, 

Spain) for the next (12th) SPHERIC workshop in Vigo, Spain. 

The Libersky Prize winners were I. Zisis (1st), M.C. Keller (2nd) and P.N. Sun 

(3rd). Summaries of their respective works are given below. 

The workshop organizers also wish to thank the generous sponsors: Altair, 

NVidia and the German Research Foundation (DFG).  

More photos can be found through the SPHERIC-MUNICH twitter account. 

Contact: Xiangyu.Hu@tum.de   
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DAY 1: Tuesday 14 June 2016 

Keynote lecture: SPH coupling with EBG for modeling fluid-flexible structure interactions (M.B. Liu) 

Chair: N. Adams 

Session 1: Free Surface and Moving Boundaries Applications 

Chair: G. Fourtakas 

• Study on coarse-fine-interactions with an adaptive SPH formulation within the context of problems driven by 

surface tension (D. Schnabel) 

• Comparison of numerical results using a barotropic and a non-isentropic EOS in SPH-ALE method (S. Pineda) 

• Recent results in the systematic derivation and convergence of SPH (I. Zisis) 

• Behavior of oil under breaking waves by a two-phase SPH model (T. Dalrymple) 

Session 2: Solids and Structures 

Chair: A. Khayyer  

• A Novel, purely methodological strategy for controlling dynamic resolution in Smoothed Particle Hydrodynamics 

(F. Spreng) 

• Study on abrasive wear with a Lagrangian SPH approach (P. Eberhard) 

• Development of fluid-solid coupling for the study of hydraulic fracturing using SPH (K. Pan) 

• Coupled Finite Element – SPH simulation of particle impact and adhesion for cold spray (P. Profizi) 

Session 3: Multiple Continua and Multi-Phase Flows 

Chair: P. Eberhard  

• A simple ISPH algorithm for two-phase flows with high density ratios (M. Rezavand) 

• Numerical modeling of oil-jet lubrication for spur gears using Smoothed Particle Hydrodynamics (M.C. Keller) 

• Modelling the 1958 Lituya Bay landslide and tsunami with ISPH (S. Lind) 

• Improved Shields criterion for SPH simulations of bed-load transport and scouring (A. Ghaïtanellis)  

Session 4: Complex Physics 

Chair: D. Violeau  

• Coupling between DualSPHysics and Chrono-Engine: Towards large scale HPC multiphysics simulations (R. 

Canelas) 

• SPH modeling of resonance wave pumping in closed tank: Parametric study (R. Carmigniani) 

• Hunting for Lagrangian Coherent Structures: SPH-LES turbulence simulations with Wall-adapting Local Eddy 

Viscosity (WALE) model (R. Canelas) 

• Smoothed Particle Hydrodynamics modelling of pulsed laser ablation of aluminium and associated free-surface 

problems (A.W. Alshaer) 

Session 5: Convergence 

Chair: N. Quinlan  

• Smoothed Particle Magnetohydrodynamics: A state of the union (B. Lewis) 

• A first spectral analysis of the SPH Laplacian (D. Violeau) 

• An Eulerian-Lagrangian incompressible SPH formulation (ELI-SPH) (G. Fourtakas) 

• Mathematical analysis of Generalized Particle Methods for Poisson equations and heat equations (D. Tagami) 

Discussion Panel 1: Introduction given by 2015 Monaghan Prize winner A. Colagrossi 

Chair: P. Stansby 

Welcome cocktail 

DAY 2: Wednesday 15 June 2016 

Keynote lecture: Smoothed dissipative particle dynamics or SPH at mesoscale: theory and applications (D. Fedosov) 

Chair: J. Monaghan 

Session 6: Numerical Stability 

Chair: N. Thuerey 
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• An Eulerian weakly compressible SPH Immersed Boundary Method for fluid-structure interaction (B. Rogers) 

• Application of the Okubo-Weiss parameter to the dynamical smoothing length adjustment in SPH (M. Olejnik) 

• Multiphase model in SPH-ALE for modeling a fully compressible multiphase flow (S. Pineda) 

• Long duration SPH simulations of sloshing in tanks with a low fill ratio and high stretching (M.D. Green) 

Session 7: Boundary Conditions 

Chair: A. Amicarelli  

• Applying Riemann solvers to SPH open boundaries in free surface and confined flows (A. Joly) 

