Robust simulations of Marine Energy Converters Applications

@ APPLICATIONS:

underground rivers

floating structures waves energy converters oscillating water column

With real context simulations, farm of converters, optimization...
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Robust simulations of Marine Energy Converters Three models in interaction

ﬂg FLI'ID/STRU(,‘TURE INTERACTION MODEL:

» Shallow water type hydraulique model
Efficient: 2D mesh, robust
Additional terms: friction, wind, dispersion...

» Rigid bodies model
Efficient: no mesh, no time step restriction, robust
Additional terms: friction, wind, collisions, anchoring...

» Isentropique gaz model
Efficient: no mesh, no time step restriction, robust
Additional terms: merging and splitting of the air pokets...

Given parameters: Fluid unknowns: Solid unknowns: Air unknown:

L- B(t,x): bottom B U(t,x): horizontal velocity B (A,0);(t): body position > ;:):(t,x): air pressure
> Ug(t,x): bottom velocity B h(t,x): water depth > [A,(;)]l_(t): body velocity

b R? (©): body lower surface B p(t,x): roof reaction B R(t,x): roof elevation

B Up (t,x): roof velocity

Marine Energy Converters Simulations 2/5

Martin PARISOT



Robust simulations of Marine Energy Converters Shallow water model with roof

SHALLOW WATER MODEL WITH ROOF:

dth + V- (ho) =0
0t (hu) + V-(hueu) = —hVe¢(h,p)
min(p,ﬁ—h) =0
¢(hp)=g(h+B+p) é
SCHEMES:

» Low-Froude scheme

to avoid restrictive CFL condition.
» Newmark scheme

to ensure the energy stability.
» Good discretization of the

pressure field to the body fime 231
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PROPERTIES:
» Decreasing of the
discrete mechanic energy.
» Stability of the
steady state at rest.
» Convergence to
return to equilibrium. .
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Robust simulations of Marine Energy Converters

Shallow water model with roof

SHALLOW WATER MODEL WITH ROOF:
0th(¢) + V-(h(p)u) =0
0t (h(¢)u) + V-(h(¢p)ueu) = —h(¢) Ve
min(p,ﬁ—h) =0

h(p) = min(g—B,ﬁ] h
p(¢) = max(0,¢—gR)

by

SCHEMES:

» Low-Froude scheme
to avoid restrictive CFL condition.

» Newmark scheme ¢
to ensure the energy stability.

» Good discretization of the
pressure field to the body ?

time=2.24

PROPERTIES:
» Decreasing of the
discrete mechanic energy.
» Stability of the
steady state at rest.
» Convergence to
return to equilibrium.

Martin PARISOT
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Robust simulations of Marine Energy Converters Air Pockets model

@ AIR POCKETS MODEL:
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Question: How model air pressure p 7

» Large sound velocity asymptotic regime H ti?

uniform pressure per air pocket

> Polytropic deformation (PV™ = cst)

. merging
usually isothermal (m=1) e+l

NV
» Isochoric polytropic merging pprl pptl pPy+l
usually adiabatic (m=y=1.4)

» Isochoric polytropic splitting
usually isobar (m=0)
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10
08
0.6
H{o.a
0.2
0.0
-0.2<
-0.4

PROPERTY:
» for small enough time steps,
the model is well-posed.
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Conclusion Perspectives

Numerical analysis Operational tool
+Numerical evidences | 2D implementation
» ROOF MODELING 4 v
» LAYERWISE 3D 4 v
» DISPERSION v A Uhaina
» BODY DYNAMICS 4 ® CHRONO
» AIR POCKETS MODELING 4
» HIGH ORDER A with M. Ricchiuto
» IMMERSED STRUCTURE A with D. Lannes
» [CE MODELING with H. Beaugendre =~ ©
» NON-HYDRO DF with M. Kazolea  ©
» INFILTRATION with M. Coquerelle ©
» MORPHODYNAMIQUE ©

@ Doc/Posr-Doc: ©
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