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Binclude "fwCFD.H™ L

Binclude "MULES.H™ 4

Binclude “subCycle.H™

Binclude “interfaceProperties.H™!
Binclude "phaseChanzeTwoPhaselixture .H™ L
Binclude "turbulencelodel .H" 4 (
finclude "pimpleContral JH™ L

Binclude "fvlOoptionlList.H™4

:

T~

MCNI&H”\L
interface.correct (3

A === Pressure corrector loopd
while (pinple.carrect()) 4
1

a7
[«]

Binclude “pEan.H" 4

interFoam.C

#include “aphaCourant No.H”
)

JOR R X R X X X R X X ¥ R R R K % X % ¥ % % ¥ ¥ % % ¥ % % ¥ % % % x o x Jf)

Level Set

)
int maintint argc, char *argv[])4
fid
Rinclude “setRootCase.H™4
Rinclude “createTine.H™4
finclude “createMesh.H™ ¢
Binclude “readGravitationalfcceleration.H™L
Binclude “initContinuityErrs.H™ 4
Binclude “createFields . H™ L
Binclude “readTimeContraols . H™L
4
pinpleContral pimpleinesh); L
4
Binclude “../interFoan/correctPhi . H™
Binclude “CourantMNa.H™
Binclude “setInitialDeltal .H™4
)
SR s e e e e e s R e i R
)
Info<< "¥nStarting time loop¥n™ <4 endl; 4
4
while (runTime.runt)) 4
[
finclude “readTimeCant ra|l &
finclude "Courantha.H™ !
finclude “setDeltaT.H"4
4
runTimett; L
4

1
ff --- Pressure-velocity PIMPLE corrector loond
while (pimple.loop())4
I /
finclude “UEan.H™
1

Tnfo<< “Time = “ << runTime-timeNana() << nl << endl;t al

tquhaseProperties->c0rrect();it——__—_______,____————”‘
!



twoPhaseProperties -> correct();

twoPhaseProperties createFields.H
Info<< “Creating phaseChangeTwoPhaseMixture¥n” <<endl;
autoPtr<phaseChangeTwoPhaseMixture>twoPhaseProperties =

phaseChangeTwoPhaseMixture::New(U, phi);

#include “phaseChangeTwoPhaseMixture.H”

#include “incompressibleTwoPhaseMixture.H”

$FOAM_SRC/transportModels/incompressible/incompressibleTwoPhaseMixture
incompressibleTwoPhaseMixture.H  correct()

//- Correct the laminar viscosity

viutual void correct()

{

calcNu(); |Nu v




twoPhaseProperties -> correct();

$FOAM_SRC/transportModels/incompressible/incompressibleTwoPhaseMixture
IncompressibleTwoPhaseeMixture.C

/[- Calculate and return the laminar viscosity
void From::incompressibleTwoPhaseMixture::calcNu()
{

nuModell ->correct();

nuModel2_->correct();

I/l Average kinematic viscosity calculated from dynamic viscosity

nu_ = mu()/(limitedAlphal*rhol_+ (scalar(1)-limitedAlphal)*rho2 );

} (kinematic viscosity)




alphaEgnSubCycle.H

alphaEgnSubCycle.H alphaEgn.H
word alphaScheme("diviphi,alphal™); 4
word alpharScheme ("diviphirh.alphal™);
surfaceScalarField phiri"phir”,(phic¥interface.nHatf(1);4 18
14

for (int aCorr=0; aCorr<nflphaCorr; aCorr++)4

?:L.JeraceSc:aIarField phidlphadt (I)a:d)(x-}—d)r(l—a)a

i

Fwciofluxd
{4
phi, il

alphal, t (b(x

alphascheme &

+ fycrifluxt

“fyci:iflux(-phir, alpha?, alpharSchene),

alphal, &

= alpharfchene L (I)r(l—(x,)(x,

Pair<tmp<volScalarField> > wDotélphal =14
twoPhaseProperties->vwDotélphal (4

canst wolScalarField& vDotchlphal

canst wolScalarField& vDotvdlphal

aphaEgnSubCycle.H

surfaceScalarField phic(nag(phi/mesh.magsf (1))
phic = min(interface.chlphall®phic, max(phic))

