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OUTLINE
Objective: Numerical modelling of WECs

SPH modelling: DualSPHysics software

- Wave generation, propagation and absorption
- Wavestructure interaction

- Coupling with MoorDyn

- Coupling with Project Chrono

Appllcatlon to different WECs
Oscillating Water Column (OWC)
- Oscillating Wave Surge Converter (OWSC)
- Point absorber
- Others WaveStarM4)

Conclusions & Future work
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Objective: Numerical modelling of WECs



OBJECTIVE

MAIN OBJECTIVE:

To develop a numerical totiat helps inthedesign
andtesting ofWECs
(notonly the efficiency but also tisairvivability)

CHALLENGES:

NWT (Numerical Wave Tank):
How to mimic wave flumes and basins and real sea state

FSI (Wavestructure interaction):
How to solve large deformations of fixed and floating
devices under extreme wave conditions?

PTO (POWER TAKEOFF):
How to solve numerically the mechanical constraints?



SmoothedParticle Hydrodynamics (SPH)

Hydrodynamic interaction between WECs and ocean waves
IS a complex high order ndmear process

4

FAST AND EFFICIENT
LOW AMPLITUDE MOTIONS

Linear approach
Time or frequency domain models

WAMIT, WADAM
Nemoh WEC-SIM

VOF, OpenFoam IH-Foam,
Fluent, Fluinco, REEF3D

N

TIME CONSUMING
VIOLENT FLOWS, VISCOUS FLOWS

CFD models
Approximate NaviérStokes

N

Meshbased Meshless
methods methods

SPH




OUTLINE

SPH modelling: DualSPHysics software

- Wave generation, propagation and absorption
- Wavestructure interaction

- Coupling with MoorDyn

- Coupling with Project Chrono



SmoothedParticle Hydrodynamics (SPH)

Navier-Stokes equations

Mass d_/’ =-rb.v <d_/‘> =a m, (Vi - Vj)GDiVVij
conservation  dt dt/ 7
Momentu_m dv 1 dv\ é‘ppj 0 8
conservation m =- 7E)p+ F <E> = ’6][ m; 8&12 + X QDIVVij
Continuous notation Discrete notation

(INTEGRALS) (SUMMATIONS)



SmoothedParticle Hydrodynamics (SPH)

Navier-Stokes equations

density pressure
. . ] dr ! P
Density derivative dt — —_—
velocity position

. o Vv
Velocity derivative  —— o, 0V o T
(acceleration) t

State equation forbarotropic fluids

P= F(J ) nearly incompressible fluidsmall density variations)!



SmoothedParticle Hydrodynamics (SPH)

Navier-Stokes equations

Density derivative

density
dr s

pressure

ey e P

dt
velocity position
. L dv
Velocity derivative  —— o, 0V o T
(acceleration) dt
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SmoothedParticle Hydrodynamics (SPH)
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SmoothedParticle Hydrodynamics (SPH)

DuaHics




SmoothedParticle Hydrodynamics (SPH)




SmoothedParticle Hydrodynamics (SPH)

DualSPHysics

Time: 0.000 s




SmoothedParticle Hydrodynamics (SPH)

ADVANTAGES comparing with meshbasedCFD codes

V Efficient treatmentof the large deformation of free surfacessincethereis no mesh
distortionandno needfor a specialtreatment of the surface

V Handlingcomplexgeometriesandhigh deformation
V Distinguishingbetweenphasesdueto holdingmaterialpropertiesat eachparticle

V Naturalincorporationof coefficientdiscontinuitiesandsingular forces

DISADVANTAGES comparing with meshbasedCFD codes
V Thereis still no unanimityto choosdhebestsolid boundary conditions.
V Turbulence treatment is still anopenfield andmoreresearchs needed

V Time computation is expensivecomparingwith othermethods



DualSPHysicssoftware

DualSPHysics
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OPEN-SOU RCE CODE Features WIKI GUI Visualization Developers Contact Forum News
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DualSPHysics is based on the Smoothed Particle Hydrodynamics model named
LGPL LICENSE F— p————

The code is developed to study free-surface flow phenomena where Eulerian
methods can be difficult to apply, such as waves or impact of dam-breaks on

H I G H LY P R L L E L I S E D off-shore structures. DualSPHysics is a set of C++, CUDA and Java codes
/ \ / \ designed to deal with real-life engineering problems.

