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OBJECTIVES

1) Develop and validate the numerical tool to simulate floating WECs
2) Design more efficient floating WECs

3) Study survivability under extreme conditions



NUMERICAL MODELLING Wave Energy Converters (WECS)

Hydrodynamic interaction between WECs and ocean waves
Is @ complex high order non-linear process
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FAST AND EFFICIENT TIME CONSUMING
LOW AMPLITUDE MOTIONS VIOLENT FLOWS
Linear approach CFD models
Time or frequency domain models Approximate Navier—Stokes

WAMIT, WADAM
Nemoh, WEC-SIM

Meshbased Meshless

methods methods

VOF, OpenFoam, IH-Foam, SPH

Fluent, Fluinco, REEF3D



SMOOTHED PARTICLE HYDRODYNAMICS (SPH)

SPH method was invented for astrophysics during the seventies, but now it is applied in
many different fields including fluid dynamics and solid mechanics.

Fluid is represented using particles which move according to the governing dynamics.

Fluid Particles

SPH interactions are carried out between a given particle and its moving neighbours.



SMOOTHED PARTICLE HYDRODYNAMICS (SPH)

SPH is based on integral interpolants

The fundamental principle is to approximate any function F(r) by (kernel approximation)

Particles o

®q ® @
F(r)=[ F(r)W(r—r 2nh)dr ; : e
® o ®e

: - O
Continuous fluid ® ®
®
From continuous notation (INTEGRALS) ® o o . 0.

To discrete notation (SUMMATION)

N

F(r)zZF(er\}r—rj 2‘

=1

Particles



SMOOTHED PARTICLE HYDRODYNAMICS (SPH)

Navier-Stokes equations

Continuous notation (INTEGRALS) Discrete notation (SUMMATIONS)
In SPH form
Conservation of dp d_p>_ Y
Mass ﬁz—pVV <dt _Zj:mj<vi Vil VW,
Conservation of d_V _ _1 dv P, p
Momentum dt 0 p+F <dt>—2m,£pf+pf ViW;

dp
Density derivative .~ P P

density pressure

Velocity derivative ;= |/
(acceleration) velocity position



SMOOTHED PARTICLE HYDRODYNAMICS (SPH)

ADVANTAGES comparing with mesh-based CFD codes:

v’ Efficient treatment of the large deformation of free surfaces since there is no mesh distortion and no need
for a special treatment of the surface

v" Handling complex boundary evolution
v Distinguishing between phases due to holding material properties at each individual particle
v Natural incorporation of coefficient discontinuities and singular forces into the numerical scheme

v Capable of being coupled with other mesh dependent and meshless techniques



SMOOTHED PARTICLE HYDRODYNAMICS (SH)

https://youtu.be/huXY-rhwMIJA
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https://youtu.be/huXY-rhwMJA

SMOOTHED PARTICLE HYDRODYNAMICS (SPH)
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https://youtu.be/uMJEQKiJgP4

SMOOTHED PARTICLE HYDRODYNAMICS (SPH)




SMOOTHED PARTICLE HYDRODYNAMICS (SPH)
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https://youtu.be/trbkKUTuB9I

SMOOTHED PARTICLE HYDRODYNAMICS (SPH)

DISADVANTAGES comparing with mesh-based CFD codes:

v' The interpolation method used in SPH is very simple and it will be strongly affected by particle disorder.
SPH gives reasonable results for the first order gradients, but they can be worse for higher order derivatives.

v Turbulence treatment is still an open field and more research is needed.

v" Boundary condition implementation is a hard task and fluid particles penetration into boundaries must be
avoided. There is no unanimity to choose the best boundary conditions approach.

v' Time computation is expensive comparing with other meshbased methods or CFD software.



SMOOTHED PARTICLE HYDRODYNAMICS (SPH)
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DualSPHYysics CODE

DualSPHYSlCS FAQ References Downloads Validation Animations SPHysics GPU Computing

DualSPHysics
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The code is developed to study free-surface flow pl enomena where Eulerian
ethods can be difficult to pplv h r impact of dam-breaks on
off-sho s. DualSPHysics is a set of C++, CUDA and Java codes

designed to ddlwx! eal-life engineering problems.

Features WIKI GUI Visualization Developers Contact Forum News

is based on the Smoothed Particle Hydrodynamics model named
.sphysics.org).

