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[I. Auto drosSinatajs

Matematiska modelésana, izmantojot OpenFOAM

Saja raksta apskatisim automasinu elektriska droinatdja modelésanu, izmantojot
datorprogrammu un C++ bibliotéku pakotni OpenFOAM. leprieksé&jais dokuments par
temperatiiru elektriskaja vada' satur daudzus stkakus paskaidrojumus pieméra
sagatavoSana un rékinasana, kas Seit netiks atkartoti. Pamaciba veidota, lietojot
OpenFOAM 2.1.x ar atbilstoSo swak4foam versiju, ka arT ParaView 3.10.

1. Fizikala situacija un problémas formuléjums Dekarta
koordinatu sistema

Dots automasinas drosinatajs, kura geometriskais modelis veidots no
paralélskaldniem. Uzdevums ir noskaidrot, cik ilgs laiks paiet [Tdz metala kuSanai péc
stravas padeves uzsaksanas, ka art - kads ir temperatiiras sadalljums pasa drosSinataja.
Piemérs nemts no promocijas darba.2

1 Vilums R. /. Temperatdra elektriskaja vada un ta izolacija : Matematiska modelésana,
izmantojot OpenFOAM. Riga : LU FMF, 2012. Pieejams:
http://matmod.pbworks.com/w/file /59999645 /1-ElektriskaisVads.pdf

2 Vilums R. Conservative Averaging Method in Mathematical Models of Heat Processes of Electric
Systems. Riga : University of Latvia, 2010. PhD Thesis.


http://matmod.pbworks.com/w/file/59999645/1-ElektriskaisVads.pdf
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Simetrijas dé] nemam astoto dalu no pilnas geometrijas:
zZ
H N

h

0 / I+L x

Ja temperatiru apzimé ar funkciju T(X,t), tad sekojoSs Laplasa vienadojums
raksturo siltuma plismu materiala:

ocpTl

-V-kVT =F, (M

kur Kk ir Tpatnéjais siltumvadiSanas, bet y=cp siltumietilpibas (péc tilpuma)
koeficients. Fizikas rokasgramatas So parametru atkariba no temperatiiras parasti dota
tabulas veida, ko més aproksimésim ar tresas pakapes polinomiem. F ir lineara avota
funkcija, kas balstita uz DzZoula likumu un raksturo Iidzstravas rezultata radusos
siltumu:

|2

FI(T) :Epref (1_aref (T _Tref ))’ i E{O,l}, (2)
kur indekss 1=0 norada uz tievako apgabalu, bet 1 =1 - uz lielako; | - stravas
stiprums, A - Skérsgriezuma laukums, p,. - pretestiba references jeb atsauces

temperatira, o, - temperatiras linearais koeficients pretestibai, T, - references

ref
temperatira.

Uz argjam virsmam noradam robeZnosacijumus, kas raksturo siltumapmainu ar
apkartéjo vidi:

ot —Tw)J -0, )
5
oT oT

k—+a(T —Tm)j =0, [k—+a(T—TOO)] =0, (4)
62 z=h,x€[0,1] 82 z=H ,xe[l,1+L]

—k%r+a(T—Tm)j _o, 5)

x=l,ze[h,H]
kur a ir virsmas siltumapmainas koeficients un T_ - apkartéjas vides temperatara.

Paréjas ir simetrijas virsmas:

al o & oo 6)
aX x=0 aX x=l+L
a _o I oo @)
ayy:() 82 z=0
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2. Risinataja pirmkods

Programmu nosaucam par jouleHeatingFoam. Pirmkods veidots péc /aplacianFoam
un iepriekSéja raksta izveidota /aplacianSourcefoam parauga un satur sekojoSas
datnes ar attéla redzamo struktdru.

