OpenVEOAM Vol o oD

Time: 19.78

Daniele Trimarchi, University of Southampton, 2010

Daniele Trimarchi
daniele.trimarchi@soton.ac.uk

University of Southampton, 01-11-2010



mailto:daniele.trimarchi@soton.ac.uk
mailto:daniele.trimarchi@soton.ac.uk

T Y Y Y Y Y Y Y Y Y YN Y Y Y Yy
TP I I T N Y YT YYYYY Y

J ..JLJJ PR RARRRRAR R R R R R R R ERERE

TYYYYIYYY Y Y Y Y

Y Y Y YYYYYYYY Y Yy

TYIYT YT YY Yy Y Y
J44J44.44444,,.,

T T YITITYIYNYYYY

THYYYYYYYYYN Y

) | JJJ JJJ 444444.414J
Y999
Rk

YTYYYYNYNYY Y

.

JJJJIa-..‘.-..
.. JJ J,J p 2R EERERERERERE R R
- TY YT I Y Yy Y Y YYYYYTY
' JJJdaaaa.....
-“”'“”J' TYYTYYY Y Y Yy
..' JJ TY YT Y Y Y Yy Y Y YTy
R R R R R R R R R R R N N A N Y Jf. P 2222 R R RRRE
. y

N J ) JJJJJJJJJJ.44, ... y Yy
X X Y J/ YN NY Y Y YN YY)
YTYYYYY Y Y Y Y Y

.

.
. "
P

TYYYYYYY Y Yy
TYYYYYYY Yy
TYYTYYYYNYY Y

JﬂhJJJJJJJ...
FTHYYYYYY Y
YTYYYYYYY Yy

M
o
."

“evy
32

RRRARRRRRRR AR
YT YT Y YN YYYYYTY Y 4 JJ
T T I I T I ITYIYYYYYY -
RARRARRRRRA AR 2 N
Y Y I T T YT Y YT YYYYYS
,/llalJJ/JJJJJJJJJ
Y IIIIIIYIYY

........44‘444JJJJJJJJJ. \

ARRARAARARARARRR AN




JJJJJ.chacac.......
T I I I NN R NYTYYYTY

fﬂ T Y Y YT Y Y Y Y Y Y Yy vy

TIITI Iy vy
JJJJ44444‘44.4..-.
T T INNYTY I Y
raseasshhthbbRRRRRE

JJJJaJJJ-.

JJ J,Jll:a....

JJ Y YT Y Y Y Y Y YT Y Yy
JJJAJJt.tto..
JJJJJ:;a;a.-..-

TYYYYY Y Y Y Y Y
f RN RRRR R
! [ TIYITYI YT YT YY

AR R RRARARAR
THYYYYYSYYY Yy
J.JJJJ1J1/4144/J;,
TIT I INYNYYY

2T Y YT Yy Yy YIY Y Y Yy
TYYTYY Y Y Y Yy Yy
4444444444_‘.,,

5l

o
3
Pl

O
:zs
-
ol

-
o
g

.
e

h|
. )

JJ,4441;44144..,,,

TITYIYIY Y Y Y Y

R AR ARRARARARARN
TR YYYYY
EELEYEYLYIYIYILYLYY

! PR 2R RRRRERRR

TITIT I YT Y Y Y Yy \
Y YYYY Y Y Y Y Yy Yy
Jd«JJIJ:.,....

J444444444,.

IS
vt
%%
weesey

TYYYYYNYY
Y I9%9YYYY
JJ4444444

-3
AN

A BVANN
| /£

LV,

/-

2

.
.

.
-

1t

o __ "
egeses
Se%s%
eve"
.
_.:::5:

%
MM
P
MO
%
e

.y

o
M

Y Y Y Y YN YYYYYYY
. Y Y Y YNYNNSS

>
.
e

-

T T I I T I IYYYY Y JJ“JJ

YT Y YNYYYYYYYS »
........4444JJ444JJUfJ
YT YT YYEYYYYYYYS
T YT T YT T T Y T YT YT YT Y Y YYYYYYYYYS
.....444444JJJJ
YT I IYYYYYOOOYYY

T T T T T T T T YT YT YT YT YT Y YT Y Y YYYYYYYS
T T T T T T Y Y Y Y YYYYYYYY

Table of ¢
= OpenFOAM,

I T T T T T I ITYTYTYIYTOYOYTOYOYTYTY
Y T T T T T I YT YT YYYOYOYYYTTMTNM
T T T T T ST T YT YT TYT T T YT Y Y Y Y Y YYYYYYY




4#J4J44J,4‘444‘45011..
ERARRRRRRRRRRARAN

/f/;f T Y Y YT Y Y Y Y YY1y Y

J.JJ,J‘JJ1;4114444,44;
PR RRRRRARR R AR R AR R RS
T Y Y Y YYYYY Y Yy Yy vy
TITYINIYYYY
J4J441,4444414.

TI T I I Y YYYYY .y
JJJJJccd-a...

TY YT YT Y Y Y Yy Yy Yy Yy
.JJJJJJJ T I XTI YN Y N Y Y YYY Y Y

J.JJ‘JJIJJII“azlzz

; )|
....'... TYIYYT YT Y Y Y YYSY Y
NANAN R AR RRRARRRRRE
A A Y9 Y Y Yy vy
AL Y YYT Y Y Y Y Y YY Yy Yy

TYYTYT YT Y Y Y Y
jJJJ444444¢......

p |

TYYTYY Y Y Yy
EELLYYLYLYLLLYL Y

iy JJJJJJJJI-JJ-

3t

s Y
’,
.

-
-
.
.

-
c::
P
»
b

,JJJJJIJa/aJJl,.;,,
TYI YT Y T Y Y Yy Y Y Y Y Yy
JdJJld:ca-..

»
I

A T Y LYY .
".. ) JJ444444444,.,.
-ee PRRABRRRRRRS

*Th
3

)
JJJ/JJ,Aa:.......
AL LY
) JJJl,Jldt-.-..
AR AR RRR R R RRD

JJ JJJ jffﬂ.ﬂ‘.,.,, )
: wa \

o3

'H

>

AN

J. >
%

.
soey

P

.
.

o
P

ent

5::

.
.
.
.
-
-

o

. OnenFOAM UNIX

.
.
.
.
-
.

o

s
2338
o
‘.

é....

.
.
-
e
-
.
'

;JJJJJJJm
TYYHYYHYH
TYYYYYYY /

TITIIIOYNYYY

.
oo
3
P
-':

%

Y YT YT YT YITYYYY Y ﬂJJJ

RARRRR RN RN
YT Y Y YYNYYYYSYS
Y T T Y I YTYYYYYY Y
o

YT YTYIYIYYYY Y™
YT T IIYTYNYOYOOCYOYTTY .
T T T I T IIYYTYYYY Y Y

,,..‘,.4‘4444444444J444JJ
T T T T I YT YT YYYY Y Y Y

RARRARRARR AR R AR .
1T Y T YT YIYIYYYYYYS
T T T T T T T T YT Y Y Y Y Y YYYYYYYSN
T T ITITYTYIYTOYOYY Y™

BERERERR R R AR AR R AR
YT T T TN YTYT Y Y NY Y Y Y Y'Y

Table of cont




444444%4 J~JJ 4444444.444..
IRRARRRN ffqu 4ﬁ¢¢%1444JJ,JJ,...

4 JJJJjJJ444444444441.,
UJ T I I YT YT Y Y YT Y Y Y YYN Yy
] TI I YT
) | Y Y YT YT Y YYYY Y Y Y Y Y
AR RRRRRRRRRRR R R R
JJJJJJJ4144...,
JJJJJJa;aa;.«-
T I T IIYIYTOYY Y
RPN RARRRRERRRE
1) v Ny

,vﬂ XXX k
21 YYYYYYYYYYSY Y Y Y

JfJJJJJz444,.....
T I Y YTy Y Yy Yy
TYT YT T YIS Y9Y9999Y

dd.delttt....
: JJJJJdddaa.
PRARRRARARRRN

TI I I I TV

TY Y YT Y Y Yy Yy Y Y Yy
JJJJJJ;JIJJJI,,,
444.414444.

JJJ444444.

YI T YT Y99y

/ YTEYYYYYYY Y)Y
TYYYYYYYNN Y

SR RRARRRRRRRN
JJJfJJ/lez.
J PR AR RERRERRRERE
PSR RRRRRRR RS
: TITIXIIIY YV Y

TYYYYYY Y Y Y

N

b | \
JJJJJ..._4.4.
FTYYYYYYSY Y y v
.JJJJJ;;;a/zJ,,,,
TYYYYYY Y Y
JJ44444¢¢4.
. TITYIIIIYYY
T XL P I YT I YYYYY Y
. T I I Y Y Y Y Y Y Y

IOOOOLLX LYY Y
Y'Y YY Yy
J.JJ.4J414/4,,,
JJdddttn....
JJJ.J,JJJ«....
TEIIYTIIRYYYILYY
XXX YYIYI YYD

oo
weececese
125t riieiets
Sretetetete?

.4444,.444

Y YYYYYYS

oy

-
L J

.

ot
#*s%:s%
o*etetsts
ssesesesee
P

" ODenFQAM;é UNIX

4

TYYYYY Y Y

//ﬂ///ﬂJJJJJJJJ

y Y Yy Y YYY Y 444.4J44444444JJ 111
,, ..44444
.._. ...‘4‘444‘J4JJJJJJJJ

. WD)
v 'y ..414...4..44.444J4J4444444444 3 ) 221 ouJJJJJJJJI.

Y9N S TYYYY

YT Y YN Y YN Y /.4‘, \ //«J////J“J“JUJJ, ™ ) ) ") ) JJJJJJJJ 44J¢4444
] L B ™Y

vy YN NNN 4J14JJJJJJJJJJJJ JJ Y JJJJJJJ J/JJJJJJ/JJJJJ‘/
RERRRRREERRRRRR R AR R R R R R RN f.f JJJ/JJ411444J4,J,

T T T T YT YT YT YT Y Y Y Y Y Y T ) 1 9 ) JJJJJJJJJJJJ:«a...

Y T T I T I T T I YT IYTYTYTYTOYTYTYTYTYT YT PR RRRRR AR AR R AR R AR AN

Y Y Y T Y T T T T T T T T T YT T T T T T T T T T T T I T N T T S T S T S S T S Y S Y Y Y N Y N YN Y YN Y YN YN NN YYNYYYMY Y

Table of conte




Table of contents:
x OpenFOAM, UNIX AND THE MAC

x MESH GENERATION

x presentation of the routine airfoil.exe
» GMSH: tutorial on the meshing of a simple geometry




Table of contents:
x OpenFOAM, UNIX AND THE MAC

x MESH GENERATION

x presentation of the routine airfoil.exe
» GMSH: tutorial on the meshing of a simple geometry
x GMSH conversion: the utility gmshToFOAM and CreateBattles




Table of contents:
x OpenFOAM, UNIX AND THE MAC

x MESH GENERATION

x presentation of the routine airfoil.exe
» GMSH: tutorial on the meshing of a simple geometry
x GMSH conversion: the utility gmshToFOAM and CreateBattles

x UNSTEADY RANSE




Table of contents:
x OpenFOAM, UNIX AND THE MAC

x MESH GENERATION

x presentation of the routine airfoil.exe
» GMSH: tutorial on the meshing of a simple geometry
x GMSH conversion: the utility gmshToFOAM and CreateBattles

x UNSTEADY RANSE

» [mposing unsteady BC using ramp files




Table of contents:
x OpenFOAM, UNIX AND THE MAC

x MESH GENERATION

x presentation of the routine airfoil.exe
» GMSH: tutorial on the meshing of a simple geometry
x GMSH conversion: the utility gmshToFOAM and CreateBattles

x UNSTEADY RANSE

» [mposing unsteady BC using ramp files
x forces, coefficients and samples extraction




