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SMOOTHED PARTICLE HYDRODYNAMICS (SPH)
Numerical simulation of FLOATING MOORED DEVICES needs

Wave generation,wave propagation and wave absorption

Interaction betweenwavesand fixed structures

Interaction betweenwavesand floating structures

Interaction betweenwavesand floating moored structures

What SPH codecan deal with theseapplications?
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DUALSPHYSICS CODE
DualSPHysics v4.2

Aarallelisatiorwith OpenMPand CUDA pneGPU card (Dominguezt al.,2013
Alime integrationschemeVerlet (Verlet 1967 & Symplectic [eimkhuler 1996

Avariable timestep(Monaghan anéos, 1999
Aernelfunctions CubicSpline(Monaghan antlattanzig 1985 & Quintic WendlandWendlang 1999

Mensitytreatment Delta SPHformulation(Molteni andColagrossi2009

Aviscosity: Artificial (Monaghan, 1999& Laminar + SPSurbulencamodel(Dalrympleand Rogers, 2006
ANeaklycompressiblapproactusingT a i efjuiatsonof state(Batchelor 1974

AShifting algorithm(Lind et al., 201}

ADynamicboundaryconditions(Crespo et al., 2007
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DualSPHysics v4.2

A-loatingobjects(Monaghan et al., 2003
Aeriodicopenboundarie$GomezGesteiraet al.,2012)

ACouplingwith DiscreteElementMethod(Canelas et al., 2016

A xternalbodyforces(Longshawand Rogers, 2015

Moubleprecision(Dominguez et al2013

AViulti-phasgsoil-watel) (Fourtakasaind Rogers, 2016

AViulti-phasggasliquid) (Mokoset al., 201%

Aiston andflap-typelong-crestedsecondorderwavegeneratior{Altomareet al., 201y

APassiveand Active Waveé\bsorptionSystem(Altomareet al., 201y
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Future releases

Anlet/outlet flow conditions Tafuniet al. SPHERIC 2016 & SPHERIC 2017
ACoupling with Project Chrono Canelast al. SPHERIC 201&anelast al. 2018
ACoupling with wave propagation modelsAltomareet al. CEJ 2015, Suzuki et al SPHERIC 2017
AncompressiblSPH Chow et al. 2018

Under developmment

Variableparticleresolution
OtherBCs

Multi-GPUimplementation
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DYNAMIC BOUNDARY CONDITIONS

DBC
Dynamic boundaries (DBC

Boundary repulsive forces

LUST
Local UniformSTencil(LUST)

Fluid extensions to the solid boundary 4

INTEGRAL LA
Boundary Integral (INTEGRAL

Boundary integral representation .
termspreservation Y

_____

Dominguez eal. SPHERIC 2015
SPHERIC Benchmark Test Case #2
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Dominguez eal. SPHERIC 2015

DUALSPHYS|CS CODE SPHERIC Benchmark Test Case #2

DYNAMIC BOUNDARY CONDITIONS
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DUALSPHYSICS CODE DYNAMIC BOUNDARY CONDITIONS  Altomareet al.,2014
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DYNAMIC BOUNDARY CONDITIONS

ADVANTAGES
DBC can be applied to arbitrary2 and 3D 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 (CENGapplied to DBC a&orrection equivalentto the one
provided byAdamiet al., 2012 (JCHpr ghost particles of Hu & Adams code

P o Dynamic boundaries (DBC
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DUALSPHYSICS CODE
Numerical simulation of FLOATING MOORED DEVICES needs

Wave generation,wave propagation and wave absorption

Interaction betweenwavesand fixed structures

Interaction betweenwavesand floating structures

Interaction betweenwavesand floating moored structures



DUALSPHYSICS CODE Altomareet al.,2017

Wave generation,wave propagation and wave absorption

Thegeneratedvavesare
1 Regularwaves H=0.1m, T=1.3s.
T Irregularwaves H;,=0.1m, T =1.3s (JONSWAPspectrum,

Watersurface elevation Horizontaland verticalelocity

Vertical wall

at x=2m S at x=2m z=0.15m
Wavemaker \ .

