
Numerical simulation of the full non-linear 

behaviour of Wave Energy Converters

Alejandro J. C. Crespo, M. Brito, J.M. Domínguez, R.B. Canelas, M. Hall, C. Altomare, 

M. Wu, V. Stratigaki, P. Troch, L. Cappietti, R.M. Ferreira, M. Gómez-Gesteira



Objective: Numerical modelling of WECs

SPH modelling: DualSPHysics software
- Wave generation, propagation and absorption

- Wave-structure interaction

- Coupling with MoorDyn

- Coupling with Project Chrono

Application to different WECs
- Oscillating Water Column (OWC)

- Oscillating Wave Surge Converter (OWSC)

- Point absorber

- Others (WaveStar, M4)

Conclusions & Future work

OUTLINE



Objective: Numerical modelling of WECs

SPH modelling: DualSPHysics software
- Wave generation, propagation and absorption

- Wave-structure interaction

- Coupling with MoorDyn

- Coupling with Project Chrono

Application to different WECs
- Oscillating Water Column (OWC)

- Oscillating Wave Surge Converter (OWSC)

- Point absorber

- Others (WaveStar, M4)

Conclusions & Future work

OUTLINE



MAIN OBJECTIVE: 

To develop a numerical tool that helps in the design 

and testing of WECs

(not only the efficiency but also the survivability)

CHALLENGES:

NWT (Numerical Wave Tank): 

How to mimic wave flumes and basins and real sea state?

FSI (Wave-structure interaction): 

How to solve large deformations of fixed and floating 

devices under extreme wave conditions?

PTO (POWER TAKE-OFF): 

How to solve numerically the mechanical constraints?

OBJECTIVE



SmoothedParticle Hydrodynamics (SPH)

Hydrodynamic interaction between WECs and ocean waves 

is a complex high order non-linear process

CFD models 

Approximate NavierïStokes

Linear approach 

Time or frequency domain models

FAST AND EFFICIENT

LOW AMPLITUDE MOTIONS

Meshless 

methods

Meshbased

methods

TIME CONSUMING

VIOLENT FLOWS, VISCOUS FLOWS

WAMIT, WADAM

Nemoh, WEC-SIM

VOF, OpenFoam, IH-Foam, 

Fluent, Fluinco, REEF3D
SPH
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SmoothedParticle Hydrodynamics (SPH)
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SmoothedParticle Hydrodynamics (SPH)
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Density derivative

Velocity derivative

(acceleration)

density pressure

velocity position

Navier-Stokes equations

P=F(ɟ)

State equation for barotropic fluids

nearly incompressible fluids (small density variations)!
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SmoothedParticle Hydrodynamics (SPH)

ADVANTAGES comparing with mesh-basedCFD codes:

V Efficient treatmentof the large deformation of free surfacessincethereis no mesh

distortionandno needfor a specialtreatment of the surface

V Handlingcomplexgeometriesandhigh deformation

V Distinguishingbetweenphasesdueto holdingmaterialpropertiesateachparticle

V Naturalincorporationof coefficientdiscontinuitiesandsingular forces

DISADVANTAGES comparing with mesh-basedCFD codes:

V Thereis still nounanimityto choosethebestsolidboundary conditions.

V Turbulence treatment is still anopenfield andmoreresearchis needed.

V Time computation is expensivecomparingwith othermethods



www.dual.sphysics.org

DualSPHysicssoftware

OPEN-SOURCE CODE

AVAILABLE FOR FREE

COLLABORATIVE PROJECT

LGPL LICENSE

HIGHLY PARALLELISED

PRE- & POST-PROCESSING

APPLIED TO REAL PROBLEMS

OPEN PROJECT

http://www.dual.sphysics.org/
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DualSPHysicssoftware
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LGPL LICENSE
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LGPL (Lesser General Public License) 

can be used in commercialapplications

Software can be incorporated into both:

- free software and 

- proprietary software
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DualSPHysicssoftware

OPEN-SOURCE CODE

AVAILABLE FOR FREE

COLLABORATIVE PROJECT

LGPL LICENSE

HIGHLY PARALLELISED

PRE- & POST-PROCESSING

APPLIED TO REAL PROBLEMS

OPEN PROJECT

DualSPHysics Code on GitHub 
https://github.com/DualSPHysics/DualSPHysics

https://github.com/DualSPHysics/DualSPHysics


Altomareet al., 2017
Wavepropagation and absorption
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Altomareet al., 2017

Regular waves: H=0.1m, T=1.3s

THEORY
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vs

SPH

Wavepropagation and absorption



Wave-structure interaction

Interaction between waves and fixed structures: RUN-UP

DualSPHysics was validated using TIME SERIES of Run-up!!!

Experiments performed in the CIEMito wave flume at LIM-UPC (Barcelona)

Web: http://ciemlab.upc.edu/

http://ciemlab.upc.edu/


Interaction between waves and fixed structures: RUN-UP 

AMOUR BLOCK DIKE

Zhang et al., 2017

Wavemaker WG1 WG2 WG3 WG4                                                  RUN-UP

Wave-structure interaction



Initial particle distance: dp=0.008 m with h/dp=2.6

Wendlandkernel with interaction distance of 2h

Total number of particles with depth=0.25 leads to 1,133,955 

Physical time to be simulated: 20 seconds

Computational time using GeForce RTX 2080 Ti GPU card was 15.4h (160,130 steps) 

Piston motion following external file (time and x-position)