Table of contents:
x OpenFOAM, UNIX AND THE MAC

x MESH GENERATION

x presentation of the routine airfoil.exe
» GMSH: tutorial on the meshing of a simple geometry
x GMSH conversion: the utility gmshToFOAM and CreateBattles

x UNSTEADY RANSE

» Imposing unsteady BC using ramp files
x forces, coefficients and samples extraction
» Airfoil case study: the pi1SoEOAM solver, SST turb. model & unsteady BC




Table of contents:
OpenFOAM, UNIX AND THE MAC

MESH GENERATION

x presentation of the routine airfoil.exe
» GMSH: tutorial on the meshing of a simple geometry
x GMSH conversion: the utility gmshToFOAM and CreateBattles

UNSTEADY RANSE

» [mposing unsteady BC using ramp files

x forces, coefficients and samples extraction
» Airfoil case study: the pi1SoEOAM solver, SST turb. model & unsteady BC

DYNAMIC MESH HANDLING




Table of contents:
OpenFOAM, UNIX AND THE MAC

MESH GENERATION

x presentation of the routine airfoil.exe
» GMSH: tutorial on the meshing of a simple geometry
x GMSH conversion: the utility gmshToFOAM and CreateBattles

UNSTEADY RANSE

» [mposing unsteady BC using ramp files

x forces, coefficients and samples extraction
» Airfoil case study: the pi1SoEOAM solver, SST turb. model & unsteady BC

DYNAMIC MESH HANDLING

» Principles of mesh motion: ALE => the PimpleDyMFOAM solver, and the
velocityLLaplactanMotionSolver




Table of contents:
OpenFOAM, UNIX AND THE MAC

MESH GENERATION

x presentation of the routine airfoil.exe
» GMSH: tutorial on the meshing of a simple geometry
x GMSH conversion: the utility gmshToFOAM and CreateBattles

UNSTEADY RANSE

» [mposing unsteady BC using ramp files

x forces, coefficients and samples extraction
» Airfoil case study: the pi1SoEOAM solver, SST turb. model & unsteady BC

DYNAMIC MESH HANDLING

» Principles of mesh motion: ALE => the PimpleDyMFOAM solver, and the
velocityLLaplactanMotionSolver

= tutorial case study: the moving beam




Table of contents:
OpenFOAM, UNIX AND THE MAC

MESH GENERATION

x presentation of the routine airfoil.exe
» GMSH: tutorial on the meshing of a simple geometry
x GMSH conversion: the utility gmshToFOAM and CreateBattles

UNSTEADY RANSE

» [mposing unsteady BC using ramp files

x forces, coefficients and samples extraction
» Airfoil case study: the pi1SoEOAM solver, SST turb. model & unsteady BC

DYNAMIC MESH HANDLING

» Principles of mesh motion: ALE => the PimpleDyMFOAM solver, and the
velocityLLaplactanMotionSolver

= tutorial case study: the moving beam

WRITING AND COMPILING USER APPLICATIONS AND LIBRARIES




Table of contents:
OpenFOAM, UNIX AND THE MAC

MESH GENERATION

x presentation of the routine airfoil.exe
» GMSH: tutorial on the meshing of a simple geometry
x GMSH conversion: the utility gmshToFOAM and CreateBattles

UNSTEADY RANSE

» Imposing unsteady BC using ramp files
x forces, coefficients and samples extraction
» Airfoil case study: the pi1SoEOAM solver, SST turb. model & unsteady BC

DYNAMIC MESH HANDLING

» Principles of mesh motion: ALE => the PimpleDyMFOAM solver, and the
velocityLLaplactanMotionSolver

» tutorial case study: the moving beam
WRITING AND COMPILING USER APPLICATIONS AND LIBRARIES
READING IN THE CODE: the library ‘Force.C’




Table of contents:
OpenFOAM, UNIX AND THE MAC

MESH GENERATION

x presentation of the routine airfoil.exe
» GMSH: tutorial on the meshing of a simple geometry
x GMSH conversion: the utility gmshToFOAM and CreateBattles

UNSTEADY RANSE

» Imposing unsteady BC using ramp files
x forces, coefficients and samples extraction
» Airfoil case study: the pi1SoEOAM solver, SST turb. model & unsteady BC

DYNAMIC MESH HANDLING

» Principles of mesh motion: ALE => the PimpleDyMFOAM solver, and the
velocityLLaplactanMotionSolver

» tutorial case study: the moving beam

WRITING AND COMPILING USER APPLICATIONS AND LIBRARIES
READING IN THE CODE: the library ‘Force.C’

PATCH DEFORMATIONS: a modified version of PimpleDyMFOAM for FSI




JJJJ.JIcacac.......
T IR R R AYTYIYIY

fﬂ T Y Y YT Y Y Y Y Y Y Yy vy

TII I I YY YO Yy

JJJJ44444‘44.4..-.

P AR RR R RhbRRE
sasssnanhbhibRRRRES

TIT YT T
Y'Y Y9 99NN Y YN
tenannahRRRRRRARRE
JJJlJJl.tldll
JJJJJ:;a;a.-..-

TYYYYY Y Y Y Y Y
ANYYYYYYYYYYYYY Y Y Y

RRRARRRRRRA
YN Y Y Y Y Y Y
RARRRRRRRRRARRRRRA
JJJJI.Jt-lna.

TYYYYYYY9Y9 %Y
JfquJJJJJJJ.
Y Y Y Y Y Yy Y Yy Yy

B

JJJ.J(a:;;..
J,44414441;4..,,,
JJJAJI(:;;-
PRARARRARARAAARD
PR ARARRRRRN
o TY YT YYYYYYY
» Y'Y YNNI YIYYNY Y Y Y

RRRRARARRR AR RN
JdJJJ/J‘Il‘l
MY YYYYSYYYYYY Y Yy

T Y Y Y Y Y Y Y Y Y Y Y
JJJ444444444

RARARA RS

.
TYYYY
Y Y NN

Y Y Y Yy

y
Y Y Y'Yy

Y Y Y g |
T YN NYS
Y NN Y

Y Y Y I YYYYYYYS
T YNINNYYYYY YN

PR AN

....J,JI.JJJJJJJJ
T T I I T I IYYYY Y \

T T T T I I IYYYY Y

.....444444JJJJtJ“Jf4

YT I I I YIYYOYOOOYTYYTY
,.........,..JttJJJJJJJJJJJ.
T T T T T T Y Y Y Y YYYYYYYY

T T T T T T T T I YTYIIYOYYYYY
Y Y T Y Y Y Y Y Y YYHYYYYYYYS




LWL LD ) dJJ444441;444....
Y YT YT Y Y Y Y Y Y Y
Y ) * 3 Y Y Y Y Y Y Y YYYYYYy Yy

.4JJ,44444¢4;,I/,‘,4,
TYTYYTY Y Y YYYYYY
JJJdJ444444¢....
PR RRRRR AR R RN
JJ JJ444444444,,,4_
.JJJJJJJ¢44¢...,.
R RRRRRRE
TYYYHYYYYYY Yy
JJJ.JJ;::;,//.“,,
T YT YT YT YT Y YTy Y Y Y Y Y Yy Yy
d J.J.JJaaa......
T YT Y Y

LﬂffJJJJJ,‘,‘,,.‘,

PR RRRERRR R
JJJ.JJJJJIIIJI,.J,,,

TEXXLY)
NY YYYYYYYYYY Y Y

TYTYYY YY1 111y
YFYYHYYIYYYY Y Yy
JJJJJJ414,/44
.jddqzza....,.
JJJaAa.-..,‘

PR RRRARARRRN

,A/

el
b
L ]

L

s

. v
MM
P
ve"

M
P

e
.
S

-
-
-
.
.
-

0
e
e
e
o:o

v
e
..

M5
.

.
.

.
e
-

JJJJJ,:;.,

JJJJJa;l;/..,,,,,
TI 22109
JJJJJ::-;

PR RRRRN

f
“
by
PO
P

o
“_w_ o
2%+%"°

s
.

.

Yo

-
.
.

BT NP0 0000000000000 00000ttt eI T I T ™I ™YY YY"
“....0....00.00.00000.0..00.00.00000.0.0..0..........‘..

TY YN
1TYYY Y'Y
Y Y Y YN

..c.-.’do ) ' ' .3
4.4,4.4‘4-“ 44“

'Y YYY Y <JJJJJJ Jr
RRRR RS S N

L ]
sesvses
#*s%:%
ottt
weee
weese
e

.
.

' N J,JJJJJJJJJ 11X
. \ TYYH
,....,.....:,,,JJJ/H.JJ/J

P YYYY Y Y »
s Y YN SNS AJJJJJJJJJJJJJ .f./

YT I IIIYYN YOO YY
IR RRRRRRRRR RS

Y Y Y Y Y Y Y Y YYYYYYYS
YNy .,44‘44444JJJJJ/JJ..

Y T YT YT Y Y Y Y YYYYYY Y
.....4444444JJ4JJJJ/

..,.‘4,,.,. 4 4. . 4,.
.,..‘, 44,4J,‘JJJJJJJJJ.JJJJJJJJJJUJJ JJJJJJ JJJJJ/JJJJJJ/J,, /
Y I T T T T T T T T T T YT T YT YT YYYYY Y Y 'Yy TY Y YT Y YY YN Y
YT YT T YT YT YTYTYYY Y Y Y 1Y ) 1 9 ' PR RRRRRRRRRRRRY
..-..444444444444JJ.JJJ JJJJJJJJ4J44444.-..
T T T T T T T T T T T T T T YT YT Y Y Y Y Y Y Y Y Y Y Y YA YYAYYYYNMY Y




OpenFOAM and the MAC

x MAC core 1s UNIX, therefore it 1s possible to build OF

x |t 1s however less easy than in Ubuntu....



OpenFOAM and the MAC

x MAC core 1s UNIX, therefore it 1s possible to build OF
x |t 1s however less easy than in Ubuntu....

x Very good guidance in the forum:


http://www.cfd-online.com/Forums/openfoam-installation/77570-patches-openfoam-1-7-macos-x.html
http://www.cfd-online.com/Forums/openfoam-installation/77570-patches-openfoam-1-7-macos-x.html
http://www.cfd-online.com/Forums/openfoam-installation/77570-patches-openfoam-1-7-macos-x.html
http://www.cfd-online.com/Forums/openfoam-installation/77570-patches-openfoam-1-7-macos-x.html

OpenFOAM and the MAC

x MAC core 1s UNIX, therefore it 1s possible to build OF
x |t 1s however less easy than in Ubuntu....

x Very good guidance in the forum:

®x You need Xode


http://www.cfd-online.com/Forums/openfoam-installation/77570-patches-openfoam-1-7-macos-x.html
http://www.cfd-online.com/Forums/openfoam-installation/77570-patches-openfoam-1-7-macos-x.html
http://www.cfd-online.com/Forums/openfoam-installation/77570-patches-openfoam-1-7-macos-x.html
http://www.cfd-online.com/Forums/openfoam-installation/77570-patches-openfoam-1-7-macos-x.html
http://developer.apple.com/technologies/tools/
http://developer.apple.com/technologies/tools/

OpenFOAM and the MAC

x MAC core 1s UNIX, therefore it 1s possible to build OF
x |t 1s however less easy than in Ubuntu....

x Very good guidance in the forum:

®x You need Xode

» And macPorts 15 a very confortable tool..!
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Unix: the use of the terminal

lerminal bash 80x24

Last login: Wed Oct 27 15:08:56 on ttys003 8
-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such file or direct

ory
DanTrim:~ daniele$

Last login: Wed Oct 27 15:08 oh ttys@oO3 =]

-bash: /Users/daniele/0OpenF0AM/O0penFO0AM-1.7.x/etc/bashrc: No such file or direct

ory

DanTrim:~ daniele$
lerminal bash

Last login: Wed Oct 27 15:09:32 on ttys002 8
-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such file or direct
ory

DanTrim:~ daniele$ []

lerminal bash
Last login: Wed Oct 27 15:09:41 on ttys@e@4
-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such file or di
ory
DanTrim:~ daniele$ []
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DanTrim:~ daniele$

Last login: Wed Oct 27 15:08 oh ttys@oO3 =]