[ iouleHeatingFoarn
=) Make

&= Files
5| options
[Z] createFields.H
E] jouleHeatingFoam, C

jouleHeatingFoam.C

#include "fvCED.H"
#include "simpleControl.H"

int main(int argc, char *argv[])

{

#include "setRootCase.H"
#include "createTime.H"
#include "createMesh.H"
#include "createFields.H"

simpleControl simple (mesh)
Info<< "\nCalculating temperature distribution\n" << endl;

while (simple.loop())

{
Info<< "Time = " << runTime.timeName () << nl << endl;

while (simple.correctNonOrthogonal ())

{
//siltumietilpiba, siltumvadamiba un avota funkcija
CRho = CRhoO + CRhol*T + CRho2*sqgr (T) + CRho3*pow (T, 3);

K = KO + K1*T + K2*sqr (T) + K3*pow (T, 3) ;
F = sqgr(I) * rhoRef / sqr(A) * (l+alphaRef* (T-TRef));
solve

(
//diferencialvienadojums (1)
fvm: :ddt (CRho, T)
- fvm::laplacian (K, T)

F
)i
}

runTime.write () ;
Info<< "ExecutionTime = " << runTime.elapsedCpuTime () << " s"
<< " ClockTime = " << runTime.elapsedClockTime () << " s"

<< nl << endl;
}

Info<< "End\n" << endl;

return 0;

}



Es ESF IEGULDIJUMS TAVA NAKOTNE

EIROPAS SOCIALAIS
FONDS

createFields.H

Info<< "Reading fields: T, CRho, K, A\n" << endl;

//Temperattra
volScalarField T
(
IOobject
(
"T"’
runTime.timeName (),
mesh,
IOobject::MUST_READ,
IOobject::AUTO WRITE

mesh
)

//Definéjam siltumvaditspéjas un siltumietilpibas fizikdalas dimensijas
dimensionSet dimHeatConductivity (dimPower/dimLength/dimTemperature);
dimensionSet dimHeatCapacity (dimSpecificHeatCapacity * dimDensity) ;

//SiltumvadisSanas koeficients
volScalarField K
(
IOobject
(
"K" ,
runTime.timeName (),
mesh,
IOobject::NO READ,
IOobject::AUTO_WRITE
),
mesh,
dimensionedScalar ("zero", dimHeatConductivity, 0.0)

)

volScalarField KO
(
IOobject
(
"KO",
runTime.constant (),
mesh,
IOobject::MUST READ,
IOobject::NO_WRITE

mesh

)

volScalarField K1
(
IOobject
(
"K1",
runTime.constant (),
mesh,
IOobject::READ IF PRESENT,
IOobject::NO WRITE
),
mesh,
dimensionedScalar ("zero", dimHeatConductivity/dimTemperature, 0.0)

);

volScalarField K2

(
IOobject
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ngo" ,
runTime.constant (),
mesh,
IOobject::READ_IF_PRESENT,
IOobject::NO WRITE
),
mesh,
dimensionedScalar ("z", dimHeatConductivity/pow (dimTemperature,2), O0)

)

volScalarField K3
(
IOobject
(
"K3",
runTime.constant (),
mesh,
IOobject::READ IF PRESENT,
IOobject::NO WRITE
),
mesh,
dimensionedScalar ("z", dimHeatConductivity/pow (dimTemperature,3), O0)

)

//Siltumietilpibas koeficients
volScalarField CRho
(
IOobject
(
"CRho",
runTime.timeName (),
mesh,
IOobject::NO_READ,
IOobject::AUTO WRITE
),
mesh,
dimensionedScalar ("zero", dimHeatCapacity, O0)

)

volScalarField CRhoO
(
IOobject
(
"CRhoO",
runTime.constant (),
mesh,
IOobject::MUST READ,
IOobject::NO_WRITE

mesh

)

volScalarField CRhol
(
IOobject
(
"CRhol",
runTime.constant (),
mesh,
IOobject::READ IF PRESENT,
IOobject::NO WRITE
),
mesh,
dimensionedScalar ("zero", dimHeatCapacity/dimTemperature, 0)

