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Requistes

@ OpenFOAM is a CFD tool which runs on Linux operating systems, so having a
Linux release already installed is strongly recommended

@ The contents of this training course are related to a specific OpenFOAM release,
namely OF-1.4.1. Hence having version 1.4.1 of OpenFOAM is another
fundamental requisite

@ Where do | get the OF release from?

@ www.opencfd.co.uk, download from this site the release developed by Henry Weller and
developers from OpenCFD

@ http://powerlab.fsb.hr/ped/kturbo/OpenFOAM, contains the OF-1.4.1-dev release which
has additional features developed by Hrvoje Jasak and by the OF community. There is
also an svn repository where everybody can give his own contribution adding specific
pieces of code such as classes and applications:
http://openfoam-extend.svn.sourceforge.net

@ None of this two releases are installed onto you laptop?

Don't worry there is always a plan B
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Plan B

You can use the Live DVD containing the CAElinux live evaluation which already
includes the OpenFOAM 1.4.1 installation
Follow these steps:
@ Boot the PC with the live DVD into your dvd drive
Let the PC boot via DVD
Wait until everything is loaded...it may take a while

You should be logged to your new environment in a while

If you need to configure something login as root... pw:root, however do not waste
your time now in PC administration

Try to list the content of your home directory and you will notice the OpenFQOAMfolder
containing the OpenFOAM-1.4.1 installation

Q?
Q?
@ Login as caelinux... pw: caelinux
Q?
o

To begin working with OpenFOAM you need to load the environment variable, this is
something you will learn soon
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OpenFOAM installation

There are two ways of installing OpenFOAM onto your machines:

Q local installation : it is an installation dedicated to the single user. The user can
modify the source of the code, create new applications, modify classes and so on
without affecting the work of other OpenFOAM users

Q network installation : this installation is suitable when a group of people is
supposed to use OpenFOAM without the need of any customization. The
OpenFOAM version used is the same for all the users Customization is still
possible, but it is preferable to do that outside of the main installation directory

Gianluca Montenegro/ OpenFOAM structure



POLITECNICO DI MILANO CHALMERS
OpenFOAM installation

OpenFOAM is distributed with a large set of precompiled applications but users also
have the freedom to create their own or modify existing ones

Applications are split into two main categories:

Q solvers that are each designed to solve a specific problem in computational
continuum mechanics

Q utilities that perform simple pre-and post-processing tasks, mainly involving data
manipulation and algebraic calculations

OpenFOAM is divided into a set of precompiled libraries that are dynamically linked
during compilation of the solvers and utilities

Libraries such as those for physical models are supplied as source code so that users
may conveniently add their own models to the libraries
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How to install: local installation

@ Chose the folder where you want to install OpenFOAM into: usually
$HOVE/ OpenFOAM

Q@ Create a subfolder named | i nux

© Download the source archive QpenFOAM 1. 4. 1. Gener al . gt gz and untar it
into the $HOVE/ OpenFOAMfolder. This contains only the source file, you need to
compile it to make it working onto your PC. The whole process can take two hours
on a good PC. If you don’t want to compile the whole lot, download and unpack
also the precompiled version: QpenFOAM 1. 4. 1. | i nuxGccDPQOpt . gt gz
@ Download the binary files for the gcc, pre-processing and post-processing tools
and unpack them into the $HOVE/ OpenFOAM | i nux folder:
9 gce-4.2.1.bin.tgz
9 paraview-2.4.4.bin.tgz
9 java....
@ once the unpacking process has been done you only need to set accurately all the
environmental variables and to source the correct files at login
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How to install: sourcing environmental variables

The environment variable settings are contained in files in a . OpenFOAM 1. 4. 1
directory in the OpenFOAM release:
$HOVE/ OpenFOAM OpenFOAM 1. 4. 1/ . OpenFOAM 1. 4. 1

@ if running bash or ksh (if in doubt type echo $SHELL), source the
. OpenFOAM 1. 4. 1/ bashr c file by adding the following line to the end of your
$HOVE/ . bashr c file:

$HOVE/ OpenFOAM OpenFOAM 1. 4. 1/ . OpenFOAM 1. 4. 1/ bashrc

Then update the environment variables by sourcing the $HOVE/ . bashr c file by
typing in the terminal:

$HOWE/ . bashrc

Q@ if running tcsh or csh, source the . OpenFQAM 1. 4. 1/ cshr ¢ file by adding the
following line to the end of your $HOVE/ . cshr c file:

sour ce $HOVE/ OpenFOAM OpenFOAM 1. 4. 1/ . OpenFQAM 1. 4. 1/ cshrc

Then update the environment variables by sourcing the $HOVE/ . cshr c file by
typing in the terminal:

source $HOME/ . cshrc
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How to install: network installation

Make a local installation onto the server following the local installation guide, then on
your client check the following steps:

@ If you want to customize OpenFOAM environmental variables copy the
$HOVE/ OQpenFOAM OpenFOAM 1. 4. 1/ . OpenFOAM 1. 4. 1 directory into your
home and source that path from you .cshrc or .bashrc file

Q the host name must be set - to test, type 'uname -a’. The running shell must be
tcsh, csh, bash or ksh - to test type echo $SHELL

@ The user must be able to 'ping’ the host machine itself (<host >) - to test, type
ping -c 1 <host>. Check this by typing gr ep <host > /et c/ host s which
should return a single line, typically of the form:
<| Paddr ess> <host >. <domai n> <host >

@ The machine must have one of (or both) remote (rsh) and secure shell (ssh)
running on his/her account

@ Check the rsh executable actually exists, e.g. the path to the executable should be
returned when typing whi ch r sh. Check with the system administrator that rsh is
enabled on the user’s account

Q The .cshrc (or .bashrc) file should not contain errors that prevent it from executing

fully at startup; all error messages during execution of the .bashrc (or .cshrc) file
should be investigated and acted upon to eliminate them
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Installation test and getting started

To test whether the installation process has been carried out successfully run the
foam nstal | ati onTest script:

/ honme/ gnont e> f oaml nstal | ati onTest
The output will be like this:

Checki ng basic setup...

Shel | : csh

Host : dastardly

Cs: Li nux version 2.6.22.17-0. 1-bi gsnp

User : gnont e

User _config: / homre/ gnont e/ . cshrc

Foam confi g: / horre/ gnont e/ . OpenFOAM 1. 4. 1/ cshrc sourced correct
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Testing the installation

Values of environment variables are also plotted such as:

Checki ng main FOAM env vari abl es. ..

$VWM PRQIECT_I NST_DI R / honeTo check your installation setup, execute th

/ gnont e/ OpenFOAM yes yes

$WM PRQJECT_USER DI R / honre/ gnont e/ OpenFOAM gnonte-1. 4.1 yes
$FOAM JOB_DI R / homre/ grmont e/ OpenFQAM j obCont r ol no
$WM_PRQIECT_DI R / homre/ gnont e/ OpenFCAM CpenFOAMH 1. 4. 1 yes yes
$FOAM_USER_APPBI N ...1.4.1/ applications/bin/linuxGcDPOpt yes yes
$FOAM_APPBI N ...1. 4.1 applications/bin/linuxCccDPOpt yes yes
$WV DI R ... gnont e/ OpenFOAM OpenFOAM 1. 4. 1/ wrake yes yes
$FOAMX_PATH ...ations/utilities/preProcessing/ FoamX yes no
$CEl _HOVE /usr/local /ensight/CEl no
$JAVA_PATH .../ gnont e/ OpenFOAM | i nux/j 2sdkl.4.2_05 no

$M CO_ARCH_PATH .../mco-2.3.12/platforns/linuxCccDPOpt yes yes
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Environment variables

Sourcing the $HOMVE/ . OpenFOAM 1. 4. 1/ cshr ¢ file, OpenFOAM loads all the
environmental variables it needs
For example:

@ $VWW _PRQIECT_I NST_DI Ris the directory where OpenFOAM is installed.

@ $WM PRQIECT_USER_DI Ris the directory where the single user can store his/her
own applications or where you usually put the r un folder

@ $VWM _PRQIECT_DI Ris the directory which contains the OpenFOAM release we
want to use
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Environment variable: cshrc file
The cshrc (bashrc file for people using the bash shell) initializes all the variables
needed for a correct use of OpenFOAM

setenv WM _PRQIECT OpenFOAM
setenv WM PRQJECT_VERSION 1.4.1
set env WM_PRQIECT_LANGUAGE c++

They set respectively the name of the working project, the version used and the
programming language

Typical usage is setting the installation directory name:
setenv W PRQJECT_I NST_DI R $HOVE/ $\W_PROJECT

