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1. Abstract

Recent  studies  have  pointed  out  the  potential  of  several
coastal or river areas to provide significant energy resources
in  the  near  future.  However,  technological  processes  for
extracting  energy  using  marine  current  energy  converters
(MCEC) are not generically "field-ready" and still  require
significant research to be set up. The present work comes
within  this  framework:  we  develop  a  numerical  model
useful to carry out a comprehensive description of turbulent
flow patterns past MCEC and forward optimize the turbine
arrays  configurations  and  evaluate  their  environmental
effects.

Classical  numerical  methods  developed  in  this  aim  (e.g.
RANS, LES) are usually based on Navier-Stokes equations
- whom solutions provide mean flow fields - plus a turbulent
closure  model  to  compute  velocity  fluctuations  (e.g.
Smagorinsky,  k−ε,  Rotta’s  model,  see  [1,2]  for  further
details).  Those methods have been considerably improved
over the last decade, however still now they can be costly in
term  of  computational  resources,  and  are  prone  to  be
inaccurate for detached or near-wall flows. 

An alternative  to  this  approach  consists  in  describing the
fluid  as  an  ensemble  of  Lagrangian  particles  ruled  by  a
Stochastic process. [3] first proposed a probability density
function (PDF) which allows to predict  the Eulerian flow
dynamics  and  reconstruct  the  moments  of  the  physical
quantities, up to a given order. [4] adapted this method for
meteorological  frameworks  and  predicted  turbulent  flows
fields in a realistic case of wind refinement. [5] applied the
PDF approach  to the computation of the wind circulation
around mills. They obtained very promising estimations of
the wind variability in the wake of a wind turbine. 

Following the same methodology, the present study aims to
adapt the Lagrangian stochastic downscaling method (SDM)
of [4] to the tidal and oceanic boundary layer. The SDM-

OceaPoS  model  is  built  on  the  parametrization  of  eddy
viscosity from [6]. We also introduce a Lagrangian version
of actuator discs to take account of one or several MCEC’s
devices  and  their  effects  on  the  flow  dynamics.  Several
benchmarks are presented, involving successively one, two,
or three actuator discs at different immersion depths. In any
case, various discs porosities are considered and numerical
predictions  are  compared  to  experimental  results.  The
actuator disc model is also extended in order to (i) capture
tip vortex generated by the device’s blades, (ii) improve the
description  of  the  TKE  at  the  disc  vicinity,  (iii)  include
rotational  effect  generated  by  the  MCEC  during  the
extractions process. Results show that the extended model
significantly  improve  prediction  of  TKE  and  the  mean
velocity  field  downstream  from  the  turbine.  Numerical
performances are then compared to other numerical methods
based  on  Navier  Stokes  equations,  both  in  terms  of
numerical  accuracy  and  computation  times.  At  last,  a
discussion is  given on the possible applications of  SDM-
OceaPoS for turbine sizing and design of MCEC arrays. 
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