)
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volScalarField CRho2
(
IOobject
(
"CRho2",
runTime.constant (),
mesh,
IOobject::READ IF PRESENT,
IOobject::NO_WRITE
),

mesh,
dimensionedScalar ("zero", dimHeatCapacity/pow (dimTemperature,2), 0)

)

volScalarField CRho3
(
IOobject
(
"CRho3",
runTime.constant (),
mesh,
IOobject::READ_IF_PRESENT,
IOobject::NO WRITE
),

mesh,
dimensionedScalar ("zero", dimHeatCapacity/pow (dimTemperature,3), 0)

)

//Skérsgriezuma laukums
volScalarField A
(
IOobject
(
"A",
runTime.constant (),
mesh,
IOobject::MUST READ,
IOobject::NO WRITE
),

mesh

);

//Avota funkcija
volScalarField F
(
IOobject
(
wEn ,
runTime.timeName (),
mesh,
IOobject::NO_READ,
IOobject::AUTO WRITE
)4
mesh,
dimensionedScalar ("zero", dimPower/dimVolume, 0.0)

)

//Nolasam paréjos parametrus no "vardnicas", ko izmantos formula (2)
Info<< "Reading electricProperties\n" << endl;

IOdictionary electricProperties
(

IOobject

(

"electricProperties",
runTime.constant (),
mesh,
IOobject::MUST READ,
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IOobject: :NO WRITE
)

dimensionedScalar rhoRef

(

electricProperties.lookup ("rhoRef")
)i
dimensionedScalar alphaRef

( electricProperties.lookup ("alphaRef")
éimensionedScalar TRef

( electricProperties.lookup ("TRef")
éimensionedScalar I

( electricProperties.lookup ("I")

)

Make/files

jouleHeatingFoam.C

EXE = $(FOAM_USER_APPBIN)/jouleHeatingFoam

Make/options
EXE INC = -I$(LIB_SRC)/finiteVolume/lnInclude
EXE_LIBS = -1finiteVolume

Kompil&jam programmu, izpildot wmake.

wmake

Veiksmigas kompilacijas gadijuma direktorija $FOAM_USER_APPBIN paradisies
izpildama datne jouleHeatingFoam.

3. Piemeéra datnu sagatavosana

Pieméru nosaucam par fuseCartesian, kam datnu struktlira bis ka talak redzamaja
attéla. Par paraugu nemam cinka droSinatiju ar 50 ampéru nominalvértibu, kas
apskatits minéta promocijas darba 3.7. nodala, un kam ir sekojosi izméri un fizikalas
Tpasibas:

|=13mm, L=27mm, h=1.9mm, H=8mm, b=0.2mm, (8)
k,, =119.477—-0.0230790T —3.84199-10° T2 -4.05844-10° T3, 9
Ve = 2.745050 -10° +1087.325T +0.445625T 2, (10)

p. =5.9510°, a,, =4.20-10°, T, =20°C. an



Es ESF IEGULDIJUMS TAVA NAKOTNE

EIROPAS SOCIALAIS
FONDS

G| T

=) constant

=) polyMesh
blockMeshDick
A.0rg
CRho0
CRhol
CRhoz
electricProperties
kD
k1l
k2
k3
=) swstem
& controlDick
= FrSchemes
5| FeSolution
| setFieldsDick
setvalues

Interpolacijas polinomi (9) un (10) ieglti ar programmas Maple palidzibu,
aproksiméjot datus no tabulam:3

Yo =PuCams  Pm = 1130 kg/m® (12)
0°C 20°C | 200°C | 300°C | 400°C | 420°C
Ky, 119 113 108 100 | W/(m-K)
Csn 381 415 431 J/(kg-K)
Yy | 2745050 2980340 3251280 J(m*-K)
e 3,2 = 10F o
16
114
] A0 = 1
12
e 3x I
105 4
106 19 % 10F
1
102 28 0
100 A
i {00 200 L] 40 0 100 i) 300 40
Kz, Vzn

