Lab 1 GEO501b5:
Linux and OpenFOAM

Modelling wind and dispers jon in urban env ronments

]
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Learning Objectives:

After this class, you will be able to:

= How torun openFOAM in your machines

= [pstall and run paraView
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Activities:

This class is hands-on, so you will need to follow my steps with your own computer, so no
activities will be carried out, but | will still ask you questions....

\What we will learn might be very new to some, and not so new to others, if you have any doubt
't is very important to solve it asap, so you don't get lost

]
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Activities:

This class is hands-on, so you will need to follow my steps with your own computer, so no
activities will be carried out, but | will still ask you questions....

\What we will learn might be very new to some, and not so new to others, if you have any doubt
't is very important to solve it asap, so you don't get lost

Remember you will use what | show you today, to run your own case for the
assignment!!!
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Outline of the class:

1. What is openFOAM?
2.0penFOAM test case structure
3. How torun openFOAM test case

4. \/isualise the results with paraView

]
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What is openFOAM?

= |tis a collection of about 250 applications built from a collection of 100 software libraries
(modules)

= Each application performs a specific task within a CFD workflow: snappyHexMesh will
generate a mesh for complex geometry for example a car, while simpleFoam will then
simulate steady-state, turbulent, incompressible flow around that car.
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openFOAM test case structure

Folders tree code:
Solvers, utilities, test: where the equations are

implemented. They have as output an app generally

Applications

>

Core of the code where the physics, the boundary
conditions, the mesh, and many other libraries are
hosted

>

Multiple tutorials to run, with different physics and

Tutorials goals

OF configuration, caseDicts to start from,
codeTemplates to implement new apps or libraries

>

Your folder, where you will run your cases. If you don't
have it, you can create it with mkdir -p $FOAM_RUN

>

]
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Symbolic path:

$FOAM_APP

$FOAM_SRC

$FOAM_TUTORIALS

$FOAM_ETC

$FOAM_RUN




openFOAM test case structure

= Folders tree in case:

cp -r $FOAM_TUTORIALS/incompressible/simpleFoam/windAroundBuildings $FOAM_RUN/|

Q B windAroundBuildings0

<

Favourites
@ AirDrop
£ Recents
/~: Applications Allclean Allrun constant system
[L.] Desktop
k" Documents

o Downloads

BB surfdrive
Locations

@ iCloud Drive

! openfoam =

e Remote Disc

€ Network

T e

]
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openFOAM test case structure

= Allrun:

cd ${0%/*} || exit

/bin/tools/RunFunctions
runApplication surfaceFeatures

runApplication blockMesh
runApplication snappyHexMesh

runApplication %¢

]
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openFOAM test case structure

= Allclean:

/bin/tools/CleanFunctions

cleanCase

rm -rf constant/extendedFeatureEdgeMesh = /dev/hull =&1
rm -t constant/triSurfacesbuildings.eMesh = Sdev/hull =&1
rm - constant/polyMesh/boundary = /sdev/hull =&1

]
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openFOAM test case structure

= Folders tree in case:

cp -r $FOAM_TUTORIALS/incompressible/simpleFoam/windAroundBuildings $FOAM_RUN/|

Q B windAroundBuildings0

<

Favourites
@ AirDrop
£ Recents
/~: Applications Allclean Allrun constant system
[L.] Desktop
k" Documents

o Downloads

BB surfdrive
Locations

@ iCloud Drive

! openfoam =

e Remote Disc

€ Network

T e
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openFOAM test case structure

= Constant: -~ ~ | Date Modified

> @ geometry 13 Apr 2023 at 16:41
B momentumTransport 13 Apr 2023 at 16:41
B physicalProperties 13 Apr 2023 at 16:41

F 1eld OpenFOAM: The Open Source CFD Toolbox
O peration Website: https://openfoam.org

A nd Version: 10

M anipulation

FoamFile

{

format asciti;
class dictionary;
object physicalProperties;

}

// * % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % Xk //

viscosityModel constant;

nu [0 2 -1 0 0 0 0] 1.5e-05;

// %k 3k 3k 3k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k *k )k )k k % //




openFOAM test case structure

= Constant:

Name ~ Date Modified

> @ geometry 13 Apr 2023 at 16:41
B momentumTransport 13 Apr 2023 at 16:41
B physicalProperties 13 Apr 2023 at 16:41

| OpenFOAM: The Open Source CFD Toolbox
peration | Website: https://openfoam.org
nd | Version: 10
anipulation |

format
class dictionary;
object RASProperties;

}

simulationType RAS;

RAS
1

model kEpsilon;

turbulence on;

printCoeffs on;

}
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openFOAM test case structure

Name Date Modified

= Constant:

