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Outline (4

Objective

e Detailed source code walk through simple executables

o scal ar Transpor t Foam scalar transport equation with prescribed velocity
o magU: velocity field magnitude utility

Topics
e Types of source files: headers, include files and compiled files
e scal ar Transpor t Foamwalk-through
e magU walk-through

e whake build system
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Top-Level Solver (4

Structure of a Top-Level Solver

e Header files
o Located before the mai n(i nt argc, char rargv[]) statement
o Contain class definition for all classes used in the solver code
o Packed for convenience, e.g. #i ncl ude "fvCFD. H' for the FVM

e Include files
o Code snippets that are repeated in many places are packed into files
o Example:
# i ncl ude "set Root Case. H'

# | ncl ude "createTine. H"
# I ncl ude "createMesh. H'

e createFields.H
o Contains field and material property definition used by the equation

e Time loop and equations
o Contains equation set to be solved, together with auxiliary functionality
o Best documentation for implemented algorithm
o runTime.wite(); triggers database I/O for automatic objects
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Top-Level Solver Walk-Through

scal ar Tr anspor t FoamWalk-Through

e Create a field by reading it from a file

vol Scal arField T

(
| Cobj ect
(
"
runTi me. ti neNanme(),
nmesh,
| Qobj ect : : MUST_READ,
| Qobj ect:: AUTO WRI TE
),
nmesh
);

e Read options: MUST_READ, READ_I F_PRESENT, NO_READ

e Write options: NOWRI TE, AUTOWRI TE

e | Qobj ect andr egl Qobj ect : registration with object database for automatic

read-write operations
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Top-Level Solver Walk-Through {4

scal ar Tr anspor t FoamWalk-Through

e Retrieving data from a dictionary

| Odi ctionary transportProperties

(
| Cobj ect
(
“transport Properties”,
runTi me. const ant (),
nmesh,
| Qobj ect : : MUST_READ,
| Gobj ect:: NO WRI TE
)
);
di mensi onedScal ar DT
(
transport Properties. | ookup("DT")
);
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Top-Level Solver Walk-Through

scal ar Tr anspor t FoamWalk-Through

e Dictionary format: file header (I0object) and keyword-value entry pairs

[ % e e e e e e e e e m o oo oo k= CH+ % - m e e e e e e e e e e e e m e e e o *
| | |
| Field | foam extend: Open Source CFD |
| O peration | Version: 3.2 |
| A nd | Véb: http://ww. foam extend.org |
| Manipulation | For copyright notice see file Copyright |
........................................................... * [
Foanti | e
{

version 2. 0;

f or mat ascii;

cl ass di cti onary;

obj ect transport Properti es;
}
[l Diffusivity
DT DT [0 2 -1 00 0 0] 0.01;

e Here, first DT is the keyword , and the rest of the data up to ; createsal stream
from which the object will be created
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Top-Level Solver Walk-Through

scal ar Tr anspor t FoamWalk-Through

e Time loop: note consistent naming of objects: mesh, r unTi ne etc.

for (runTime++;, !runTinme.end(); runTinme++)

{

Info<< "Tinme = " << runTine.tinmeName() << nl << endl;

# I ncl ude "readSlI MPLEControl s. H"

for (int nonOth=0; nonOth<=nNonOthCorr; nonQOth++)

{
sol ve
(
fvm . ddt (T)
+ fvm:div(phi, T)
- fvm:laplacian(DT, T)
)
}
runTinme.wite();
}
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Utility Walk-Through

magU Walk-Through

Example of a utility performing post-processing on data written out in files

Algorithm: go through all time directories, read velocity field if present, write out its
magnitude
applications/utilities/postProcessing/vel ocityField/ magU

Add option to operate only on chosen time directory:
Usage: nmagU <root> <case> [-parallel] [-constant]
[-latestTine] [-tinme tine]

The loop now involves data directories found in the case, rather than advancing
through time

instantList Tinmes = runTine.tines();

/|l set startTinme and endTi ne depending on -tine and -l atestTine
# I ncl ude "checkTi meOpti ons. H'

runTi me.setTine(Ti nes[startTine], startTine);
for (label i=startTinme; i<endTine; i++)

{

runTine.setTinme(Times[i], 1);
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Utility Walk-Through

Example: Calculate and Write Velocity Magnitude

e Attempt to read the velocity

| Gobj ect Uheader

(
[ 1] Ul ’
runTi me. ti meNanme(),
nmesh,
| Cobj ect: : MUST_READ
);
I f (Uheader. header Ck())
{
nmesh. readUpdat e() ;
| nf o<< " Readi ng U' << endl;
vol Vector Fi el d U(Uheader, nesh);
el se
{
| nf o<< " No U' << endl;
}
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Utility Walk-Through (4

Example: Calculate and Write Velocity Magnitude
e Calculate and write velocity magnitude: mag( U) !

e Note the use of alternative constructor and read/write options

| nf o<< Cal cul ati ng magU' << endl;
vol Scal arField magU
(
| Cobj ect
(
"magUuU’,
runTi me. ti meNanme(),
mesh,
| Cobj ect : : NO READ,
| Cobj ect:: NO WRI TE
),
mag( U
);
Info << "mag(Ul): max: " << gMax(magU.internal Field())
<< " mn: " << gMn(mgU.internal Field()) << endl;

magU. write();
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Build System

Using whmake Build System

Build system controlled by files in Make directory

Sub-directories organised by platform type and options: WWL.OPTI ONS

Make/ fi | es lists source files and location of executable or library

scal ar Transport Foam C
EXE = $( FOAM APPBI N)/ scal ar Transport Foam

Make/ opt i ons lists include paths and library dependencies

EXE INC = -1$(LIB SRO)/finiteVol une/l nlncl ude
EXE LIBS = -1 finiteVol une

Relevant Make system variables

O

O

@)
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EXE: Location for the executable. Use FOAM.APPBI N or FOAMLUSER_APPBI N
LI B: location for the library. Use FOAMLI BBI N or FOAMLUSER_LI BBI N

EXE_l NC: location of include paths. Use LI B_SRC; each library soft-lints all
files into | nl ncl ude directory for easy inclusion of search paths

EXE_LI BS, LI B_LI BS: Link libraries for executables or other libraries
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Summary {4

Summary
e A bulk of OpenFOAM executables follow the same pattern
e Top-level objects used repeatedly are consistently named: nmesh, runTi ne
e Top-level physics solver codes operate in a time- or iteration loop
e Post-processing utilities operate in a loop over existing data directories
e wrake build system is controlled by files in the Make directory
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