Contact E-Mail: dualsphysics@gmail.com

Youtube Chanr

Twitter Accou

U
nel: www.youtube.com/user/DualSPHysics
nt: @DualSPHysics 4
o
o,
2

www.dual.sphysics.org

OPEN-SOURCE CODE

AVAILABLE FOR FREE

COLLABORATIVE PROJECT

LGPL LICENSE

HIGHLY PARALLELISED

PRE- & POST-PROCESSING

APPLIED TO REAL PROBLEMS

JOURNAL PUBLICATIONS


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

SMOOTHED PARTICLE HYDRODYNAMICS (SPH)
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SMOOTHED PARTICLE HYDRODYNAMICS (SPH)
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DualSPHysics DualSPHysics CODE

Industrial interest:

NASA JSC, BAE Systems, Volkswagen AG, McLaren Racing Ltd,
Forum NOKIA, NVIDIA, AECOM, HDR Engineering, ABPmer,
DLR, CFD-NUMERICS, BMT Group, Oak Ridge National
Laboratory, Rainpower Norway, Shell Company, ABB, FEMTO
Engineering ...

Wave energy companies:

American Wave Machines, Carnegie Clean Energy Ltd, Maine
Marine Composites, National Renewable Energy Laboratory in
U.S.A., Atria Power Corporation Ltd., Global Hydro Energy,
WavePower
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SMOOTHED PARTICLE HYDRODYNAMICS (SPH)
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SMOOTHED PARTICLE HYDRODYNAMICS (SPH)
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SMOOTHED PARTICLE HYDRODYNAMICS (SPH)
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https://youtu.be/JeD89PMiLLQ
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Papers by DSPH team 2011-2017
http://dual.sphysics.org/index.php/references/

2011 2012 2013 2014 2015 2016 2017

34 papers in peer-reviewed SCI journals
that have been cited 1055 times (>30 cites/paper)
(SCOPUS 12/06/2018)
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OSCILLATING WATER COLUMN (OWC)

http://en.openei.orq/



http://en.openei.org/

OSCILLATING WATER COLUMN (OWC)

Falcao, A.F. de O. (2010). Wave energy utilization: A review of the
OFFSHORE OWC technologies. Renewable and Sustainable Energy Reviews 14, 899-918.
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OSCILLATING WATER COLUMN (OWCQC)
OFEFSHORE OWC Falcao, A.F. de O. (2010). Wave energy utilization: A review of the

technologies. Renewable and Sustainable Energy Reviews 14, 899-918.
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OSCILLATING WATER COLUMN (OWC)
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DUALSPHYSICS CODE

Numerical simulation of floating moored OWC needs:

- Wave generation, wave propagation and wave absorption

Interaction between waves and fixed structures

Interaction between waves and floating structures

Interaction between waves and floating moored structures



DUALSPHYSICS CODE Altomare et al., 2017

Wave generation, wave propagation and wave absorption

Regular waves (H=0.1m;T=1.3s) Time: 0.00s https://youtu.be/a6lg_Fju2 |

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



https://youtu.be/a6Iq_FjU2_I

DUALSPHYSICS CODE Altomare et al., 2015

Interaction between waves and fixed structures

Assessment of wave loadings on the dikes and storm return walls In the
Blankenberge Marina (Belgium)
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DUALSPHYSICS CODE Altomare et al., 2015
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DUALSPHYSICS CODE Crespo etal., 2017
Interaction between waves and fixed structures
Experiment carried out in the IH-Cantabria of regular waves impacting with a fixed OWC
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DUALSPHYSICS CODE Crespo et al., 2017
Interaction between waves and fixed structures

Experiment carried out in the IH-Cantabria of regular waves impacting with a fixed OWC
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DUALSPHYSICS CODE Crespo et al., 2017
Interaction between waves and fixed structures

Experiment carried out in the IH-Cantabria of regular waves impacting with a fixed OWC
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DUALSPHYSICS CODE Renetal., 2015

Interaction between waves and floating structures
Floating BOX subjected to REGULAR WAVES

Wavemaker

+ 0.3m
To
Ao
= JE
Iy o
3 s o
3 w
3
2m . o T
| 7m . 7m
e
—Experiment_al 0.08 —Experimentfal ]
* DualSPHysics * DualSPHysics

