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Numerical simulation of FLOATING MOORED DEVICES needs:

- Wavegeneration,wavepropagation and waveabsorption

- Interaction betweenwavesand fixed structures

- Interaction betweenwavesand floating structures

- Interaction betweenwavesand floating mooredstructures

SMOOTHED PARTICLE HYDRODYNAMICS (SPH)

What SPH codecan deal with theseapplications?
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Å PRE- & POST-PROCESSING

Å APPLIED TO REAL PROBLEMS

Å JOURNAL PUBLICATIONS
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LGPL can be used in commercialapplications

Software can be incorporated into both:

- free software and 

- proprietary software
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DUALSPHYSICS CODE

DualSPHysics v4.2

ÅParallelisationwith OpenMPand CUDA (oneGPU card) (Domínguez et al., 2013)

ÅTime integrationscheme: Verlet (Verlet, 1967) & Symplectic (Leimkhuler, 1996)

ÅVariable time step(Monaghan and Kos, 1999)

ÅKernelfunctions: CubicSpline(Monaghan and Lattanzio, 1985) & QuinticWendland(Wendland, 1995) 

ÅDensitytreatment: Delta-SPH formulation(Molteni and Colagrossi, 2009)

ÅViscosity: Artificial (Monaghan, 1992) & Laminar + SPS turbulencemodel(Dalrympleand Rogers, 2006)

ÅWeaklycompressibleapproachusingTaitôsequationof state(Batchelor, 1974)

ÅShiftingalgorithm(Lind et al., 2012)

ÅDynamicboundaryconditions(Crespo et al., 2007)



DUALSPHYSICS CODE

DualSPHysics v4.2

ÅFloatingobjects(Monaghan et al., 2003)

ÅPeriodicopen boundaries(Gómez-Gesteiraet al., 2012)

ÅCouplingwith DiscreteElementMethod(Canelas et al., 2016)

ÅExternalbodyforces(Longshawand Rogers, 2015)

ÅDoubleprecision(Domínguez et al., 2013)

ÅMulti -phase(soil-water) (Fourtakasand Rogers, 2016)

ÅMulti -phase(gas-liquid) (Mokoset al., 2015)

ÅPiston- and flap-typelong-crestedsecond-orderwave generation(Altomareet al., 2017)

ÅPassiveand Active Wave AbsorptionSystem(Altomareet al., 2017)



DUALSPHYSICS CODE

Future releases

ÅInlet/outlet flow conditions Tafuniet al. SPHERIC 2016 & SPHERIC 2017

ÅCoupling with Project Chrono Canelaset al. SPHERIC 2016, Canelaset al. 2018

ÅCoupling with wave propagation modelsAltomareet al. CEJ 2015, Suzuki et al SPHERIC 2017

ÅIncompressibleSPH Chow et al. 2018

Under developmment

Variable particleresolution

OtherBCs

Multi -GPU implementation



DUALSPHYSICS CODE

DYNAMIC BOUNDARY CONDITIONS

INTEGRAL

LUST

DBC
Dynamic boundaries (DBC)

Boundary repulsive forces 

Local Uniform STencil(LUST)
Fluid extensions to the solid boundary 

Boundary Integral (INTEGRAL)
Boundary integral representation 

terms preservation

Domínguez et al. SPHERIC 2015

SPHERIC Benchmark Test Case #2



DUALSPHYSICS CODE

DYNAMIC BOUNDARY CONDITIONS

t=0.40s 

1.23Āh 0.5Āh 0ĀhGAP
Fluid -Boundary

Domínguez et al. SPHERIC 2015

SPHERIC Benchmark Test Case #2



https:// youtu.be/uMJEQKiJgP4

DUALSPHYSICS CODE Altomare et al., 2014DYNAMIC BOUNDARY CONDITIONS

https://youtu.be/uMJEQKiJgP4


DUALSPHYSICS CODE Canelaset al., 2017

https:// youtu.be/trbkKUTuB9I

DYNAMIC BOUNDARY CONDITIONS

https://youtu.be/trbkKUTuB9I


DUALSPHYSICS CODE

DYNAMIC BOUNDARY CONDITIONS

ADVANTAGES

DBC can be applied to arbitrary 2-D and 3-D geometries

provide good validation in many coastal engineering problems

DISADVANTAGES

unphysical density/pressure values of the boundary particles

high repulsive force resulting in a separation distance (GAP)

Ren et al., 2014 (CENG) applied to DBC a correction equivalent to the one 

provided by Adamiet al., 2012 (JCP) for ghost particles of Hu & Adams code

Dynamic boundaries (DBC)

Local Uniform STencil(LUST)

Boundary Integral (INTEGRAL)

Ghost particles (GHOST)
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Wavegeneration,wavepropagation and waveabsorption

Thegeneratedwavesare:

¶Regularwaves: H=0.1m, T=1.3s.