• Consistency issues on SPH energy conservation when simulating viscous flows around solid bodies (J.L. Cercos-

Pita) 

• Simulation of particle flows in a Humphrey’s spiral concentrator using dusty liquid SPH (J. Kwon) 

• Open boundary conditions for large-scale SPH simulations (A. Tafuni) 

Session 8: High-Performance Computing 

Chair: R. Vacondio  

• HPC Predictions of Primary Atomization with SPH: Challenges and Lessons Learned (S. Braun) 

• Auto-balancing Voronoi domain decomposition for parallel SPH simulation of materials in extremes (M. Egorova) 

• A physics-motivated Centroidal Voronoi Particle domain decomposition method (L. Fu) 

• Can SPH simulations of blood flow contribute to clinical decision making in Arterial Valve Disease treatment? (P. 

Groenenboom)  

Session 9: New Applications of SPH 

Chair: M. Neuhauser  

• Advanced fluid visualisation with DualSPHysics and Blender (O. García-Feal) 

• Coupling SPH with a potential Eulerian model for wave propagation problems (J. Chicheportiche) 

• Aquaplaning simulations using a coupling between Smoothed Particle Hydrodynamics and Finite Element method 

(C. Hermange) 

• A wetting and drying semi-implicit SPH algorithm for the shallow water equations (A.O. Bankole) 

Session 10: Maritime and Naval Architecture Applications 

Chair: S. Marrone  

• SPH model to simulate Oscillating Water Column wave energy converter (C. Altomare) 

• SPH formulation of the Finite-Time Lyapunov Exponents for the detection of Lagrangian Coherent Structures 

(P.N. Sun) 

• Improvements on Particle Refinement method with SPH (L. Chiron) 

• SPH simulation of skipping stones and bombs (J. Monaghan) 

Discussion Panel 2: Introduction given by M. Stanic, A.J.C. Crespo & N. Thuerey 

Chair: X.Y. Hu 

Steering Committee meeting 

Banquet 

DAY 3: Thursday 16 June 2016 

Session 11: Process Engineering 

Chair: D. Fedosov 

• Simulating dam-break flows with WCSPH based on a new low-dissipation Riemann solver (C. Zhang) 

• A GPU-compatible scheme for coupling SPH to process-based wastewater treatment models (M. Meister) 

• Modeling the multiphase flow characteristics in randomly packed bed reactor with complex shapes of catalyst 

pellets using adaptive SPH (A. Thyagarajan) 

• SPH simulation of a transfer box (I. Kondor) 

Session 12: Hydraulic Applications 

Chair: T. Indinger  

• A well-balanced path conservative SPH scheme for non-conservative hyperbolic systems with applications to 

multi-phase flows (G. Rossi) 



 

  4 

• Validation of massively parallel free-surface SPH simulations of gravity-driven flow and partitioning dynamics at 

complex fracture intersections (J. Kordilla) 

• Modelling sediment erosion in fluvial channels using SPH (E. Zubeldia) 

Session 13: High-Performance Computing 

Chair: B. Rogers  

• NanoFluidX: an industrial SPH code for powertrain component simulation (M. Stanic) 

• From particles to mesh and back (D. Duque) 

• Large-scale Particle-based Simulations for Debris Flows using Dynamic Domain Decomposition with Space 

Filling Curves on A GPU Supercomputer (S. Tsuzuki) 

• A new framework for variable resolution adaptive SPH with fully object-oriented SPHysics on emerging 

technology (R. Vacondio)  

Session 14: Alternative Approaches 

Chair: K. Um  

• Augmented Lagrangain SPH Method for Incompressible Flows (M. Yildiz) 

• A spherical kernel for the Finite Volume Particle Method and application to surface tension (A. Maertens) 

• Coupling weakly-compressible SPH with Finite Volume: An algorithm for simulating free-surface flows (S. 

Marrone) 

• A novel refinement technique for projection-based particle methods (N. Tsuruta) 

Session 15: Modelling of Viscosity, Turbulence and Incompressible Flows 

Chair: P. Groenenboom  

• Analysis of free surface simulation using breaking-dam benchmark (K. Um) 

• Comparative study on accuracy and conservation properties of particle regularization schemes and proposal of an 

improved particle shifting scheme (A. Khayyer) 

• A SPH model for dike overtopping and dam liquefaction with bed-load transport, bottom drag and mobile 

boundaries (ELI-SPH) (A. Amicarelli) 

• Flow dynamics on a U shaped channel flow: A numerical study (G. Viccione) 

Closing and Awards 
 

Activities of SPHERIC Committee Members 
B.D. Rogers, Modelling and Simulation Centre (MaSC), School of Mechanical, Aerospace and Civil Engineering, 

University of Manchester, Manchester, U.K. 