B transportProperties

Geometry —_— » [ triSurface

B turbulenceProperties

Name Date Modified

L buildings.obj.gz
gzip -d buildings.obj.gz

Open buildings.obj with Paraview

e0e® ParaView 5.6.0 64-bit
P BRO®me F & @KAD DD B o 0 1% B
& N \ . & & 4. "0 = = = : &
S Rk (e eskcar s BRI aXdPRAALCDP BCEOG!
BE90 DB PO S Qoo r ki
Q6 Pipeline Browser Layout# x [IE3

B builtn: B Rl @M R R BB R AN 22R RenderView1 18
@ @ buildings.obj
—m Informati
o6 Properties

pppppppppp 3 Delete

SSSSSS (use Esc to clear text)

Properties (buildings.obj) s ]

= Display (GeometryRepresentation) o

Representati Surfac

Coloring

@ Solid Color B
& Edit ¢
Styling
. [v4

Opacity —_— o Py

Lighting

Specular \ 0

ooooo y

]
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L et’'s install paraView now!

Go to: https://www.paraview.org/download/

To visualise an openFOAM case you always need a dummy file with any name and .foam
extension, like windAroundBuildings.foam

ParaVie 0 64-bit

w 5.6.0 64-bi
0 | 5[@\ @-ﬂ-

o0 @
2 ® BBEO »®a F mG A D> D> D o

: R = i N : BB Ty xfh fi-x ey vh ezf fz 533 :
R et e ewkew D we BXQPRHUBALCD BCGEG
90 BB PO b LREE
00 e e [ oo
B builtin: B0 @M R RN R R A2 Renderview1 1|8 ]0/0]0
+ B buildings.obj
Provertes NI
o6 Properties
Apply 2 Reset H
SSSSSS (v Exc o cea ) B
= Properties (buildings.obj &)
= Display (GeometryRepresentatiol o
epresentation  Surface
Coloring
@ Sol
s E ‘] <
Styling
T ‘Z,A
Lightiny
Specul
OSPRa)

1 — :
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openFOAM test case structure

= Folders tree in case:

cp -r $FOAM_TUTORIALS/incompressible/simpleFoam/windAroundBuildings $FOAM_RUN/|

Q B windAroundBuildings0

<

Favourites
@ AirDrop
£ Recents
/~: Applications Allclean Allrun constant system
[L.] Desktop
k" Documents

o Downloads

BB surfdrive
Locations

@ iCloud Drive

! openfoam =

e Remote Disc

€ Network

T e

]
TUDelft



openFOAM test case structure

= 0: contains the initial and boundary conditions for the fields to be modelled

The basic boundary conditions are:

= fixedValue: value of field is specified

= fixedGradient: value of the normal field gradient is specified

= zeroGradient: normal field gradient is null (O)

= calculated: patch field value is calculated from other patches

= mixed: mixed fixedValue/fixedGradient condition depending on a valueFraction
(O(refGradient)<vf<1 (refValue))

= directionMixed: mixed conditions with tensorial valueFraction to allow different conditions

in normal and tangential direction of a vector patch field (fixedValue in tangential,
zeroGradient in normal direction)

simpleFoam -listScalarBCs -listVectorBCs

foamInfo totalPressure

]
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openFOAM test case structure

= 0: U-velocity initial and boundary values:

Name Date Modified

B epsilon Yesterday at 177:11
. Kk Yesterday at 17:11
. nut Yesterday at 17:11
ho Yesterday at 17:11
. V) Yesterday at 17:11

/f/‘*##*##*##*###*#####t#**#######***#*##/’/

Uinlet (10 0 0);
dimensions [61-1000 0],
internalField uniform (@ © ©);

boundaryField
{

inlet

{
type fixedValue;

value uniform $Uinlet;

}

outlet

{
type pressurelnletOutletVelocity;

value uniform (0 @ 0);

}

wall

{
type noSlip;

}

#includeEtc "caseDicts/setConstraintTypes"

3
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openFOAM test case structure

= 0: U-velocity initial and boundary values:

Name : Date Modified

B epsilon Yesterday at 17:11
. Kk Yesterday at 17:11

. nut Yesterday at 17:11
ho Yesterday at 17:11
. (§) Yesterday at 17:11

/..’/,.-"**###t*#*##t#t###*#*#**#t#t###*#t#**#/'/
Uinlet (10 0 0);

dimensions [61-1000 0],

internalField uniform (@ © ©);

boundaryField

{

inlet

Property Sl unit USCS unit

Mass kilogram (kg) pound-mass (lbm)
Length metre (m) foot (ft)

Time second (s) second (s)
Temperature Kelvin (K) degree Rankine (cR)
Quantity mole (mol) mole (mol)

Current ampere (A) ampere (A)

Luminous intensity candela (cd) candela (cd)

#includeEtc "caseDicts/setConstraintTypes"
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openFOAM test case structure

» 0J: p-pressure initial and boundary values:

Name Date Modified

B epsilon Yesterday at 177:11
. Kk Yesterday at 17:11
B nut Yesterday at 17:11
. p Yesterday at 17:11
- U Yesterday at 17:11