¶ Irregularwaves: Hm0=0.1m, Tp=1.3s (JONSWAPspectrum).

Water surface elevation 

at x=2m

Horizontal and vertical velocity 

at x=2m z=-0.15m 

Altomareet al., 2017DUALSPHYSICS CODE



Wavegeneration,wavepropagation and waveabsorption

Altomareet al., 2017DUALSPHYSICS CODE

https:// youtu.be/a6Iq_FjU2_I

https://youtu.be/a6Iq_FjU2_I


Wavegeneration,wavepropagation and waveabsorption

Altomareet al., 2017

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

eta (m)

Vx (m/s)

Vz (m/s)

THEORY

2nd Stokes 

VS

SPH

DUALSPHYSICS CODE



Wavegeneration,wavepropagation and waveabsorption

Altomareet al., 2017

Piston position and water surface elevation for regular waves with and without AWAS

Regular waves: H=0.1m, T=1.3s with Active Wave Absorption System (AWAS)

DUALSPHYSICS CODE



Interaction betweenwavesand fixed structures

Wavemaker

Structure

3.2 m

0.8 m0.64 m

2.15 m

Berm

23.5 m

WG

Assessmentof wave loadings on the dikes and storm return walls in the

BlankenbergeMarina(Belgium)

Hm0=0.101m 

Tp=2.683s

Altomareet al., 2015DUALSPHYSICS CODE



Interaction betweenwavesand fixed structures

Altomareet al., 2015

Numerical and experimental wave forces

FORCE

DUALSPHYSICS CODE



Interaction betweenwavesand floating structures

Ren et al., 2015

Floating BOX subjected to REGULAR WAVES
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https:// youtu.be/VDa4zcMDjJA
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Interaction betweenwavesand floating moored structures

Coupling with MoorDyn library

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

MoorDyn is an open-source dynamic mooring line model that uses a lumped-mass 

formulation for modelling axial elasticity, hydrodynamics, and bottom contact. 

DUALSPHYSICS CODE

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


VALIDATION WITH EXPERIMENTS

Decay tests with a floating BOX

- heave free & moored

- pitch free & moored

- surge moored

Regular waves interacting with floating BOX

- heave, surge, pitch

- tensions in the moorings

LABIMA

UGENT



x
y

z

VALIDATION WITH EXPERIMENTS

UGENT LABIMA

BOX Dimensions 20 cm x 20 cm x 13.2 cm

BOX Weight 3 kg + 0.6 kg(extra)

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

BOX Lip draught 7.86 cm

MOORING Diameter 3.656 mm

MOORING Weight 0.607 g/cm

MOORING Length 145.5 cm 167.3 cm

Water depth 50 cm 60 cm

UGENT

x,y,z (cm)

LABIMA

x,y,z (cm)

Fairlead a 10,  10, -7.36 10,  9.5, -7.36

Fairlead b 10, -10, -7.36 10, -9.5, -7.36

Fairlead c -10, -10, -7.36 -10, -9.5, -7.36

Fairlead d -10,  10, -7.36 -10,  9.5, -7.36

Anchor A 138.5,  42.3, -50 140.6,  34.5, -55.7

Anchor B 138.5, -42.3, -50 140.6, -34.5, -55.7

Anchor C -138.5, -42.3, -50 -140.6, -34.5, -55.7

Anchor D -138.5,  42.3, -50 -140.6, 34.5, -55.7



HEAVE DECAY TESTS

FREE (initial shift of +5 cm)
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HBOX=13.2 cm Shift=6.6 cm

DP1=0.25 cm  HBOX/DP1=52.8     S/DP1=26.4
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WAVE TESTS

REGULAR T (s) H (cm) d (m) L (m)

BOX_WAVE1 1.60 12.00 0.5 3.100

BOX_WAVE2 1.80 12.00 0.5 3.615

BOX_WAVE3 2.00 12.00 0.5 4.116

DP3=1.00 cm

HBOX=13.2 cm HWAVE=12 cm

HBOX/DP3=13.2 HWAVE/DP3=12

Altomareet al., 2017



WAVE TESTS

https:// youtu.be/YUSxGXPkYvE

BOX_WAVE1

https://youtu.be/YUSxGXPkYvE


WAVE TESTS
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WAVE TESTS

MOORING TENSIONS
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