-bash: /Users/daniele/0OpenF0AM/O0penFO0AM-1.7.x/etc/bashrc: No such file or direct

ory

DanTrim:~ daniele$
lerminal bash

Last login: Wed Oct 27 15:09:32 on ttys002 8
-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such file or direct
ory

DanTrim:~ daniele$ []

lerminal bash
Last login: Wed Oct 27 15:09:41 on ttys@e@4
-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such file or di
ory
DanTrim:~ daniele$ []




Unix: the use of the terminal

® |s

x cd

lerminal bash 80x24

Last login: Wed Oct 27 15:08:56 on ttys003 8
-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such file or direct

ory
DanTrim:~ daniele$

Last login: Wed Oct 27 15:08 oh ttys@oO3 =]

-bash: /Users/daniele/0OpenF0AM/O0penFO0AM-1.7.x/etc/bashrc: No such file or direct

ory

DanTrim:~ daniele$
lerminal bash

Last login: Wed Oct 27 15:09:32 on ttys002 8
-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such file or direct
ory

DanTrim:~ daniele$ []

lerminal bash
Last login: Wed Oct 27 15:09:41 on ttys@e@4
-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such file or di
ory
DanTrim:~ daniele$ []




Unix: the use of the terminal

= |s
x cd
x pwd

lerminal bash 80x24

Last login: Wed Oct 27 15:08:56 on ttys003 8
-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such file or direct

ory
DanTrim:~ daniele$

Last login: Wed Oct 27 15:08 oh ttys@oO3 =]
-bash: /Users/daniele/0OpenF0AM/O0penFO0AM-1.7.x/etc/bashrc: No such file or direct
ary
DanTrim:~ daniele$
lerminal bash
Last login: Wed Oct 27 15:09:32 on ttys002 8
-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such file or direct
ory
DanTrim:~ daniele$ []

lerminal bash
Last login: Wed Oct 27 15:09:41 on ttys@e@4
-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such file or di
ory
DanTrim:~ daniele$ []




Unix: the use of the terminal

. 1 lerminal bash 80x24
S Last login: Wed Oct 27 15:08:56 on ttys003 8
-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such file or direct

ory
DanTrim:~ daniele$ sash
Last login: Wed Oct 27 15:09:24 on ttysQO3 =]
. Cd -bash: /Users/daniele/0OpenF0AM/0penFOAM-1.7.x/etc/bashrc: No such file or direct
|:|r"_-,-‘
DanTrim:~ daniele$
lerminal bash
Last login: Wed Oct 27 15:09:32 on ttys002 8
-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such file or direct

n \WY, bax
p DanTrim:~ daniele$ []
lerminal bash

Last login: Wed Oct 27 15:09:41 on ttys@e@4
-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such file or di
ory

DanTrim:~ daniele$ []

x mkdir



Unix: the use of the terminal

. 1 lerminal bash 80x24
S Last login: Wed Oct 27 15:08:56 on ttys003 8
-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such file or direct

ory
DanTrim:~ daniele$ sash
Last login: Wed Oct 27 15:09:24 on ttysQO3 =]
. Cd -bash: /Users/daniele/0OpenF0AM/0penFOAM-1.7.x/etc/bashrc: No such file or direct
|:|r"_-,-‘
DanTrim:~ daniele$
lerminal bash
Last login: Wed Oct 27 15:09:32 on ttys002 8
-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such file or direct

n \WY, bax
p DanTrim:~ daniele$ []
lerminal bash

Last login: Wed Oct 27 15:09:41 on ttys@e@4
-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such file or di
ory

DanTrim:~ daniele$ []

x mkdir



nix: the use of the terminal

. 1 lerminal bash 80x24
S Last login: Wed Oct 27 15:08:56 on ttys003

-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such file or direct

ory
DanTrim:~ daniele$ vash

Last login: Wed Oct 27 15:09:24 on ttysQO3
. C d -bash: /Users/daniele/0OpenF0AM/0penFOAM-1.7.x/
or ,

DanTrim:~ daniele$

etc/bashrc: file or direct

Last login: Wed Oct 27 15:09:32 on ttys002
-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such file or direct

n \WY, Dan
p DanTrim:~ daniele$ []

x mkdir

® mMan

Last login: Wed Oct 27 15:09:41 on ttys@e@4
-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such file or di

ry
DanTrim:~ daniele$ []



nix: the use of the terminal

. 1 lerminal bash 80x24
S Last login: Wed Oct 27 15:08:56 on ttys003

-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such file or direct

ory
DanTrim:~ daniele$ lerminal

Last login: Wed Oct 27 15:09:24 on ttysQO3
. Cd -bash: /Users/daniele/0OpenF0AM/0penFOAM-1.7.x/

ary

DanTrim:~ daniele$

etc/bashrc: file or direct

Last login: Wed Oct 27 15:09:32 on ttys002
-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such

n \WY, Dan
p DanTrim:~ daniele$ []

file or direct

Last login: Wed Oct 27 15:09:41 on ttys@e@4
-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such file or di

ry
DanTrim:~ daniele$ []



nix: the use of the terminal

. 1 lerminal bash 80x24
S Last login: Wed Oct 27 15:08:56 on ttys003

-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such file or direct

ory
DanTrim:~ daniele$ lerminal

Last login: Wed Oct 27 15:09:24 on ttysQO3
. C d -bash: /Users/daniele/0OpenF0AM/0penFOAM-1.7.x/
or ,

DanTrim:~ daniele$

etc/bashrc: file or direct

Last login: Wed Oct 27 15:09:32 on ttys002
-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such file or direct

n W Dan
p DanTrim:~ daniele$ []

x mkdir
n >

x man
x m/rm-r [!

= the .bash files

Last login: Wed Oct 27 15:09:41 on ttys@e@4
-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such file or di

ry
DanTrim:~ daniele$ []



nix: the use of the terminal

. 1 lerminal — bash 80x24
S Last login: Wed Oct 27 15:08:56 on ttys003 ]
-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such file or direct

ory
DanTrim:~ daniele$ lTerminal bash

B

Last login: Wed Oct 27 15:09:24 on ttysQO3
. Cd -bash: /Users/daniele/0OpenF0AM/0penFOAM-1.7.x/etc/bashrc: No such file or direct
ory
DanTrim:~ daniele$
lerminal bash 80
Last login: Wed Oct 27 15:09:32 on ttys002 =
-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such file or direct

n W bax
p DanTrim:~ daniele$ []
lerminal bash

Last login: Wed Oct 27 15:09:41 on ttys@e@4
-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such file or di
ory

DanTrim:~ daniele$ []

x mkdir
n >

x man
x m/rm-r [!

= the .bash files

x make => wmake



Unix: the use of the terminal

Is

cd
pwd
mkdir

>

man

© ——md
® —aud

rm / rm -t [!!]

the .bash files

make = wmake

lerminal

bash 80x24

Last login: Wed Oct 27 15:08:56 on ttys003 8

-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such file or direct

ory
DanTrim:~ daniele$

lerminal bash

Last login: Wed Oct 27 15:09:24 on ttysQO3 =]

-bash: /Users/daniele/0OpenF0AM/O0penFO0AM-1.7.x/etc/bashrc: No such file or direct

ary

DanTrim:~ daniele$

lerminal bash 8(
Last login: Wed Oct 27 15:09:32 on ttys002 =
-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such file or direct
ory
DanTrim:~ daniele$ []

lerminal bash
Last login: Wed Oct 27 15:09:41 on ttys@e@4
-bash: /Users/daniele/OpenFOAM/OpenFOAM-1.7.x/etc/bashrc: No such file or di
ory
DanTrim:~ daniele$ []

http://info.ee.surrey.ac.uk/Teaching/Unix/
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Airfoil.exe

» Fortran program for creating a BlockMesh mput file

x Geometry: 2D airfoil types (http://www.ae.illinois.edu/m-selig/ads.html)

» 2 Input files: airfoil.data ; input.data


http://www.ae.illinois.edu/m-selig/ads.html
http://www.ae.illinois.edu/m-selig/ads.html

Airfoil.exe

» Fortran program for creating a BlockMesh mput file

x Geometry: 2D airfoil types (http://www.ae.illinois.edu/m-selig/ads.html)

» 2 Input files: airfoil.data ; input.data

w

)

. 009314950000000000 . 00255950000000000

6
(%
0
0
0
0
0
0
(%
0
0
0
0
0
0
(%
0
0
0
0
0
0
(%
0
0
0
0
0

0
(%
0

.0145291000000000
.0208771000000000
.0283441000000000
.0369127000000000
. 0465628000000000
.0572720000000000
. 0690152000000000
.0817645000000000
. 2954915000000000
.110162800000000
.125744600000000
.142200500000000
.159492100000000
.177578%500000000
.196418700000000
. 215967600000000
.236179900000000
.257008300000000
. 278404200000000
.300317700000000
. 322697600000000
. 345491500000000
. 368646300000000
.392107900000000
.415821500000000
.439731700000000
.463782600000000
.487918100000000

. 00328040000000000
. 00415190000000000
.00516850000000000
. 00632380000000000
. 00761080000000000
. 00902170000000000
.0105485000000000
.0121823000000000
.0139143000000000
.0157351000000000
.0176353000000000
.0196051000000000
.0216347000000000
.0237142000000000
.0258337000000000
.0279828000000000
.0301515000000000
.0323294000000000
.0345058000000000
.0366700000000000
.0388105000000000
. 0409174000000000
.0429778000000000
.0449802000000000
.0469124000000000
. 0487619000000000
.0505161000000000
.0521620000000000
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Airfoil.exe

» Fortran program for creating a BlockMesh mput file

x Geometry: 2D airfoil types (http://www.ae.illinois.edu/m-selig/ads.html)

» 2 Input files: airfoil.data ; input.data
‘

0
0
0
0
0
(%
0
0
0
0
0
0
(%
0
0
0
0
0
0
(%
0
0
0
0
0

0
(%
0

.0145291000000000
.0208771000000000
.0283441000000000
.0369127000000000
. 0465628000000000
.0572720000000000
. 0690152000000000
.0817645000000000
. 2954915000000000
.110162800000000
.125744600000000
.142200500000000
.159492100000000
.177578%500000000
.196418700000000
. 215967600000000
.236179900000000
.257008300000000
. 278404200000000
.300317700000000
. 322697600000000
. 345491500000000
. 368646300000000
.392107900000000
.415821500000000
.439731700000000
.463782600000000
.487918100000000

00931490000000000 . 00255950000000000
. 00328040000000000
. 00415190000000000
.00516850000000000
. 00632380000000000
. 00761080000000000
. 00902170000000000
.0105485000000000
.0121823000000000
.0139143000000000
.0157351000000000
.0176353000000000
.0196051000000000
.0216347000000000
.0237142000000000
.0258337000000000
.0279828000000000
.0301515000000000
.0323294000000000
.0345058000000000
.0366700000000000
.0388105000000000
. 0409174000000000
.0429778000000000
.0449802000000000
.0469124000000000
. 0487619000000000
.0505161000000000
.0521620000000000
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Airfoil.exe

» Fortran program for creating a BlockMesh mput file

x Geometry: 2D airfoil types (http://www.ae.illinois.edu/m-selig/ads.html)

» 2 Input files: airfoil.data ; input.data

0
0
0
0
0
0
0
0
0
0
0
0
0
r
r
0
0
0
0
0
0
0
0
0
0

()
(%
()

.00931490000000000

.0145291000000000
.0208771000000000
.0283441000000000
.0369127000000000
. 0465628000000000
.0572720000000000
. 0690152000000000
.0817649000000000
. 2954915000000000
.110162800000000
.125744600000000
.142200500000000
.159492100000000
.177578%500000000
.196418700000000
. 215967600000000
.236179900000000
.257008300000000
. 278404200000000
.300317700000000
. 322697600000000
. 345491500000000
. 368646300000000
.392107900000000
.415821500000000
.439731700000000
.463782600000000
.487918100000000