During the 11th International SPHERIC Workshop, one of the topics presented was to give an overview of the activities 

of the members of the Steering Committee (SC). The SC meets twice a year and helps guide the organisers of the future 

workshops and identifies future actions to help promote the development and application of SPH. Two such examples 

are the introduction of the SPHERIC Grand Challenges and the Joe Monaghan Prize. 

In order for SPHERIC members to have a more informed idea of what is expected of SC members, we list here the main 

activities of members: 

� Organise a SPHERIC Workshop, 

� Produce the Newsletter, 

� Run the SPHERIC Website, YouTube channel and Twitter account, 

� Review Abstracts and Papers as part of the Scientific Committee, 

� Provide leadership of one of the SPHERIC Grand Challenges, 

� Run community awareness activities such as the CiteULike SPH page, 

� Administering the ‘Joe Monaghan’ prize, 

� Organise journal Special Issues on SPH. 

So, to become a member of the SPHERIC SC requires a commitment greater than just being active in SPH either as a 

user or researcher. Members are expected to be highly active in promoting SPH and engaging new interest in the 

methodology. We always welcome interest both in improving how SPHERIC is organised and its activities. Interested 

organisations and individuals should approach a member of the SC (see front page) with suggestions. 
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Recent results in the systematic derivation and convergence of SPH 
I. Zisis & B.J. van der Linden, Eindhoven University of Technology, The Nehterlands 

J.H.M. Evers, Dept. Mathematics, Simon Fraser University, Burnaby, Canada 
M.H. Duong, Mathematics Institute, University of Warwick, Coventry, United Kingdom 

This work received the best student paper award (Libersky 

Prize) at the 11th Int. SPHERIC Workshop, Munich (Germany), 

June 2016. 

In the literature of SPH, it is established that the classical 

SPH scheme can be derived by applying the principle of 

least action to a particle system, where the SPH density 

estimate acts as a constraint (e.g. Monaghan, 2005). 

Nonetheless, a subtlety lies in the fact that in the 

derivation of the SPH equations the action of the particle 

system is minimized rather than the action of the 

continuum. The minimization of the action at the 

continuum level and the subsequent discretization of the 

motion equation in terms of particles do not necessarily 

yield the same equation of motion (at the discrete level). 

The latter procedure also reveals the mathematical 

formalities necessary to convince oneself that SPH indeed 

comes from principles of continuum mechanics.  

Denote the particle trajectories x = x(x0,t)∈Ω, taken with 

respect to an initial configuration of the medium x0∈Ω0. 

For a medium found in the domain Ω, the principle of 

least action provides the equation of motion as the 

minimization problem:  

δS|0
T = δL dt

0

T

∫ = 0 , ∫ λρ







ρ−=

Ω

xxxexL )()())((
2

1 2
d&     (1) 

where the differential δ denotes a variation of the particle 

trajectories and the internal energy of the medium e is 

prescribed by the thermodynamics de/dρ = P(ρ)/ρ2 for 

ideal processes. The limits of the spatial integration 

become independent of the variation, either by writing the 

Lagrangian with respect to the initial configuration and 

the density ρ(x) = ρ0(x0)/J(x), with the help of the 

determinant of the Jacobian matrix, or in the context of 

measures. In the context of measures the mass density 

function is defined as the (Radon-Nikodym) derivative of 

the measure of mass ρ = dµ/dλ, with respect to the 

Lebesgue measure, accounting for the volume of the 

medium. 

First Di Lisio (1998) showed that measure theory 

provides the adequate framework to study both the 

particle system and the limiting continuum setting in a 

single context. Within this context, we may construct a 

discrete approximation µN of the measure of mass µ, 

which can then be used for numerical analysis. 