It is possible to customize the installation directory by setting a different path, for
example:

#setenv WM _PRQIECT_I NST_DI R /| ocal s/ nydi sk/ $W_PROJECT
The OS variable LOGNAME is exploited to define the user working environment:

set env. WM PRQJECT_USER DI R $HOVE/ $\WM_PROJECT/
$LOGNAME- $WM_PRQIECT _VERSI ON
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Environment variable: important variables

In the same cshrc file it is possible to set other variables concerning the precision, the
architecture, and so on

setenv WM _COWPI LER Gcc
set env. WM_COWPI LER_ARCH
set env. WM _COWPI LER LI B_ARCH

If WM_COWPI LERis setto " " the system compiler will be used

#set env W _PRECI SI ON_OPTI ON SP
set env WM _PRECI SI ON_OPTI ON DP

Use DP or SP for respectively single and double precision

setenv W _COVPI LE_OPTI ON Opt

#set env WM_COWPI LE_OPTI ON Debug

#set env. WM_COWPI LE_OPTI ON Pr of

Set the wanted option to compile OpenFOAM with: Opt , Debug and Pr of for
respectively, optimized, debugging mode and profiling

set env FOAM S| GFPE

set env FOAM _SETNAN

If they are set the control runtime the exception handling (FOAM_SI GFPE) and the
usage of uninitialized memory (FOAM_SETNAN)
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Environment variable: .cshrc file

Form the cshrc file in your $HOVE/ . OpenFOAM 1. 4. 1 directory the following file is

sourced:

$WM PRQUECT_DI R/ . cshrc
It contains the definition of frequently used path and environment variables:
@ the definition of the gcc compiler version to use
setenv WW_COWPI LER_DI R $WM PRQJIECT_| NST_DI R/ $WWM ARCH/ gcc-4. 2.1
@ definition of path for user application, libraries and so on

set env
set env

set env
set env
set env

set env

set env
set env

FOAM USER LI BBI N $WWM PROJECT_USER DI R/ | i b/ $WM OPTI ONS
FOAM _USER_APPBI N $WM PRQIECT_USER DI R/ appl i cati ons/ bi n/ $\M_

FOAM_SRC $WM PRQIECT_DI R/ src

FOAM LI B $WM PRQUECT_DIR/li b

FOAM_LI BBI N $FOAM _LI B/ $VW_OPTI ONS
FOAM _APP $WM PRQIECT_DI R/ appl i cati ons

FOAM TUTORI ALS $WM PRQUECT_DI R/ tutorial s
FOAM_UTI LI TI ES $FOAM APP/ utilities
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Environment variable: important variables

setenv WM ARCH sol ari s

It sets the architecture of the machine you are working on. Possible types are: | i nux,
I'i nuxl A64,sol ari s,sgi N32,sgi 64

Shortcuts to access a specific working directory are created by means of alises:

alias src 'cd $FOAM SRC

alias lib 'cd $FOAM LI B’

alias run 'cd $FOAM RUN

alias foam’cd $WM PRQJECT_DI R

alias foanmsrc 'cd $FOAM SRC/ $WM_PROJECT’
alias foanfv 'cd $FOAM SRC/ fi ni t eVol une’
alias app 'cd $FOAM APP

alias util 'cd $FOAM UTI LI TI ES

alias sol 'cd $FOAM SOLVERS

alias tut 'cd $FOAM TUTORI ALS'
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OpenFOAM directory organization

Inside the WM_PRQIECT_DI Rit is possible to find all the folders containing the
OpenFOAM installation

The user can move to that dyrectoryt by simply typing the f oamalias command
The structure of that folder will the following:

$WM_PRQJECT_DI R
[----cemm--- > applications
[-----oamme-- > bin
[----cemm--- > doc
[-----oamme-- >1lib
[ > src
[----cemm--- > tutorials
[ > wrake

Additional files are present in the WW_PROJECT_DI Rfolder, the most important one is
Al | whake

Running that command it is possible to compile the whole installation, namely, libraries,
applications and utilities
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The applications folder
Change to the applications folder running the app command

$WM_PRQIECT_DI R/ appl i cati ons
I > bin
[------------ > sol vers

Here is a short description of the applications folder contents:
@ bi n contains the binaries generated by compiling the applications
($FOAM_APPBI N)

@ sol ver s contains different folders grouping solvers for combustion, compressible,
DNSandLES, electromagnetics, financial, heatTransfer, incompressible,
multiphase and stress analysis problems This folder can be reached with the sol
shortcut

