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Novelties on DualSPHysics v6.0 BETA
G. Fourtakas & the DualSPHysics team



Overview of DualSPHysics

OPEN-SOURCE CODE

LGPL (Lesser General Public License) can be

used in commercial

applications. Software

can be incorporated into

both free software and

proprietary software.

COLLABORATIVE PROJECT

COLLABORATORS:
Flanders Hydraulics Research , Belgium

Universidad Politécnica de Madrid, Spain

TECNALIA. Inspiring Business, Spain

Imperial College London, UK

Universiteit Gent, Belgium

University of Salerno, Italy

Universidad de Guanajuato, Mexico

Uppsala University, Sweden

… many more

DEVELOPERS:
Universidade de Vigo, Spain

The University of Manchester, UK

Instituto Superior Tecnico, Lisbon, Portugal

Università degli studi di Parma, Italy

Universitat Politècnica de Catalunya, Spain

New Jersey Institute of Technology, USA
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DUALSPHYSICS TEAM

Project Leaders:

• José M. Domínguez. Universidade de Vigo, Spain

• Georgios Fourtakas. The University of Manchester, UK

• Alejandro J.C. Crespo. Universidade de Vigo, Spain

• Benedict D. Rogers. The University of Manchester, UK

• Renato Vacondio. Università degli studi di Parma, Italy

• Corrado Altomare. Universitat Politècnica de Catalunya, Spain

• Angelo Tafuni. New Jersey Institute of Technology, US 

Project Coordinators:

• Peter Stansby. The University of Manchester, UK

• Moncho Gómez Gesteira. Universidade de Vigo, Spain

Wiki Coordinator:

• Bonaventura Tagliafierro. Uppsala Universitet, Sweden

Developers:

• Orlando García Feal. Universidade de Vigo, Spain

• Joseph O’Connor. The University of Edinburgh, UK

• Aaron English. Università degli studi di Parma, Italy

• Iván Martínez Estévez. Universidade de Vigo, Spain

• Francesco Ricci. Università degli studi di Parma, Italy

Overview of DualSPHysics
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Implementation of Smoothed Particle

Hydrodynamics method for complex fluid

dynamics using HPC

Overview of DualSPHysics
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Overview of DualSPHysics

It includes two implementations:

- CPU: C++ and OpenMP.

- GPU: CUDA.

Both options optimized for the best performance

of each architecture.

SPH HIGHLY PARALLELISED

CPU
x100

GPU

CPUGPU
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Overview of DualSPHysics

COMPLETE TOOLKIT

DesignSPHysics
(Graphical User 

Interface)

VisualSPHysics
(Advanced 

visualisation tool)

▪ SPH solver

▪ Pre-processing tools

▪ Post-processing tools

but also…

▪ Graphical User Interface

▪ Advanced visualisation
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30%

70%

Linux

Windows

DUALSPHYSICS V1.2  (2011)
Downloads: 701   (65% Windows)

DUALSPHYSICS V2.0  (2012)
Downloads: 6,472   (71% Windows)

DUALSPHYSICS V3.0  (2013-2015)
Downloads: 14,426   (73% Windows)

DUALSPHYSICS V4.0  (2016)

Downloads: 13,804   (72% Windows)

DUALSPHYSICS V4.2  (May 2018)
Downloads: 8,429

DUALSPHYSICS V4.4 (April 2019)
Downloads: 22,520

DUALSPHYSICS V5.0  (July 2020)
Downloads: 63,735

DUALSPHYSICS V5.2  (May 2023)
Downloads: 20,163

DUALSPHYSICS V5.4  (Mar 2025)
Downloads: 15,996

DualSPHysics downloads

DUALSPHYSICS - ALL VERSIONS

Downloads: 166,246 (70% Windows)

https://dual.sphysics.org/downloads/

More than 160k downloads!

https://dual.sphysics.org/downloads/


SPH solver novelties:

Solvers
• New multi-GPU SPH solver with dynamic load balancing

• New single-phase geomechanics solver based on DualSPHysics v5.2 (GEOMECH)

Methodologies
• New coupling with FEA module based on Project Chrono v9.

