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Chapter 1

Presen tation of the soft w are

Op enF O AM

1.1 General presen tation

Op enF O AM, whic h means Op en Field Op eration And Manipulation, is an

op en-source CFD co de (Computational Fluid Dynamics). It is written in

C++ and uses an ob ject orien ted approac h whic h mak es it easy to extend.

The soft w are includes mo dules for a wide range of applications (compress-

ible/incompressible, electromagnetics, com bustion or ev en a mo dule named

�nance). The n umerics implemen ted in Op enF O AM uses the Finite V olume

Metho d on unstructured meshes.

F O AM w as written b y Henry W eller et al. at Imp erial College of London.

F or a few y ears F O AM w as sold as a commercial co de b y the compan y Nabla

Ltd. Ho w ev er, in 2004 F O AM w as released under GPL and w as renamed to

Op enF O AM. Op enF O AM is curren tly distributed b y Op enCFD Ltd.

Figure 1.1: Flo w around a cylinder
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1.2 Installation

The installation pro cess is w ell describ ed on the w ebsite www.op encfd.co.uk,

the pro cess will not b e the same dep ending on the platform (Lin ux 32/64

bits or others). If y ou follo w exactly what is written, y ou will not ha v e an y

problem. But y ou really ha v e to follo w the instructions and k eep the the

imp osed tree structure b ecause ev erything in the soft w are is set up for the

giv en paths. The installation can b e p erformed without b eing ro ot. The

v ersion used in this rep ort is the 1.4 v ersion.

1.3 T utorials

On the w ebsite y ou can do wnload the User Guide and the Programmer's

Guide. In b oth, y ou will �nd some tutorials. On the o�cial w ebsite y ou

can also �nd the C++ Source Guide, only consultable on the In ternet, it de-

scrib es eac h class, namespace, �le and directory . It is an impressiv e database.

Let us try some tutorials. I am going to explain the �rst tutorial but all the

details of the w ork will b e discussed in the next c hapter.

1.3.1 Lid-driv en ca vit y �o w

This tutorial is explained on page 19 of the User Guide (U-19).

Presen tation of the case

W e supp ose that w e ha v e an isothermal, incompressible �o w in a t w o dimen-

sional square domain. All the b oundaries are w alls, the top w all is mo ving

in the x-direction at a sp eed of 1m/s and the others are stationary (see �g

1.2).

Figure 1.2: Geometry of the ca vit y
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A t the b eginning, the �o w is assumed to b e laminar. F or a �rst case, w e

are going to use a simple regular mesh and the solv er icoF oam whic h is a

transien t solv er for incompressible, laminar �o w of Newtonian �uids.

The mesh

The mesh generator included with Op enF O AM is named blo c kMesh. It

generates meshes from an input dictionary blo ckMeshDict lo cated in the

c onstant/p olyMesh directory in the case directory . One can edit the �le

blo ckMeshDict b y hand or b y using the case manager F oamX.

By hand y ou will ha v e to edit the follo wing �le :

�

c o n v e r t T o M e t e r s 0 . 1 ; / / 1 u n i t y c o r r e s p o n d s t o 0 . 1 m

v e r t i c e s / / c o o r d i n a t e s o f t h e p o i n t s f o r m i n g t h e g e o m e t r y

(

( 0 0 0 ) / / v e r t e x 0

( 1 0 0 ) / / v e r t e x 1

( 1 1 0 ) / / . .