3 VDI-Wéarmeatlas. 9. Aufl. Berlin : Springer, 2002
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ReZga generésana
Geometriju, izmé&rus un rezga generg&sanas parametrus noradam datné constant/

polyMesh/blockMeshDict. Apgabalu brivi sanumuréjam un péc ta veidojam rezga
aprakstu.

z
N
|
)//7‘6
—_—D
£
FoamFile
{
version 2.0;
format ascii;
class dictionary;
object blockMeshDict;

}
convertToMeters 0.001;

vertices

O O

O O

=

w
[eNeoNoNoloNoNoNoNololNoNolNolNolNolNo]
OO WO RPFPFOOOKFE OOWwRFFO

DNDDNDNDDNDDNDDNDDN

blocks

(
hex (0 7 15 8 1 2 10 9) (40 5 10) simpleGrading (1 1 1)
hex (7 6 14 15 2 5 13 10) (40 5 10) simpleGrading (4 1 1)
hex (2 5 13 10 3 4 12 11) (40 5 20) simpleGrading (4 1 2)

);

patches
(
patch fuseElement //drosinataja elements - tievaka dala
(
(1L 2 10 9)
(8 9 10 15)

)

patch fuseBlade //dro$inataja asmeni

(
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symmetryPlane

(

fuseSymmetry

o BN
@ U1l W

)
)
)
)
12)
14 13)

15 7)
15 14)

OO Ul ODNDNO
~N 0O o U= J 0
e

);

Patch virsmu normalém jabat vérstam uz iekSpusi. Tas ta ir, ja, skatoties no
iekSpuses, punkti sarindoti pulkstenraditaja virziena. Lidzigi ar blokiem - pirmas
virsmas normalei jabat vérstai uz iekSu. Pirmo virsmu definé bloka pirmas cetras

virsotnes.

Genergjam rezgi, pieméra direktorija fuseCartesian izpildot komandu b/ockMesh, ko

varam péc tam apskatities ar programmu ParaView.

blockMesh

Fizikalas ipaSibas

constant/electricProperties — metdla elektriskas ipasibas

FoamFile
{

version 2.0;

format ascii;

class dictionary;

location "constant";

object electricProperties;
}
I I [ 0O00O0O0OT11IO071] 75.; // 150%
rhoRef rhoRef [1 3 -3 0 0 -2 0] 5.95e-8;
alphaRef alphaRef [0 0 O -1 0 O Q0] 4.20e-3;
TRef TRef [0 0O O 1 0 0 0] 20.0;

Aprékinus veiksim pie dazadam stravas stipruma |
datné.

strdva no nominalvértibas

vérttbam, ko mainisim Saja
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constant/A.org — skérsgriezuma laukums

Noradam Skérsgriezuma laukumu, ko programma izmantos, aprékinot siltuma
generésanas jaudu. Datné ierakstam vértibu ,resnakajam” apgabalam, bet tievakajam
apgabalam to vélak noradisim ar utilttprogrammas setFields palidzibu.

FoamFile
{
version 2.0;
format ascii;
class volScalarField;
object A;
}
dimensions [0200O0O0O0];

internalField uniform 6.4e-6;

boundaryField
{ fuseElement
{ type fixedvValue;
value uniform 6.4e-6;
iuseBlade
{ type fixedValue;
value uniform 6.4e-6;
iuseSymmetry
{ type symmetryPlane;

}

constant/CRho0 -ipatnéjas siltumietilpibas polinoma brivais loceklis

FoamFile
{
version 2.0;
format ascii;
class volScalarField;
object CRhoO;
}
dimensions [1 -1 -2 -1 0 0 0],

internalField uniform 2.74505e6;

boundaryField
{
fuseElement
{
type fixedValue;
value uniform 2.74505e6;
}
fuseBlade
{
type fixedValue;
value uniform 2.74505e6;
}
fuseSymmetry