Exact position of the blocks in STL file

Interaction between waves and fixed structures: RUN-UP 

Zhang et al., 2017

AMOUR BLOCK DIKE

Wave-structure interaction



Interaction between waves and fixed structures: RUN-UP 

Zhang et al., 2017
Wave-structure interaction



Case#7: H=0.08 m, T=0.87 s, d=0.25 m

Interaction between waves and fixed structures: RUN-UP 

Zhang et al., 2017

AMOUR BLOCK DIKE

Time series of theexperimental andnumericalsurfaceelevation

Wave-structure interaction



Case#7: H=0.08 m, T=0.87 s, d=0.25 m

Interaction between waves and fixed structures: RUN-UP 

Zhang et al., 2017

AMOUR BLOCK DIKE

Time series of theexperimental andnumericalRUNUP

Wave-structure interaction



Interaction between waves and floating structures

Crespo et al., 2018

Floating BOX subjected to REGULAR WAVES
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Wave-structure interaction II



Interaction between waves and floating structures

Crespo et al., 2018
Wave-structure interaction II



Coupling with MoorDyn

http://www.matt -hall.ca/moordyn/

MoorDyn is an open-sourcedynamicmooring line model that

usesa lumped-massformulation for modellingaxial elasticity,

hydrodynamics,andbottomcontact.

http://www.matt-hall.ca/moordyn
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VALIDATION : EXPERIMENTS IN GHENT UNIVERSITY

Crespo et al., 2018
Coupling with MoorDyn



VALIDATION : EXPERIMENTS IN GHENT UNIVERSITY

Crespo et al., 2018
Coupling with MoorDyn



DualSPHysics
BOX Dimensions 20 x 20 x 13.2 cm3

BOX Weight 3 kg + 0.6 kg(extra)

BOX Centre of gravity (0, 0, -1.26) cm

BOX Lip draught 7.86 cm

MoorDyn
MOORING Diameter 3.656 mm

MOORING Weight 0.607 g/cm

MOORING Length 145.5 cm

Water depth 50 cm

Regular waves

ÅH=0.12 m

ÅT=1.6 s

Åd=0.5 m

ÅL=3 m

VALIDATION : EXPERIMENTS IN GHENT UNIVERSITY

Crespo et al., 2018
Coupling with MoorDyn



VALIDATION : EXPERIMENTS IN GHENT UNIVERSITY

Crespo et al., 2018
Coupling with MoorDyn



Back Line 1

Front Line 3

Line 1

Line 3

VALIDATION : EXPERIMENTS IN GHENT UNIVERSITY

Crespo et al., 2018
Coupling with MoorDyn



Canelaset al., 2018

http://projectchrono.org

Project Chronois an open-source multi -physicssimulation engine

Coupling with Project Chrono

- Wide set of joints: spherical, revolute joint, prismatic, glyph, etc.

- Unilateral constraints

- Exact Coulomb friction model, for precise stick-slip of bodies

- Springs and dampers, even with non-linear features

http://projectchrono.org/


Coupling with Project Chrono



VALIDATION: Chandraand Asai, 2016

Rotationanglefor h0=300mm                           Rotationanglefor h0=350mm

Canelaset al., 2018
Coupling with Project Chrono



Spring pendulum                                   Gravity pendulum

Comparison between numerical and experimental rotation angle of

spring pendulum in air and water and gravity pendulum in air and water

Canelaset al., 2018
Coupling with Project Chrono

VALIDATION
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OFFSHORE FLOATING MOORED OWC

Oscillating Water Column (OWC)



Oscillating Water Column (OWC)

Floating and moored OWC

EXPERIMENT IN GENT UNIVERSITY: FLOATING MOORED OWC



Oscillating Water Column (OWC)

Orifice

(5 cm)

OWC with different materials but total MASS is 2.593 kg

SPH particles of density 578 kg/m3

Floating and moored OWC

Crespo et al., 2018



Oscillating Water Column (OWC)

Floating and moored OWC

Crespo et al., 2018

Regular waves
ÅH=0.11 m

ÅT=1.6 s

Åd=0.6 m

ÅL=3.27 m

DualSPHysics

OWC Dimensions 20 x 20 x 44 cm3

OWC Weight 2.593 kg

OWC Centre of gravity (-0.91, 0, -10.8) cm

MoorDyn

MOORING Diameter 3.656 mm

MOORING Weight 0.607 g/cm

MOORING Length 145.5 cm

Water depth 50 cm



Oscillating Water Column (OWC)

Floating and moored OWC

Crespo et al., 2018



Oscillating Water Column (OWC)

Floating and moored OWC

Crespo et al., 2018

Front line

Back line

Line 1

Line 3



Oscillating Water Column (OWC)

Floating and moored OWC

Crespo et al., 2018

heave- ɖOWC
RELATIVE MOTION BETWEEN HEAVE AND

WATER ELEVATION INSIDE OWC

ɖOWC



Oscillating WaveSurgeConverter (OWSC)
Brito et al., 2019

Experimental set up at the Marine Research Group's 

hydraulics laboratory at Queen's University Belfast.

Scale 1:10



Oscillating WaveSurgeConverter (OWSC)
Brito et al., 2019

Experimental set up at the Marine Research Group's 

hydraulics laboratory at Queen's University Belfast.
Regular waves: 

d=0.825, T=2s, H=0.15m

d=0.825, T=2s, H=0.25m

d=0.825, T=3s, H=0.20m



Oscillating WaveSurgeConverter (OWSC)
Brito et al., 2019



Oscillating WaveSurgeConverter (OWSC)

VALIDATION :

Numerical andexperimental time seriesof angularvelocity of theflap

Brito et al., 2019

T=2s

H=0.15m

T=2s

H=0.25m

T=3s

H=0.20m



Oscillating WaveSurgeConverter (OWSC)

Influence of the PTO system
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Viscous friction coefficient

Pressure loss coefficient
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Oscillating WaveSurgeConverter (OWSC)

Influence of the PTO system

Brito et al., 2019