L7 Eupkostng¥yo¥ h¥ve¥ubFnt® 1¥ oF ik tF 13, Te TaFddniBad*ar® r¥n Fne¥orE-cEnpFH ¥ dEtFbEid FoFofEnrbav¥7 /b

dimensions [0 2 -2 0 00 0],
internalField uniform @;

boundaryField
{

inlet

{

type zeroGradient;

}

outlet
{

type totalPressure;
po uniform @;
gamma 1.4;

value uniform 0;

}

wall

{

type zeroGradient;

}

#includeEtc "caseDicts/setConstraintTypes"

}

I U Delft AR i R R s s st 22l Y



openFOAM test case structure

= 0: k- tke initial and boundary values:

Name

B epsilon
B«
B nut

// * ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ * //

kInlet 1.5; /7 approx k = 1.5%¥(I*U)~2 ; I = 0.1
dimensions [6 2 -20 00 0],
internalField uniform $kInlet;

boundaryField
{

inlet

{
type fixedValue;

value uniform $kInlet;

}

outlet

{
type inletOutlet;
inletValue uniform $kInlet;
value uniform $kInlet;

kgRWallFunction;
uniform $kInlet;

#includeEtc "caseDicts/setConstraintTypes"

}

LS RS EE L LSS S A S S A S SRS A A SRS EE S EE S RS R EE R R L R R kR ok E ok kL kL s

Date Modified

Yesterday
Yesterday
Yesterday
Yesterday

Yesterday

at 17:1
at 17:1
at 17:1
at 17:1
at 17°:1




openFOAM test case structure

= 0: ¢ - dissipation initial and boundary values:

Name Date Modified

B epsilon Yesterday at 17:11

o I

Yesterday at 17:11

Yesterday at 17:11

Ve ad o oad s Y iL
Yesteraay at 1/-

// *¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ * *x * // v
Yesterday at 17:11
“ J . @ ) |

epsilonInlet ©.03; // Cnur@.75 * kAl1.5 /L ; L =10
dimensions [62 -2 00 0 0];
internalField uniform $epsilonlnlet;

boundaryField
{

inlet

{
type fixedValue;

value uniform $epsilonInlet;

}

outlet

{
type inletOutlet;

inletValue uniform $epsilonInlet;
value uniform $epsilonInlet;

epsilonWallFunction;
uniform $epsilonInlet;

#includeEtc "caseDicts/setConstraintTypes"

}

// EE R E L R E R E L R E L R E L E L R E L E L E L E LR R E L E L E R R L R Ltk E E E E kb ko E E ok E ok ko ok EE ke ok ke L //




]
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r s
dimensions
internalField

boundaryField
{
inlet
{
type
value

outlet
{

type
value

wal l

{
type
value

[02-1000 0];

uniform 0;

calculated;
uniform 0;

calculated;
uniform 0;

hutkWal lFunction;
uniform 0;

openFOAM test case structure

* 0: v¢ - turbulent viscosity initial and boundary values:

Name Date Modified

B epsilon Yesterday
. k Yesterday

at 17:1
at 17:11

R nut Yesterday a

. P Yesterday at 17
hu Yesterday a

/7 F *k F k F kK ¥ k£ *k F k ¥ k k¥ ¥ * ¥ *k ¥ ¥ ¥ ¥ * ¥ ¥ ¥ ¥ ¥ ¥ * ¥ * ¥ ¥ ¥ ¥ * [/

#includeEtc "caseDicts/setConstraintTypes"
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openFOAM test case structure

= Folders tree in case:

cp -r $FOAM_TUTORIALS/incompressible/simpleFoam/windAroundBuildings $FOAM_RUN/|

Q B windAroundBuildings0

<

Favourites
@ AirDrop
£ Recents
/~: Applications Allclean Allrun constant system
[L.] Desktop
k" Documents

o Downloads

BB surfdrive
Locations

@ iCloud Drive

! openfoam =

e Remote Disc

€ Network

T e

]
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openFOAM test case structure
= System - BlockMeshDict:

Name Date Modified

B blockMeshDict Yester
B controlDict Yesterday at 17:11
B fvSchemes Yesterdz

boundary
¢

R fvSolution Yesterday at 17:11
B meshQualityDict festerday at 17:11
B snappyHexMeshDict Yesterc

B surfaceFeaturesDict

inlet

{
type patch;
faces

(

@37 4
bE

outlet
{
type patch;
faces
(
(15606 2)
DE

frontAndBack
{

type symmetry;
faces

¢

ground

{
type wall;
faces

(
@12 3)
23
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openFOAM test case structure

= System - Block

MeshDict:

Name

B blockMeshDict
B controlDict
B fvSchemes

R fvSolution
R meshQualityDict

Date Modified

\CRECEVEIRrAL
Yesterday at 17:11
Yesterday at 17:11
Yesterday at 17:11
Yesterday at 17:11