¢c = min(C,, o, max(¢,))

0=/

(I)r:(l)cnf

phaseChangeTwoPhaseMixture.C

yDothlphal [070); 4
yDothlphal [110);4

ﬁhEULEs::exm icitSolved MULES

1

U geonetricOneField(), s

ﬁj: slphal & vDotAlphal[0]()
4]

i phiflpha, +

i CvDotwhlphal - wDotchlphal 100,
e (divU*alphal + wDotchlphalJ(). e
i i

i 0.

)i

vDotAlpha[1]()

*(1-aphal) =vDotcAlphal
*aphal=vDotvAlphal




" alphaEgn.H

alphakEqnSubCycle.H alphakqn.H
interPhaseChangeFoam interFoam
42 MULES: :imelicitSalve 5 surfacefcalarField phicinag(phi/mesh.magif (1))
43 T i MULES B phic = minlinterface.chlphall#phic, maxiphic)];
44 eeonetricOneFieldl), L 7 surfaceScalarField phir(phictinterface.nHatf ()04
45 alphal, i H., Weller B |
4R phi,d g for (int aCorr=0; aCorr<nflphaCorr: alorrt+]
47 phiflpha, L 10 {4
48 idivl + vDotwdhlphal - vwDotchlphal)(), 4 M surfaceScalarfField phiflphat
49 vDotchlehal , 4 12 (4
50 1k i fwciafluxd
51 04 14 (4
52 Jid et phi, 4
e 16 alephal .,
b4 alpha? = 1.0 - alphal:st 1 alphaschene
55 rhoPhi = phifileha*xirhol - rhoZ) + phi*rho?;d 13 ) 4
R 1, 18 +ofvesof luxd
57 |4 20 {4
hB Info<< "Liguid phase wvolume fraction = 74 21 —fvc::flux(-phir, alpha?, EI|F'|"IEI.I’SI3|"IEI'I'IE:|5¢
e << alphal cweighteddverage (mesh. Y () ) .valuel) L 22 alphal ,
1] £ 7 MWinlalphal) = 7 << minlalehal).valuel) L 23 alpharscheme 4
B £4 7 MWaxlalphal) = 7 << max{alehal).value() L 24 )4
G2 <4 endl ;i 2 A4y
63114 26 |4
27 MULES ::explicitSolvelalphal, phi. phifilpha, 1, 004
28 |+
MULES+OpenFOA|V| 29 alphaZz = 1.0 - alphal 4
a0 rhoPhi = phidlphatirhol - rho2) + phi*rho?; 4
31 b
32 |+
33 Info<< “Phase-1 volume fraction = ™4
34 << alphal .weightedbverazge (nesh Ve (1) value ()4
35 <" MWintalphal) = << nintalphal) .valuei) 4
) ) 36 << " Maxlalphal) = ™ << pax(alphal).valuei) !
Henrik Rusche, Ph.D thesis (2002), 37 << end| ;4

Computational fluid dynamics of dispersed two-phase

flows at high phase fractions o ) ) o ) o ) 8
Multidimensional Universal Limiter with Explicit Solution



" alphaEgqn.H MULES.H
$FOAM_SRC/finiteVolume/fvMatrices/solvers/MULES/MULES.H

interPhaseChangeFoam MULES.H
82 ltemplate<class RhoTwpe, class SpTwpe, class Sulyperd