{
type symmetryPlane;

}
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Datnes CRhol un CRhoZ2, kas raksturo paréjos polinoma koeficientus, izveido
[Tdzigi: 1) nomaina atbilstoSa objekta nosaukumu; 2) samazina temperatiras dimensiju
ar katru nakamo datni par vienu kartu (ceturta vértiba dimensiju sarakstd); 3) vértibas
nem no formulas (10).

constant/K0 - ipatnéja siltumvadamiba

FoamFile
{
version 2.0;
format ascii;
class volScalarField;
object KO;
}
dimensions [11 -3 -10007;

internalField uniform 119.477;

boundaryField
{
fuseElement
{
type fixedValue;
value uniform 119.477;
}
fuseBlade
{
type fixedvValue;
value uniform 119.477;
}
fuseSymmetry
{
type symmetryPlane;

}

Datnes K7, K2 un K3 izveido lIidzigi, vértibas nemot no formulas (9).

Sakuma nosacijumi

Datné O/T noradisim droSinataja sakuma temperatliru, kas bis vienada ar
apkartéjas vides temperatiru T =65°C, ka ari robeznosacijumus, kas ietver nelinearu
siltumapmainas koeficientu:

a=a,, +o,, o, =T’ +T)T+T,), o=56704-10°W/(m’K"*) (13)

Temperatira ar tildes zimi T jarékina Kelvina grados. Virsmas siltumstarojuma
koeficientu sakotnéji nemam &=0.05, bet konvektiva siltumapmainas koeficienta
Q4 aprékinasanai izmantojam citu publikaciju datus.45 Ta ka droSinataja atrasanas
pret zemi precizi nav zinama, izmantojam formulas, kas paredzétas cilindriskam

kermenim, saglabajot to pasu pliismas garumu (objekta apkartméru).

4 VDI-Warmeatlas. 9. Aufl. Berlin : Springer, 2002

vai Incropera F.P. Fundamentals of Heat and Mass Transfer. 6th ed. Wiley, 2006. 1024 p.

5 llgevicius A. Analytical and Numerical Analysis and Simulation of Heat Transfer in Electrical
Conductors and Fuses. Neubiberg : Universitaet der Bundeswehr Muenchen, 2004. Dissertation.
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T=Tpe+T,)/2

1=2(b+h), (h=h h=H)

A=2.434.10°+7.658-10°T —4.030-10 T2 +3.101-10 " T° -1.065-10 ™ T*
v =1.352.10°+8.876-10°T +1.098-10 °T* -4.035-10 * T +1.347-10 ' T*

Pr=0.7109-1.578-10*T +5.885-10 ' T? -6.198-10°T* +2.180-10 *T*
S = 0.993048/(T+270.127)

Gr=gpl® T, —T |V
Ra=Gr-Pr

-16/9
f =(1+(0559/Pr)”*)"

face

Nus = (0.752+0.387(Ra- f)** )’

Aoy = NUS- A/
FoamFile
{
version 2.0;
format ascii;
class volScalarField;
object T;

}

//***********************************//

dimensions [0001 0O0O0];
internalField uniform 65;