A

0.6m v

I 0.27m ‘

A
\J

40m



DUALSPHYSICS CODE Altomareet 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
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Wave generation,wave propagation and wave absorption

Regular waved4=0.1m,T=1.3s
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DUALSPHYSICS CODE Altomareet al.,2017

Wave generation,wave propagation and wave absorption
Regular wavedd4=0.1m,T=1.3s with Active Wave Absorption System (AWAS)

Position of piston

—no AWAS
——with AWAS

- AN
= VUVVUVUUY Vb (i

Piston positiorandwater surface elevatidor regular waves with and withoAWAS
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Interaction betweenwavesand fixed structures

Assessmenbf wave loadingson the dikes and storm return walls in the
Blankenbergéarina(Belgium)
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Interaction betweenwavesand fixed structures

Time: 37.825s
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DUALSPHYSICS CODE Renet al.,2015

Interaction betweenwavesand floating structures
Floating BOX subjected toREGULAR WAVES

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

0.3m x 0.2m

https:// youtu.be/VVDa4zcMDjJA
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Interaction betweenwavesand floating moored structures
Coupling withMoorDyn library

MoorDyn is an opersource dynamic mooring line model that uses a lunmasis
formulation for modelling axial elasticity, hydrodynamics, and bottom contact.

mean water line - ' k' platform reference frame Simulation 3D & MoorDyn

e
b weaightsfloats
i — D

interconnactions

hydrodynamics

' axial elasticity
Ly

bottom contact

i

mass and buoyancy

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



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

VALIDATION WITH EXPERIMENTS

Decay tests with a floating BOX LABIMA
- heave free & moored
- pitch free & moored
- surge moored

Regular waves interacting with floating BOX UGENT (Lm_F\II\IETRSITY
- heave, surge, pitch
- tensions in the moorings




VALIDATION WITH EXPERIMENTS

UGENT LABIMA
BOX Dimensions | 20cm x 20 cm x 13.2 cr

BOX Weight 3 kg + 0.6 kg(extra) 50cm
BOX Centre of gravity (0, 0,-1.26) cm
BOX Lip draught /.86 Cm
MOORING Diameter 3.656 mm
MOORING Weight 0.607 g/cm
MOORING Length | 145.5cm | 167.3 cm 1
Water depth 50 cm 60 cm
UGENT LABIMA
X,y,Z (cm) X,y,Z (cm) Y
Fairlead d 10, 10,-7.36 10, 9.5-7.36
Fairlead by 10,-10,-7.36 10,-9.5,-7.36
Fairlead ¢| -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 Hoox=13.2 cm

FREE(initial shift of +5 cm) DP,=0.25cm Hgny/DP;=52.8
DP,=0.50cm Hgq,/DP,=26.4
DP,=1.00cm Hgq,/DP,=13.2
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HEAVE DECAY TESTS Heox=13.2 cm  Shift=6.6 cm
MOORED (shift of +6.6 cm) DP,=0.25cm Hgn,/DP;=52.8 S/DR=26.4

-0.02

-0.04

-0.06

heave (m)

-0.08

-0.1 = ¢ -EXP MOORED
——— SPH MOORED DP1
-0.12
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WAVE TESTS

REGULAR [ T(s)| H(cm) | d(m) L (m)
BOX WAVE1l|l 1.60| 12.00 0.5 3.100
BOX WAVE?2l 1.80| 12.00 0.5 3.615
BOX WAVE3| 2.00| 12.00 0.5 4.116

DP;=1.00 cm

Hgox=13.2Ccm
Hgox/DP5;=13.2

Altomareet al.,2017

Hpyae=12 cm




WAVE TESTS BOX_WAVEL

Velocity (m/s)
-0.4 -0.2 0 0.2 0.4
- s .

Time: 10.30 s

Time: 10.60 s
Time: 10.00 s

Time: 10.90 s

Time: 11.20 s ; Time: 11.50 s F

https:// youtu.be/YUSxXGXPkKYVE
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WAVE TESTS

BOX MOTIONS

BOX_WAVE1
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WAVE TESTS

BOX_WAVE1

Front line (3)

Back line (1)

T=1.6s

H=12cm

MOORING TENSIONS

BOX_WAVE?2

BOX_WAVE3
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time (s)

T=2.0s
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