4 MULES : timplicitSolved 93 |void implicitSolwed
43 [ 84 (4
44 zeomet ricOneFieldi), ¢ a5 »const RhoTyped rho, d
45 alphal, + 08 volocalarFieldd zamma, !
48 phi, T a7 const surfacedcalarFieldd phi,t
47 phifilpha, £ 48 »surfaceicalarFieldé phiCorr,
48 (divl + vDotwhlphal - vDotchlphal)(),+ 44 const Splwped| dp)d
49 vlotchlphal , & H const SulTwped| Suld
50 It HH pconst scalar psilax, L
| 04 (Wi const scalar psiMind
2 Y 103 1;4
53 |4 104 |4
b4 alpha? = 1.0 - alphal:st 105 [void inplicitiolved
55 rhoPhi = phifileha*xirhol - rhoZ) + phi*rho?;d 106 [( ¢
i) e 107 volScalarFieldd zamma, ¢
|4 108 const surfacescalarFieldd phi,t
hi Info<< "Liguid phase volume fraction = 74 104 surfacescalarFieldd phiCorr,
x| << alphal cweightediverage (nesh Y (1) ovaluel) L 1140 const scalar psiMax, i
1] <47 MWintalphal) = 7 << min{alphal ) cvaluel) 4 111 const scalar psiMind
Bl << 7 Maxlalphal) = 7 << max(alphal).value() L 124
G2 << end| ;4
B3l

) Sp, Su




" MULES Sp Su

CHALMERS C3SE

Equation discretization in OpenFOAM

e Converts the PDEs into a set of linear algebraic equations, Ax=b, where x and b are volFields
(geometricFields). Ais an fvMatrix, which is created by a discretization of a geometricField and
inherits the algebra of its corresponding field, and it supports many of the standard algebraic
matrix operations

e The fvm (Finite Volume Method) and fve (Finite Volume Calculus) classes contain static func-
tions for the differential operators, and discretize any geometricField. fvm returns an fvMatrix,
and fve returns a geometricField.

Examples:

Term description Implicitexplicit Mathematical expression fym::/fve:: functions
Laplacian Implicit/Explicit V -I'Va laplacian{(Gamma,phi)
Time derivative Implicit/Explicit ¢/t ddt(phi)

dpdy [ Ot ddt(rho, phi)
Convection Implicit/Explicit V - () div(psi, scheme)

V - (o) div(psi, phi, word)

div{psi, phi)
Source Implicit pab Sp(rho, phi)
Implicit/Explicit SuSp(rho, phi)

o: vol<type>Field, p: scalar, volScalarField, ¢': surfaceScalarField

Hdakan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics
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HowTo Adding a new transport equation

Suppose you want to solve and additional scalar transport equation for the scalar w by adding it to an existing sclver The equation has the form
where p and T are defined as dimen=ionedScalar and are retrigved from a dictionany using the Tockur member function. 5z is the source term

To implement the equation. just add the line:

to the createFields. d file of the solver

Then, sclve the equation by adding the following lines in the point of the solver where you want the equation to be solved

soive
!
frmg: 1 dd= {Tho, pai)
4+ Ty rdivi{phi; psi)
—-Fymwi s lepleci=n {gamms; -psi)

In this example. the source term is treated explicitly. To manage it implicitly, OpenFOAM provides the Sp and the 5usp functions. Suppose we can write it as 5:=XKw. The code lines to

solve the same equation with an implicit treatment of the source term are:

salve
(
fom: : T (xho, ‘psi)
<+ fvm: idiv (phi, psi)
— Fvm: ol 1 ! {gamma, psi)

vz : {kappa, p3i)



" alphaEgqn.H MULES.H

alphaEgnSubCycle.H

alphakEqn.H

interFoam

template<class RhoTwpe, class SpTwpe, class Sulvpex !
void explicitiolved

(4
const RhoTyped rho, i
wolicalarField& psi,d
const surfacelcalarField& phiPsi,
const SpTyped Sp,t

; const Sulwvpel Sud

template<class Rholwvpe, class Splvpe, class Sulypexl
void explicitSolwed
[
const RhoTwped rho, !
wolScalarFieldd psi,d
const surfaceScalarField® phiBD, 4
surfaceScalarfFieldd phifsi, L
const Bplyped Gp.d
const Sulyped Su,d
const scalar psilax,
, const scalar psiMind

1
*

%Did explicitiolved
voldcalarField& psi,d
const surfacedcalarField& phiBD, 4
surfaceScalarFieldd phifsi, !
const scalar psilax,
const scalar psilind