B snappyHexMeshDict
B surfaceFeaturesDict

\CRECEVEINraL
Yesterday at 17:11

backgroundMesh

{
XMin -20; // L
XMax 330;
yMin -50; // L
yMax 230;
ZMin Q;
zMax 140 ;
xCells 25;
yCells 20;
zCells 10;

blocks

(
hex (@ 123456 7)

¢
$:backgroundMesh.xCells
$:backgroundMesh.yCells
$:backgroundMesh.zCells

}

convertToMeters 1;

),
simpleGrading (1 1 1)

vertices

C

bE

($:
($:
(%:
(%:

(%:
(%:
($:
($:

bE

backgroundMesh.
backgroundMesh.
backgroundMesh.
backgroundMesh.

backgroundMesh.
backgroundMesh.
backgroundMesh.
backgroundMesh.

TU Delft

:backgroundMesh.
:backgroundMesh.
:backgroundMesh.
:backgroundMesh.

:backgroundMesh.
:backgroundMesh.
:backgroundMesh.
:backgroundMesh.

:backgroundMesh.
:backgroundMesh.
:backgroundMesh.
:backgroundMesh.

:backgroundMesh.
:backgroundMesh.
:backgroundMesh.
:backgroundMesh.

edges
¢
D3




openFOAM test case structure
= System - SnappyHexMeshDict:

Name Date Modified

B blockMeshDict Yesterday at 17:11
B controlDict Yesterday at 17:11
B fvSchemes Yesterday at 17:11
B fvSolution Yesterday at 17:11
B meshQualityDict Yesterday at 17:11
B snappyHexMeshDict Yesterday at 17:11
B surfaceFeaturesDict Yesterday at 17:11

OpenFOAM: The Open Source CFD Toolbox
0 peration Website: https://openfoam.org features
A nd Version: 7 (

M anipulation { file "buildings.eMesh"; level 1; }

FoamFile );
{

version .0; refinementSurfaces
format ascii; {

class dictionary; sl
object snappyHexMeshDict; uiLdings

} {

* ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ * * a
’/ // level (3 3);

patchInfo { type wall; }

#includeEtc "caseDicts/mesh/generation/snappyHexMeshDict.cfg"

castellatedMesh on;

refinementRegions

{

refinementBox

buildings {
{ s ed Ao
type triSurfaceMesh; mode inside; -
file "buildings.obj"; levels ((1E15 2));

}

refinementBox

{ -
type searchableBox; locationInMesh (1 1 1);

min ( 06 © 0);

] .
TU Delft max (250 180 90);




Name Date Modified

openFOAM test case structure [ jssss S

B fvSchemes Yesterday at 17:1’

_ | . fvSolution Yesterday at 17:1

= System - surfacefFeaturesDict: A . S
B meshQualityDict Yesterday at 17:1

B snappyHexMeshDict Yesterday at 17:1°

B surfaceFeaturesDict Yesterday at 17:1’

AN / F ield OpenFOAM: The Open Source CFD Toolbox
NS A nd Version: 7

l
|
AR /0 peration | Website: https://openfoam.org
|
|

M anipulation

FoamFile

{

version 2.0;

format asciti;

class dictionary;

object surfaceFeaturesDict;

}

// * ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ //

Surreazs CHEULEnEE 0l There are numerous more comolex boundary conditions derived from the bacic < S S ——

F ield OpenFOAM: The Open Source CFD Toolbox

#includeEtc "caseDicts/surface/surfacefFeaturesDict.cfg" _ | _

0 peration | Website: https:
|
|

A nd Version: 7
M anipulation

// EE L EE LR LS LS EE L EE S EE R R R EE R R R R E R L R L kR R E ok kR kR kR ke ke e ke e R e kL //

includedAngle

subsetFeatures

{

nonManifoldEdges yes
openEdges yes

}

trimFeatures

{

minElem 0}
minlLen (0}

¥

writeObj

]
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openFOAM test case structure

= System - meshQualityDict:

|

| OpenFOAM: The Open Source CFD Toolbox
AN /0 peration | Website: https://openfoam.org

|

|

//- minFaceWeight (0 -> 0.5)
//minFaceWeight ©.02;

maxConcave

// EEEEE L2 S EE R EE R EE R R R R R R R R kL Lk Rk Rk ok ke ek R e ke kL

minvol

minTetQuality

minArea
minTwist
minDeterminant

minFaceWeight

%
TUDelft

Name

B blockMeshDict

B controlDict

B fvSchemes

B fvSolution

B meshQualityDict

B snappyHexMeshDict
B surfaceFeaturesDict

maxBoundarySkewness 20

maxInternalSkewness 4

80

le-13

-1e30

0.02

0.001

0.05

9.01

Date Modified

Yesterday at 17:11
Yesterday at 17:11
Yesterday at 17:11
Yesterday at 17:11
Yesterday at 17:11
Yesterday at 17:11
Yesterday at 17:11