boundaryField
{
fuseElement
{
type groovyBC;
value uniform 0;
variables "
h=1.9%e-3;
b=0.2e-3;
epsilon=0.05;
Tinf=65;
L=2* (h+b) ;
TT=(T+Tinf) /2;
g=9.81;
sigma=5.6704e-8;
lambda=2.4340e-2+7.6575e-5*TT-4.0303e-8*pow (TT, 2) +3.1098e-11*pow (TT, 3)
-1.0648e-14*pow (TT, 4) ;
nu=1.3520e-5+8.8761e-8*TT+1.0979%e-10*pow (TT, 2)-4.0352e-14*pow (TT, 3)
+1.3466e-17*pow (TT, 4) ;
pr=0.71091-1.5775e-4*TT+5.8848e-7*pow (TT,2)-6.1980e-10*pow (TT, 3)
+2.1796e-13*pow (TT, 4) ;
beta=0.993048/ (TT+270.127) ;
gr=g*beta*mag (T-Tinf) *pow (L, 3) /pow (nu, 2) ;
ra=gr*pr;
f=pow (1+pow (0.559/pr,0.5625),-1.778) ;
nus=pow (0.752+0.387*pow (ra*f,0.1667),2);
alphaConv=nus*lambda/L;
alphaRad=epsilon*sigma* (sqr (T+273.15) +sqgr (Tinf+273.15) ) * (T+Tinf+2*273.15) ;
alpha=alphaConv+alphaRad;
C=K/alpha/mag (delta());";
valueExpression "Tinf";
fractionExpression "1/ (1+C)";
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fuseBlade
{
type groovyBC;
value uniform 0;
variables "
h=8.0e-3;
b=0.2e-3;
epsilon=0.05;
Tinf=65;
L=2* (h+b) ;
TT=(T+Tinf) /2;
g=9.81;
sigma=5.6704e-8;
lambda=2.4340e-2+7.6575e-5*TT-4.0303e-8*pow (TT,2)+3.1098e-11*pow (TT, 3)
-1.0648e-14*pow (TT, 4) ;
nu=1.3520e-5+8.8761e-8*TT+1.0979e-10*pow (TT,2) -4.0352e-14*pow (TT, 3)
+1.3466e-17*pow (TT, 4) ;
pr=0.71091-1.5775e-4*TT+5.8848e-7*pow (TT,2)-6.1980e-10*pow (TT, 3)
+2.1796e-13*pow (TT, 4) ;
beta=0.993048/ (TT+270.127) ;
gr=g*beta*mag (T-Tinf) *pow (L, 3) /pow (nu, 2) ;
ra=gr*pr;
f=pow (1+pow (0.559/pr,0.5625),-1.778) ;
nus=pow (0.752+0.387*pow (ra*f,0.1667),2);
alphaConv=nus*lambda/L;
alphaRad=epsilon*sigma* (sqgr (T+273.15) +sqgr (Tinf+273.15) ) * (T+Tinf+2*273.15) ;
alpha=alphaConv+alphaRad;
C=K/alpha/mag (delta());";
valueExpression "Tinf";
fractionExpression "1/ (1+C)";

fuseSymmetry

{
type symmetryPlane;
}

Uzskatamibas dé| mainigie Seit izvietoti viens zem otra, bet datné visi jasaraksta aiz
atslégvarda variables vienu aiz otra bez atstarpém.

Risinasanas parametri

system/controlDict
FoamFile
{
version 2.0;
format ascii;
class dictionary;
location "system";
object controlDict;
}
libs ( "1ibOpenFOAM.so" "libgroovyBC.so" );
application laplacianFoam;
startFrom latestTime;
startTime 0;

StopAt endTime;
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endTime 10.;
deltaT 0.01;
writeControl runTime;
writeInterval 0.5;
purgeWrite 0;
writeFormat ascii;

writePrecision 6;
writeCompression off;
timeFormat general;
timePrecision 6;
runTimeModifiable true;

functions

(
T

{
type volumeMinMax;
functionObjectLibs ("libsimpleFunctionObjects.so") ;
verbose true;
fields (T) ;
}

probes

{
name probes;
type probes;
functionObjectLibs ("libsampling.so") ;
probelocations

(1.5e-4 1.8e-4 18.0e-4)
(1.5e-4 1.8e-4 1.0e-4)

fields (T) ;
outputControl timeStep;
outputInterval il g

);

