CFD with OpenSource software, project

Implementing

“chtMultiRegionFoam” Solver
for Electric Welding




troduction




htMultiRegionFoam

The solver is based on combination of heatConductionFoam and
buoyantFoam for conjugate heat transfer between a solid region

and fluid region




ultiRegionFoam

OpenFoam - 1.5

esolidWallTemperatureCoupled

mylInter facePatchName
{
type solidW allT emperatureCoupled,
neighbour RegionName  fluid;
neighbour Patch N ame fluidSolidInter face;
neighbour Field N ame T
K K;

value uni form 300;




ultiRegionFoam

OpenFoam - 1.5

esolidWallHeatFluxTemperature

mylInter facePatchName

{

type

solidW all Heat FluzTemperature;

K.

)

< Name of K field >

uniform 1000; < Heat fluz [W/m2] >

300.0;

< Initialtemperature [K| >




ultiRegionFoam

OpenFoam - 1.5

esolidWallHeatFluxTemperatureCoupled

myWall PatchN ame

{
type
neighbour Region N ame
neighbour PatchN ame
neighbour Field N ame
K

value

solidW all Heat FluxT emperatureCoupled,
fluid,

fluidSolidInter face;

X3

K;

uni form 300;




ultiRegionFoam

JpenFoam - 1.6

*solidWallHeatFluxTemperature

mylInter face PatchName

{

type

solidW all Heat FluxTemperature;

K;

< Name of K field >

uni form 1000; < Heat fluz [W/m2] >

300.0;

< Initialtemperature [K] >




ultiRegionFoam

JpenFoam - 1.6

*solidWallMixedTemperatureCoupled

myinterfarcePatchName
{
fype solidWallMixed TemperatureCoupling;
neighbourfFieldName T
K:

uniform 300;




Implementing chtMultiRegionFoam

Geometry and mesh
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(topAir)
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minx

solid region
(bottom solid)

geometry of the test case with two different regions

esetset —batch makecellSets.setset (to define region sets)
esetsToZones —noFlipMap (to add zones to the mesh with similar sets name)
esplitMeshRegions —cellZones —overwrite (to split mesh into multiple regions)




Implementing chtMultiRegionFoam

Case structure

{au OII
“topAir”

NG
o
“n”
“bottomSolid”
“cp”
g
g
“ho”
“constant”
regionProperties
“topAir”
I; “polyMesh”

thermophysicalProperties
-

g
“bottomSolid”

“pol




menting chtMultiRegionFoam roane1e
wersicn 2.0;
format ascii; ] )
Bounda ry conditions ;iz::lm :g?l-?calarf‘leld,
cbject T;
}

PV L T B B B A L B T T ) ok ok ok & & S S

dimensions [0O0O01 000 1];
internzlField uniform 300;
boundaryField
1
maxy
{
fiwedValue;
uniform 100;

zeroGradient;
uniform 300;

zeroFradient;
uniform 300;

zercGradient;
uniform 300;

type zercGradient;
wvalus uniform 300;
1
toplir teo bottomSclid
{

type soclidWallMixedTemperatureCoupled;
wvalus uniform 300;
neighbourFieldMName T;

E;




menting chtMultiRegionFoam A

i
version
format asciis
e clas=s volScalarField;
Boundary conditions location "N
object T:
H

Jf‘fI’I’**I’I’I’**I’I’I’I’I’***************!J{

dimenszions [0O0O0100O01]:;
internalField uniform 300;

boundaryField
i
minX
i
type zeroGradient;
wvalue uniform 300;
H
maxE
i
tvpe zeroGradient;
uniform 300;

zeroGradient;
uniform 300;

zeroGradient;
uniform 300;

type fixedValue:;
value uniform 2000;
H
bottomSolid to_toplir
i
type solidWallMiredTemperatureCoupled;
wvalue uniform 200;
neighbourFieldName T;
® K
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plementing chtMultiRegionFoam

Thermal conductivity

Solid region:

K=80, cp=450
Fluid region:

K= cp*mu*rPr

Mixture gasName n W cp Hf mu Pr

FoamFile
{
version 2.0;
format ascii;
claas dictionary:
object thermophysicalProperties;