• A velocity divergence cleaning (incompressibility control) formulation for filtering acoustic waves

• New improved mDBC mode (TanVel0) that impose v=0 to boundary particles velocity with penetration 

correction

• Staggered time-stepping scheme within the TLSPH (FlexStruct)

Features
• New restart option for DBC, mDBC, floating bodies and wave generation with AWAS.

• The mDBC kernel correction and penetration control method is also applied to floating body particles.

• Combination of multiple BC configurations to MK (Mixed BC).

• MoorDynPlus v2.2 with one-way fluid-mooring interaction.

• Project Chrono v9 with significant performance improvements.

• Wave generation code (precompiled JWaveGenLib library dependency removed).
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New Features in v6.0 beta



Pre-processing novelties (GenCase):
• Fluid properties initialisation based on previous 2D or 3D 

simulations. 

• Free drawing mode with points defined in external files. 

• General improvements in performance and memory 

management.

Post-processing novelties:
• New option -elevationrel to compute fluid elevation 

from bottom line definition (MeasureTool).

• New option -savevtkmesh to generate VTK files as 

triangle meshes instead of points with fluid 

properties like velocity or pressure (MeasureTool).

• Important performance improvement in moments 

calculation (ComputeForces).
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Documentation:

• New online Wiki with the formulation. 
…and many other minor improvements, bug 

fixes, code optimisation, etc.

New Features in v6.0 beta



Wiki documentation for DualSPHysics: work in progress

• Latest formulation for SPH theory and coupling methodologies
• Integrates user guide from xml to theory
• Updated example cases
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Implementation based on C++ threads and CUDA streams 

(not MPI)

▪ Efficient multi-GPU to run on workstations or computing 

nodes with 4-10 GPUs 

▪ Multi-GPU useful for researchers using DualSPHysics (not 

computer engineers)

▪ More portable and easy to use in Linux & Windows

▪ The target is full support of all current DualSPHysics 

functionalities

▪ Enables 100-200M particle simulations without extra user effort

▪ Not special pre-processing and post-processing tools required

▪ BETA version available in the DualSPHysics package v6.0

(only for workshop attendees)

New Multi-GPU approach for single-node

multi-GPU machine
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GEOMECH model in DualSPHysics

• SPH formulations based on the total stress tensor.

• Implements elastic-plastic constitutive model with strain-softening

for cohesionless and cohesive granular materials.

• Introduces a new cDBC and extends mDBC for stress tensor 

boundary treatment.

• cDBC based on the first-order local interpolation (no normals)

• mDBC based on the first-order extrapolation (more accurate)

• Enables coupling with Chrono for the interaction with multi-body 

systems.

Feng, R., Zhao, J., Fourtakas, G., & Rogers, B.D. 2026. GeoDualSPHysics: a 

high-performance SPH solver for large deformation modelling of 

geomaterials with two-way coupling to multi-body systems. Computer Physics 

Communications, 320, 109965. doi:10.1016/j.cpc.2025.109965

  

  

 o ndary par    es
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https://doi.org/10.1016/j.cpc.2025.109965
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Feng, R., Zhao, J., Fourtakas, G., & Rogers, B.D. 2026. 

GeoDualSPHysics: a high-performance SPH solver for large 

deformation modelling of geomaterials with two-way coupling to 

multi-body systems. Computer Physics Communications, 320, 

109965. doi:10.1016/j.cpc.2025.109965

• Allows the simulation of large 

deformation of geomaterials following 

elastic-plastic theory.

• Enables coupling with Chrono for 

geo–multibody interactions.

• Force gauge is reformulated for impact 

force evaluations.

• Expands solver scope to geomechanics, 

terramechanics, and granular & powder 

handling processes.

GEOMECH model in DualSPHysics

https://doi.org/10.1016/j.cpc.2025.109965


J a n u a ry  2 8 ,  2 0 2 6  – O u r e n s e ,  S p a in8 th  D ua l S P H ys i cs  W or ks ho p



Coupling DualSPHysics-FEA

• Solves the fluid

• Solves the fluid-solid interaction

• Controls the communication process

• Handles the information transfer

• Solves mechanical constraints

• Solves collisions

• Solves flexible structure

Martínez-Estévez et al., (2023)a. Coupling of an 
SPH-based solver with a multiphysics library. 
https://doi.org/10.1016/j.cpc.2022.108581

• SPH method for fluid.