@ utilities contains utilities for postprocessing, preprocessing, mesh
manipulation and so on

@ t est contains several small applications to test and learn the usage of certain
c++ objects

The Al | wrake will compile all the content of sol vers andutilities

Gianluca Montenegro/ OpenFOAM structure



POLITECNICO DI MILANO CHALMERS

The doc folder

The doc folder contains the documentation of OpenFOAM:
@ Programmers and User guide of OpenFOAM
@ Doxygen generated documentation in html format
The documentation generated by doxygen can be viewed by firefox

Doxygen can also be customized to generate the documentation of customized classes
and user generated classes

The generation of the html source guide can be realized by running the Al | wrake
command from inside the Doxygen folder:

$WM_PRQIECT_DI R/ doc/ Doxygen
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The bin, lib and tutorials folders

The bi n folder contains all the binaries of OpenFOAM related applications such as
par aFoamfor the post-processing, f oanX for the pre-processing or other utilities like
the f oanNew, f oaniog ...

The | i b directory contains the binaries generated by compiling the libraries provided
by the the installation in the sr c folder.

The tut ori al folder contains OpenFOAM cases to be executed with the associated
application.

The tutorial folder can be accessed by typing the t ut command in the shell In the
same directory there are other files:

@ Al | run it generates automatically the mesh for each case and run the case

@ Al 'l cl ean it removes all the files created by the application run and by the
post-processing tools
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The wmake folder

All the options and scripts to compile the whole OpenFOAM installation or single
applications are contained in this directory

The two most important scripts are the wnmake and wcl ean commands:

@ wmake allows you to compile every application you create according to the
information written in the f i | es and opt i ons files of the Make directory

@ wel ean cleans up the wrake control directory Make and removes the include
directory generated for libraries
Once you have created the application (*.H and *.C files) you can generate the
Make directory by using the wrakeFi | esAndQOpt i ons script. Libraries are not
included automatically but it creates a starting point to work on.

The wrake folder contains other script such as wel eanMachi ne, wel eanAl | which
clean the directory dependent on the machine type or all the machine dependent
folders respectively
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The src folder

This folder contains the source code for all the libraries
It is divided in different subfolders each of them can contain several libraries

The most relevant are:

@ finiteVol ure, if compiled with the command wnake | i bso it generates the
Ibrary | i bf i ni t eVol une. This library provides all the classes needed for the
finiteVolume discretization, such as fvMesh, divergence, laplacian, gradient
discretization operators and matrices solvers

@ OpenFOAMwhen compiled with the wrake | i bso command it generates the
| i bOpenFOAMIlibrary, which includes the definitions of the containers used for the
operations, the field definitions, the declaration of the mesh and of all the mesh
features such as zones and sets

@ tur bul enceModel s which contains several turbulence models
@ engi ne declaration of classes for engine simulation
@ dynami cMesh for moving meshes algorithm
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OpenFOAM file organization

The generic application/class source code is structured as follows:

Main code nc class
newApp.C Header file ncH
i " L R s
#include "nc.H -T option Definition. ..
int main()
{ -
: ) nc.C
return(0) ; #include "nc.H"
Code. ..
\J
Compiled Compiled
newApp Linked ne.so !
ol o
Executable -1 option Library

The mai n is included in the *.C file. Typically in OpenFOAM application several other
files are included containing pieces of code or specific declarations

This file is included at the beginning of any piece of code using the class, including the
class declaration code itself

Any piece of .C code can resource any number of classes and must begin with all the
.H files required to declare these classes. The classes in turn can resource other
classes and begin with the relevant .H files
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OpenFOAM file organization

Header files are included in the code using # i ncl ude statements:
# include "ot herHeader. H';
It causes the compiler to suspend reading from the current file to read the file specified

Any self-contained piece of code can be put into a header file and included at the
relevant location in the main code in order to improve code readability

For example, in most OpenFOAM applications the code for creating fields and reading
field input data is included in a file createFields.H:

#i ncl ude "fvCFD. H'

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

i ncl ude "set Root Case. H'

include "createTine. H'

include "createMesh. H'

i ncl ude "readThermodynam cProperties. H'
include "createFields. H

HHIFEHHEZ

for (runTime++; !runTinme.end(); runTi me++)
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Structure of an application

We shall consider the sonicFoam application as an example of application directory

