CHALMERS Johan Magnusson

Presentation
CHALMERS UNIVERSITY OF TECHNOLOGY

CFD WITH OPENSOURCE SOFTWARE, PROJECT
conjugateHeatFoam with explanational tutorial together
with a buoyancy driven flow tutorial

Developed for OpenFOAM-1.5-dev
Requires: A computer

October 17, 2010

Hdkan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics |




CHALMERS Johan Magnusson

Outline

e conjugateHeatFoam solver - with simple example
e A buoyantSimpleFoam tutorial

e Develop a tool to calculate Nusselt number, Nussel t Cal ¢
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conjugateHeatFoam - with simple example

e conjugateHeatFoam - standard implemented in OpenFoam 1.5-dev
e Used for heat problems with multiple regions

e Restricted to laminar, incompressible flow

The solver is found in: $FOAM SOLVERS/ conj ugat e/ conj ugat eHeat Foam
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conjugateHeatFoam.C

#i ncl ude "fvCFD. H'
#i ncl ude "coupl edFvMatri ces. H'
#i ncl ude "regi onCoupl ePol yPat ch. H'

int main(int argc, char xargv[])

Il ncl ude "set Root Case. H'

| ncl ude "createTi ne. H'

| ncl ude "createFl ui dvesh. H'

I ncl ude "createSoli dvesh. H

| ncl ude "createFields. H

| ncl ude "createSolidFi el ds. H'
I nclude "initContinuityErrs. H

T HRHEHRHHHS
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conjugateHeatFoam.C - inside the time-loop

| nfo<< "\ nStarting tinme |oop\n" << endl;
for (runTime++; !runTinme.end(); runTine++)

{
Info<< "Time =" << runTine.tinmeName() << nl << endl;
# I ncl ude "solveFluid.H // Sinplified Navier stokes
= I ncl ude "sol veEnergy.H' // Energy equation
runTime.wite();
| nf o<< "ExecutionTinme ="
<< runTi ne. el apsedCpuTi ne()
<< " s\n\n" << endl;
}
| nf o<< "End\ n" << endl;
return(0);
}
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solveFluid.H & solveEnergy.H

e Navier-Stokes, assumed laminar incompressible flow

% + V(pu) — V(vrVu) = =Vp (1)

e Energy equation solved in coupled manner on both domains

orT

= T V(6T) = V(aVT) =0 (2)
aCrsoi
. tl ! V(sigVT) = 0 (3)
. 4)
PCp

Hdkan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics 6




CHALMERS Johan Magnusson

conjugateHeatFoam - simple example

Feel free to follow, copy the example to your $FOAM RUN folder:
cp -r $FOAM TUTORI ALS/ conj ugat eHeat Foam $FOAM RUN
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Problem specification

Cavity flow
Fluid Solid
T=273 K T=373 K
~~_ Hot wall
T=473 K

Coupled region
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conjugateHeatFoam - simple example

e Create the both meshes by:
bl ockMesh -case conj ugateCavity/
bl ockMesh -case heat edBl ock/

e Set boundary types gedi t conj ugat eCavi ty/ const ant/ pol yMesh/ boundary
and replace:

right
ri ght { :
t ype regi onCoupl e;
{ type wal | - nFaces 10;
’ start Face 200;
nFaces 10; . :
st art Face 200 shadowRegi on sol i d;
’ shadowPat ch | ef t;
i at t ached on;
}

e Repeat for the heat edBl ock, notice that it is now the left side!

e Set boundary conditions for U, p, DT T for both domains.
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conjugateHeatFoam - simple example

e Continue by set the solver settings, f vSol uti on, f vSchenes, contr ol Di ct
e control D ct in heat edBl ock not used.

e Run the case by
conj ugat eHeat Foam - case conj ugateCavity

e Evaluate
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Buoyancy driven flow - tutorial
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e Simulate buoyancy driven flow inside a enclosure

e Hot lower wall and a cooler upper wall, what do we need?
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Buoyancy driven flow - tutorial
e Find a proper solver that handles:

1. Buoyancy flows

2. Flow can be considered incompressible but since the flow is dependent on
gravity, a compressible solver is needed

3. Steady-state turbulent flow

e Matches: Standard solver buoyant Si npl eFoam
The solver solves for the momentum equation:
V(6U) = (VO)UV s /YU = V{juos1(VU)T) = —Vpd — (Vp)gh (5)