Specifically, three steps are necessary to pass from the 

action of the continuous system to the motion equations 

of the resulting particle system: 

A) Introduce the measure-valued formulation by replacing 

ρdλ with dµ and, wherever necessary, approximate ρ by: 

 )(d)()(~ yyxWx h µ−=ρ ∫
Ω

  (2) 

B) Substitute for µ the discrete measure:  

 ∑ =
δ=µ

N

i
xii

N m
1

 (3) 

where δxi = 1 if x = xi and zero otherwise, is the Dirac 

measure. 

C) Derive the Euler-Lagrange equations. 

These three steps are discussed in detail in Evers (2015), 

and depending on the order in which they are applied, 

they give rise to three different derivations. ABC is the 

common technique encountered in the SPH literature 

(e.g. Monaghan, 2005), while ACB is introduced in the 

authors’ work (Evers, 2015). Finally, CAB is implied by 

Di Lisio (1998), and leads to non-conservative schemes. 

Following Di Lisio (1998), in order to obtain the 

convergence of µΝ to µ, as the number of particles N 

grows to infinity (Evers, 2015), we adopt the 

Wasserstein distance on the space of probability 

measures. It is a way to assign a cost-function to any 

admissible configuration of the system and thus one can 

obtain an upper bound. The proof in Evers (2015) 

establishes that the supremum of the Wasserstein 

distance between µΝ and µ approaches zero. In the 

numerical illustration, we take N = 22k, for 

k∈{1,2,3,4,5,6} and compute –by solving a linear 

programming problem– the maximum in time of the 

Wasserstein distance between subsequent solutions (say 

Wk,k+1). The theoretical convergence rate is O(N−1/d), 

whence we expect that the convergence rate between 

two subsequent Wasserstein distances:  

 )/(log 1,2,12

1

1 +++
−

+ = kkkk
d

k WWdC  (4) 

tends to the value −1/d. 

There are two major differences with DiLisio (1998). 

First, the scheme treated therein is not the classic SPH 

scheme, but rather one that is known not to conserve 

momentum, whenever applied to relevant physical 

processes. Our proof applies to both traditional SPH and 

the scheme covered by DiLisio (1998). Second, we 

allow for a much more general class of force fields, 

including external and internal conservative forces, as 

well as friction and non-local interactions. The main 

limitations of the proof are that: friction corresponds to 

local damping, rather than the SPH approximation of 

the Laplacian; and that pressure-density formulae of the 

form P(ρ) = B((ρ/ρ0)γ–1) are not supported. 

Nevertheless, they are explored in the numerical 

examples. 

Similarly to DiLisio (1998), a critical point of the 

theoretical result in Evers (2015) is that it makes no 

conclusion on the smoothing length h. The convergence 

proof is achieved for h fixed with the number of 
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particles, and the dependence of h on N is not 

investigated. In contrast, it is known that in order for the 

regularized equations of hydrodynamics to approximate 

the real physics well, h = εΝ-1/d, with parameter 1.2 ≤ ε ≤ 

1.5. In the numerical paradigms both are explored. 

The “Hydrodynamic force” test refers to the spontaneous 

expansion of a rotating, initially square-shaped gas cloud, 

with P(ρ) = ργ. The two cases solved refer to γ∈{2, 7}. In 

Table I, convergence rates are collected for h = 1 fixed 

with increasing N and also for h = 1.5N-1/d. The theoretical 

value is indeed approached, but oscillations appear in the 

case γ = 2 with varying h.  

k 2 3 4 5 

γ = 2, h = 1  -0.51 -0.50 -0.50 -0.50 

γ = 2, h var. -0.44 -0.47 -0.49 -0.44 

γ = 7, h = 1 -0.50 0.50 -0.50 -0.50 

γ = 7, h var. -0.41 -0.43 -0.52 -0.51 

Table I – “Hydrodynamic force” test. 

The “Evolution of elliptical drop” (Fig. 1) is a classic 

benchmark from Monaghan (1994). Starting from a 

circular shape, under the influence of a shearing initial 

velocity field, a drop attains an elliptical shape. It is 

typically used for benchmarking weakly compressible 

SPH solvers, which involve the conservative part of the 

system, with P(ρ) = B((ρ/ρ0)7−1) and the SPH viscosity 

term; additionally, h = 1.5Ν-1/d. None of these three 

choices is supported by the theoretical result of Evers 

(2015). Yet, this paradigm offers numerical evidence that 

for the SPH model convergence rates are similar to the 

theoretical result. More precisely, Table II shows that 

convergence occurs in the same way, either using the m-

scheme –differential form of (2)– or using the discretized 

continuity equation, noted as v-scheme. Note that k refers 

to the square containing the initial circle and hence Cd is 

an approximation. 

k 2 3 4 5 

m-scheme -0.718 -0.601 -0.533 -0.547 

v-scheme -0.722 -0.598 -0.533 -0.547 

Table II – Elliptical drop. 