This application can be found at:
$FOAM_SOLVERS/ conpr essi bl e/ soni cFoam

The top level source file takes the application name with the .C extension. The source
code for the sonicFoam application would reside is a directory sonicFoam and the top
level file would be sonicFoam.C

soni cFoam
| ---->conpressibleContinuityErrs. H
|---->createFields. H
| ---->readTher nodynani cProperties. H
| ---->readTransport Properties. H
| ---->soni cFoam C
| ---->Make
|---->files
| ---->options

The directory must also contain a Make subdirectory containing 2 files, options and
files, which are needed by the wnake command
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Structure of an application

Having a look at the sonicFoam application we will find out that several files are
included which are not contained in the application folder:

#i ncl ude "fvCFD. H'

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

i

{

# i ncl ude "set Root Case. H'

# include "createTinme. H'

# include "createMesh. H'

# i ncl ude "readThermodynam cProperties. H'

# include "readTransportProperties. H'

# i ncl ude "createFields. H

# include "initContinuityErrs. H'
for (runTime++; !runTinme.end(); runTi me++)
{

# i ncl ude "readPl SOControl s. H'

# i ncl ude "conpressi bl eCour ant No. H'

# i ncl ude "rhoEgn. H'

Where does OpenFOAM pick those files up?
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Compiling the application: the Make folder

The compiler searches for the included header files in the following order, specified
with the - | option in wmake:

Q the $WM_PRQIECT DI R/ src/ OpenFOAM | nl ncl ude directory;
Q alocal Ininclude directory, i.e. soni cFoand | nl ncl ude;
Q the local directory, i.e. soni cFoam

@ platform dependent paths set in files in the
$WM_PRQIECT_DI R/ wmake/ r ul es/ $VW_ARCH directory, e.g.
/usr/ X11/i ncl ude and $( MPl CH_ARCH_PATH) / i ncl ude;

@ other directories specified explicitly in the Make/ opt i ons file with the - | option.
The Make/options file contains the full directory paths to locate header files using the
syntax:

EXE_INC = \
-1$(LIB_SRO)/finiteVol une/l nl ncl ude

The directory names are preceeded by the -1 flag and the syntax uses the \ to continue
the EXE_| NC across several lines, with no\ after the final entry
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Linking to libraries

The compiler links to shared object library files in the following directory paths,
specified with the -L option in wmake:

@ the SFOAM LI BBI Ndirectory

Q platform dependent paths set in files in the $WW DI R/ r ul es/ $WM_ARCH/
directory, e.g. /usr/ X11/1ib

@ other directories specified in the Make/options file
The actual library files to be linked must be specified using the -l option and removing

the lib prefix and .so extension from the library file name, e.g. | i bf i ni t eVol une. so
is included with the flag - | fi ni t eVol une
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Linking to libraries

By default, wrake loads the following libraries:
@ the libOpenFOAM.so library from the $FQAM LI BBI Ndirectory;

Q platform dependent libraries specified in set in files in the
$WM DI R/ rul es/ $\WW_ARCH' directory, e.g. | i bm so from / usr/ X11/1i b and
I'i bl am so from $( LAM_ARCH _PATH) /i b;

@ other libraries specified in the Make/options file

The Make/options file contains the full directory paths and library names using the
syntax:

EXE_LIBS =\
-L<libraryPat h1> \
-l <libraryl>

The directory paths are preceeded by the -L flag, the library names are preceeded by
the -l flag
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Source files to be compiled

The compiler requires a list of .C source files that must be compiled. The list must
contain the main .C file but also any other source files that are created for the specific
application but are not included in a class library.

The list only includes the name of the main .C file, e.g. sonicFoam.C

The Make/ fi | es file includes a full path and name of the compiled executable,
specified by the EXE = synt ax.
OpenFOAM offers two choices for path:

@ standard release applications are stored in $FOAM _APPBI N

Q applications developed by the user are stored in $SFOAM_USER_APPBI N

To develop your own applications, it is recommended to create an applications
subdirectory in their $WWM_PROQJECT_USER DI Rdirectory containing the source code
for personal OpenFOAM applications. The Makeffiles file for our example would appear
as follows:

soni cFoam C
EXE = $(FOAM USER_APPBI N)/ soni cFoam

Gianluca Montenegro/ OpenFOAM structure



POLITECNICO DI MILANO CHALMERS

Running wmake

The wmake script is executed by typing:
wreke <opti onal Argunment s> <optional Di rectory>