( 0 1 0 )

( 0 0 0 . 1 )

( 1 0 0 . 1 )

( 1 1 0 . 1 )

( 0 1 0 . 1 ) / / v e r t e x 7

) ;

b l o c k s

(

h e x ( 0 1 2 3 4 5 6 7 ) / / v e r t e x n u m b e r s

( 2 0 2 0 1 ) / / n u m b e r s o f c e l l s i n e a c h d i r e c t i o n

s i m p l e G r a d i n g ( 1 1 1 ) / / r a t i o s i z e s l a s t � c e l l / f i r s t � c e l l i n e a c h d i r e c t i o n

) ;

e d g e s

(

) ;

p a t c h e s

(

w a l l / / p a t c h t y p e f o r p a t c h 0

m o v i n g W a l l / / p a t c h n a m e

(

( 3 7 6 2 ) / / b l o c k f a c e i n t h i s p a t c h

) / / e n d o f t h e d e s c r i p t i o n f o r p a t c h 0

w a l l f i x e d W a l l s

(

( 0 4 7 3 )

( 2 6 5 1 )

( 1 5 4 0 )

)

e m p t y f r o n t A n d B a c k

(

( 0 3 2 1 )

( 4 5 6 7 )

)

) ;

m e r g e P a t c h P a i r s

(

) ;


� �

The blo c k structure exp ected is sho wn in �g 1.3:
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Figure 1.3: Geometry of the ca vit y

It is imp ortan t here to see that Op enF O AM only w orks in three dimen-

sions. Ev en if y ou ha v e a t w o dimensional case, Op enF O AM needs a depth.

Y ou can do lik e in this case : set a small depth lik e 0.01 m for 1 cell.

The mesh can b e generated b y writing the follo wing in the terminal :

blo c kMesh $F O AM_R UN/tutorials/icoF oam ca vit y

If y ou prefer to use the F oamX in terface, y ou need �rst to start up it b y

t yping in a terminal :

F oamX

A windo w should no w app ear as in �g 1.4:
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Figure 1.4: F oamX main windo w

Y ou should no w activ ate the host computer b y double clic king on its

name. That pro duces a tree list of directories of the tutorial cases. The

ca vit y case will b e solv ed b y the solv er icoF oam so y ou should double clic k

on $F O AM_R UN/tutorials/ic oF o am directory . The cases will app ear under

the directory name. Finally double clic k on the case c avity .

The case will b e op ened in a new tab in the same panel. T o set the

mesh generation, y ou should clic k with the righ t mouse button on the case

name c avity , then simply clic k on F o am Utilities, mesh, gener ation and �nally

blo ckMesh . A new windo w app ears (see �g 1.5). Clic k on Edit Dicionary and

an other windo w app ears with the same categories as in the blo c kMeshDict

dictionary : con v ertT oMeters, v ertices, etc. Fill in the di�eren t categories

as it is done in the �le blo ckMeshDict written b efore. Then clic k on Exe cute

to generate the mesh.
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Figure 1.5: Mesh generation

With these t w o w a ys, w e get the same result (�g 1.6):

Figure 1.6: Mesh

Boundary and initial conditions

In order to load the new mesh in to F oamX clic k with the righ t button on

Mesh and select R e ad Mesh&Fields . Sa v e the case b y clic king on the sa v e

button (disk ette). No w double clic k on Mesh then on Patches , the names
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of the patc hes will app ear. Y ou need to sp ecify the b oundary conditions for

eac h patc h b y double clic king on them. Once it is done, sa v e y our w ork.

No w y ou can set the initial conditions b y double clic king on Fields , the

names of the �elds will app ear. F or eac h �eld, y ou need to sp ecify some

v alues dep ending on the b oundary t yp e (�g 1.7). Sa v e the w ork.

Figure 1.7: Settings of the v elo cit y �eld in F oamX

Y ou can do all this w ork b y hand b y editing the dictionary $F O AM_R UN

/tutorials/ic oF o am/c avity/c onstant/p olyMesh/b oundary for the b oundary con-

ditions and $F O AM_R UN/tutorials/ic oF o am/c avity/0/p or U for the initial

conditions.

Ph ysical prop erties

In F oamX, the ph ysical prop erties are lo cated in Dictionaries . In this case,

only the kinematic viscosit y is to b e sp eci�ed (the n um b er of prop erties

dep ends on the solv er). F rom page U-24, � = 0 :01 m2 � s� 1
. When y ou op en

the � windo w, y ou see that to sp ecify the unit y , it is written : [0 2 -1 0 0 0

0]. Eac h n um b er corresp ond to a unit dep ending on its p osition : [kg m s K

A mol cd].