. 00255950000000000
.00328040000000000
. 00415190000000000
.00516850000000000
. 00632380000000000
. 00761080000000000
. 00902170000000000
.0105485000000000
.0121823000000000
.0139143000000000
.0157351000000000
.0176353000000000
.0196051000000000
.0216347000000000
.0237142000000000
.0258337000000000
.0279828000000000
.0301515000000000
.0323294000000000
.0345058000000000
.0366700000000000
.0388105000000000
.0409174000000000
.0429778000000000
.0449802000000000
.0469124000000000
. 0487619000000000
.0505161000000000
.0521620000000000

Y_down

X Back X_Front

NOTES:
Nose: relates to the foil orientation in the point file, which should be called airfoil.data
Airfoil.data is an ASCII file, with: number of points, two columns X,Y

If leeward side and windward side of the airfoil are described separately (INPUT FORMAT=3), on the top of the Airfoil.data
two numbers are written: n. point describing leeward side and n. pts for windward side
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Airfoil.exe

» Fortran program for creating a BlockMesh mput file

x Geometry: 2D airfoil types (http://www.ae.illinois.edu/m-selig/ads.html)

» 2 Input files: airfoil.data ; input.data
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Airfoil.exe

» Fortran program for creating a BlockMesh mput file

x Geometry: 2D airfoil types (http://www.ae.illinois.edu/m-selig/ads.html)

» 2 Input files: airfoil.data ; input.data
x complile the program: Makefile
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Airfoil.exe

» Fortran program for creating a BlockMesh mput file

x Geometry: 2D airfoil types (http://www.ae.illinois.edu/m-selig/ads.html)

» 2 Input files: airfoil.data ; input.data
x complile the program: Makefile

Airfoil.data Makefile
FELAGS= -0
DEFAULT: .f
.SUFFIXES:.f

f.o: $*.f
gfortran -c S(FFLAGS) $*.f

it

#source file(s) name

0BJS= Airfoil.o max.o mid_A.o quA.o mid_B.o quB.o cGrid.o ruot.o \
inv.o invZ2.0 simm.o mirror.o

airfoil: S(OBIS)
gfortran S(FFLAGS) SCOBJS) -o airfoil.exe
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Airfoil.exe

» Fortran program for creating a BlockMesh mput file

x Geometry: 2D airfoil types (http://www.ae.illinois.edu/m-selig/ads.html)

» 2 Input files: airfoil.data ; input.data
x complile the program: Makefile
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Airfoil.exe

» Fortran program for creating a BlockMesh mput file

x Geometry: 2D airfoil types (http://www.ae.illinois.edu/m-selig/ads.html)

» 2 Input files: airfoil.data ; input.data
x complile the program: Makefile

x  hitp://www-roc.anna.ft/MACS/spip.php?rubrique69
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Gmsh: basic scripting commands

= Point(0) = {x,y, z§;
x Line(0)= {0, 1};
» Transfinite Line {0} = N Using Progression P;



Gmsh: basic scripting commands

x Pomt(0) = {x, vy, z};
x Line(0)= {0, 1};
» Transfinite Line {0} = N Using Progression P;
» [ine Loop(2) = {0, I,-2,-3};
Plane Surface(l) = {2};



Gmsh: basic scripting commands

x» Point(0) = {x,y, z};

x Line(0) = {0, 1};

» Transfinite Line {0} = N Using Progression P;

x Line Loop(2) = {0, 1, -2, -3};
Plane Surface(l) = {2};




Gmsh: basic scripting commands

x» Point(0) = {x,y, z};

x Line(0) = {0, 1};

» Transfinite Line {0} = N Using Progression P;

x Line Loop(2) = {0, 1, -2, -3};
Plane Surface(l) = {2};

» Transfinite Surface {1};




Gmsh: basic scripting commands

x» Point(0) = {x,y, z};

x Line(0) = {0, 1};

» Transfinite Line {0} = N Using Progression P;

x Line Loop(2) = {0, 1, -2, -3};
Plane Surface(l) = {2};

» Transfinite Surface {1};




Gmsh: basic scripting commands

x Point(0) = {X, y, z};

x» Line(0)= {0, 1};

» Transfinite Line {0} = N Using Progression P;

x Line Loop(2) = {0, 1, -2, -3};
Plane Surface(l) = {2};

» Transfinite Surface {1};

x Recombine Surface {17};

N

i
/




Gmsh: basic scripting commands

x Point(0) = {X, y, z};

x» Line(0)= {0, 1};

» Transfinite Line {0} = N Using Progression P;

x Line Loop(2) = {0, 1, -2, -3};
Plane Surface(l) = {2};

» Transfinite Surface {1};

x Recombine Surface {17};




Gmsh: basic scripting commands

x» Point(0) = {x,y, z};

x Line(0) = {0, 1};

» Transfinite Line {0} = N Using Progression P;

x Line Loop(2) = {0, 1, -2, -3};
Plane Surface(l) = {2};

» Transfinite Surface {1};

x Recombine Surface {17};
x Extrude {0, 0, H}
{
Surface{l|;
Layers{{nl,n2;n3.n4}.$.25,.5,.75,1} };
Recombine;

j




Gmsh: basic scripting commands

x» Point(0) = {x,y, z};

x Line(0) = {0, 1};

» Transfinite Line {0} = N Using Progression P;

x Line Loop(2) = {0, 1, -2, -3};
Plane Surface(l) = {2};

» Transfinite Surface {1};

x Recombine Surface {17};
x Extrude {0, 0, H}
{
Surface{l|;
Layers{{nl,n2;n3.n4}.$.25,.5,.75,1} };
Recombine;

h
» Physical Surface("Inlet")= {1};




Gmsh: basic scripting commands

x Point(0) = {X, y, z};

x» Line(0)= {0, 1};

» Transfinite Line {0} = N Using Progression P;

x Line Loop(2) = {0, 1, -2, -3};
Plane Surface(l) = {2};

» Transfinite Surface {1};

x Recombine Surface {17};

» Extrude {0, 0, H}
{
Surface{l|;
Layers { {nl 9n29n39n4} 5 {25959759 ] } } )
Recombine;
§
» Physical Surface("Inlet")= {1};
= Physical Volume("AIR") = {1,2, 3, 4};
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gmshToFoam

x Once created in .msh format, the mesh has to be converted for
OpenFOAM

x Create directory System, which containes:

‘ControlDict’, ‘FvSchemes’ and ‘Fvsolution’



gmshToFoam

x Once created in .msh format, the mesh has to be converted for
OpenFOAM

x (Create directory System, which contames:
‘ControlDict’, ‘FvSchemes’ and ‘Fvsolution’

x type n terminal: gmshloboam NMyMeshimsh
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CreateBaftles

» Example of the 2D spinnaker section: download the file
(http:// www-roc.inria.fr/MACS/spip.php?rubrique69)
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CreateBaftles

» Example of the 2D spinnaker section: download the file
(http:// www-roc.inria.fr/MACS/spip.php?rubrique69)

» Create dirs and the files; run gmsh Toboam
x ]look at the output 1n terminal:
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CreateBaftles

» Example of the 2D spinnaker section: download the file
(http:// www-roc.inria.fr/MACS/spip.php?rubrique69)

» Create dirs and the files; run gmsh Toboam

x ook at the output 1n terminal:

Patch 0 getsname-walls
Patch 1:gets name-outlet
Patch 2 gets name-wing
Patch:3:getsnameanlet

Writing zone:2-to-faceZonefaceZonc 2:and-faceSet
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» Example of the 2D spinnaker section: download the file
(http:// www-roc.inria.fr/MACS/spip.php?rubrique69)

» Create dirs and the files; run gmsh Toboam
x ook at the output 1n terminal:

Patch 0 getsname-walls
Patch 1:gets name-outlet
Patch 2 gets name-wing
Patch:3:getsnameanlet

Writing zone:2-to-faceZonefaceZonc 2:and-faceSet

» The sail surface, called (1n gmsh) ‘wing’ has the facezone label ‘2’
assigned.
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CreateBaftles

» Example of the 2D spinnaker section: download the file
(http:// www-roc.inria.fr/MACS/spip.php?rubrique69)

» Create dirs and the files; run gmsh Toboam
x ook at the output 1n terminal:

Patch 0 getsname-walls
Patch 1:gets name-outlet
Patch 2 gets name-wing
Patch:3:getsnameanlet

Writing zone:2-to-faceZonefaceZonc 2:and-faceSet

» The sail surface, called (1n gmsh) ‘wing’ has the facezone label ‘2’
assigned.

x type n terminal: - createBaffles faceZone 2 wing
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...and finally the end...

» The new mesh 1s written 1n a new directory, called as the time-step
in the ControlDict (es: 0.02)

» Still a modification has to be done 1n constant/polymesh




...and finally the end...

» The new mesh 1s written 1n a new directory, called as the time-step
in the ControlDict (es: 0.02)

» Still a modification has to be done 1n constant/polymesh

x All surfaces are now patches, therefore walls-and empty entries are
to be substituted:
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Unsteady BC with ramp files

x Very easy strategy for imposing variable boundary conditions
Ex: variation 1n ilet velocity or body motion
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Unsteady BC with ramp files

x Very easy strategy for imposing variable boundary conditions
Ex: variation 1n ilet velocity or body motion

x Use a ‘ramp’ file for describing the variation 1 time

Ramp
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Force extraction

» Add 1n the system/controlDict file the entry for force extraction

» Forces can be extracted with ‘libforce’, lift and drag coeffs with
‘libforceCoefts’
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Sampling

» Add in workdir/system a file called sampleDict

» Samples can be extracted during the execution, or post-execution,
typing; ‘sample’
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Airfoil case study:
p1soFOAM, SST turbulence model & unsteady BC

x p1sOFOAM: unsteady solver of the SIMPLE family (Semi-
Implicit Method for Pressure Linked Equations) == iterative method:
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Airfoil case study:
p1soFOAM, SST turbulence model & unsteady BC

x p1sOFOAM: unsteady solver of the SIMPLE family (Semi-
Implicit Method for Pressure Linked Equations) == iterative method:

— > guess p* and solve u* i

—  find correction for p* (by mean of V:u*=0) «—

» SST: blend between k-¢ (far from the wall) and k-o (close to
the wall). Good model for engineering type applications
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Airfoil case study:
p1soFOAM, SST turbulence model & unsteady BC

x p1sOFOAM: unsteady solver of the SIMPLE family (Semi-
Implicit Method for Pressure Linked Equations) == iterative method:

- - - - - - - - - Pl - — - - N T B T T T

—  find correction for p* (by mean of V:u*=0) «—

» SST: blend between k-¢ (far from the wall) and k-o (close to
the wall). Good model for engineering type applications

x Set variable inlet velocity with a ramp file

x Extract forces on the wing



» AN YT YT Y Y Y Y Y Y Y Y Y Y Y
2R JJJJJ4144,,...,.
. ! AdeJ4444444.4.. 2
e L) ' » ERRRRRRRRRRRRRRRRRRR
T Y Y YT Y Y YY Yy Yy
. I I I I I I Y I YT T I YN IIYOYTYY
J4J444,44.444.
YTYYHYYYYYY Y Y Y
PR R RRRRRRERRRERRE
Jdddzltlttr......
) J.J.JJdJa«.....
PR RRRRRRARAR

JJJJ T Y Y YT YYYYYYY Y
XYy p AR R R RRRRR

T I I Iy
PR RRRRRRRRRE
JJJ.JJJJJIIIJI,.J,,,

f/f/ffuuﬂ ﬁq é ﬁ X %maqﬁ/f/“ﬁ%MLL.“..“.,. , Yy
) AN hl. hff 4
‘ tfcccc OO X L
T %

EELLY)
Y YYYYYY Y Y Y Y Y Y

i TYYITYITYY Y
r'. JJJJJJJJJJJ/ sY 9N NS NN
' PR RRRRRRRRERRRRRR
, AL A2 AR 22 R R R . . TYY Y YT Y Y YY Y Yy
“0000000000000000000oooooooooooooooooooooooooooooo.o........ PR RRRARRARAN
w. L2 ) seeeen PPN ARS LA  ® TIITIY Y Y Yy Yy
e