Contact E-Mail: dualsphysics@gmail.com
P R E & POST P ROC ESS I N G Youtube Channel: www.youtube.com/user/DualSPHysics
Twitter Account: @DualSPHysics

APPLIED TO REAL PROBLEMS
www.dual.sphysics.org

OPEN PROJECT


http://www.dual.sphysics.org/

DualSPHysicssoftware

Industrial interest:

NASA JSC, BAE Systems VolkswagenAG,

AVAILABLE FOR FREE McLaren Racing Ltd, Forum NOKIA,
NVIDIA, AECOM, HDR Engineering

COLLABORATIVE PROJECT ABPmer DLR, CFD-NUMERICS BMT
Group Oak Ridge National Laboratory

LGPL LICENSE Rainpower Norway, Shell Company, ABB,

FEMTO Engineeringe

OPENSOURCE CODE

HIGHLY PARALLELISED

Wave energycompanies
PRE & POSFPROCESSING American Wave Machines, Carnegie Clean
Energy Ltd, Maine Marine Composites
National Renewable Energy Laboratory in
U.S.A., Atria Power CorporationLtd., Global
Hydro Energy WavePower

APPLIED TO REAL PROBLEMS

OPEN PROJECT



DualSPHysicssoftware
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DualSPHysicssoftware

OPENSOURCE CODE LGPL (Lesser General Public License)
canbe used itommercial applications

AVAILABLE FOR FREE
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COLLABORATIVE PROJECT _ free software and
- proprietarysoftware
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DualSPHysicssoftware

OPENSOURCE CODE
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DualSPHysicssoftware
Graphical User Interface FgtFrecCAD

Open Source parametric 30 CAD modeler
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DualSPHysicssoftware
Advancedvisualisation Ae)blender
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COLLABORATIVE PROJECT
LGPL LICENSE
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DualSPHysicssoftware DualSPHysics Package

http:/[dual.sphysics.org
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LGPL LICENSE
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DuaISPHySICSSOf'[W&I'e DualSPHysics Code on GitHub

https//github.com/DualSPHysics/DualSPHysics
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AVAILABLE FOR FREE

C++/CUDA/OpenMP based Smoothed Particle Hydredynamics (SPH) Solver
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LGPL LICENSE
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EH READMEmd

PRE & POSTPROCESSING
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DualSPHysics

APPLIED TO REAL PROBLEMS DualsPHysics

DualSPHysics is based on the Smoothed Particle Hydrodynamics model named SPHysics.

The code is developed to study free-surface flow phenomena where Eulerian methods can be difficult to apply, such as
waves or impact of dam-breaks on off-shore structures, DualSPHysics is a set of C++, CUDA and Java codes designed to

OPEN PROJECT

Instructions for regular users

If you onfy want a copy of DualSPHysics to create and run cases in your system, you probably want the full DualSPHysics
padkage from the official website. There you will find documentation and packages of different versions for different
Operating Sy

It page. In this case

check the Build

uploaded in the official v

DualSPHysics needs a case already created to execute the SPH solver, so you need to use GenCase, which is
e main package on the DualSPHy

Han
Included

1f vou need help ched £ the wiki for this project



https://github.com/DualSPHysics/DualSPHysics

: : Altomareet al.,2017
Wave propagation and absorption

Regular waves (H=0.1m;T=1.3s) Time: 0.00s

INCIDENT WAVE
+ REFLECTED WAVE
+ RE-REFLECTED WAVE

Regular waves with Passive Absorption (BEACH)

Regular waves with Passive Absorption (SPONGE)

Regular waves with Active Absorption (AWAS)

INCIDENT WAVE
+ REFLECTED WAVE




: : Altomareet al.,2017
Wave propagation and absorption

Regular wavesl'—I—O 1m, T=1.3s
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Wave-structure interaction

Interaction between waves and fixedtructures: RUN-UP
DualSPHysics was validated usiftME SERIES of Run-up!!!

Experiments performed in the CIEMito wave flume at LIM-UPC (Barcelona)
Web: http://ciemlab.upc.edu

UNIVERSITAT POLITECNICA
DE CATALUNYA
BARCELONATECH



http://ciemlab.upc.edu/

Wave-structure interaction

Zhanget al.,2017

Interaction between waves and fixestructures: RUN-UP

AMOUR BLOCK DIKE

Wavemaker WG1 WG2 WG3 WG4




: : Zhanget al.,2017
Wave-structure interaction

Interaction between waves and fixestructures: RUN-UP

AMOUR BLOCK DIKE

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 lead$,133,955

Physical time to be simulated: 20 seconds

Computational time usinGeForce RTX 20801 GPU card wad45.4h (60,130 steps)
Pistonmotion following external file (time andpmosition)

Exact position of the blocks in STL file




: : Zhanget al.,2017
Wave-structure Interaction

Interaction between waves and fixedtructures: RUN-UP

CIEMito experiment: Run-up over breakwater

I . ‘

Velocity.X (m/s)
-0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20

e

Time: 0.00 s




Wave-structure interaction

Zhanget al.,2017

Interaction between waves and fixestructures: RUN-UP

AMOUR BLOCK DIKE
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: : Zhanget al.,2017
Wave-structure interaction