H

ll.l’f'&"&"&"&"k**************************;;

thermoType
hPziThermo<pureMixture<constlransport<specieThermo<hConztThermo<perfectiGa
S

mixture air fake 1 28.5 450 0 1.8e-02 0.10125;

.|'F.|'F R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R ‘f‘f
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Temperature
2000

Implementing chtMultiRegionFoam

Results

fluid region II'-.II E
(topAir) :

solid region
(bottom solid)

temperature distribution in both solid and fluid region
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dding Electric Potential equation

Maxwell equation

' '(,_Lva‘p] =0

j::-—ﬂm‘?¢-

nductivity

IvMezhis mesh = solidBegion=[i]:

volScalarFields rho = rhos[i]:
volScalarFields sigmaMag = sigmaMags[i]:
volScalarFields ElPot = ElPot=[1i]:
volScalarFields cp = cps[i]:
volScalarFields E = E=[i]:
volScalarFields T = T=[i]:




g Electric Potential equation [ -~

ElPots.set
[

Electric conductivity L olScalarField

{

Zdding to ElPotshn" << endl;

ICckiject

{
"ElPot"™,
runTime . timeMame (),
sclidRegicns[i],
ICckject: :MUST READ,
Iockject: :RAUTC WRITE

} r

soclidRegicons [i]

Infows " Zdding to sigmaMagshn" << endl;
sigmaMags.set
(

i,
new volScalarField
(
ICckiject
(
"sigmaMag",
runTime . timeMName (),
sclidBRegicns[i],
ICckject: :MUST READ,
Iﬂﬂbj ect: :.E.UTD_WRITE
|
soclidRegicns[i]




g Electric Potential equation

Electrical potential equation

// Solve equation for electric potential ELFot
//Info << " Spolve the electric potential eguation " << endl;

Info<< "debut VEgn.H - sigmaMag max/min : " << max(siomaMag).value() << "
" << min(zigmaMag) .value() << endl;

{
solve
(
fvm::laplacian(zigmaMag, ELlPot)
)i




FoamFile
. o o {
g Electric Potential equation version  2.0;
foma ascii;
classt volScalarField;
location mom;
obiject ElPot;

oundary conditions b

ff ® K K K K Kk Kk KR &k &k & &K kK kK kK kK kK K kK & &K kK &k &k &k &k & K K & & ff
dimen=zions [12-3 00 -10);

internalField uniform 0;

boundaryField
{
maxy
{
type fizgedValue:
uniform -2;
}
minX
{
zeroGradient;

zerolGradient;

zerolGradient;

type zeroGradient;

topAir to bottomSolid
{

Type solidWallMizedTemperatureCoupled;
value uniform 0;
neighbourFieldName E1Pot;

4 sigmaMag;

ff R R A R R A A RN R AR R RN AR R R RN AR R R AR R ff




FoamFile
L o o {
g Electric Potential equation version 2.0:
ormat ascii;
class volScalarField;
location mom;
object ElPot;

oundary conditions }

j! oK K R kR R R kR Ok R Ok K & K kK Kk kK Kk &k kK K kK K k kK kK Kk & & kK k kK & & &

= % )
dimensions [12-300 -124071:

internalField uniform 0;

boundaryField
{
min¥
{
Type fixedvValue;
uniform 3;
}
minX
{

zeroGradient:;

zeroGradient:;

zeroGradient:;

type zeroGradient:;

bottomScolid to toplir
{

type zo0lidWallMixedTenperatureCoupled;
value uniform 0;

neighbourFieldName ElPot:

K sigmaMag;

/! R R R R R R R R R R R R R AR A R R R A R A AR R R R R R AR AR R R AR R R R AR R R RE f{
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Adding Electric Potential equation

Results:




g Electric Potential equation
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g Electric Potential equation
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Conclusions and future works

 The laplacian electric potential equation can be implemented as a
coupling boundary condition between different regions in
“‘chtMultiRegionFoam” solver.

For extending the model to temperature dependent solid parameters the
re work can be to implement materila quantities via the library
mophysicalModels”, as done for the corresponding quantities in the fluid