The <opti onal Di r ect or y> is the directory path of the application that is being
compiled

Typically, wmake is executed from within the directory of the application being
compiled, in which case <opt i onal Di r ect or y> can be omitted

To build an application executable no <opt i onal Ar gunent s> are required
<opt i onal Ar gunent s> may be specified for building libraries

Argument  Type of compilation

lib Build a statically-linked library

libso Build a dynamically-linked library

libo Build a statically-linked object file library

jar Build a JAVA archive

exe Build an application independent of the specified project library
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Removing dependency lists: wclean and rmdepall

On execution, wreke builds a dependency list file with a .dep file extension, e.g.
soniFoam.dep in our example, and a list of files in a Make/ $\WWM_OPTI ONS directory

To remove these files the user can run the wclean script by typing:
wcl ean <opti onal Argunent s> <optional Di rectory>

The <opti onal Di rect or y> is a path to the directory of the application that is being
compiled

Typically, wcl ean is executed from within the directory of the application, in which case
the path can be omitted and it is needed when the dependencies are changed, for
instance when an # i ncl ude "file. H' is added or removed

To remove the dependency files and files from the Make directory no
<opt i onal Ar gunent s> are required

If lib is specified in <opt i onal Ar gunment s> a local Ininclude directory will be deleted
also

rndepal | removes all dependency .dep files recursively down the directory tree from
the point at which it is executed. It is useful when updating OpenFOAM libraries
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Compilation example: the sonicFoam application
The code begins with a brief description of the application contained within comments
over 1 line (//) and multiple lines (/*...*/)

Following that, the code contains several # i ncl ude statements, e.g.
# include "fvCFD. H', which causes the compiler to suspend reading from the
current file, soni cFoam Cto read the f vCFD. H

This file is found at the path $FOAM_SRC/ f i ni t eVol une/ | nl ncl ude/ f vCFD. Hby
means of the path specified in the Make/ opt i on file

sonicFoam contains only the soni cFoam Csource and the executable is written to the
$FOAM APPBI N directory as all standard applications are

The Make/ f i | es therefore contains:

soni cFoam C

EXE = $(FOAM _APPBI N)/ soni cFoam

The user can compile sonicFoam by going to the
$FOAM_SOLVER/ conpr essi bl e/ soni cFoamdirectory and typing:

wnake
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Compilation example: the sonicFoam application

Executing the wrake the output will be something like this

conpr essi bl e/ soni cFoam> wrake
Maki ng dependency list for source file soni cFoam C
SOURCE=soni cFoam C ;
g++ -nmB2 -Dlinux -DDP -Wall -Who-strict-aliasing -Wextra -Wo-unused-
-\Wl d-style-cast -O3 -DNoRepository -ftenpl ate-depth-40
-1/ hore/ gnont e/ QpenFOAM CpenFQOAM 1. 4. 1/ src/ fini t eVol ume/ | nl ncl ude
-l nlnclude -1.

-Im-o0 /home/ gnont e/ OpenFOAM OpenFOAM 1. 4. 1/ appl i cati ons/ bi n/ i nuxCcc

Trying to recompile it will appear a message similar to the following to say that the
executable is up to date and compiling is not necessary:

make: ‘/hone/ gnont e/ OpenFOAM OpenFOAM 1. 4. 1/ appl i cati ons/ bi n/
|'i nuxGccDPOpt / soni cFoam is up to date.
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Running applications

Each application is designed to be executed from a terminal command line, typically
reading and writing a set of data files associated with a particular case. The data files
for a case are typically stored in a directory named after the case

For any application, the form of the command line entry can be found by simply
entering the application name at the command line, for instance typing sonicFoam
returns information

Usage: soni cFoam <root> <case> [-parallel]

The arguments in angled brackets, < >, i.e. <r oot > and <case>, are the compulsory
arguments, while the arguments in square brackets, [ ], are optional flags

Applications can be run as as a background process, for instance if the user wished to
run the sonicFoam example as a background process and output the case progress to
a log file (the log file will become useful later on), they could enter:

nohup nice -n 19 soni cFoam <root > <case> > log &
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Equation representation

A central theme of the OpenFOAM design is that the solver applications, written using
the OpenFOAM classes, have a syntax that closely resembles the partial differential
equations being solved. For example the equation for the turbulence kinetic energy
conservation