The Shock-tube (Fig. 2) is frequently employed for the 

validation of fully compressible SPH schemes (e.g. 

Monaghan, 2005). The distinct characteristic of this case 

is that h varies –in a consistent way– spatially and 

temporally. This is not supported by the theoretical result 

of convergence in Evers (2015), and neither are the 

artificial dissipative terms, which are necessary for the 

solution. Nonetheless, in Table III the system is shown to 

converge at the rate predicted by the theoretical study of 

fixed h. The typical resolution for this problem is N = 450 

particles and thus, we choose to examine convergence for 

N∈{90, 225, 450, 900, 1800}, so that k∈{1, 2, 3, 4} is 

simply an index and Cd is an approximation.  

k 2 3 4 

 -1.335 -0.995 -1.002 

Table III – Shock tube. 

 

Figure 1 – Evolution of elliptical drop at t = 0.008s, 

discretization: k = 6. 

 
Figure 2 – Shock tube at t = 0.2, discretization: k = 5. 

Contact: iason.zisis@outlook.com 
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Numerical Modeling of Oil-Jet Lubrication for Spur Gears using SPH 
M.C. Keller, S. Braun, L. Wieth, G. Chaussonnet, T. Dauch, R. Koch, C. Höfler, H.-J. Bauer, 

Institut für Thermische Strömungsmaschinen, Kaiserstraße 12, 76131 Karlsruhe, Germany 

This work received the 2nd prize in the competition for the best 

student paper at the 11th Int. SPHERIC Workshop, Munich 

(Germany), June 2016. 

Understanding and optimizing the lubrication and cooling 

in aero-engine gearbox applications is crucial for a 

reliable and efficient sub-system design of future aircraft 

engines. Due to the complex design of gearboxes with its 

various rotating parts, space and access for experimental 

investigations are severely limited. Thus, suitable 

numerical methods need to be developed in order to 

thoroughly investigate the evolving oil-air two-phase flow 

in the vicinity of the gear teeth, which plays a key role for 

lubrication and cooling of gears (Fig. 1). 

 
Figure 1 – Generic spur gear (left) and area of interest in the 

vicinity of the oil-jet injection (right). 

In this work, for the first time, the SPH method was 

applied to predict the detailed oil-gear interaction 

including the ambient gaseous air phase. While Mettichi 

et al. (2015) applied SPH to single-phase oil flows in 

complete gearbox systems, the aim of the present work 

was to investigate two-phase flow phenomena on smaller 

time and length scales. 

As a first step, the impingement of a single oil-jet on a 

single rotating spur gear was analyzed (see figure 1). It 

was shown that with the available set of boundary 

conditions (in our in-house WCSPH code) the presented 

setup can be efficiently modeled using SPH. Thereby, the 

advantages of SPH compared to mesh-based methods 

regarding the incorporation of the gear motion became 

clearly visible. With a 2D setup the resulting flow patterns 

of the oil-gear interaction were predicted in good 

agreement with the established VOF method (Fig. 2). For 

varied rotational speeds and jet velocities the results were 

further compared quantitatively. It was found that the 

impingement depth is predicted reasonably, providing 

consistent values compared to VOF. The analysis of the 

wetting behavior revealed that the oil can overcome 

centrifugal forces and can reach the bottom land of the 

gear. In order to capture three-dimensional flow effects, 

also a 3D setup and preliminary results were presented 

as shown in Fig. 3. 

 
Figure 2 – Snapshot of the predicted phase distribution at the 

moment of impingement on a gear tooth using SPH. The VOF 

result is overlaid as iso-contour (black line) of the oil volume 

fraction (α = 0.5). 

 
Figure 1 – Snapshot of the 3D simulation.  

In general, it was shown that SPH has become a very 

promising tool applicable for industrially relevant 

systems, especially when conventional mesh-based CFD 

methods require non-standard features like for 

deforming computational domains or multiphase flows. 

