CHALMERS Mattias Olander
Tutorial Vigor Wave Energy Converter

e In this Tutorial a mesh motion class for simulating the Vigor Wave Energy Con-
verter will be implemented for OF-1.6.x.

e How to implement the boundary condition t i meVar yi ngUni f or nFi xedVal ue
is also explained.

e In the Vigor Wave Energy Converter a rubber hose with water and air is used to
harvest energy created by water waves.
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Creating the new class

e Copy the dynam cl nkJet FvMesh class to the run directory and rename it.

>> cp -r $FOAM SRC/ dynam cFvMesh/ dynam cl nkJet FvMesh/ \

$VW PRQIECT _USER DI R/ run/ dynam cVi gor WaveFvMesh

>> cd $W PRQIECT USER DI R/ run/ dynam cVi gor WaveFvMesh

>> sed s/dynam cl nkJet FvMesh/ dynam cVi gor WaveFvMesh/ g \

<dynam cl nkJet FvMesh. C >dynam cVi gor WaveFvMesh. C

>> sed s/ dynam cl nkJet FvMesh/ dynam cVi gor WaveFvMesh/ g \
<dynam cl nkJet FvMesh. H >dynam cVi gor WaveFvMesh. H

>> rm dynam cl nkJet FvMesh. *

e Also copy the Make directory

>> cp -r $FOAM SRC/ dynam cFvMesh/ Make \
$VWW PRQIECT _USER DI R/ run/ dynam cVi gor WaveFvMesh

Hdkan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics 2



CHALMERS Mattias Olander

Creating the new class

e Update the "files” file to the following:

dynam cVi gor WaveFvMesh. C

LI B=$( FOAM USER LI BBI N)/| i bdynam cVi gowaveFvMesh
e Add this to the ”option” file:
-1 $(LI B_SRC) / dynam cFvMesh/ | nl ncl ude

e Compile it to make sure that everything has been done correctly.

>> cd $VWM PRQIECT USER DI R/ run/ dynam cVi gor WaveFvMesh
>> wmake | i bso
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Creating the new class

e In the dynam cVi gor WaveFvMesh. H file change "frequency” to "waveLength”
and "refPlaneX” to "periodTime”.

e Do the same in the dynam cVi gor WaveFvMesh. Cfile.
e Also modify the bool function under "Member Funcions” to this:

poi nt Fi el d newPoi nts = stationaryPoi nts_;
poi ntField toZero = stationaryPoints_;

forAll (newPoints,i)

{
toZero[i][O]=toZero[i][O]-stationaryPoints [1][O];

newPoi nts[i][1] =stationaryPoints [i][1] +tanh(toZero[i][0]/4)*anplitude *
si n(2+*mat hemat i cal Constant:: pi *toZero[i][O0]/waveLength +
2xmat hemat i cal Constant: :pi~tinme().value()/periodTine );

}
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Creating the new class

e So, instead of a newPoi nt sr epl ace function, a for loop steps through the do-
main of the mesh and updates it according to the sinus equation below:

y = tanh(z/4) x Asin(2rx/\ + 2t /T) (1)
e A = amplitude, A\ = wavelength and T = "the time for one complete oscillation”.

e The tanh function is there to ensure that the fixed boundary condition of the left
wall is enforced.

e The t oZer o field is used to translate the mesh to the origin.
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Creating the new class

e Copy the sl oshi ngTank2D tutorial case.

>> cp -r $FOAM TUTORI ALS/ mul ti phase/ i nt er DyMFoant r as/ sl oshi ngTank2D \
$VWW PRQIECT USER DI R/ run/ Vi gor Wave
>> cd $WM PRQIECT _USER DI R/ run/ Vi gor Wave

e First, the blockMeshDict file is changed to produce a thin rectangular domain:

convert ToMeters 10;
vertices
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Creating the new class

e Create the mesh and then check it.

>> bl ockMesh
>> checkMesh

e If ok, continue with the boundary conditions, starting with U:

novi ng\Wal

{
type movi ngWal | Vel oci ty;
val ue uniform (0 0 0);

}

i nl et

{
type fi xedVal ue;
val ue uniform (-10 0 0);

}

out | et

{
type pressurel nl et Qutl et Vel ocity;
val ue uniform (0 O 0);

}
f r ont AndBack

{
}

type enpty;
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Creating the new class

e The boundary conditions for p is also changed:

nmovi ngWal |
{
type buoyant Pressur e;
val ue uni form O;
}
i nlet
{
type zeroG adi ent ;
}
out | et
{
type total Pressure;
p0 uni form O;
U U,
phi phi ;
rho r ho;
psi none,
ganmma 1;
val ue uni form O;
}
front AndBack
{
type enpty;
}
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Creating the new class

e To simulate a unsteady flow of water, the ti neVar yi nguUni f or ni xedVal ue
boundary condition will be used for alpha.

e As indata it needs a file that holds information about which value alpha is going
to have at a specific timestep.

e A out O Bounds string need to be specified, which decides what to do when the
simulaton has passed the scope of the created timestep file. It can either be
error,warn,cl anp orr epeat.

e For example, cl anp will just continue with the last given value for the rest of the
timesteps and r epeat will just loop the values specified.
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Creating the new class

e A new file named ”"timesteps” is created in the main directory of the case and
inside it the values of al pha at timesteps is specified.

(
(0.0 1)

(0.5 0)
)

e This means that alpha equals 1 from timestep 0.0 to timestep 0.5 where it changes
to 0. As repeat will be used for out O Bounds, no more than this need to be
specified.
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Creating the new class

e The new boundary conditions for alpha is shown below:

nmovi ngWal |

{
type zer oGradi ent ;

}

i nlet

{
type ti meVaryi ngUni f or ni xedVal ue;
fileNanme "tinmesteps”;
out O Bounds repeat ;

}

out | et

{
type inletQutlet;
i nl et Val ue uni form O;
val ue uniformO

}

f ront AndBack
{

}

type enpty;
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Creating the new class

e In the const ant directory, the dynam cMeshDi ct need to call the new class
dynam cVi gor WaveFvMesh and the anpl i t ude, the wavelLengt h and the peri odTi ne
of the wave need to be specified:

dynam cFvMeshLi bs ("Il 1 bdynam cVi gor WaveFvMesh. so");
dynam cFvMesh dynam cVi gor WAveFvMesh;

noti onSol verLibs ("libfvMtionSol vers.so");

dynam cVi gor WaveFvMeshCoef f s
{

anpl i tude 1;

wavelLengt h 8;

periodTi ne 1;

}
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Creating the new class

e In the const ant directory the g file need to be altered so the gravitation is in
the negative y-direction instead of the negative z-direction.

e The coefficients of water and air is already specified in t ransport Properti es,
so nothing need to be changed.

e Inthecontrol Di ct filein the syst emdirectory, change the endtime value to 10,
the deltaT to 0.05 and wri t eConpr essi on from compressed to uncompressed.

e The functions formula located after maxDel t a can be deleted in the file as its of
no interest to write out probes and wallPressures at this point.

e Run the case with i nt er DyM~oam
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Finished!

THANK YOU!

Hdkan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics




