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FVM discretization

> Most spatial derivative terms are first integrated over a cell volume V
and then converted to integrals over the cell surface bounding the
volume using Gauss'’s theorem
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Values at
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Interpolation from cells to faces
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» What we need is some algebraic relational expressions
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Available interpolation schemes in OpenFOAM

> Typical interpolation schemes in OpenFOAM

l/Jf :f(l/)P'l/)N)

v upwind

v linearUpwind

v linear

v limitedLinear
etc.

Many other schemes are available for use
in the spatial interpolation [1].




Specification of interpolation schemes

» Interpolation schemes are chosen on a term-by-term basis

gradSchemes

{

default Gauss linear;

}

divSchemes

{

default none;
div (phi,U) bounded Gauss linearUpwind grad(U) ;
div((nuEff* (T (grad(U))))) Gauss linear;

}

laplacianSchemes

{

default Gauss linear corrected;

}

interpolationSchemes

{

default linear;

}




Specification of interpolation schemes

> Interpolation schemes are chosen on a term-by-term basis

gradSchemes

{

default Gauss linear;

}

Vp dV = dS-p=ZSf-pf
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Specification of interpolation schemes

> Interpolation schemes are chosen on a term-by-term basis

fv V-(UU)dV=fS dS-(UU)=ZSf-Ufo=ZFUf

divSchemes

{

default none;
div (phi,U) bounded Gauss linearUpwind grad(U) ;
div((nuEff* (T (grad(U))))) Gauss linear;

f 7-(v(vuw)h) dv = f ds- (v(ru)h) = Z Sq-(v(w)");
v s -



Specification of interpolation schemes

> Interpolation schemes are chosen on a term-by-term basis

LV-(Fch)dV:L ds-(rv¢)=zf:rf Sq- (V)

laplacianSchemes

{

default Gauss linear corrected;

}




L et’s look Into
the codel




surfacelnterpolationScheme.C

0322 //- Return the face-interpolate of the given cell field ;
TR 1) A ot e l surfacelnterpolationScheme.C

0324 template<class Type>

0325 tmp<GeometricField<Type, fvsPatchField, surfaceMesh> >

0326 surfaceInterpolationScheme<Type>: :interpolate

0327 (

0328 const GeometricField<Type, fvPatchField, volMesh>& vf

0329 ) const

0330 {

0331 if (surfacelInterpolation: :debug)

0332 {

0333 Info<< "surfacelnterpolationScheme<Type>: :interpolate"
0334 " (const GeometricField<Type, fvPatchField, volMesh>&) : "
0335 "interpolating "

0336 << vE.type() << " "

0337 << vf.name ()

0338 << " from cells to faces"

0339 << endl;

o b Without explicit correction
0342 tmp<GeometricField<Type, fvsPatchField, surfaceMesh> > tsf
0343 = interpolate (vf, weights(vf)) ; ‘

0344 .
0345 if (corrected()) — r—-

0346 { p—

0347 tsf () += correction(vf) ;

0348 }

0349 Additi £ lici 2
— T Ition of explicit correction

0351 }



https://github.com/OpenFOAM/OpenFOAM-2.3.x/blob/master/src/finiteVolume/interpolation/surfaceInterpolation/surfaceInterpolationScheme/surfaceInterpolationScheme.C
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surfacelnterpolationScheme.C

//- I.Return tI.le.face—inte.t.'polate of the given cell field SUrfaceInterDOIationSCheme.C
// with explicit correction I

template<class Type>
tmp<GeometricField<Type, fvsPatchField, surfaceMesh> >

surfaceInterpolationScheme<Type>: :interpolate
(

const GeometricField<Type, fvPatchField, volMesh>& vf
) const

{

if (surfacelInterpolation: :debug)
{
Info<< "surfacelnterpolationScheme<Type>: :interpolate"
" (const GeometricField<Type, fvPatchField, volMesh>&) : "
"interpolating "
<< vf.type() << " "

<< vf.name ()

<< " from cells to faces" "WeightS()" are different
<< endl; depending on the
I interpolation scheme.

tmp<GeometricField<Type, fvsPatchField, surfaceMesh> > tsf
= interpolate (vf, weights(vf)) ;

if (corrected())
{

tsf () += correction (vf) ;

return tsf;



https://github.com/OpenFOAM/OpenFOAM-2.3.x/blob/master/src/finiteVolume/interpolation/surfaceInterpolation/surfaceInterpolationScheme/surfaceInterpolationScheme.C
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surfacelnterpolationScheme.C

//- I.Qeturn tI.le.face—inte.t.'polate of the given cell field SUrfaceInterDOIationSCheme.C
// with explicit correction l

template<class Type>
tmp<GeometricField<Type, fvsPatchField, surfaceMesh> >

surfaceInterpolationScheme<Type>: :interpolate
(

const GeometricField<Type, fvPatchField, volMesh>& vf
) const

{

if (surfacelInterpolation: :debug)
{
Info<< "surfacelnterpolationScheme<Type>: :interpolate"
" (const GeometricField<Type, fvPatchField, volMesh>&) : "
"interpolating "
<< vf.type() << " "

<< vf.name ()

<< " from cells to faces" “interpolate()” calculates
<< endl; interpolated face value
) without explicit correction.

tmp<GeometricField<Type, fvsPatchField, surfaceMesh> > tsf

= interpolate (vf, weights(vf)) ; Turn tO the neXt page'

if (corrected())
{

tsf () += correction (vf) ;

return tsf;



https://github.com/OpenFOAM/OpenFOAM-2.3.x/blob/master/src/finiteVolume/interpolation/surfaceInterpolation/surfaceInterpolationScheme/surfaceInterpolationScheme.C
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surfacelnterpolationScheme.C

const surfaceScalarField& lambdas = tlambdas() ; I SurfaceInterDOIationSCheme C '

const Field<Type>& vfi = vf.internalField() ;
const scalarField& lambda = lambdas.internalField() ;

const fvMesh& mesh = vf.mesh();
const labelUList& P = mesh.owner () ;

const labelUList& N = mesh.neighbour () ;

tmp<GeometricField<Type, fvsPatchField, surfaceMesh> > tsf
(

new GeometricField<Type, fvsPatchField, surfaceMesh>
(

IOobject

(

"interpolate ("+vf.name()+') "',
vf.instance (),
vE.db () sfi[fi] represents the
) interpolated value at
h, :
meste the fi-th face center.
vf.dimensions ()
)7
GeometricField<Type, fvsPatchField, surfaceMesh>& sf = tsf();

Field<Type>& sfi = sf.internalField();

for (register label fi=0; fi<P.size(); fi++)
{
sfi[fi] = lambda[fi]* (VEi[P[£fi]] - VEi[N[£fi]]) + VEi[N[£i]]:



https://github.com/OpenFOAM/OpenFOAM-2.3.x/blob/master/src/finiteVolume/interpolation/surfaceInterpolation/surfaceInterpolationScheme/surfaceInterpolationScheme.C

First look into “upwind” scheme

Table 4.6: Interpolation schemes [1]

Centred schemes

linear Linear mterpolation (central differencing)
cubicCorrection Cubic scheme

midPoint Linear mterpolation with symmetric weighting

Upwinded convection schemes Flow directions are considered.

upwind Upwind differencing
linearUpwind Linear upwind differencing
skewLinear Linear with skewness correction

filteredLinear2 Linear with filtering for high-frequency ringing

TVD schemes

limitedLinear Iimited linear differencing
vanLeer van Leer limiter

MUSCL MUSCL hmiter
limitedCubic Cubic Imiter

NVD schemes

SFCD Self-filtered central differencing
Gamma Gamma differencing




Calculation of weights

0128 //- Return the interpolation weighting factors .
upwind.H
0129 tmp<surfaceScalarField> weights () const
0130 {
0131 return pos (this->faceFlux );
0132 }
0133
0134 //- Return the interpolation weighting factors
0135 virtual tmp<surfaceScalarField> weights
0136 (
0137 const GeometricField<Type, fvPatchField, volMesh>é&
0138 ) const
0139 {
0140 return weights() ;
0141 }
> [. 0131
1 if faceFlux[facei] > 0
weights()|facei] =
0 if faceFlux[facei] <0



https://github.com/OpenFOAM/OpenFOAM-2.3.x/blob/master/src/finiteVolume/interpolation/surfaceInterpolation/limitedSchemes/upwind/upwind.H

Explicit correction

» For “upwind” scheme, corrected() returns “false”

0175 [//- Return true if this scheme uses an explicit correction

0176 wvirtual bool corrected() const

0177 {
gi ;z } return false; Sl lrfigeIn#arnini_:ionScherne.H

So, “upwind” interpolation has no explicit correction.
> Evaluation of the interpolated value
« If phi[facei] > 0

sfi[fi] lambda[fi] * (vEi[P[£fi]] - vfi[N[£f1]]) + vEfi[N[£fi]]
weights () [fi]*(vEi[P[£fi]] - vEi[N[£fi]]) + vEi[N[f1i]]
1*(vE1i[P[£fi]] - vEfi[N[£fi]]) + vEi[N[£fi]]

vEi[P[£fi]] = owner cell wvalue

« If phi[facei] =0

sfi[fi] lambda[fi] *(vEi[P[£fi]] - VvE£i[N[£fi]]) + vEi[N[£fi]]
O*(vELi[P[£i]] - v£i[N[£i]]) + vE£i[N[£fi]]
VvEi[N[£fi]] = neighbour cell wvalue


https://github.com/OpenFOAM/OpenFOAM-2.3.x/blob/master/src/finiteVolume/interpolation/surfaceInterpolation/surfaceInterpolationScheme/surfaceInterpolationScheme.H

Interpolated value

phi[facei] > 0 phi[facei] = 0

owner neighbour owner neighbour

owner is the upstream cell neighbour is the upstream cell

Yy [facei] Yy [facei]
= 1 [owner cell of facei] = [neighbour cell of facei]




linearUpwind Linear upwind differencing

Table 4.6: Interpolation schemes [1]

Centred schemes

linear Linear mterpolation (central differencing)
cubicCorrection Cubic scheme

midPoint Linear mterpolation with symmetric weighting

Upwinded convection schemes Flow directions are considered.

upwind Upwind differencing
linearUpwind Linear upwind differencing
skewLinear Linear with skewness correction

filteredLinear2 Linear with filtering for high-frequency ringing

TVD schemes

limitedLinear Iimited linear differencing
vanLeer van Leer limiter

MUSCL MUSCL hmiter
limitedCubic Cubic Imiter

NVD schemes
SFCD Self-filtered central differencing
Gamma Gamma differencing




linearUpwind Explicit correction

> “weights” are same as that of “upwind” scheme

» For “linearUpwind” scheme, corrected() returns “true”

0139 //- Return true if this scheme uses an explicit correction

0140 wvirtual bool corrected() const

0141 {
0142 return true; . !
0143 linearUpwind.H
> Calculation of explicit correction term linearUpwind.C
0085 forAll (faceFlux, facei)

0036 ( I label of an upstream cell

0087 label |celli| = (faceFlux[facei] > 0) ? owner[facei] : neighbour|[facei];
0088 sfCorr[facei] =| (Cf[facei] - C[celli]) & gradVf[celli];