In addition, SPH was found to perform superiorly 

regarding computational effort especially at high and 

moderate number of cores, enabling highly parallelized 

computations.  

This work is a first step towards the simulation of more 

complex gearbox systems including the modeling of 

interlocking gears. For such a scenario the sliding 

interface approach of the VOF method can no longer be 

applied and the advantages of SPH will become even 

more prominent. 

Contact: marc.keller@kit.edu 
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SPH formulation of FTLE for the detection of Lagrangian Coherent Structures 
P.N. Sun, College of Shipbuilding Engineering, Harbin Engineering University, Harbin 15001, China 

A. Colagrossi & S. Marrone, CNR-INSEAN, Marine Technology Research Institute, Rome 00128, Italy 

A.M. Zhang, College of Shipbuilding Engineering, Harbin Engineering University, Harbin 15001, China 

This work received the 3nd prize in the competition for the best 

student paper at the 11th Int. SPHERIC Workshop, Munich 

(Germany), June 2016. 

When considering a complex flow field, the use of the 

primary variables (pressure, velocity, etc.) to analyse the 

flow features may not be enough. This applies a fortiori 

especially when treating three-dimensional viscous flows 

where wakes shed by solid objects are involved. 

To overcome this limit, secondary derived quantities such 

as vorticity, Q, λ2, etc. (mainly based on the velocity 

gradient tensor) are used. However, there is a recent 

literature where different techniques have been developed 

in order to detect Lagrangian Coherent Structures (LCSs) 

(Haller, 2015). LCSs can clearly highlight flow features 

such as vortex motion, material transportation, 

exchanging and mixing, etc., supplying a practical way to 

explore and understand the underlying mechanisms.  

The present work is dedicated to the detection of LCSs in 

viscous flows through Finite-Time Lyapunov Exponents 

(FTLEs). Thanks to the Lagrangian character of SPH, the 

trajectory of each fluid particle is explicitly tracked over 

the whole simulation. This allows for a direct evaluation 

of the FTLE field supplying a new way for the data 

analysis of complex flows. Here, a novel numerical 

technique is presented for the evaluation of the FTLEs in 

the context of the SPH models. 

For example the backward-in-time FTLE(-) ( )0t

t iλ x  in the 

time range ( )0,t t  can be evaluated through 
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where []T is the transpose operation. 
0

T t t= −  is the 

time interval. 
max

[]Λ  calculates the largest eigenvalue of 

the tensor. 
i

x  is the position at time t  of a generic 

particle i  which at a past time 
0  t t<  has spatial position 

iX . With the ridges of the FTLE(-) plot, the attracting 

LCSs can be revealed. In a similar way, the forward-in-

time FTLE(+) can also be evaluated for the detection of 

repelling LCSs (for more details, see Sun et al., 2016).  

In the numerical results, firstly some test-cases are 

presented giving a proof of concept for different 

conditions. For example, on the top of Fig. 1, the von 

Karman street shed by a flow past a circular cylinder at 

Re = 105 is revealed with the attracting LCSs shown by 

ridges of the FTLE(-) contour. Furthermore, the present 

work emphasizes the advantage of the combination of 

SPH and FTLE in the naval engineering applications. 

For example, the middle and bottom parts of Fig. 1 

show the capturing of submerged vortical tunnels 

caused by the splashing bow wave using FTLE(-). 

 

 

 

Figure 1 – Top: An example of the use of FTLE(-) contour 

plot for capturing the attracting LCSs of a von Karman street 

shed by a flow past a circular cylinder at Re = 105. Middle: 

Breaking wave pattern generated by a fast ship at Froude 

number of 0.41. The underwater vortical tubes are detected by 

the FTLE(-) contour. Bottom: a rear view shows the depth of 

the vortical tunnels under the splashing ship wave. 

mulatio: sunpengnan@hrbeu.edu.cn 
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Advanced fluid visualisation with DualSPHysics and Blender 
O. García-Feal, Environmental Physics Technologies Ltd. www.ephytech.com 

A.J.C. Crespo, J.M. Domínguez, A. Barreiro, M. Gómez-Gesteira, EPHYSLAB, Universidade de Vigo, Ourense, Spain 

During the last years, SPH has been demonstrated to 

be an excellent method for free-surface flow 

simulations which makes it an excellent solution for 

computer fluid animations. The visual effects industry 

has been using SPH and other methods to simulate 

water effects. However, SPH models oriented to 

scientific and engineering applications usually present 

animations with subpar visual realism. 

Visualization is an important communication tool to 

transmit achievements, but most of scientists or 

engineers lack of the required knowledge to handle 

tools oriented to 3D-artists. Therefore, suitable tools 

should be developed. Here we present a solution to 

easily create realistic fluid animations based on Open-

Source software like DualSPHysics and Blender. 

DualSPHysics (Crespo et al., 2015)] is a free software 

package for SPH fluid simulations. It includes several 

post-processing tools to obtain output files in the form 

of isolated points or isosurface. The file format of 

these outputs is VTK, a format intended for 

visualization of scientific results. There are many 

solutions to visualise VTK files like Paraview or 

Mayavi, however none of them are meant to provide 

realistic results. 

Blender is an open-source 3D graphics software that 

features a path-tracing render engine (Cycles) that 

physically simulate light to offer realistic results. A 

Blender add-on was developed (in C++ and Python) in 

order to render the DualSPHysics outputs. This piece 

of software provides support for VTK files, allowing 

the user to setup a scene including elements of the 

simulation such as fluid or floating bodies. The 

corresponding geometry is loaded for each time step 

of the animation preserving the material and texturing 

properties (example of textures in Figure 1). 

 

Figure 1 – A boat under the action of waves. 

For a higher visual realism, a post-processing software 

was developed for foam detection. The method 

proposed by Ihmsen et al., 2012 was chosen due to the 

quality of their results, the ability to be applied as a 

post-processing tool once simulations were executed, and 

the speed of the calculations. This method is based on 

physical phenomena (velocity, buoyancy...) looking for 

regions where a water-air mixture is produced without 

performing a multi-phase air-water SPH simulation. The 

solution offers good results identifying the foam induced by 

waves (Figure 2 left) as well as moving objects in the swash 

zone (Figure 2 right). 

 

Figure 2 – Foam representation. 

A graphical user interface (GUI) inside Blender has been 

developed and will be released as open-source. In this way, 

the user is able to create animations intuitively with some 

basic Blender knowledge. 

With the proposed tool, it is possible to create animations 

featuring visual effects as realistic materials and lighting, 

texturing, foam simulation, motion blur and compositing 

(Figure 3). 

 
Figure 3 – Simulation of a natural creek (see video on 

https://youtu.be/U6lloRvgoXA). 

Contact: orlando@ephytech.com 
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Workshop on SPH methods for multiphase flow 
R. Vacondio, University of Parma Department of Civil Environmental, Land Management Engineering and 

Architecture, Italy 

The University of Parma (Italy) was delighted to host a 

workshop on SPH methods for multiphase flow on the 

20th of May 2016. 

More than 50 delegates attended this event. During the 

workshop 5 different keynotes were given by: 

• Prof. Joseph Monaghan (Monash University, 

Australia),  

• Dr. Andrea Colagrossi (INSEAN-CNR, Italy), 

• Dr. Benedict Rogers (The University of Manchester, 

UK),  

• Prof. Holger Wendland (Bayreuth University, 

Germany), 

• Dr. George Fourtakas (The University of Man-

chester, UK). 

Prof. Monaghan presented a general overview of different 

physical problems to which Smoothed Particle Hydro-

dynamics method has been successfully applied. Other 

talks covered different aspects of SPH simulations for 

multiphase flows, ranging from air-water interaction in 

wave breaking phenomena (Dr. Colagrossi), through laser 

ablation (Dr. Rogers), to liquid-sediment scouring (Dr. 

Fourtakas). Prof. Wendland analyzed similarities and 

differences between SPH and other scattered data 

interpolation methods. 

The workshop concluded with a lively discussion on both 

theoretical and more applied aspects of SPH technique, 

also compared to other numerical methods for multiphase 

flows (including those of interest for the industry). 

On behalf of the Local Organising Committee, we express 

our thanks for the efforts of everyone involved in this 

workshop and hope the delegates enjoyed the event. 

 

Figure 1 – A discussion with invited speakers. 

 

Figure 2 – The head of the organizing committee, R. Vacondio, 

with J.J. Monaghan. 

 
Figure 3 – H. Wendland discussing with J.J. Monaghan. 

Contact: renato.vacondio@unipr.it  

 