»
»

2EEA LAALA LR LA LA LR LR LA LA LA AL) LAAAL L L L L LD LAA AL L LA L L L L D)
R R R R N N N NN NN NN NN RN RN RN RN RN NN RN NR NN RRR RN
BRI IIIIIIIIIIIIIIIIIIIIIIIIIEIEIEIEEIEEIEEYM
S22 90000000» AR R R R R R R R R

TYYYYYYY Y
TYYYYYY9YY Y

,_‘4444444444J

..,..‘.,,,JJJJJJJJJJJJ‘
YT T I I I I T Y Y OYOYYYYS
I T YT YOI YY
Y Y T T YT YT T I YYY Y YY JJ
\ TYTYTYTYYYYYN

I T YT YT YYTYYYYYYY

T T Y YT YYYTYYYYY

YT YT T ITYTYYYYY .
N YN NYNYY NS ,.,4,4444444¢4L44 e

YT I IYYYOOOYOYTYTY
T T T YTYTYTYYYYYY

Y Y Y YT YYYYYYYY Y
.,‘:la444JJ/JJJJJ e

Airfoil cas:

....,4444444444444J4J : : : : i
Ny ,,/,4/4,.,,44/44//4444J44JJJ. JJﬂ . JJJJJJ AL LYY
Y Y Y Y Y YYYYYYYSYSSS Y9999
,,/,,/441111/111444444JJ“JJJJ YIYIIYIYYIYIYY Y
YT YT T YT YT YTYTYYY Y Y Y PR RRRRRRRRRRRRY

1)
..;..‘41444444444JJ.JJJ‘ » ¥ » . JJJJ4J444444444....
T T T T T T T T T T T T T T YT YT Y Y Y Y Y Y Y Y Y Y Y YA YYAYYYYNMY Y




YA L) T Y YT Y Y YYYYYY Y Y Yy
BRRRARREY qqq 3 uu A 3 uuqa PRRRARRRRRRRRRRRRN

444444444444,.,,,,.,.
UJJ JJJJJJJJ44.4..‘,,4.
Y
3
TITITYT Y Y Y Y Yy Yy Y
TIIIII I YOy YTy

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y S
JJJJJJ44444444,.
N YYY Y Y Y YYYYSY N Y Y

A RRRARRRRRRN

FTYIYYIYYYYYYYY Yy
PRRRRRRRRRRRRRRRR
JJJJJJJztat..
PRRRRRARRARAN

TY YT YT YT YT Y Y Y Yy Yy Yy
fJJ J44444414.,.
) R RRRRRRRE

JJJJ444.¢.
JJJJ,qJ444....
YITIYY Y S
TEYYYEYIYYYYY
TYYYYYYYNNY Y
TIT I T
YTNHNNYNYNYNYS

YT YNYYNYNYY Y Y
YYYYTYYYYY Y Y Y

TITIYYI99YY
dddttta-.
! TITYYY Y YY

YYYHYYYY NS

%%
weese
.

.
..0..

zaaalJJJ
IS

44144
1Y YYYY
rYY Y Y

FYYYYYYY Y
Y Y YYYYYYYYS

”.,.,,J,J,WJJ,JJJJJJJJJLJJ.

...‘4.44444JJJJJ
T T T I YT IITYTYYY Y Y
RARRRRRRA RSN S.

1TIYYIYYYY Y

Y T YT YYTYYYYYYYY
FTITITYYYYYY Y)Y

YYNYNYYNYYYYN 41414 JJJJJJJ JJ
TY YY" Y ™S J
YN 414, 44444 J.JJ JJJJJJ ;
I IS . PR RRRRRARRS
‘,,,,:::J,ZJJJJJJ & . fﬂ//JJJj:,

Y YT Y Y YT YT YYYYYYYYYYYY YYYYYYS

RARRARR AR RS . T X T
SN .M 444“4“4 “4%4“/% AANLYY

) | T Y99%Y9%%

JJJQqJOJJJ444......

JJJJJJJJJJJJJJ:::.-..

NN T T YT YT YT YT YT YT YT YT YT YT Y Y Y Y Y Y

Airfoil case s




Airfoil case study: directory listing

Working Directory

\4

‘0" constant system

-
[k [erieca] RO 8




Airfoil case study: directory listing

Working Directory

IZ
N[O

(B5%in)
% / 0" constant system

2

W




Airfoil case study: directory listing

Working Directory

IZ
N[O

(165%in).
-

‘0" constant system

- -
[k [erieca] RO 8 (GanoIbict fSehemes] WEdlitone

2

W




Airfoil case study: directory listing

Working Directory

IZ
N[O

(195 in) :

% 0" constant system

- -
[k [erieca] RO 8 (GanoIbict fSehemes] WEdlitone

2

W




Airfoil case study: directory listing

Working Directory

IZ
N[O

(165%in).
-

‘0" constant system

- -
[k [erieca] RO 8 (GanoIbict fSehemes] WEdlitone

ooy colZne foces faoiZores

2

W




Case:
undeformable Spinnaker geometry in gusts
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Principles of mesh motion:
ALE and the PimpleDyMFOAM solver

x Arbitrary Lagrangian Eulerian methods:
» Deform the Eulerian fluid mesh i lagrangian way on the moving
interface
» Mesh boundaries remain unchanged

» In the domain all 1s allowed, provided that some regularity 1s
respected

Structural Interface Structural Interface
Undeformed reference configuration Deformed configuration

Fixed wall Fixed wall
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Principles of mesh motion:

The Grid has now 1ts own velocity => this should be considered 1n
order to be conservative
Navier-Stokes equation are reformulated in the ALE framework, by
taking imnto account the mesh velocity w

in QcR?

{ %—1: +(u-V)u —vAu+Vp=f

Formally, the convective
term only changes

+(u—w) Ve]u—vAzu+ Vep = f

in Qc R

This 1s equivalent to make velocities relative to the mesh
motion. In pimpleDyMFOAM:

fvc::makeRelative(phi, U);
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Set up the case for the moving beam:

Beam Top Bottom Inlet Outlet
U ramp 0 0 pressurelnletOutletVelocity 0
p  ZeroG.  ZeroG. ZeroQ. totalPressure - 0 ZeroG.

A dynamic mesh type and a mesh motion solver have to be chosen

This 1s done 1n Constant/dynamicMeshDict

This choice determines the additional input files to be added




Choice of the dynamic mesh class:

dynamicFvMesh

staticFvMesh

dvnamiclnkJetEvMesh: moves the mesh using analytical expression
(See tutorial from Gonzales, Chalmers university)

dynamicMotionSolverFvMesh: prescribes mesh motions, for example on
boundaries, and 1t allows the direct specification of mesh points motions
(velocities or displacements).
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Choice of the motion solver:

displacementComponentLaplacianFvMotionSolver

reglOobject displacementFvMotionSolver

IOdictionary fvMotionSolver

velocityComponentLaplacianFvMotionSolver

velocityLaplacianFvMotionSolver




Choice of the motion solver:

displacementComponentLaplacianFvMotionSolver

reglOobject displacementFvMotionSolver
IOdictionary fvMotionSolver

velocityComponentLaplacianFvMotionSolver

velocityLaplacianFvMotionSolver

displacementinterpolationFvMotionSolver
fvMotionSolver displacementFvMotionSolver displacementLaplacianFvMotionSolver

displacementSBRStressFvMotionSolver




Choice of the motion solver:

displacementComponentLaplacianFvMotionSolver

reglOobject / displacementFvMotionSolver

-

IQdictionary motionSolver fvMotionSolver -

dictionary velocityComponentLaplacianFvMotionSolver

velocityLaplacianHvMotionSolver

displacementinterpolftionFvMotionSolver

fvMotionSolver displacementFvMotionSolver displacementLaplagianFvMotionSolver

displacementSBRStlessFvMotionSolver

Constant/dinamicMeshDict

dynamicFvMesh dynamicMotionSolverFvMesh;
motionSolverLibs ( "libfvMotionSolvers.so" );

solver velocityLaplacian;
diffusivity  directional ( 1 200 0 );
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Using the velocitylaplacianMotionSolver:

» Basic Idea: define the motion of the boundaries in terms of velocity,
and solve a laplacian (therefore apply a diffusion) in the rest of the
domain




Using the velocitylaplacianMotionSolver:

» Basic Idea: define the motion of the boundaries in terms of velocity,
and solve a laplacian (therefore apply a diffusion) in the rest of the
domain

» The motion can be defined as a constant velocity or via a ‘ramp’ file



Using the velocitylaplacianMotionSolver:

» Basic Idea: define {ii in terms of velocity,
and solve a laplac o n) m the rest of the
: boundaryField
domain {
beam
» The motion can be |EECSIETIIIISISISRINN | O \ia 2 ‘ramp’ file

fileName :
outOfBounds repeat;
}
topmoving
{
type
}
outlet

{

type fixedValue;
value f

}

x Two files have to be added 1n the ‘0’ directory: cellMotionU and
pointMotionU. Their definition 1s as usual for FOAM files, and in
this case they are equal:
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And finally some results:
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WRITING AND COMPILING USER APPLICATIONS AND
LIBRARIES

Tutornal from:
http://www.tfd.chalmers.se/~hani/kurser/OS CED 2009/

Report, files and presentation by: Andreu Oliver Gonzalez


http://www.tfd.chalmers.se/~hani/kurser/OS_CFD_2009/
http://www.tfd.chalmers.se/~hani/kurser/OS_CFD_2009/
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Before to get into the code...

C++ 1s an object oriented programming language, OpenFOAM 1s
build up to objects and classes
www.cplusplus.com/doc
Deitel & Deitel: C++ How to program



http://www.cplusplus.com
http://www.cplusplus.com
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A reference:; & indicates an address in the computer memory, and it can
be seen as a bookmark. Treat variables as references 1s good, since the
object 1s not copied or transferred in the memory
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Before to get into the code...

C++ 1s an object oriented programming language, OpenFOAM 1s
build up to objects and classes
www.cplusplus.com/doc
Deitel & Deitel: C++ How to program

A reference:; & indicates an address in the computer memory, and it can
be seen as a bookmark. Treat variables as references 1s good, since the
object 1s not copied or transferred in the memory

Classes have member functions, the same named function applied to
different objects produces different calls. Functions should be
(generally) searched 1 the object’s class, or in the parent classes


http://www.cplusplus.com
http://www.cplusplus.com
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Before to get into the code...

CLASS

POLYGONS

{B, H}
/
SS

it

CLASS
RECTANGLE

AREA=B"H

Inheritance

/ADefine objects:
Triangle Tria{2.3}
Rectangle Rec{3.4}

FCalculate area:
Tna.area();
Rec.area();



Before to get into the code... Inheritance

Po(i\L(gSC)SNS (Define objects:
B H Triangle Tria{2,3}
/ \ Rectangle Rec{3,4}
HGalculate area:
CLASS CLASS Tria.area();
m RECTANGLE
Rec.area();

AREA=B"H

OpenFOAM makes a large use of ieritance, therefore 1t 1s necessary to
use the doxygen (http://foam.sourceforge.net/doc/Doxygen/html/)



http://foam.sourceforge.net/doc/Doxygen/html/
http://foam.sourceforge.net/doc/Doxygen/html/

Before to get into the code... Inheritance

objectRegistry

primitiveMesh

fvSchemes

fvSolution

CLASS
POLYGONS
B, H}

i

polyMesh

lduMesh

-t

/Define objects:
Triangle Tria{2,3}

-

Rectangle Rec{3.,4}

-

dynamiclnkJetFvMesh

dynamicMotionSolverFvMesh

domainDecomposition

surfacelnterpolation

dynamicFvMesh

dynamicRefineFvMesh

solidBodyMotionFvMesh

staticFvMesh

topoChangerFvMesh

engineMesh

fluentFvMesh

mirrorFvMesh

fvMotionSolverEngineMesh

layeredEngineMesh

staticEngineMesh




Before to get into the code... Inheritance

CLASS (Define objects:
POLYGONS : :

(B, H} 4119 |C .

Public Member Functions
\ ClassName ("fvMesh")

fvMesh (const I0object &io)
Construct from IOobject.
fvMesh (const I0object &io, const Xfer<
Construct from components without bo
fvMesh (const I0object &io, const Xfer<
Construct without boundary from cells
virtual ~fvMesh ()
void addFvPatches (const List< polyPatch *
Add boundary patches. Constructor help
virtual readUpdateState readUpdate ()
Update the mesh based on the mesh file
const Time & time () const
Return the top-level database.
virtual const objectRegistry & thisDb () const
Return the object registry - resolve conf
objectRegistry const word & name () const
Return reference to name.
const fvBoundaryMesh & boundary () const
Return reference to boundary mesh.
virtual const IduAddressing & IduAddr () const
Return Idu addressing.
|duMesh (& virtual IdulnterfacePtrsList interfaces () const
Return a list of pointers for each patch.
\ const unallocLabelList & owner () const
surfacelnterpolation Internal face owner.
const unallocLabelList & neighbour () const
fvSolution ' . . Internal face neighbour.
const DimensionedField< scalar,
volMesh > & V () const
Return cell volumes.

polyMesh

primitiveMesh

fvSchemes
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How to find entries:

Looking into the code:

//***>X<>X<>!<>X<********MemberFunctions *************//

void Foam::forces::read(const dictionary& dict)

d
const fvMesh& mesh = refCast<const tvMesh>(obr);
patchSet =

mesh.boundaryMesh().patchSet(wordList(dict.lookup(*patches")));

pName = dict.lookupOrDefault<word>("pName", "p");
UName = dict.lookupOrDetault<word>("UName", "U");
rhoName = dict.lookupOrDefault<word>("rhoName", "rho");

rhoRef = readScalar(dict.lookup("rholnt™));
pRef = dict.lookupOrDefault<scalar>("pRef", 0.0);
CofR = dict.lookup("CofR");



How to find entries:

Looking into the code:

//>!<>X<***>!<>X<********MemberFunctions *************//

vold Foam::forces::read(const dictionary& dict)

d
const fvMesh& mesh = refCast<constivMesh>(obr);
patchSet =
mesh.boundaryMesh().patchSet(wordList(dict.lookup("patches™)));
pName = dict.lookupOrDefault<word>("'pNa forces

UName = dict.lookupOrDefault<word>("'"UN¢
rhoName = dict.lookupOrDefault<word>("rhc

rhoRef = readScalar(dict.lookup("rholnt™));
pRef = dict.lookupOrDefault<scalar>("pRet",
CofR = dict.lookup("CofR");



How to find entries:

Looking into the code:

//***>X<>X<>!<>X<********MemberFunctions *************//

void Foam::forces::read(const dictionary& dict)

d
const fvMesh& mesh = refCast<const tvMesh>(obr);
patchSet =

mesh.boundaryMesh().patchSet(wordList(dict.lookup(*patches")));

pName = dict.lookupOrDefault<word>("pName", "p");
UName = dict.lookupOrDetault<word>("UName", "U");
rhoName = dict.lookupOrDefault<word>("rhoName", "rho");

rhoRef = readScalar(dict.lookup("rholnt™));
pRef = dict.lookupOrDefault<scalar>("pRef", 0.0);
CofR = dict.lookup("CofR");



How to find entries:

Looking into the code:

//*****>!<>X<********MemberFunctions *************//

vold Foam::forces::read(const dictionary& dict)

d

const fvMesh& mesh = refCast<constivMesh>(obr);
patchSet =
mesh.boundaryMesh().patchSet(wordList(dict.lookup("patches")));

pNanie = dict.lookupOrDefault<word>(pName", "p");

I

rhoRef = readScalar(dict.lookup("rholnt™));
pRef = dict.lookupOrDefault<scalar>("pRef", 0.0);
CofR = dict.lookup("CofR");



How to find entries:

Looking into the code:

//***>X<>X<>!<>X<********MemberFunctions *************//

void Foam::forces::read(const dictionary& dict)

d
const fvMesh& mesh = refCast<const tvMesh>(obr);
patchSet =

mesh.boundaryMesh().patchSet(wordList(dict.lookup(*patches")));

pName = dict.lookupOrDefault<word>("pName", "p");
UName = dict.lookupOrDetault<word>("UName", "U");
rhoName = dict.lookupOrDefault<word>("rhoName", "rho");

rhoRef = readScalar(dict.lookup("rholnt™));
pRef = dict.lookupOrDefault<scalar>("pRef", 0.0);
CofR = dict.lookup("CofR");



How to find entries:

Looking into the code:
OpenFOAM/src/postProcessing/AunciionObieetsAoreests

:

//***************MemberFunCtionS ***

controlivict

OrCcCs

LyPEC 101CCs,

uncuonunjeciLIibDs (" 1IDTOrces.dyiin ),
JUIpUTLOoNtrol outputiime,

JdLLTICS \WITTY).

JINQAITIC P,

JIdITIc U,

;, ; TIONalme rmoirit,
vold Foam::forces::read(const dlctlonary& dlCt) BEESER !\l | fitalaranag danalyy fur i
sessases 13 ,.»-,,«,:1:-?: il

{ - q Jf‘xjjfij »0Th (U U 0); //0rigin Tor moment calcuiations

const fyMesh& mesh = refCast<const fVMS >( obr); ;;f;f

patchSet = ;';":‘;infififji:3:3:3j§:§f§f:§flgfijdf#-J."J’f rereees

mesh. boundaryMesh() pjcltchs J Jt’(J ord L1é (dlct lookup("patches")))
pName = dict. lookupOrDéféult<W6id>( pName p")

UName = dlct lookupOrDefault<w0rd>("UName" "U")

rhoRef = readScalar(dict.lookup("rholnf'));
pRef = dict.lookupOrDefault<scalar>("pRef", 0.0);
CofR = dict.lookup("CofR");

"I'hO");




And how the calculation 1s actually done (1):

Foam::forces::forcesMoments Foam::forces:: (rconst

d

forcesMoments fm

const volVectorEield&: U =-obr ookupObiectsvolVectorField>(UName);
const volScalarField& pr=obr looktipObjcct=volScalarEicld>(pName1);
const fyMesh& mesh'=1.mesh();

const surface VectorEield::GeometricBoundaryField& Sth=
mesh.S{().boundaryField();



And how the calculation 1s actually done (1):

Foam::forces::forcesMoments Foam::forces::calctorcesMoment(:const

d

forcesMoments fm

const volVectorField&: U =-obr lookupObjectsvolVectorkield>(UName);
const volScalarField& pr=obr looktipObjcct=volScalarEicld>(pName1);
const fyMesh& mesh'=1.mesh();

const surfaceVectorField:iGeometricBoundaryFicld&-Stb'=

mesh.Sf().boundaryField();




And how the calculation 1s actually done (1):

Foam::forces::forcesMoments Foam::forces:: (rconst

d

forcesMoments fm

const volVectorEield&: U =-obr ookupObiectsvolVectorField>(UName);
const volScalarField& pr=obr looktipObjcct=volScalarEicld>(pName1);
const fyMesh& mesh'=1.mesh();

const surface VectorEield::GeometricBoundaryField& Sth=
mesh.S{().boundaryField();



And how the calculation 1s actually done (1):

Foam::forces::forcesMoments Foam::forces:: (rconst

d

forcesMoments fm

const volVectorEield&: U = obr ookupObiectsvolVectorField>(UName);
const volScalarField& pr=obrlooktipObjcct=volScalarEicld>(pName 1);
const fyMesh& mesh'=1.mesh();

const surface VectorEield::GeometricBoundaryField& Sth=
mesh.S{().boundaryField();



And how the calculation 1s actually done (1):

Foam::forces::forcesMoments Foam::forces:: (rconst

d

forcesMoments fm

const volVectorEield&: U =-obr ookupObiectsvolVectorField>(UName);
const volScalarField& pr=obr looktipObjcct=volScalarEicld>(pName1);
const fyMesh& mesh'=1.mesh();

const surface VectorEield::GeometricBoundaryField& Sth=
mesh.S{().boundaryField();



And how the calculation 1s actually done (1):

Foam::forces::forcesMoments Foam::forces:: (rconst

d

forcesMoments fm

const volVectorEield&: U =-obr ookupObiectsvolVectorField>(UName);
const volScalarField& pr=obr looktipObjcct=volScalarEicld>(pName1);
const fvMesh& mesh = U.mesh();

const surface VectorEieldGeometricBoundarybield& Sth=
mesh.S{().boundaryField();

mesh() has to be a function of the class
volScalarFleld, returning a reference to the
mesh associated with the field U. But
volScalarField 1s class template... Where 1s it?



And how the calculation 1s actually done (1):

Foam::forces::forcesMoments Foam::forces:: (rconst

d

forcesMoments fm

const volVectorEield&: U =-obr ookupObiectsvolVectorField>(UName);
const volScalarField& pr=obr looktipObjcct=volScalarEicld>(pName1);
const fyMesh& mesh'=1.mesh();

const surface VectorEield::GeometricBoundaryField& Sth=
mesh.S{().boundaryField();



And how the calculation 1s actually done (1):

Foam::forces::forcesMoments Foam::forces::calctorcesMoment(:const

d

forcesMoments fm

const volVectorField&: U =-obr lookupObjectsvolVectorkield>(UName);
const volScalarField& pr=obr looktipObjcct=volScalarEicld>(pName1);
const fyMesh& mesh'=1.mesh();

const surfaceVectorEield::GeometricBoundaryField&-Sth'=

mesh.Sf().boundaryField();




And how the calculation 1s actually done (1):

Foam::forces::forcesMoments Foam::forces:: (rconst

d

forcesMoments fm

const volVectorEield&: U =-obr ookupObiectsvolVectorField>(UName);
const volScalarField& pr=obr looktipObjcct=volScalarEicld>(pName1);
const fvMesh& mesh = U.mesh();

const surface VectorEield::GeometricBoundaryField& Sth=
mesh.S{().boundaryField();

Return old-time cell volumes.
const DimensionedField< scalar,
volMesh > & VOO () const

TSN 1S O0JCCL O1 thC Class 1VIVIES

SEarcning in tne PDoxygen 101 tinis C1ass const surfaceVectorField & Sf () const
Return cell face area vectors.
Return cell face area magnitudes.
const surfaceScalarField & phi () const
Return cell face motion fluxes.
const volVectorField & C () const
Return cell centres as volVectorField.
const surfaceVectorField & Cf () const




And how the calculation 1s actually done (1):

Foam::forces::forcesMoments Foam::forces:: (rconst

d

forcesMoments fm

const volVectorEield&: U =-obr ookupObiectsvolVectorField>(UName);
const volScalarField& pr=obr looktipObjcct=volScalarEicld>(pName1);
const fyMesh& mesh'=1.mesh();

const surface VectorEield::GeometricBoundaryField& Sth=
mesh.S{().boundaryField();



And how the calculation 1s actually done (1):

Foam::forces::forcesMoments Foam::forces::calctorcesMoment(:const

d

forcesMoments fm

const volVectorField&: U =-obr lookupObjectsvolVectorkield>(UName);
const volScalarField& pr=obr looktipObjcct=volScalarEicld>(pName1);
const fyMesh& mesh'=1.mesh();

const surfaceVectorField:iGeometricBoundaryFicld&-Stb'=

mesh.Sf().boundaryField();
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And how the calculation 1s actually done (2):

%(.)rAllConstIter(labelHashSet, patchSet , iter)

: label patchi = iter.key();
vectorField Md = mesh.C().boundaryField()[patchi] = CofR ;
vectorField pf = Stb[patchi]*(p.boundaryField()[patchi] - pRef);
fm.first().first() += rho(p)*sum(p?);

fm.second().first() += rho(p)*sum(Md ~ pf);

i
;

return fm;

h
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And how the calculation 1s actually done (2):

forAllConstlter(labelHashSet, patchSet , iter)

d
label patchi = iter.key();

vectorbield Md = mesh.C().boundaryField()[patchi] - CofR ;
vectorField pf = Stb[patchi]*(p.boundaryField()[patchi] - pRef);

fm.first().first() += rho(p)*sum(p?);

fm.second().first) +=rhalaV¥cirm(Nd A nh:

OpenFOAM iterator, as a ‘for’ cycle.