Surge [m]

Heave [m]
Roll []
L4 \ o s NN W
w o (4,1 o W o o [=] W o
L c x|
%8
g
L IR
w

6 8 10 4 6 8 4 6 8
Time [s] Time [s] Time [s]



DUALSPHYSICS CODE Renetal., 2015

Interaction between waves and floating structures
Floating BOX subjected to REGULAR WAVES

Regular waves: _ . -
H=0.1m, T=1.2s, d=0.4m Boa :?.L,mfg_sﬂs' Wave absoprtion
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https://youtu.be/VDa4zcMDjJA

DUALSPHYSICS CODE

Interaction between waves and floating moored structures
Coupling with MoorDyn library

MoorDyn Is an open-source dynamic mooring line model that uses a lumped-mass
formulation for modelling axial elasticity, hydrodynamics, and bottom contact.

https://youtu.be/ToEsVOFDsOI
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D
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http://www.matt-hall.ca/moordyn
https://youtu.be/ToEsV0FDs0I
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DUALSPHYSICS CODE

Interaction between waves and floating moored structures
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DualSPHysics

BOX Dimensions

20x 20 x 13.2cm?

BOX Weight

3 kg + 0.6 kg(extra)

BOX Centre of gravity

(0,0, -1.26) cm

BOX Lip draught

7.86 cm

Mo

orDyn

MOORING Diameter

3.656 mm

MOORING Weight

0.607 g/cm

3.5m -
o 6.5 m g
- 12m
A
T Lme 3 02m Lme2 — 4
i mmmmm 0 0423 m
Im 02 m -'
Line 4 Line 1 <

1.385 m

MOORING Length

145.5cm

Water depth

50 cm




DUALSPHYSICS CODE

Interaction between waves and floating moored structures

Velocity (m/s)
0.4 -0.2 0 Fﬁ 0.4
T .

Time: 10.00 s Time: 10.30 s

Time: 10.60 s Time: 10.90 s

Time: 11.20 s Time: 11.50 s

https://youtu.be/YUSXGXPkYVE



https://youtu.be/YUSxGXPkYvE
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DUALSPHYSICS CODE

Numerical simulation of floating moored OWC needs:

- Wave generation, wave propagation and wave absorption

Interaction between waves and fixed structures

Interaction between waves and floating structures

Interaction between waves and floating moored structures



SPH SIMULATION OF FLOATING MOORED OWC
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SPH SIMULATION OF FLOATING MOORED OWC
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SPH SIMULATION OF FLOATING MOORED OWC

OWC with different materials but
total MASS is 2.593 kg
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: MOORING Diameter 3.656 mm
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SPH SIMULATION OF FLOATING MOORED OWC
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SPH SIMULATION OF FLOATING MOORED OWC
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SPH SIMULATION OF FLOATING MOORED OWC

MOORING TENSION
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SPH SIMULATION OF FLOATING MOORED OWC

VALIDATION WITH EXPERIMENT IN GENT UNIVERSITY
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SPH SIMULATION OF FLOATING MOORED OWC

ENERGY CONVERSION

‘ Qowc
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CONCLUSIONS & FUTURE WORK

OBJECTIVES WERE:
1) Develop and validate the numerical tool to simulate floating WECs
2) Design more efficient floating WECs

3) Study survivability under extreme conditions



CONCLUSIONS & FUTURE WORK

OBJECTIVES WERE:
1) Develop and validate the numerical tool to simulate floating WECs
2) Design more efficient floating WECs

3) Study survivability under extreme conditions

The DualSPHysics code iIs successfully coupled with the MoorDyn model in order to simulate
floating devices/structures moored to the seabed

Validation is carried out using experimental data of a floating BOX and floating OWC
- 3D simulations
- Including mooring tensions (important for survivability)

Future work would focus on the simulation of the air phase inside the OWC chamber



CONCLUSIONS & FUTURE WORK

OBJECTIVES WERE:
1) Develop and validate the numerical tool to simulate floating WECs
2) Design more efficient floating WECs ”
3) Study survivability under extreme conditions
The OWC designed here was important for:

- Validation of the numerical model
- Facing problems in physical tests with floating moored structures .

We want to collaborate with researchers that are designing WECs
We want to simulate your WEC!!!
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