Interaction between waves and fixed&tructures: RUN-UP
AMOUR BLOCK DIKE Case#7: H=0.08, T=0.87s, d=0.25 m

0.32

run-up_exp [m]

03 run-up_sph [m] ﬂ

0.28
0.26
0.24 |
0.22 m u
0.2
0 5 10 15 20

time [m]

run-up [m]

Time serieof theexperimentaiindnumericaRUNUP



: : Crespceet al.,2018
Wave-structure Interaction II

Interaction between waves and floating structures
Floating BOX subjected toREGULAR WAVES

Wavemaker
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To
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iy o
3 > o
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3
2m_ o e
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: : Crespoeet al.,2018
Wave-structure interaction Il

Interaction between waves and floating structures

Validation of a floating box interacting with waves

DualSPHysics

Regular waves: . — )
H=0.1m, T=1.2s, d=0.4m Box dimensions: Wave absoprtion

0.3m x 0.2m

Time: 0.00 s

15 y T 0.1 T y 30

Experimental 0.08 Experimental 25 Experimental | |
* DualSPHysics * DualSPHysics = DualSPHysics
0.06 | 20
1
0.04 15
—_ —_
_E, E 0.02 = 10
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5 3 -
»n £ 002 0
-0.04 -5
0
-0.06 | 10
-0.08 15
05 i X " i 01 i " i i 20 y i ; i
0 2 4 6 8 10 12 0 2 4 6 8 10 12 0 2 4 6 8 10 12
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Coupling with MoorDyn

MoorDyn Is an opensourcedynamicmooring line modelthat
usesa lumpedmassformulation for modelling axial elasticity,
hydrodynamicsandbottomcontact

- A

mean water line - * *  platform reference frame
s
\ weights/floats
.
. _
- __'..--.

r. interconnections |
hydrodynamics

!

I:;'“ axial elasticity .
3

bottom contact
L -

o

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

mass and buoyancy



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

Coupling with MoorDyn

MoorDyn is an opensourcedynamicmooring line modelthat
usesa lumpedmassformulation for modelling axial elasticity,
hydrodynamicsandbottomcontact

Simulation 3D & MoorDyn

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


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

Crespceet al.,2018

Coupling with MoorDyn

VALIDATION : EXPERIMENTSIN GHENT UNIVERSITY




Crespoeet al.,2018

Coupling with MoorDyn
VALIDATION : EXPERIMENTSIN GHENT UNIVERSITY

Floating moored BOX _
Regular waves; H=0.12 m, T=1.6s, d=0.5m Time: 0.00s




Coupling with MoorDyn

Crespceet al.,2018

VALIDATION : EXPERIMENTSIN GHENT UNIVERSITY

Dissipative beach

Piston Floating BOX
1 mI ‘ AO'5 m A
_ ~1:10 B
KR egu larwaves
Im - A H=0.12 m
- - AT=16s
35m
- 6.5 m i ' A d=0.5m
) 12m AL=3m )
0.132 m 3
I m o | 0.5 m
1.385 m
DualSPHysics MoorDyn
BOX Dimensions 20x 20x 13.2cm? MOORING Diameter 3.656 mm
BOX Weight 3 kg + 0.6 kg(extra) MOORING Weight 0.607 g/cm
BOX Centre of gravity (0, 0,-1.26) cm MOORING Length 145.5 cm
BOX Lip draught 7.86 cm Water depth 50 cm




Crespceet al.,2018

Coupling with MoorDyn

VALIDATION : EXPERIMENTSIN GHENT UNIVERSITY

MOTIONS
0.1 ' |
‘€ 005f
2 o
©
)
T -005F
-0.1 | | I I
0 5 10 15 20
0.1
E
@ 0
o
=
: :: S ‘ !
3 A T Experiment |
0. DSPH+MoorDyn
I ! ' I I
0 5 10 15 20 25 %0
----------- Expenment
DSPH+MoorDyn
I ! ' I I

0 5 10 15 20 25 30
Time [s]



Crespceet al.,2018

Coupling with MoorDyn

VALIDATION : EXPERIMENTSIN GHENT UNIVERSITY

MOORING TENSION
os- Front Line 3 |

{051 (A i f \ (A" I B N

—~ _ ! A

T L | n e 1 ----------- Experiment
- ] DSPH+MoorDyn
L ! ! ! ! |

os- Back Lihe 1 1

Tx,Line1 [N]

_05 ¥ - -E_: H :-.. :--: :E . .- 3\ .'::- \ ; il i.. —

o : ¢ T ‘ : : ; n -
§ : N Experiment
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5 10 15 20 25 30
Time [s]



Canelast al.,2018

Coupling with Project Chrono

ProjectChronois an opersourcemulti -physicssimulation engine

\\\\\III/,
S PROJECT

Z,CHRONO
<

- Wide set ofjoints: sphericalrevolute joint, prismatiagylyph, etc.

- Unilateral constraints
- Exact CoulombUriction model, for precise stieklip of bodies

- Springs and dampers, even with norinear features

http:/fprojectchrono.org



http://projectchrono.org/

Coupling with Project Chrono




Angle [Deg]

Canelast al.,2018

Coupling with Project Chrono

VALIDATION: ChandraandAsal, 2016

T Gate Width 200mm

Bridge model 190
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Canelast al.,2018

Coupling with Project Chrono

VALIDATION

Spring pendulurnr

Comparison between numeri@ald experimental rotaticangle of
spring pendulum in air and wateandgravity pendulum in air and water
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OUTLINE

Appllcatlon to different WECs
Oscillating Water Column (OWC)
- Oscillating Wave Surge Converter (OWSC)
- Point absorber
- Others WaveStarM4)



Oscillating Water Column (OWC)

OFFSHORHE-LOATING MOORED OWC

Efficiency and survivability of floating

E s f I o W‘ Oscillating Water Column Wave Energy
Converters moored to the seabed

GHENT UNIVERSITY (COORDINATOR), SELGIUM
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IST - UNIVERSIDADE DE LISBOA, FORTLGAL UNIVERSITA DEGLI STUDI FIRENZE ITALY

P —
. m :
g | Qrae L SR
UMNIVERSITY

ERAT

A MARIMET 2 TRAKSMATIGMNAL ACCESS PROECT {FL
SUPPORTED ALSO BY THE RESEARCH FOUNDATION FLAMDERS

)

MFRASTRUCTURES: LABIMA-UMIFI, WaAYE-CURRENT FLUME (v
AHD COASTAL EMGIMEERING RESEARCH GROUP OF GHEMT LUMIVERSITY, LA/

]

FLUME




Oscillating Water Column (OWC)

Floating and moored OWC
EXPERIMENT IN GENT UNIVERSITY: FLOATING MOORED OWC




Crespceet al.,2018

Oscillating Water Column (OWC)

Floating and moored OWC

OWC with different materials but total MASS is 2.593 kg
SPH particles of density 578 kgim

PITCH

Orifice
0.2m (5¢cm)

02m =«

Hole
0.175 m

0.075m <+ Floaters

0.19m

Extra

/ weights

0.075 m I




Crespceet al.,2018

Oscillating Water Column (OWC)
Floating and moored OWC

Piston Floating BOX Dissipative beach
ImI ‘ AO.6m J\
v ' _ 1:10 -
fReguIar waves
Il m n A H=0.11m
P— — AT=16s
< T - A d=0.6 m
) - 12m g A L=3.27m )
__}-ineB 02 m Lin?__Q__r___
T 0423 m
- 02m .
Lme 4 Llne 1
1385 m
DualSPHysics _MoorDyn
OWC Dimensions | 20x 20x 44 cn? MOORING Diametet 3.656 mm
OWC Weight 2593 kg MOORING Weight 0.607 g/cm
OWC Centre of gravity (-0.91, 0,-10.8)cm MOORING Length 145.5 cm
Water depth 50 cm




Crespoeet al.,2018

Oscillating Water Column (OWC)
Floating and moored OWC

UGHENT:
Floating moored OWC
Regular waves; H=0.11 m, T=1.6s, d=0.6m

Time: 0.00 s



Oscillating Water Column (OWC)

Floating and moored OWC

Surge [m] Heave [m]

Pitch [°]

MOTIONS
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Crespoeet al.,2018

MOORING TENSION

o

DSPH+MoorDyn

1 - . I
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........... Experiment
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10
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30
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ilati C .,2018
Oscillating Water Column (OWC) respoet a
Floating and moored OWC

d.OWC
0.1 T
0.05
E
=
-0.05 X
----------- E);F;?I:Tl\iggrDyn
-0.1 ' ! ' | |
5 10 15 20 25 30
Time [s]
RELATIVE MOTION BETWEEN HEAVE AND heave- d.OWC

WATER ELEVATION INSIDE OWC



Brito et al.,2019

Oscillating Wave Surge Converter (OWSC)

Experimental set up at the Marine Research Group's
hydraulics laboratory at Queen's University Belfast.

Scalel:10

aﬂ-ll@]ﬂ




Brito et al.,2019

Oscillating Wave Surge Converter (OWSC)

Experimental set up at the Marine Research Groupg'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
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Oscillating Wave Surge Converter (OWSC)

VALIDATION :
Numerical andexperimental time seriesof angularvelocity of theflap
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Oscillating Wave Surge Converter (OWSC)

Influence of the PTO system CWR: capture width ratio

Fjgmmfh (t) = 00za(t) +0124(t) +i:(t) Viscous friction coefficient
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Oscillating Wave Surge Converter (OWSC)

Influence of the PTO system