It cycles (using the index ‘iter’) over the objects in the patchSet

fm;
! This has been previously defined as the list of the patches on

which we want to integrate forces (coming from the controlDict)



And how the calculation 1s actually done (2):

%(.)rAllConstIter(labelHashSet, patchSet , iter)

: label patchi = iter.key();
vectorField Md = mesh.C().boundaryField()[patchi] = CofR ;
vectorField pf = Stb[patchi]*(p.boundaryField()[patchi] - pRef);
fm.first().first() += rho(p)*sum(p?);

fm.second().first() += rho(p)*sum(Md ~ pf);

i
;

return fm;

h
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And how the calculation 1s actually done (2):

forAllConstlter(labelHashSet, patchSet , iter)

d
label patchi = iter.key();

vectorField Md = mesh.C().boundaryField()[patchi] = CofR ;

vectorField pf = Stb[patchi]*(p.boundaryField()[patchi] - pRef);

fm.first().first() += rho(p)*sum(p?);

mesh 1s object of the class fvMesh

FrOm the Doxygen then' o ] turnold-time cell volumes.

const DimensionedField< scalar,
volMesh > & VOO () const
fm, Return old-old-time cell volumes.
const surfaceVectorField & Sf () const
Return cell face area vectors.
const surfaceScalarField & magSf () const

Return cell face area magnitudes.
const surfaceScalarField & phi () const

const volVectorField & C () const
Return cell centres as volVectorField.

const surfaceVectorrie
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And how the calculation 1s actually done (2):

%(.)rAllConstIter(labelHashSet, patchSet , iter)

: label patchi = iter.key();
vectorField Md = mesh.C().boundaryField()[patchi] = CofR ;
vectorField pf = Stb[patchi]*(p.boundaryField()[patchi] - pRef);
fm.first().first() += rho(p)*sum(p?);

fm.second().first() += rho(p)*sum(Md ~ pf);

i
;

return fm;

h
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And how the calculation 1s actually done (2):

forAllConstlter(labelHashSet, patchSet , iter)
d

label patchi = iter.key();

vectorbField Md = mesh.C().boundaryField()[patchi] - CofR ;
vectorField pf = Stb[patchi]*(p.boundaryField()[patchi] - pRef);
fm.first().first() += rho(p)*sun(pf);

fm.second().first() += rho(p)* sum(Md ~ pf);

Stb 1s the (reference to) the face area vector
fm;
! It 1s here multiplied for the pressure boundaryField => pf returns
the vector of forces insisting on the chosen patch



And how the calculation 1s actually done (2):

%(.)rAllConstIter(labelHashSet, patchSet , iter)

: label patchi = iter.key();
vectorField Md = mesh.C().boundaryField()[patchi] = CofR ;
vectorField pf = Stb[patchi]*(p.boundaryField()[patchi] - pRef);
fm.first().first() += rho(p)*sum(p?);

fm.second().first() += rho(p)*sum(Md ~ pf);

i
;

return fm;

h



And how the calculation 1s actually done (2):

f(;rAllConstIter(labelHashSet, patchSet , iter)

: label patchi = iter.key();
vectorbField Md = mesh.C().boundaryField()[patchi] - CofR ;
vectorField pt = Stb[patchi]*(p.boundaryField()[patchi] - pRef);
fm.first().first() += rho(p)*sum(pf);

fm.second().first() += rho(p)*sum(Md ~ pf):

o
;

return fm;

h
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Moditying pimple DyMFOAM for Fluid Structure
interactions: imposing patch deformations:

» Until now, 1t 1s easy to impose rigid body movements, 1n terms of
velocities of displacements

» The solver has then be modified in order to read the cell displacements
from a file, coming from a structural solver

=  Three modifications:

x | In the mitial phase an output file 1s created with the coordinates of the
face-centres of the interface, namely the sail surface. This 1s used for

calculating the connectivity file

fluid mesh Connectivity file Structural mesh
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Moditying pimple DyMFOAM for Fluid Structure
interactions: imposing patch deformations:

» Until now, 1t 1s easy to impose rigid body movements, 1n terms of
velocities of displacements

» The solver has then be modified in order to read the cell displacements
from a file, coming from a structural solver

=  Three modifications:

» | In the mnitial phasean output file 1s created with the coordinates of the
face-centres of the interface, namely the sail surface. This 1s used for
calculating the connectivity file

= 2 Before the mesh update, displacements of the mesh (cells) are read
from a file, which comes from the structural calculation.

» 3 At the end of the routine, pressures at the interface are written to an
output file



Output the patch face centres to file /1:

1 IOdictionary coupling
2 (

3 IOobject

4 (

5 "CouplingDict",
6 runTime.constant(),

7 mesh,

8 [Oobject::MUST READ,

9 [Oobject::NO WRITE

10 )

11 );

12

13 word satl=couphing.lookup(*wing™");

14

15 label saill = mesh.boundaryMesh().findPatchlD(sail);

19

20 const polyPatch &SailMesh=mesh.boundaryMesh()[sailL];
21

22 1nt nFaces=SailMesh.si1ze()/2;




Output the patch face centres to file /1:

1 IOdictionary coupling

2

3 IOobject

4 \

5 '('CouplingDi ot ((');v:n:. A l!\)!s!s’unar)' ’sa!!cd
6 TS GOHaE R & ouplingbict and ,n!:ascd’m
7 mesh, Lonstant, and assigns this object
Q IOobject::MUST_READ, 0 the variable coupling
9 [Oobject::NO_ WRITE

10 )

11 )

12

13 word sail=couphing.lookup(*wing");

14

15 label saillL = mesh.boundaryMesh().findPatchID(sail);

19

20 const polyPatch &SailMesh=mesh.boundaryMesh()[sailL];

21

22 1t nFaces=SailMesh.s1ze()/2;



Output the patch face centres to file /1:

1 IOdictionary coupling
2 (

3 IOobject

4 (

5 "CouplingDict",
6 runTime.constant(),

7 mesh,

8 [Oobject::MUST READ,

9 [Oobject::NO WRITE

10 )

11 );

12

13 word satl=couphing.lookup(*wing™");

14

15 label saill = mesh.boundaryMesh().findPatchlD(sail);

19

20 const polyPatch &SailMesh=mesh.boundaryMesh()[sailL];
21

22 1nt nFaces=SailMesh.si1ze()/2;




Output the patch face centres to file /1:

1 IOdictionary coupling
2

3 [Oobject

4 (

5 "CouplingDict",
6 runTime.constant(),

7 mesh,

8 [Oobject::MUST READ,
9 [Oobject::NO_ WRITE

h b b \ b
dearcnes 1n the Dict the entry

}? ).) “wing', and assigns 1ts (char)
i ’ value to the variaole “sail”. Lhis
EE should ‘.'!.l.”‘.“o,fl!l!!:‘! 0 a g:n;. S1cal
14 surtface 1n the mesh.

15 label saill. = mesh.boundaryMesh().findPatchlD(sail);

19

20 const polyPatch &SailMesh=mesh.boundaryMesh()[sailL];

21

22 1t nFaces=SailMesh.s1ze()/2;



Output the patch face centres to file /1:

[Odictionary coupling
(

IOobject CouplingDict

ng veia,

"CouplingDict", W
runTime.constant(), et sitatinitilis

[0object::MUST READ i nniinaasas

[0object::INO-WRITE i )

O 1 O DN K~ WD =

A A A A A A
A A A A A A A A A

A A A A A A AN
.

A A A

\O

carcnes 1n the Di1Cct the entry

l
- - - - e~ - -
g v v o v d M v o M M ol 4 - -
J 4 v v w v - - v, w - Pt > - - -
10 ) ettt st s s s eietelelelele
' 3% 8% 8% 8% %% 0% 2% %% %% %0 %0 %" K}
'2%8%s" T MMM MMMMMIM MY 44 v
' 9 9 S 0 0 _ 0 0 93 90 8 9 90 _98_98_+_ VAY !'!5' .!!‘! .\~\‘!5"!\‘ !'\. ‘¢ !! !' '
. S D D D D D e D D e e v - .__ i Y. g o — A 4 ’ - A
D) ' d 0%0%0%6%0%0%0%6%0%0 %0 %6 %0 %% %%, l i 'o b ] 7 )
I I M M I I IO TID Y ! & ’!‘. Y ! ! ' o ! ' !
",4,"." ‘J-’ "J," ‘J‘ ‘J,"_ y “,"7_"1‘ ’ .. -!!‘ t!‘ ‘< » - & ! c!-‘ ~- \~1! v - u! J
*elelelele 'stelel s , "o%" .
v

Should correspond to a physical

ek
09

word sall=coupl1nglookup("wmg"), R

surface 1 the mesn

ok
AN

ek
N

label saill. = mesh-boundaryMesh().findPatchD(sail):

NN —
S \O

const polyPatch &SailMesh=mesh.boundaryMesh()[sailL];

\O RN\
NN =

int nFaces=SailMesh.size()/2;



Output the patch face centres to file /1:

1 IOdictionary coupling
2 (

3 IOobject

4 (

5 "CouplingDict",
6 runTime.constant(),

7 mesh,

8 [Oobject::MUST READ,

9 [Oobject::NO WRITE

10 )

11 );

12

13 word satl=couphing.lookup(*wing™");

14

15 label saill = mesh.boundaryMesh().findPatchlD(sail);

19

20 const polyPatch &SailMesh=mesh.boundaryMesh()[sailL];
21

22 1nt nFaces=SailMesh.si1ze()/2;




Output the patch face centres to file /1:

1 IOdictionary coupling

2

3 IOobject

4

5 "CouplingDict",

6 runTime.constant(),

7 mesh,

8 [Oobject::MUST READ, :

9 100bject::NO WRITE o boundarymesh() 1S not a member
10 ) functlon of fvMesh, BUT a class
11 ); itself. (?)

12

13 word sail=couphing.lookup(*wing");

14

15 label saill = mesh.boundaryMesh().findPatchlD(sail);

19

20 const polyPatch &SailMesh=mesh.boundaryMesh()[sailL];

21

22 1nt nFaces=SailMesh.si1ze()/2;



Output the patch face centres to file /1:

1 IOdictionary coupling
2 (
3 IOobject
4 (
5 "CouplingDict",
6 runTime.constant(),
7 mesh,
8 [Oobject::MUST READ :
. i ’ e boundarymesh() 1s not a member
9 [Oobject::NO WRITE :
10 ) J 5 function of fvMesh, BUT a class
12 e boundaryMesh() is i1ts constructor
13 word satl=couphing.lookup(*wing™");
14
15 label saill = mesh.boundaryMesh().findPatchlD(sail);
19

CIassName( boundaryMesh")

20 const polyPatch &SailMesh=mesh.boundaryMe se_ipformation.
boundaryMesh ()

.

22 1nt nFaces=SailMesh.size()/2; ~bouraaryMesh ()

void clearOut ()
st bMesh & mesh () const
Patch > & patches () const



Output the patch face centres to file /1:

labelList getNearest (const primitiveMesh &pMesh, const vector &searchSpa
Get bMesh index of nearest face for every boundary face in.
void patchify (const labellist &nearest, const polyBoundaryMesh &oldPat
Take over patches onto polyMesh from nearest face in *this.
label whnchPatch (const Iabel facel) const

label fndPatchID (const word &patchName) const
Get index of patch by name.
wordList patchName
Get names of patches.
void addPatch (const word &patchName)
Add to back of patch list.

e boundarymesh() 1s not a member
?o ;OObJeCt NO S function of fvMesh, BUT a class
11 ):; itself. (..7).
12 e boundaryMesh() is i1ts constructor
13 word sail=coupling.lookup('wing"); e findPatchID 1s function member of
14 this class
15 label saill = mesh.boundaryMesh().findPatchID(sail);
19

CIassName ("boundaryMesh")

20 const polyPatch &SailMesh=mesh-boundaryMe formation.
boundaryMesh ()

.