AN/ A nd Version: 7
AN/ M anipulation

A\
FoamFile

version 2.0;

format ascii;

class dictionary; [P SRS e =

ObJ ect meshQualityDict; \N /F ield | OpenFOAM: The Open Source CFD Toolbox
} NN /0 peration | Website: https:

NN/ A nd | Version: 7
/}/ * ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ NV M anipulation
S iocts Cable oM aRSIO RS f O DB E8 — — o — o */

#includeEtc "caseDicts/mesh/generation/meshQualityDict.cfg" maxNonOrtho 65




Name ~ Date Modified

B blockMeshDict Yesterday at 17:11

Openl:OAl\/l teSt Case StrUCture B controlDict Yesterday at 17:11
B fvSchemes Yesterday at 17:1

R fvSolution Yesterday at 17:11

= System - fvSchemes: B meshQualityDict Yesterday at 171
B snappyHexMeshDict Yesterday at 17:11

B surfaceFeaturesDict Yesterday at 17:11

OpenFOAM: The Open Source CFD Toolbox
N\ /0 peration Website: https://openfoam.org

NS A nd Version: 7

M anipulation

oamFile laplacianSchemes
{
version 2.0; default Gauss linear corrected;
format ascii; ¥
class dictionary;
object fvSchemes; interpolationSchemes
E {
S ¥ F E ok k F F F *k k k F k ¥ ¥ k ¥ k F ¥ ¥ ¥ ¥ ¥ F ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ J/ default linear-;
¥
ddtSchemes
snGradSchemes
default steadyState; {
} default corrected;
¥
gradSchemes
wallDist
default Gauss linear; {
method meshWave;
limited cellLimited Gauss linear 1; 3
grad(U) $limited;
gr-ad(k) $'|_imited. // LR LS L L S LS LS S S SRS RS S RS E RS RS E R R R E R R E R R E E R R R Rk E ok Lok E E ok kL L
’

grad(epsilon) $limited;

£

divSchemes

default none;

div(phi,U) bounded Gauss linearUpwind limited;

%
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Name A Date Modified

B blockMeshDict Yesterday at 17:11
open test case structure g
B fvSchemes Yesterday at 17:11
. B fvSolution Yesterday at 17:11

. — -
SyStem ]CVSO|UJ[|OH B meshQualityDict Yesterday at 17:11
B snappyHexMeshDict Yesterday at 17:11

B surfaceFeaturesDict Yesterday at 17:11

SIMPLE
{

|
AR / F ield | OpenFOAM: The Open Source CFD Toolbox .
. . residualControl
N /0 peration | Website: https://openfoam.org £
NS A nd | Version: 7 le-4-
] ] p e-4;
AV M anipulation | U le-4;

--------------------------------------------------------------------------- "(klomegalepsilon)" le-4,;

FoamFile 3
{ nNonOrthogonalCorrectors 0;
version 2.0, pRefCell 0;
format ascii; pRefValue 0;
class dictionary;
object fvSolution; ¥

}

S/ F K Kk k k k F F F k k k ¥ k£ £ Kk k k ¥ £ £ ¥ ¥ *F k ¥ £ £ ¥ ¥ ¥ ¥ ¥ ¥ £ )/

potential Flow

{

nNonOrthogonal Correctors 10;

solvers

{

3

relaxationFactors
{
solver GAMG; fields
smoother GaussSeidel ; ¢
tolerance le-6; 3 P 0.3;
relTol 0.1; equations
¥ {
U 0.7;

"(Ul'klomegal epsilon)"
{

"(klomegalepsilon).*" 0.7;

solver smoothSolver; }
smoother symGaussSeidel ;

// *kkkkk kb kb kb kkkkrFrrFrFrrrrrrrkkrk //
tolerance le-6;

relTol 0.1;



Name Date Modified

B blockMeshDict Yesterday at 17:11

OpenFOAM teSt Case Structure R controlDict Yesterday at 17:11
B fvSchemes Yesterday at 17:11

B fvSolution Yesterday at 17:11

= System - controlDict: B meshQualityDict Yesterday at 17:11
B snappyHexMeshDict Yesterday at 17:11

B surfaceFeaturesDict Yesterday at 17:11

OpenFOAM: The Open Source CFD Toolbox
A\ /0 peration Website: https://openfoam.org

NS A nd Version: 7

M anipulation

version

format ascii;
class dictionary;
object controlDict;

} writePrecision

S/ F F F F K F Fk F F *F F F ¥ F ¥k F F *F F F ¥k k£ ¥ ¥ k£ ¥ ¥ £ ¥ ¥ F ¥k ¥ ¥ ¥ ¥ ¥/

6;

writeCompression off;

application simpleFoam;

startFrom latestTime; timeFormat general ;

0;

timePrecision 6;

endTime;
runTimeModifiable true;

400 ;

S/ adjustTimeStep yes;

13

writeControl timeStep;

/7 maxCo 1;

writeInterval
functions

{
}

purgeWrite

writeFormat



How to run openFOAM test case:

Name Date Modified
» B extendedFeatureEdgeMesh
1. surfaceFeatures A transportProperties
» B triSurface
7. blockMesh

. turbulenceProperties

3. snappyHexMesh
4 simpleFoam

With this command we can extract the
edges, which can be used within
snappyHexMesh, to help the snapping
process and improve the quality of the
mesh generation

]
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Name : Date Modified

HOW tO run OpenFDAM tes-t » B extendedFeatureEdgeMesh Today at 13:30

» B polyMesh Today at 13:30

. transportProperties Yesterday at 17:1
» B triSurface Today at 13:06
B turbulenceProperties Yesterday at 17:11

1. surfacefeatures — . Date Modified
2_ bIockMesh B boundary Today at 13:30
B faces Today at 13:30

8. SﬂappyHeXMeSh B neighbour Today at 13:30
4 - | l: B owner Today at 13:30
-Simpleroam B points Today at 13:30

// F F F F F ¥ ¥ k k F F k ¥ ¥ k ¥ F k ¥ ¥ k¥ ¥ F £ ¥ ¥ ¥ ¥ £ £ ¥ ¥ * ¥ ¥ ¥ ¥

inlet

{
type
nFaces
startFace

}

outlet

{
type
nFaces
startFace

3}

ground

{

type wall;

inGroups List<word> 1{wall);
nFaces 500;

startFace 14450;

3}
frontAndBack

type symmetry;

inGroups List<word> 1(symmetry);
nFaces 1000;

startFace 14950,

S O FEFEEFEEFFFFFFFFFF R EFFEFFFFF T I IR R I bbbk bk bk s

]
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H O V\/ tO r U ﬂ O p e n I: D A M te St I:am; extendedFeatureEdgeMesh e

Today at 13:30
» B polyMesh Today at 13:30

. transportProperties Yesterday at 17:11
» B triSurface Today at 13:06
. turbulenceProperties Yesterday at 17:11

1. surfacefeatures —
2. bIockMesh R boundary Today at 13:30

Today at 13:30
3. snappyHexMesh ——

at 13:30

4. simpleFoam < A

at 13:30

Date Modified

|
'/ F k *k k k F F k ¥ * k F F k£ ¥ ¥ k k¥ F k ¥ ¥ *k ¥ £ k ¥ ¥ * ¥ £ £ ¥ ¥ * ¥ ¥ // i | 50

inlet ‘
{ s
type
nFaces |
startFace 0
} 150
outlet 100
{ Y Axs 50
type patch; 0 0
nFaces 200;
startFace 14250;

100
200

}
ground

{

B Vll .
Eﬂmni%.w

type wall;

inGroups List<word> 1{wall);
nFaces 500;

startFace 14450;

NN

}
frontAndBack
{
type symmetry;
inGroups List<word> 1(symmetry); Z Ax
nFaces 1000;
startFace 14950,

J

s FEEEFFEFFEFFEFFEFF A F TR FFEFFEFF Rk F kR FEEFEE

]
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Name

HOV\/ to run OpenFDAM teSt » B extendedFeatureEdgeMesh

» B polyMesh

B transportProperties
» B triSurface
B turbulenceProperties

1. surfacefeatures —
2. blockMesh A boundary

3. snappyHexMesh
4 simpleFoam

'/ F k *k k k F F k ¥ * k F F k£ ¥ ¥ k k¥ F k ¥ ¥ *k ¥ £ k ¥ ¥ * ¥ £ £ ¥ ¥ * ¥ ¥ //

J

%
TUDelft

inlet

{
type
nFaces
startFace

}

outlet

{
type
nFaces
startFace

}

ground

{
type
inGroups
nFaces
startFace
}
frontAndBack
{
type
inGroups
nFaces
startFace

100 |

Z Axs \
50 |

200
150

Y Axs 50
patch;

200;

14250;

wall;

List<word> 1{wall);
500;

14450;

100 §

symmetry;

List<word> 1(symmetry); 2 Axt
1000;

14950;

FEEEFFEFFEFFEFFEFF A F TR FFEFFEFF Rk F kR FEEFEE .-"//

touch windAroundBuildings@. foam

Date Modified

Today at 13:30
Today at 13:30
Yesterday at 17°:11
Today at 13:06
Yesterday at 17:11

Date Modified

Today at 13:30
Today at 13:30
at 13:30

y at 13:30

at 13:30

200

100

e

Yore
]

i,
[

s
I
IS

[

)

L

~NJ
/l




Name Date Modified

How to run openFOAM test cie=s

> I 2
[~ | Allclean
1 Allrun
B constant

N EABCu

:I_. su mcace Features B windAroundBuildings0.foam
2. blockMesh

#includeEtc "caseDicts/mesh/generation/snappyHexMeshDict.cfg"

3. snappyHexMesh
4. Simplel:oam castel latedMesh on;

shap on,
addLayers off;

]
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Name Date Modified

How to run openFOAM test cie=s

> I 2
[~ | Allclean
1 Allrun
B constant

N EABCu

:I_. su mcace Features B windAroundBuildings0.foam
2. blockMesh

#includeEtc "caseDicts/mesh/generation/snappyHexMeshDict.cfg"

3. snappyHexMesh
4. Simplel:oam 8§ castel latedMesh on;

j shap on,
addLayers off;

]
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Name Date Modified

How to run openFOAM test cie=s

> I 2
[~ | Allclean
1 Allrun
B constant

N EABCu

:I_. su mcace Features B windAroundBuildings0.foam
2. blockMesh

#includeEtc "caseDicts/mesh/generation/snappyHexMeshDict.cfg"

3. snappyHexMesh
4. Simplel:oam 8§ castel latedMesh on;

j shap on,
addLayers off;

1. Castellation

]
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Name Date Modified

How to run openFOAM test cie=s

> I 2
[~ | Allclean
1 Allrun
B constant

N EABCu

:I—- SurfaceFeatureS B windAroundBuildings0.foam

2. blockMesh

3 S“ﬂppYHeXMeSh #includeEtc "caseDicts/mesh/generation/snappyHexMeshDict.cfg"
4. Simplel:oam 8§ castel latedMesh on;

j shap on,
addLayers off;

1. Castellation

2. Snapping

]
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How to run openFOAM test case:

Date Modified

Mo Today at 10:38
ot 1 Today at 13:37
- 2 Today at 13:45
B 52 Today at 13:46
B 102 Today at 13:46
B 152 Today at 13:47
B 202 Today at 13:47
B 252 Today at 13:48
B 302 Today at 13:48
Bl 352 Today at 13:49
[] Aliclean Today at 09:46
[~ ] Allrun Yesterday at 17:11
B constant Today at 13:30
B system Today at 13:45
B windAroundBuildings0.foam Today at 13:16

=
©
3
®

1. surfacefeatures
2. blockMesh

3. snappyHexMesh
4 simpleFoam

I
b
I
i
>
I
>
>
[
>

SIMPLE
t

residualControl

{

p le-4;
U le-4;
"(klomegalepsilon)" le-4;

Time = 399

}

nNonOrthogonal Correctors @;
pRefCell 0;
pRefValue 0;

smoothSolver: Solving for Ux, Initial residual = ©.000374315, Final residual = 2.13748e-05, No Iterations 2
smoothSolver: Solving for Uy, Initial residual = ©.00149301, Final residual = 8.74602e-05, No Iterations 2
smoothSolver: Solving for Uz, Initial residual = 0.00168795, Final residual = 0.000102205, No Iterations 2
GAMG: Solving for p, Initial residual = ©.0132326, Final residual = 0.000431114, No Iterations 2

time step continuity errors : sum local = 1.12228e-05, global = 1.23819e-06, cumulative = 0.00416481
smoothSolver: Solving for epsilon, Initial residual = ©.00286634, Final residual = 0.000159461, No Iterations 1
smoothSolver: Solving for k, Initial residual = 0.00206614, Final residual = ©.000165122, No Iterations 1
ExecutionTime = 241.25 s ClockTime = 247 s

Time = 400

smoothSolver: Solving for Ux, Initial residual 0.000373325, Final residual = 2.13718e-05, No Iterations 2
smoothSolver: Solving for Uy, Initial residual ©.00148155, Final residual 8.70915e-05, No Iterations 2
smoothSolver: Solving for Uz, Initial residual = ©.00167385, Final residual = ©.000101258, No Iterations 2
GAMG: Solving for p, Initial residual = ©.0132477, Final residual = 0.000427785, No Iterations 2

time step continuity errors : sum local = 1.11348e-05, global = 1.15567e-06, cumulative = 0.00416596
smoothSolver: Solving for epsilon, Initial residual = ©.00288552, Final residual = 0.000160044, No Iterations 1
smoothSolver: Solving for k, Initial residual = 0.00205397, Final residual = 0.000165605, No Iterations 1
ExecutionTime = 241.83 s (lockTime = 248 s

]
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How to run openFOAM test case:

Jf K K K K K k£ k£ £ £ £ £ ¥ £ ¥ #

1. surfacefeatures
2. blockMesh

3. snappyHexMesh ctartTine o
4. simpleFoam stopt

endTime 400;

application simpleFoam;

startFrom latestTime;

endTime;

deltaT 1;

SIMPLE
t

writeControl timeStep;

writeInterval  50;

residualControl
{
p le-4;
U le-4;
"(klomegalepsilon)" le-4;
} Time = 399
nNonOrthogonal Correctors @;
pRefCell

=
©
3
®

vy vy vV vy VY Y YY Y Y

smoothSolver: Solving for Ux, Initial residual

e O

oot 1

M2

M 52

B 102

B 152

Bl 202

B 252

B 302

Bl 352

] Allclean
] Allrun
B constant
B system
h windAroundBuildings0.foam

Date Modified

Today at 10:38
Today at 13:37
Today at 13:45
Today at 13:46
Today at 13:46
Today at 13:47
Today at 13:47
Today at 13:48
Today at 13:48
Today at 13:49
Today at 09:46
Yesterday at 17:11
Today at 13:30
Today at 13:45
Today at 13:16

0.000374315, Final residual = 2.13748e-05, No Iterations 2
(); smoothSolver: Solving for Uy, Initial residual = ©.00149301, Final residual = 8.74602e-05, No Iterations 2

fval . smoothSolver: Solving for Uz, Initial residual = 0.00168795, Final residual = 0.000102205, No Iterations 2
pRefValue 0, GAMG: Solving for p, Initial residual = ©.0132326, Final residual = ©.000431114, No Iterations 2

time step continuity errors :

smoothSolver:
smoothSolver:

sum local = 1.12228e-05, global = 1.23819e-06, cumulative = 0.00416481
Solving for epsilon, Initial residual = ©.00286634, Final residual = 0.000159461, No Iterations 1
Solving for k, Initial residual = 0.00206614, Final residual = 0©.000165122, No Iterations 1

ExecutionTime = 241.25 s ClockTime = 247 s

Time = 400

smoothSolver:
smoothSolver:
smoothSolver:

Solving for Ux, Initial residual 0.000373325, Final residual = 2.13718e-05, No Iterations 2
Solving for Uy, Initial residual = ©.00148155, Final residual 8.70915e-05, No Iterations 2
Solving for Uz, Initial residual = 0.00167385, Final residual = ©.000101258, No Iterations 2

GAMG: Solving for p, Initial residual = ©.0132477, Final residual = 0.000427785, No Iterations 2

time step continuity errors :

smoothSolver:
smoothSolver:

]
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sum local = 1.11348e-05, global = 1.15567e-06, cumulative = 0.00416596
Solving for epsilon, Initial residual = ©.00288552, Final residual = 0.000160044, No Iterations 1
Solving for k, Initial residual = 0.00205397, Final residual = 0.000165605, No Iterations 1

ExecutionTime = 241.83 s (ClockTime = 248 s




How to run openFOAM test case:

1. surfacefeatures

2. blockMesh

3. snappyHexMesh

4. simpleFoam IN PARALLEL

cp $FOAM_ETC/caseDicts/preProcessing/decomposeParDict system/

mpirun -np 4 simpleFoam -parallel >& log.SF &
tail -f log.SF
reconstructPar -latestTime

%
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= Paraview:

Requires a any-except-field attribute array with 1 component(s)

[ NON ] ParaView 5.6.0 64-bit
: : B i, - sy @ &
B2 & B @ @ » & @ LS @DQ D> I> Pl S omme 2 B cmaxisn DBy Sy
Q N > =4 @ Solid Color 2 s Surface With Edge: A.B :-‘ +X -X +Y -Y +Z -Z p 5 @
R = B s ; B X oo o Xlxin gtz O BGE&G:
: [N [ e = sy O® w Ol L
. Y @ @ \.rd | Threshold | = & l]& bt ¢ e : &
00 __ Pleine Browser [ Layout# [
I ~
@ builtin: ) o @ R R BB EAN?LR RenderView1 0 B O 0 ©
&) windAroundBuildings0.foam
+ | 0 slicel
# @ buildings.obj
Information
06 Properties
Apply Reset ¢ Delete ?
Search ... (use Esc to clear text) &3
= Properties (Slice1) e (Q W
Slice Type Plane
Plane Parameters
| Show Plane
Origin 155 90 70
Normal 0 1 0
Note: Use 'P' to pick 'Origin’ on mesh or 'Ctrl+P’ to snap to the closest mesh point
X Normal Camera Normal
Y Normal
Z Normal
Reset Camera to Normal
Reset to Data Bounds
Offset o
| Crinkle slice

https://www.paraview.org/Wiki/images/6/6e/ParaViewTutorial54.pdf

]
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Activities before next class

= Go to: https://www.paraview.org/Wiki/images/6/6e/ParaViewTutorialb4 pdf

« Make the different plots suggested in the tutorial

= Run the case switching off turbulence

* Run the case increasing the v (viscosity) to honey level (2000) or oil level (66.2)

= \What happens if you change endTime in controlDict

]
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https://www.paraview.org/Wiki/images/6/6e/ParaViewTutorial54.pdf