The energy equation:

¢ ¢

V(¢h) = (Vo)hVaVh = V(p—p) - pV(;) (6)
Beyond the pressure and flux is calculated by:

Vp(rUA)Vpd = V¢ (7)
And a correction of the velcities is made by:

U=rUA(Vpd+ (Vp)gh (8)
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Buoyancy driven flow - Boundary conditions

e Solver using basi cTher np. H, therefore set t her nophysi cal Properties

Type | Number of moles | Mol weight | ¢, Heat fusion | i Pr
mixture |air |1 28.97 1009 | 0 208.2 % 10~7 1 0.700

e Create a r ef Val ues for the Nusselt number, should containt the data needed
for the Nusselt number. (More information later)
Set k, length scale and the temperatures.

e Set boundary conditions
Good to calculate initiate values for k and ¢. First guess U in y-direction (1 m/s),
assume turbulence intensity of 10% .

3 3
k= §(u x turbintensity)* = 5(1 x0.1) = 0.015 (9)

Assume lengthscale to 0.1:

TR 009075 % 0.015%2

- — 0.00302. 10
‘ I 0.1 (10)
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Buoyancy driven flow - Run

e Set the settings for the solver!

e Run and evaluate!
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Create solver for Nusselt number, NusseltCalc

e Developed from standard postProcessing tool

run
cp -r $FOAM APP/ utilities/ postProcessing/wall/wall Heat Fl ux/

e Change name of the files, wal | Heat FI ux. Cto Nussel t Cal c. C.

e Change the Make\fi | es:

NusseltCal c. C
EXE = $( FOAM USER APPBI N) / Nussel t Cal c
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Create solver for Nusselt number, NusseltCalc

e Originally developed for combustion, change this to buoyancy by:
#i ncl ude "basi cTher no. H'

e Change in the cr eat eFi el ds. Hfrom combustion to buoyancy by.

sed -e "s/hConbustionTher no/ basi cTherno/g" createFields.H > tnp. H
mv tnp.H createFields. H
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Create solver for Nusselt number, NusseltCalc

e Nusselt number is calculated by

B Q
B Thot — T%m'tial
~ hxl
-k
e Need to add this equation to the solver!

h

(11)

Nu (12)
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Create solver for Nusselt number, NusseltCalc

vol Scal ar Fi el d Nussel t Nunber

(

| Cobj ect

(
"Nussel t Nunber ",
runTi me. ti neName(),
mesh

),

nesh,

di mensi onedScal ar (" Nussel t Nunber", heat Fl ux. di nensi ons(), 0.0)

) ;

forAl'l (Nussel t Nunber. boundaryFi el d(), patchi)

{
Nussel t Nunber . boundaryFi el d()[patchi] = | engt h*

pat chHeat Fl ux[ patchi ]/ ((T_hot-T initial)=*k);
}

Nussel t Number. wite();
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Create solver for Nusselt number, NusseltCalc

e Tell the solver where toread thek, T _hot, T initial,l ength. Creater eadRef Val ues.
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| nfo << "\ nReadi ng refVal ues" << endl;
| Odi ctionary refVal ues

(
| Cobj ect
(
“ref Val ues",
runTi nme. const ant (),
nesh,
| Qobj ect : : MUST _READ,
| Cobj ect:: NO WRI TE
)
);

scal ar k (readScal ar (refVal ues. | ookup("k")));
| nfo << "Conductivity is:"<< k << endl;
scalar T initial(readScal ar(refVal ues. | ookup("T_ initial")));
Info << "Initial tenperature is:"<< T_initial << endl;
scal ar T _hot (readScal ar (ref Val ues. | ookup("T _hot")));
Info << "Hot wall tenperature:"<< T hot << endl;
scal ar | engt h(readScal ar (ref Val ues. | ookup("length")));
Info << "Length scale is set to:"<< T_hot << endl;
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Create solver for Nusselt number, NusseltCalc

e Include r eadRef Val ues in the Nussel t Cal ¢ solver.
#i ncl ude "readRef Val ues. H'

e If everything is done correct, go for wrake

e Calculate the Nusseltnumber on buoyant Si npl eFoamcase!
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Thank you!
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