Ar functionObjects funkcionalitates palidzibu katra laika soll tiks saglabata
minimala un maksimala temperatiira, ka arT temperatiira divos punktos. Tas tiek
panakts ar funkciju volumeMinMax, kas ieklauts papildinajuma swak4foam, un funkciju
probes, kas nak Iidzi OpenFoam pakotnei. Katru paradrto funkciju objektu var lietot
atseviski. Viens no noraditajiem zondes punktiem atrodas tievakaja apgabala tuvak
centram, otrs - pie aréjas malas, lai parliecinatos, ka kuSanas temperatiira sasniegta
visa Skérsgriezuma.

constant/fvSchemes
FoamFile
{
version 2 0F;
format ascii;
class dictionary;

location "system";
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object fvSchemes;
}
ddtSchemes
{
default Euler;
}
gradSchemes
{
default Gauss linear;
grad(T) Gauss linear;
}
divSchemes
{
default none;
}
laplacianSchemes
{
default none;

laplacian(K,T) Gauss linear corrected;

}

interpolationSchemes

{

default linear;
}
snGradSchemes
{
default corrected;
}
fluxRequired
{
default no;
T ;
}
constant/fvSolutions
FoamFile
{
version 2.0;
format ascii;
class dictionary;
location "system";
object fvSolution;
}
solvers
{
T
{
solver PCG;
preconditioner DIC;
tolerance le-06;
relTol 0;
}
}
SIMPLE

{

nNonOrthogonalCorrectors 4;

}
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Lai arm parametrs nNonOrthogonalCorrectors domats papildu iteraciju veikSanai
neortogonalu rezgu gadijumos, mums tas noder, parrékinot nelinearo fizikalo
koeficientu vértibas.

Sakotneéja lauku modificésana

No datnes A.org izveidosim un modificésim datni A, ietverot drosSinataja tieva
apgabala Skérsgriezuma laukumu. Paliga nemsim utilttprogrammu setfields, kurai
parametrus noradam datné setFieldsDict.

constant/setFieldsDict

FoamFile
{
version 2.0;
format ascii;
class dictionary;
location "system";
object setFieldsDict;
}
regions
(
boxToCell
{
box (0 0 0) (13e-3 1 1); //BApgabals, kura ietilpst tikai
fieldvalues //drosinataja tieva dala
(
volScalarFieldvValue A 1.52e-6
);
}
)i
setValues

lzveidosim datni setValues:

cd constant

cp A.org A

cd

setFields -constant

un péc tam no komandrindas to parveidosim par izpildamo un palaidisim:

chmod +x setValues
./setValues

leglito rezultatu var apskattt datné A un salidzinat ar A.org.
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4. Aprekini un rezultati

Palaizam aprékinus, izpildot komandu jouleHeatingFoam:

jouleHeatingFoam

Kad skait|oSana beidzas, datné probes/0/T vai volumeMinMax_T/0/T konstatéjam,
ka cinka kuSanas temperatira, kas ir 420 gradi péc Celsija, tiek sasniegta 9.4
sekundés. Temperatiras sadalijumu 9. sekundé apskatamies ar programmu ParaView.

.
1410,
324,
|238.
|15
5.0

-Im\\

Kontdrlinijas iegltas ar filtru Filters > Common > Contour. Temperatliras starpiba
starp tam ir 20 gradi, kas noradits filtra Object Inspector sadala Properties >
Isosurfaces, bet melnu Iniju iegtSanai - sadala Display > Style izvéléts Representation:
Surface With Edges.

Mainot stravas stiprumu un atbilstoSi arT laika soli, varam veikt aprékinu sériju un
apkopot rezultatus tabula un grafika. Salidzinasanai veicam arT aprékinus gadijumam,
kad £=0.5. Fizikali tas varétu notikt, ja cinka virsma bitu oksidéjusies, drosinatajam
pirms tam ilgstoSi stradajot tuvu kuSanas temperatirai. Grafiks veidots ar programmu
Maple.
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Materials tapis ar ESF profekta nr. 2009/0223/1DP/1.1.1.2.0/APIA/VIAA/008 atbalstu.