22 1t nFaces=SailMesh.s1ze()/2; yMTesh ()

void cIearOut ()
st bMesh & mesh () const
Patch > & patches () const



Output the patch face centres to file /1:

1 IOdictionary coupling
2 (

3 IOobject

4 (

5 "CouplingDict",
6 runTime.constant(),

7 mesh,

8 [Oobject::MUST READ,

9 [Oobject::NO WRITE

10 )

11 );

12

13 word satl=couphing.lookup(*wing™");

14

15 label saill = mesh.boundaryMesh().findPatchlD(sail);

19

20 const polyPatch &SailMesh=mesh.boundaryMesh()[sailL];
21

22 1nt nFaces=SailMesh.si1ze()/2;




Output the patch face centres to file /1:

1 IOdictionary coupling
2

3 IOobject

4 (

5 "CouplingDict",
6 runTime.constant(),

7 mesh,

8 [Oobject::MUST READ,
9 [Oobject::NO_ WRITE

10 11 1T e 41 ,
11 )-) Jlobally, saill. 1s the label
12 , (the numbering) o1 the

. 3 . N ace derine . he
13 word sail=coupling.lookup(*wing"); SUFIHCT ¢ -? !!!-'J. e
14 couplingict

15 label saill. = mesh.boundaryMesh().findPatchlD(sail);
19

20 const polyPatch &SailMesh=mesh.boundaryMesh()[sailL];
21

22 1nt nFaces=SailMesh.si1ze()/2;



Output the patch face centres to file /1:

1 IOdictionary coupling
2 (

3 IOobject

4 (

5 "CouplingDict",
6 runTime.constant(),

7 mesh,

8 [Oobject::MUST READ,

9 [Oobject::NO WRITE

10 )

11 );

12

13 word satl=couphing.lookup(*wing™");

14

15 label saill = mesh.boundaryMesh().findPatchlD(sail);

19

20 const polyPatch &SailMesh=mesh.boundaryMesh()[sailL];
21

22 1nt nFaces=SailMesh.si1ze()/2;




Output the patch face centres to file /1:

1 IOdictionary coupling
2 (

3 IOobject

4 (

5 "CouplingDict",
6 runTime.constant(),

7 mesh,

8 [Oobject::MUST READ,
9 [Oobject::NO WRITE

10 )

11 );

12

13 word sail=coupling.lookup(*wing"); and SailMesh a reference to
14

th -Mesh defini
15 label saill = mesh.boundaryMesh().findPatchID(sail); = Boundary — defining
19 the surface 1in the mesh

20 const polyPatch &SailMesh=mesh.boundaryMesh()[sailL];
21

22 1nt nFaces=SailMesh.si1ze()/2;




Output the patch face centres to file /1:

1 IOdictionary coupling
2 (

3 IOobject

4 (

5 "CouplingDict",
6 runTime.constant(),

7 mesh,

8 [Oobject::MUST READ,

9 [Oobject::NO WRITE

10 )

11 );

12

13 word satl=couphing.lookup(*wing™");

14

15 label saill = mesh.boundaryMesh().findPatchlD(sail);

19

20 const polyPatch &SailMesh=mesh.boundaryMesh()[sailL];
21

22 1nt nFaces=SailMesh.si1ze()/2;




Output the patch face centres to file /1:

[Odictionary coupling
IOobject

"CouplingDict", s

runTime.constant(), L

mesh, B
[Oobject::MUST READ; s
100b1ect NGOG REB B R

); i

O ~J O\ LD &~ WM —

ke e e \O
W N - O

word sail=coupling.lookup("wing");

e
N

label saill = mesh-boundaryMesh().findP:

ek
N

dall 1S Tunction o1 a template class,

[N
\O

NErerore 1t 1S multi-purpose, appiicaoic

)
S

const polyPatch &SailMesh=mesh.bound

LU z!!!!;‘!;‘!!! H'h];'; )

\O RN\
N —

int nFaces=SailMesh.size()/2;




Output the patch face centres to file /1:

1 IOdictionary coupling
2

R [Oobject

4 (

5 "CouplingDict",
6 runTime.constant(),

7 mesh,

8 [Oobject::MUST READ,
9 [Oobject::NO_ WRITE

10 )
11 );
12

13 word sail=coupling.lookup(‘wing");
14 |

15 label saillL = mesh.boundaryMesh().findP:
19

: NErerore 1t 1S multi-purpose, applicabie
20 const polyPatch &SailMesh=mesh.bound: _ 1 3
21 [0 dirrerent JUJCCLS

d>all 18 Tunction ot a template class,

: : : t1s /2. since the zero thickness surface
22 int nFaces=SailMesh.size()/2; «——— IEREEEEE

S ACSCribed as a SErics ot ~~!!;';‘!;H'~~;‘a!

-



Output the patch face centres to file /1:

1 IOdictionary coupling
2 (

3 IOobject

4 (

5 "CouplingDict",
6 runTime.constant(),

7 mesh,

8 [Oobject::MUST READ,

9 [Oobject::NO WRITE

10 )

11 );

12

13 word satl=couphing.lookup(*wing™");

14

15 label saill = mesh.boundaryMesh().findPatchlD(sail);

19

20 const polyPatch &SailMesh=mesh.boundaryMesh()[sailL];
21

22 1nt nFaces=SailMesh.si1ze()/2;




Output the patch face centres to file /2:

23
24 std::ofstream myfile;
25 myfile.open ("FluidMesh centres.txt", std::10s::app );
26
27 myfile<<nFaces<<"\n";
28 for (int n=0; n<nFaces; n++)
29 4
30 myfile<<SailMesh.faceCentres()[n][0]<<
1 <<SailMesh.faceCentresOn][ 1 ]<<
31 " << SailMesh.faceCentres()[n][2]<<"\n";
E3oreseress
33
34 myfile.close();



Output the patch face centres to file /2:

23
24 std::ofstream myfile;

25 myfile.open ("FluidMesh centres.txt", std 1os app L
26 R

27 mytile<<nFaces<<™\n"; | ,

28 for (int n=0; n<nFaces; Il++) SRR
29 /-:1:3:2:::3;:’3225 1;1;2;@3 2;:\15231 :

30 myﬁle<<Sa11Mesh faceC'eﬁtréé(§{n]{ﬂ} e | 535

RH Beserseeasesionss SallMesh faceCentr@s( [n}[2}<<" n"
E39rssesess:

33

34 mytile. close()

yaim a template

LUIICLIO1] . 1C L0 dll OD)JCCL O1
ne class ?mun:!‘:!‘. \!;~~!1 treturns tne
°CLOT (X,VY,Z) withh the coorainates o1

Ne ceniresS o1 the mesn 1ace

<




Output the patch face centres to file /2:

23
24 std::ofstream myfile;
25 myfile.open ("FluidMesh centres.txt", std::10s::app ); -
26 - esesstetetse ::  
27 myfile<<nFaces<<"n"; SRR R R
28 for (int n=0; n<nFaces; n++) HER R
29 | HESHEEHHE:
30  myfile<<SailMesh. faceCentres(){n][G]<< |
' <<SailMesh. faﬁeCe,ntres()[n]i[l]<< i
31 " << SailMesh. faceCentres()[n}[ ] <"\n" 2
33 '
34  myfile.close();

S again a template

unction, applied here to an 0bject o1

NE class boundaryiviesn, 1t returns the

cClOT (X,Y,Z) wWith the coordinates o1

Nne centres o1 the mesn race

€ operator | | 1S used 1n «

1CCESSINE the VECTOor entries




Output the patch face centres to file /2:

23
24 std::ofstream myfile;
25 myfile.open ("FluidMesh centres.txt", std::10s::app );
26
27 myfile<<nFaces<<"\n";
28 for (int n=0; n<nFaces; n++)
29 4
30 myfile<<SailMesh.faceCentres()[n][0]<<
1 <<SailMesh.faceCentresOn][ 1 ]<<
31 " << SailMesh.faceCentres()[n][2]<<"\n";
E3oreseress
33
34 myfile.close();



Read the cell displacements from file /1:

#include "readCellDisp.h"

volVectorField::GeometricBoundaryField &meshDisplacement =
const cast<volVectorField&>
(mesh.objectRegistry::lookupObject<volVectorField>("'cellDisplacement™))
.boundaryField();



Read the cell displacements from file /1:

#include "readCellDisp.h"

volVectorField::GeometricBoundaryField &meshDisplacement =
const cast<volVectorField&>

(mesh.objectRegistry::lookupObject<volVectorField>("cellDisplacement™))
.boundaryField();

Searches 1n the objectRegistry of the
mesh the entry “cellDisplacement”,
which 1s an object of the class

volVectorField

ObjectRegistry 1s function member of
the class fvMesh




Read the cell displacements from file /1:

#include "readCellDisp.h"

volVectorField::GeometricBoundaryField &meshDisplacement =
const cast<volVectorField&>

(mesh.objectRegistry::lookupObject<volVectorField>("cellDisplacement™))
.boundaryField();

Searches 1n the objectRegistry of the
mesh the entry “cellDisplacement”,
which 1s an object of the class

volVectorField

ObjectRegistry 1s function member of
the class fvMesh

From the cellDisplacement vector, searches the
entries corresponding to the boundaryField (inlet,
outlet, walls, sail... )



Read the cell displacements from file /1:

#include "readCellDisp.h"

volVectorField::GeometricBoundaryField &meshDisplacement =
const cast<volVectorField&>

(mesh.objectRegistry::lookupObject<volVectorField>("cellDisplacement™))

.boundaryField();
Whatever 1s returned, forces it to be a Searches 1n the objectRegistry of the
reference to a volVectorField. mesh the entry “cellDisplacement”,
We have then the address in the which 1s an object of the class
computer memory where volVectorField
displacements of the boundary field ObjectRegistry 1s function member of
cells are stored the class fvMesh

From the cellDisplacement vector, searches the
entries corresponding to the boundaryField (inlet,
outlet, walls, sail... )



Read the cell displacements from file /1:

#include "readCellDisp.h"

volVectorField::GeometricBoundaryField &meshDisplacement =
const cast<volVectorField&>
(mesh.objectRegistry::lookupObject<volVectorField>("'cellDisplacement™))
.boundaryField();



Read the cell displacements from file /1:

#include "readCellDisp.h"

volVectorField::GeometricBoundaryField &meshDisplacement =
const cast<volVectorField&>
(mesh.objectRegistry::lookupObject<volVectorField>("'cellDisplacement™))
.boundaryField();

BoundaryField cellDisplacement

CellDisplacements -

mﬂ]mm

& MeshDisplacement




Read the cell displacements from file /2:

BoundaryField cellDisplacement

L L L [ ] e | oowet [ ves | ] ] ][

& MeshDisplacement & mDisp

We need now to find the adress of the moving patch
(1dentified by the variable *'sail’”) 1n the global
cellDisplacement Boundary-Field

label fluidSidel = mesh.boundaryMesh().findPatchID(sail);
const polyPatch &fluidMesh=mesh.boundaryMesh()[tluidSidel];

labellist imnterfacePointlabels = mesh.boundaryMesh()[ fluidSidel].meshPoints();

vectorField &mbDisp=retfCast<vectorField>(meshDisplacement[fluidSidel]);



Read the cell displacements from file /3:

std::1fstream fin("Cell Displ out");
int pSize=fluidMesh.size();

vector move;

fin>>pSize;

double u;
double v;
double w;

List<vector> disp Vals(fluidMesh.size());
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Read the cell displacements from file /3:

forAll(fluidMesh,1) {
fin >> u;
fin >> v;
fin >> w; // Values from-the:Structrual selver

disp Vals[1][0]=u;
dispVals[i][ 1 ]=v;
disp Vals[1][2]=w;

vector dd = dispVals|i];;

mDisp[1]=dd;
h
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