0089 }

« Upstream cell is judged by the ‘

sign of the face flux field “phi”
(faceFlux means phi in the
above code)

r- VY [upstream cell]


https://github.com/OpenFOAM/OpenFOAM-2.3.x/blob/master/src/finiteVolume/interpolation/surfaceInterpolation/schemes/linearUpwind/linearUpwind.H
https://github.com/OpenFOAM/OpenFOAM-2.3.x/blob/master/src/finiteVolume/interpolation/surfaceInterpolation/schemes/linearUpwind/linearUpwind.C

Interpolated value
phi[facei] > 0 phi[facei] = 0

owner neighbour owner ‘ neighbour

A

upstream cell

Y [facei] = ¢ [upstream cell of facei]
+ 1 - VY [upstream cell of facei]

r | Face

. ’ center

Center of
upstream cell




linearUpwind Discretization of gradient

Yy [facei] = ¢ [upstream cell of facei]
+ 1| VY [upstream cell of faceij

» Specification of the discretization scheme of gradient term Vp

gradSchemes “fvSchemes” file

{

grad (psi) Gauss linear;

} 7'\

The same strings have to be specified.

interpolationSchemes

{ v
interpolate(psi) linearUpwind phi |grad(psi)

N~

}




Linear interpolation with symmetric weighting

Table 4.6: Interpolation schemes [1]

@ed schemes> Flow directions are not considered.

linear Linear mterpolation (central differencing)
cubicCorrection Cubic scheme
midPoint Linear mterpolation with symmetric weighting

Upwinded convection schemes

upwind Upwind differencing
linearUpwind Linear upwind differencing
skewLinear Linear with skewness correction

filteredLinear2 Linear with filtering for high-frequency ringing

TVD schemes

limitedLinear Iimited linear differencing
vanLeer van Leer limiter

MUSCL MUSCL hmiter
limitedCubic Cubic Imiter

NVD schemes
SFCD Self-filtered central differencing
Gamma Gamma differencing




Calculation of weights
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//- Return the interpolation weighting factors

tmp<surfaceScalarField> weights

midPoint.H

(
const GeometricField<Type, fvPatchField, volMesh>&
) const

{

tmp<surfaceScalarField> taw
(

new surfaceScalarField

(

IOobject

( - - - -
"midPointWeights", We'g htS on the
this->mesh () .time () . timeName () , .
this—>mesh () internal faces are 0.5

),
this->mesh() ,

dimensionedScalar("0.5", dimless, 0.5)

) ;

surfaceScalarField: :GeometricBoundaryField& awbf =
taw () .boundaryField() ;

forAll (awbf, patchi)
{
if (!'awbf[patchi].coupled())

{
awbf [patchi] = 1.0;

}

return taw;



https://github.com/OpenFOAM/OpenFOAM-2.3.x/blob/master/src/finiteVolume/interpolation/surfaceInterpolation/schemes/midPoint/midPoint.H

Explicit correction

» For “midPoint” scheme, corrected() returns “false”

0175 [//- Return true if this scheme uses an explicit correction

0176 wvirtual bool corrected() const
0177 {

gi;g } return false; surfacelnterpolationScheme.H

So, “midPoint” interpolation has no explicit correction.

> Evaluation of the interpolated value

sfi[fi] = lambda[fi]* (vEi[P[£fi]] - v£fi[N[£fi]]) + v£fi[N[£fi]]
weights () [fi]* (VELi[P[£fi]] - vE£i[N[£fi]]) + vE£i[N[£fi]]
0.5*%(vEi[P[£fi]] - VvE£i[N[£fi]]) + v£i[N[£fi]]
0.5*(vEi[P[£fi]] + v£i[N[£fi]])

0.5* (owner cell value + neighbour cell value)

Arithmetic mean



https://github.com/OpenFOAM/OpenFOAM-2.3.x/blob/master/src/finiteVolume/interpolation/surfaceInterpolation/surfaceInterpolationScheme/surfaceInterpolationScheme.H

Interpolated value

owner neighbour

@ & @

Arithmetic mean

Y [facei] =

1
> (Y [owner cell of facei] + Y [neighbour cell of facei])
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