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These de Paul Mycek

Ifremer  NORMANDIE De I'expérimental et un peu plus de numérique

* Ftude numérique et expérimentale du comportement d’hydroliennes
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Experimental study of the turbulence intensity effects on marine current turbines behaviour. part Il :
Two interacting turbines.

Renewable Energy, 68(0) :876 — 892, 2014. l.: CRIHAN PDCE)LI\ESSSL%I\/‘\#ON NUMERIQUE
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Ifremer  NORMANDIE De I'expérimental et de plus en plus de numérique

* Simulation du comportement d’hydroliennes : modélisation de
'influence de la turbulence ambiante et des effets d’interaction
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Vers des configurations de plus en plus
realistes — la méthode numérique

General framework

Vortex Particle Method Fluid particles
» |Lagrangian method ; Defined by :
» Solid obstacles represented by a > Position X ;
surface mesh or stationary particles. » Vorticity ("weight'") €.
= = G. Cottet and P. Koumoutsakos.
Governing Equations Cambridge University Press, 2000,
NaVler_StOkeS Equatlons : \ec;rttf?n'lfl:gcis for flow simulation.

Journal of Computational Physics,

» |Incompressible fluid, 37(3) 289335, 1980.
C. Rehbach.

Calcul numérique d’'écoulements tridimensionnels
instationnaires avec nappes tourbillonaires.

> Velovity-vorticity formulation (e, w).

V - U — O La Recherche Aérospatiale, 5 :Z?:;ﬁ)— 298, 1977.
Do S22
—— = (w-V)u+rViw
Dt = ~~ = = ~ =t
Stretching Diffusion
i Dw Ow
with =2 — 2% | (4 - V)w

Dt ot



e g 4 Vers des configurations de plus en plus
VN e realistes — la méthode numérique
Velocity field
Helmholtz Decomposition Velocity components
wu =V X+ Vo—+ > . : Rotational component

= Influence of the wake,

uw —+ u‘ﬁ’ Y A
— > ¥ : Potential component
Integral methods .

= Influence of the turbines,

V2¢ D > 2.7° : Upstream incoming velocity.

V2o
e — @, —

|
o

Mean camber surface : Full blade surface surface : Ligting line representation.
» dipole singularities, » dipole and source
» Jloads from dipole singularities,
distribution. » potential computation
and Bernoulli for loads.
G. Pinon, P. Mycek, G. Germain, C. Choma Bex.

Développement de modeéles numériques

Mumerical simulation of the wake of marine Lagrangiens pour la simulation du

current turbines with a particle method. {F:ﬁ?;pﬁrff':’ef: C{:'r}':dtt_otinﬂejsa“_ Neoxrman dic
Renewable Energy, 46{(0) :111 126, 2012. T bheEsE tversite Le Havre BPMTP 2" Nov. 2022 - Rouen, G. Pinon

and E. Rivoalen.
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Integration of SEMs

Velocity decomposition |
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average velocity fluctuating velocity

Integration into the Vortex method

e 9 e S) e
» Sub-layer of turbulent structures; ®
I c <
: o
» Turbulent structures = Turbines 0° o VY e EK* e T e
Turbines == Turbulent structures; = © s
: - Ex
» Can be pictured as a "conveyer belt". = . _ o e o
MN. Jarrin.
Synthetic Inflow boundary conditions for the numerical simulation of turbulence. DESEM (PO'EttO) - "addies"

PhD thesis, University of Manchester, 2008.

R. Poletto.
Divergence free develoment of the Synthetic Eddy NMethod in order to improve synthetic turbulence for

embedded LES simulations.

PhD thesis, University of Manchester, 2014.
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Influence on a turbine wake
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C. Choma Bex, G. Pinon, M. Slama, B. Gaston, G. Germain, and E. Rivoalen. 0 0.5 1 0.5 1 0.5 1 0.5 1 05 1
Lagrangian vortex computations of turbine wakes : recent improvements using poletto's synthetic eddy T

method (SEM) to account for ambient turbulence.
Journal of Physics : Conference Series, 1618 :062028, sep 2020.
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Vers des configurations de plus en plus
realistes — ferme d’hydroliennes

Normandie-France pilot farm

e General electric / Engie c

e 4 tidal turbines array:

e Alstom Oceade
e 18D - 1.4 MW

e The 4 turbine is located

Configuration of the NEPTHYD prc
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M. Slama, C. Choma Bex, G. Pinon,

M. Togneri, and |. Evans.

Lagrangian vortex computations of a four tidal turbine
array : An example based on the nepthyd layout in the
alderney race.

Energies, 14 :3826—-3839, 2021.
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Bound Vortex

1
» Relative velocity :

e (U$: Up — QT)

» (' : Lift coefficient

Cr. = Cr(, Re)

» Trailing and spanwise vorticity :

dr ~ dI'p(r,t)
FT(?’—?,t) —Td’f‘
Tg(r,t) = m‘%—?’ﬂdt

Dufour, M.-A., Pinon, G., Rivoalen, E., Blondel, F., and Germain, G. (2023). Development and validation of a lifting-line
code associated to the Vortex Particles Method software Dorothy.
Submitted to Wind Energy
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Vers des configurations de plus en plus
realistes — performance des machines
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Vers des configurations de plus en

- olus réalistes — turbine / houle

Federlco Zilic de Arcos — Post-doc Marie Sktodowska-Curie No 101034329.
Recipient of the WINNINGNormandy Program supported by the Normandy Region.

J OpenFOAM v2012 + Volume-of-Fluid

J Stabilised k-w SST turbulence closure (Larsen & Fuhrman,
2018)

e  Waves2Foam for wave generation/absorption (GABC)
. Discretisation:

. 60 cells over rotor diameter

. Over 150 cells per wavelength

. 10 cells per wave height
J Actuator line rotor representation

. Relatively new sampling technique

This project has received funding from the European Union's Horizon 2020 research and
innovation programme under the Marie Sktodowska-Curie grant agreement No 101034329.
Recipient of the WINNINGNormandy Program supported by the Normandy Region.
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* Formation of large coherent
structures due to the interaction
between the rotor’s wake and waves

x/D
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No waves f = 0.60 Hz

f = 0.50Hz f=0.65Hz
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