A

surfaceScalarfField phicinaglehi/mesh.magsfil)]
phic = minfinterface.chlpha()#phic, max(phic))

iy
L
surfaceScalarField phir(phictinterface.nHatf());

4

for Cint aCorr=0; aCorr<ndlphaCorr; aCorr++)
iy

surfacedcalarField phiflphalt

B
fvciifluxd
3
phi, il
alphal,
alphadcheme
j R
+ fyciofluxd
3
“fweiifluxi-phir, alpha?, alpharScheme), 4
alphal,
alpharichene
R
1id

MULES ::explicitSolvelalphal, phi. phifilpha, 1, 004

| .0 - alphal; 4
phifilphatirhal - rho2) + phitrho?; 4

alphal
rhaPhi
!

Info<< “Phase-1 volume fraction = ™4
<< alphal .weightedbverazge (nesh Ve (1) value ()4
<7 MWinlalphal) = 7 << nintalphal ) .value(l L
47 MWaxlalphal) = 7 << paxlalphal ). value(l L
<< endl;

12




Interface.correct()

interface.correct();

interface  createFields.H
I/l Construct interface from alphal distribution

interfaceProperties interface(alphal, U, twoPhaseProperties());

$FOAM_SRC/transportModels/interfaceProperties/interfaceProperties.H

13



Interface.correct()
$FOAM_SRC/transportModels/interfaceProperties/interfaceProperties.H

B s e e e e e e i g i L
h? Clazs interfaceProperties Declarations

| A KA ke Rk o d e Y R Y e Bl FE e LA
b4 |+

bh |class interfacePropertiess

BE [+

s £ Private datad

hE |+

ik Fr- Keep a reference to the transportProperties dictionary+
B0 conzt dictionarvk transportPropertiesDict s+

Bl |+

B2 ff- Compression coefficients . =t

B3 zcalar chlpha_;+ Ca‘compron
B4 |+

Bh Fi- Surface tenzion+

B R dimenzionedicalar sigma_;+ G.

BT |+

Ga Fi- Btabilisation for normalization of the interface normals
LR const dimensionedicalar deltal ;4

70 |+

71 const wolScalarFielddk alphal_ss E;PJ:

12 const wolVectorFieldl U ;e

73 surfacesScalarField nHatf_; ¢

i volscalarField K_;o

75 |+

T8 |+

77 £ Private Member Functions

8|

74 Fr- Disgallow default bitwise copy construct and assiznment+
an interfaceProperties{const interfacePropertiesh); e

2 void operator={const interfacePropertiesh):

R

aa £r- Correction for the boundary conditlon om the unit mormal nHat one
a4 F4 o owalls to produce the correct contact dymamic angled

ah Ff o calculated from the companent of U parallel to the walld
ah woid correctContacténgled

g7 {4+

aa surfaceVectorField: :GeometricBoundaryFielddk nHat, s

a4 surfaceYectorField: :Geomet ricBoundaryFieldk zradélphaf +
1] T const:d
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120
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122
123
124
125
126
127
128
123
130
131
132
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134
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Interface.correct()

zoalar chlphal) consts
L4

return chlpha_:+
14

$FOAM_SRC/transportModels/interfaceProperties/interfaceProperties.H

S5 WMember Functionsd

Ca:compression

const dimenzionedScalark deltalN{) constd

[4
t deltal _;+ .
‘o return deltal SN:
const surfaceScalarFielddk nHatfi) constd InterfaCEPrOpertles.C
Fog
return nHatf ;4 r# ?iltaN_+
fok “deltaN’, s

const volZcalarFieldk E() const:
T

return K_:4
li

iy

le-8/powlaveragelalphal . .mesh (). Y(0),

1. 0/3.054

K:

const dimenzionedscalark zizmal) constd

I4
14

return sigma _} -+

tmp<volScalarFields =zizgmak() constd
[
return =igma_#E 1

14
woid correct()d
T4
calculatel{)ze
T

C.