• Finite Element Analysis (FEA) for structure.

• Structure is a set of segments connected with nodes.

• Each segment is a 3-D Euler-Bernoulli beam.

• Corotational formulation.

• Large rotations and displacements.

• Each mode is a Finite Element with 6 DoF.

Software components

SPH-FEA formulation

Martínez-Estévez et al., (2023)b. Coupling an SPH-
based solver with an FEA structural solver to 
simulate free surface flows interacting with 
flexible structures.
https://doi.org/10.1016/j.cma.2023.115989
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Coupling DualSPHysics-FEA
Examples

Dam break with rubber plateFlexible pendulum
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Velocity divergence cleaning
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• Hyperbolic/parabolic divergence cleaning 

• Dissipation of acoustic waves with a speed of sound 
proportional to the local Mach number. 

• Eliminate non-physical acoustic waves in the pressure 
field,

Highly desirable in impact flows or where pressure waves are 
present



New slip modes and mixed boundaries
Multiple solid boundary options now in DualSPHysics
Bound mode:
1. Dynamic boundary condition (DBC) 

• Vel = 0 for boundary particles

2. Modified DBC (mDBC)
• Vel = 0 (Slipmode=1)

3. mDBC with improved pressure extrapolation
• No-slip (Slipmode=2)
• Free slip (Slipmode=3)
• Vel = 0 (Slipmode=11)
• No-penetration

4. Mixed Boundaries
• Use any combination of the above together in the 

same simulation
• Select boundary method by mkbound
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Mixed boundary conditions



Defining initial conditions from 
previous simulations

J a n u a ry  2 8 ,  2 0 2 4  – O u re n s e ,  S p a in8 th  D ua l S P H ys i cs  W or ks ho p



J a n u a ry  2 8 ,  2 0 2 6  – O u r e n s e ,  S p a in8 th  D ua l S P H ys i cs  W or ks ho p

FSI Staggered Timestep - TLSPH

1. compute q = Δtf / Δts

2. fluid solvers advances one time step Δtf

3. structure provides boundary condition

4. structure solver advances q time step Δts

(fluid provides hydro pressure and viscous force)

Single timestep

Staggered timestep

ρ = 412 kg/m3; E = 0.565 Mpa; ν = 0.49 

Cf = 27 m/s; Cs = 153 m/s → dtf ≈ 5e-5;  dts ≈ 6e-5 

Floating Flexible Structure  

[1] Sun et al. "An accurate FSI-SPH modeling of challenging fluid-structure interaction problems in two and three dimensions." OE (2021)
[2] Brown et al. "Investigation of wave-driven hydroelastic  nte  ct ons  s ng n me  c    nd  h s c   mode   ng     o ches “ APOR (2022)
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How to download DualSPHysics v6.0 beta

Version 6.0 beta

New version only available to workshop attendees!!

The full package v6.0 includes:
• Several SPH approaches

• New pre- and post-processing tools

• Improved documentation guides

• More than 130 examples (including new features)

Download the full package (DualSPHysics_v6.0_BETA.zip) from: 

https://dual.sphysics.org/sphcourse/DualSPHysics_v6.0_BETA/

User: XXX

 Password: XXX

J.M. Domínguez, G. Fourtakas, C. Altomare, R.B. Canelas, A. Tafuni, O. 

García-Feal, I. Martínez-Estévez, A. Mokos, R. Vacondio, A.J.C. Crespo, 
B.D. Rogers, P.K. Stansby, M. Gómez-Gesteira. 2022. DualSPHysics: 
from fluid dynamics to multiphysics problems. Computational 

Particle Mechanics. 9(5): 867-895. doi:10.1007/s40571-021-00404-2 

https://dual.sphysics.org/sphcourse/DualSPHysics_v6.0_BETA/
https://doi.org/10.1007/s40571-021-00404-2
https://doi.org/10.1007/s40571-021-00404-2
https://doi.org/10.1007/s40571-021-00404-2
https://doi.org/10.1007/s40571-021-00404-2
https://doi.org/10.1007/s40571-021-00404-2
https://doi.org/10.1007/s40571-021-00404-2
https://doi.org/10.1007/s40571-021-00404-2
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