2
Y (U0 =V [+ )Tk = [5(vU+7uT)] -

ok

0
Is written as follows:

sol ve

fvm :ddt (k)
+ fvm:div(phi, k)
- fvm:laplacian(nu() + nut, k)
== nut*magSqr (sym(fvc::grad(UV)))
- fvm: Sp(epsilon/k, k)
)

Correspondence between the implementation and the original equation is clear
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The sonicFoam application

SonicFoam is a pressure-velocity coupled solver for compressible transient
transonic/subsonic flows

Mass conservation:

sol ve(

fvm :ddt(rho)
+ fvc::div(phi)
)i

Note that mass does not diffuse

Momentum equation

fvVectorMatri x UEgn

(
fvm:ddt(rho, U

+ fvm:div(phi, U
- fvm:laplacian(nu, U

)

sol ve(UEgn == -fvc::grad(p));
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The sonicFoam application

Energy equation

sol ve
fvm:ddt(rho, e)
+ fvm:div(phi, e)
- fvm:laplacian(nu, e)
- pxfvc::div(phi/fvc::interpolate(rho))
+ muxmagSqr (symm(fvc::grad(U)))

T = el Cv;

Gianluca Montenegro/ OpenFOAM structure



POLITECNICO DI MILANO CHALMERS

The PISO loop

for (int corr=0; corr<nCorr; corr++)

{
vol Scal arField rUA = 1.0/ UEgn. A() ;
U = rUAxUEQn. H() ;
surfaceScal arField phid =

(
(fvec::interpolate(rhoxU) & nesh. Sf())
+ fvc::ddtPhi Corr(rUA, rho, U phi)
)/ fvc::interpolate(p);
for (int nonOrth=0; nonOrth<=nNonOrthCorr; nonOrth++)

fvScal ar Matri x pEgn
(
fvm:ddt(psi, p)
+ fvm:div(phid, p, "div(phid,p)")
- fvm:1laplacian(rhoxrUA p)
)
pEqgn. sol ve();
phi = pEgn.flux();
}
U -=rUA«fvc::grad(p);
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The rhoSonicFoam application

rhoSonicFoam is a density-based compressible flow solver:

sol ve
(
fvm : ddt(rho)
+ fvm :di v(phiv, rho)
)

sol ve

fvm :ddt(rhol)
+ fvm :div(phiv, rhol)

- fvc::grad(p)

fvm : ddt (r hoE)
+ fvm :div(phiv, rhoE)

- fvec::div(phiv2, p)
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A deeper look at the src folder: turbulence models

On the basis of what has been shown we shall try to create a new turbulence model
and include it in the structure of the code

The implementation of the turbulence models is located in

$FOAM _SRC/ t ur bul enceModel s

It is preferable to create a separate folder when developing new application/libraries
rather than modifying the existing ones in the sr ¢ folder

the user should then copy a turbulence model into the user dedicate folder:

cd $WM PROJECT_USER DI R

cp -r $FOAM SRC/ t ur bul enceModel s/ i nconpr essi bl e/ kEpsi | on .
mv kEpsil on nykEpsilon

The user should also modify the fi | es and opt i ons files in the Make directory

nykEpsi |l on. C
LI B = $(FOAM USER LI BBI N)/ nyl i bTur bul enceModel
EXE_INC =\

-1$(LIB_SRC)/finiteVol une/l nl ncl ude \

-1 $(LI B_SRC)/ meshTool s/ | nl ncl ude \

-1 $(LI B_SRC)/ t her nophysi cal Mbdel s/ basi c/| nl ncl ude \

-1 $(LI B_SRC)/ t urbul enceMbdel s/ i nconpressi bl e/ | nl ncl ude
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A deeper look at the src folder: turbulence models

It is preferable to rename the source files according to the name of the turbulence
model

mv kEpsil on. C nykEpsilon. C
mv kEpsi | on. H nykEpsi |l on. H

The user must adapt also the names of the included files and of the class declaration

The customization may be reduced at adding output information inside the constructor:
Info << "This is my new turbul ence nodel" << endl;

The new library may be compiled by typing the following command

weke |ibso

This command will generate the dynamic library

The user will find the *.so file inside the $FOAM_USER_LI BBI N folder
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A deeper look at the src folder: turbulence models

To use the new library for turbulence models the user may include a new line in the
control Di ct file of the application to be used:

libs ("1ibmyTurbul enceMdel s. so0");

This tells OpenFOAM which one is the library to be used for the new turbulence model
In this case the user do not need to recompile the application, namely si npl eFoam
The customized turbulence model is selected in the t ur bul enceMbdel s:

tur bul enceMbodel s nykEpsi | on;

The user will need to adjust accordingly the definition of the coefficients:
mykEpsi | onCoef f s instead of kEpsi | onCoeffs

By running the application on the desired case the turbulence model is used

si npl eFoam . pitzDaily
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A deeper look at the src folder: turbulence models

There is actually another way to implement another turbulence model, but it is more
intrusive that the shown one

The user can copy the kEspilon folder inside the
$FOAM _SRC/ t ur bul enceMbdel s/ i nconpr essi bl e folder

Make the same modifications to the files as in the previous case

To compile the new sources the used needs to modify the Make/ f i | es file, including
the new path of the customized turbulence model:

RNGKkEpsi | on/ RNGkEpsi | on. C
kEpsi | on/ kEpsi | on. C
nykEpsi | on/ nykEpsi |l on. C

The library will be generated by running the following command from inside the
$FOAM _SRC/ t ur bul enceMbdel s/ i nconpr essi bl e folder

wnake |ibso
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The global controlDict file

OpenFOAM provides a system of messaging that is written during runtime, most of
which are to help debugging problems encountered during running of a OpenFOAM
case

This system is based onto switches which are listed in the
$WM PRQIECT_DI R/ . OpenFOAM 1. 4. 1/ cont r ol Di ct file

The list of possible switches is extensive and can be viewed by running the
f oanDebugSwi t ches application

There are some switches that control certain operational and optimization issues:

Opti mi sationSwi tches

{
fileModificationSkew 10;

nProcsSi nmpl eSum 0;
}

Thefil eModi fi cati onSkewkeyword is the time in seconds that OpenFOAM wiill
subtract from the file write time when assessing whether the file has been newly
modified

When runnlng over a NFS with some dlsparlty in the clock settlngs on different
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The global controlDict file

To test the functionality of the debug switches the use may try to change the IduMatrix
switch

DebugSwi t ches

| duMat ri x 1;

}

Setting this switch to 0: | duMatri x 0 the runtime information about the solution
of the matrix will be hidden

The user need to re-source the OpenFOAM cshrc file to keep the changes made to the
controlDict file

Try to run the simpleFoam application (with the customized turbulence model) and see
the difference in the output.

Keep in mind that the calculation is performed in the same way of when the switch is on
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Update the documentation

When the user customizes a certain class or model it is possible to generate the
documentation of the added parts

The documentation will be generated by running the Al | wrake command in the
Doxygen folder

The documentation is generated according to the Make folders

If the user has added new folders inside or outside the sr c directory, the new path
must be added to the list of the input folders

To do this the user will need to access the Doxyf i | e inside the doc folder of the
$WW_PRQIECT_DI Rdirectory and modify it

| NPUT = $(WM_PROJECT DI R)/ sr ¢/ OpenFOAM \
$(WM_PRQIECT_DI R)/ src/ Pstream\
$( WM _PROJECT _USER DI R)/ nykEpsi | on
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The test folder

The test folder contains several demonstration on how to use OpenFOAM classes
We shall have a look at the mesh usage demonstration

$FOAM _APP/ t est / mesh

It shows how to create the mesh and ow to use some member funcions of the mesh
class

fvMesh nesh /] creates the nesh

| Cobj ect

(
fvMesh: : def aul t Regi on,
runTi ne. ti meNanme(),
runTi ne,
| Cobj ect : : MUST_READ

)

I nfo<< mesh.C() << endl; // returns the centers of all the cells
I nfo<< mesh.V() << endl; // returns the volume of all the cells
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The test folder

First of all the user needs to compile the test application
From inside the application directory the user must run the wrake command

It will be created an executable called neshTest which should be run on a preexistent
OpenFOAM case

We shall use the cavity tutorial for the icoFoam application:

/ hone/ gnont e> t ut

OpenFOAM 1. 4. 1/tutorial s> cd i coFoam
tutorial s/icoFoan> bl ockMesh . cavity
tutorial s/icoFoan> meshTest . cavity

The user will see a list of vector displayed on the shell

To keep track of the output it is possible to redirect the screen output onto a file

meshTest . cavity > neshTest. | og
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