é}gma_{dict.Inukup(”sigma”}}=¢

oK

15




Interface.correct()

$FOAM_SRC/transportModels/interfaceProperties/interfaceProperties.C

109 |void Foam::interfaceProperties:icalculatel()
110 |1+
111 const feMeshd mesh = alphal _.mesh();
e const surfaceYectorFieldd Sf = mesh.5f();4
113 |4
114 £ Cell gradient of alphadt
e const wolVectorField graddlphalfve:izgradialphal J);¢
116 |+
117 /f Interpolated face-gradient of alphat
118 surfaceVectorField graddlphaf (fvc:iinterpolatelgraddlphal);s
118 |4
/eradhlphaf -=1
ik (mesh.5F () mesh.magsf ()) 4
£ #(fwciisnGrad(alphal ) - (mesh.Sf() & graddlphaf)/mesh.magSf());4 (Va)f
pE
/4 Face unit interface normal 4 an —
surfaceVectorField nHatfv(eraddlphaf/inagleradhlphaf) + deltal_J);4 (Va) _|_5
correctContactdngleinHatfv . houndaryField(), zradblphaf . bhoundaryField()); f N
pE

£/ Face:unit interface normal fluxd

nHatf_ = nHatfwv & S5f;4 nf :an.Sf

Jf Binple expression for curvatured

K= —-fyc::divinHatf )4 . -
k=V-n
/4 Complex expression for curvature. OpenFOAM

/4 Correction is formally zero but numerical ly non-zero.d
S

volVectorField nHat (zradélpha/(nazl{zraddlpha) + deltal_J):d
forfl | inHat .boundaryField (), patchil

{51

nHat .boundaryField () [patchi] = nHatfv.bhoundarvField() [patchil;
L)

K = afvetrdivtnHats 4 GnHat & fues sevadinlat vl fonlat)ied

sl

O S SN WU - SO oo o o e o e o e o e 0 e B e 0 e 0
LN o DO D — O 0D OO0 =) 0 LT e OO O — O OO0 -] 50 CT fm OO D — T
=

kS
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Interface.correct()
$FOAM_SRC/transportModels/interfaceProperties/interfaceProperties.C

void Foam::interfaceProperties:icalcoulatel() 4

i Level-Set ¢

const fyMesh& mesh = alphal _.mesh();4
const surfaceYectorFieldd Sf = mesh.5f();4 (V )
?),

£ Cell gradient of alphadt k:—vn :—V
const wolVectorField graddlphalfve:izgradialphal J);¢ f (‘;796) _+_é$
f

/f Interpolated face-gradient of alphat
surfaceVectorField gradblphaf (fvc:iinterpolate(zradblphal);d

i fferadhlphaf - 5(¢):O

=4
/17 (nesh.Sf ()/nesh.nagSf (1) 4 9> ¢
£ #(fwerisnGrad(alphal ) = (mesh.5f() & graddlphaf )/ nesh.nagSf (1)L ¢

/4 Face unit interface normal 4 2
surfaceVectorField nHatfv(eraddlphaf/inagleradhlphaf) + deltal_J);4 & &
correctContactédngleinHatfv. boundaryField(), graddlphaf . bhoundarvField());

£/ Face:unit interface normal fluxd H —
nHatf = nHatfw & 5f;4 (¢) O

. 1, ¢ 1. (74
Bl e (0)=3[a o] ol <

/f Conplex expression for curvature.!
/f Correction is faormally zero but numerical ly non-zero.! H(¢):1 ¢>8
S

volYectorField nHat (gradflpha/(mnaglzradhlphal + deltalN_)J:d _ _

fordl | inHat .boundaryField (), patchi)¢ /)"F*/?I+'Cl F{)fh

14 _ _
nHat .boundaryField () [patchi] = nHatfv.boundaryField() [patchil: A“'F{/h +'Cl Fi)ﬁ%
"

K. = =fyeisdivinHatf ) + (nHat & fvc:igradinHatfv) & nHat)
sl