By hand, y ou can edit dictionaries lo cated in the directory $F O AM_R UN

/tutorials/ic oF o am/c avity/c onstant .
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Con trol

Con trols of time, of reading/writing solution data can b e sp ecify in F oamX

in the dictionary c ontr olDict lo cated in Dictionaries . Be careful to c ho ose

a correct time step, the couran t n um b er is to b e less than or equal to 1.

F or this case the solv er is going to compute the solution un til 0.5 s with

� t = 0 :005 s.

By hand, y ou can edit the dictionary $F O AM_R UN/tutorials/ic oF o am

/c avity/system/c ontr olDict .

Discretisation and linear-solv er settings

Y ou can c ho ose di�eren t �nite v olume discretisation sc hemes in the fvSchemes

dictionary . The sp eci�cation of the linear equation solv ers and tolerances and

other algorithm con trols is made in the fvSolution dictionary . Do not forget

to sa v e y our settings.

By hand, edit the dictionaries $F O AM_R UN/tutorials/ic oF o am/c avity

/system/fvSchemes and fvSolution .

Run the solv er

As usual, y ou can do it b y hand or b y using F oamX.

By hand y ou sould t yp e in a terminal :

icoF oam $F O AM_R UN/tutorials/icoF oam ca vit y

In F oamX, y ou should clic k on the little arro w on the top panel to start

calculations.

See the the results

Op enF O AM o�ers b y default a P araView format output. Y ou can ha v e

other output formats b y doing some p ost-pro cessing jobs that con v ert the

foam data, see page U-88 and U-89 to see the list of the a v ailable formats. I

will only use in this rep ort the P araView soft w are. Because P araView is the

p ost-pro cessing to ol supplied with Op enF O AM, it is called p ar aF O AM .

T o see the results of our tutorial with P araView, y ou should write in a

terminal :

paraF oam $F O AM_R UN/tutorials/icoF oam ca vit y

Or if y ou are still with F oamX: righ t clic k on the case name, F o am Util-

ities , p ostPr o c essing , gr aphics and then p ar aF o am .

The paraView windo w op ens (�g 1.8):
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Figure 1.8: P araF oam start windo w

T o see the �nal result, clic k on 0.5 s (�nal time) and on the green button

A c c ept . Clic k on the panel Display , here y ou can c ho ose what to see b y

clic king on the men u button of Color by and select p or U (�g 1.9).

Figure 1.9: Pressure (left) and v elo cit y (righ t) at 0.5 s

1.3.2 Steady turbulen t �o w o v er a bac kw ard-facing step

This case is treated on page 54 of the Programmer's Guide (P-54). F or this

case I am just going to presen t the tutorial and the results.
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Presen tation of the case

W e supp ose that w e ha v e a steady turbulen t �o w. The solution domain is

comp osed b y a short inlet, a bac kw ard-facing step and a con v erging nozzle

at outlet, see �g 1.10:

Figure 1.10: Geometry of the bac kw ard-facing step

The initial conditions are U = 0 m/s, p = 0 P a inside the domain. The

b oundary conditions are Ux = 10 m/s at the inlet, p = 0 P a at the outlet.

W e set no-slip w alls on other b oundaries. The kinematic viscosit y � is equal

to 14 �m 2=s. W e need some sp eci�cations for the turbulence mo del: w e are

going to use the standard � � � mo del with C� = 0 :09, C1 = 1 :44, C2 = 1 :92,

� � = 1 and � � = 0 :76923.

In �g 1.11 are the n um b ers of the v erticies and the blo c ks :

Figure 1.11: Blo c ks and v erticies of the mesh

W e are going to use a solv er named simpleF o am whic h is a steady-state

solv er for incompressible, turbulen t �o w of non-Newtonian �uids. The case

path is $F O AM_R UN/tutorials/simpleF o am/pitzDaily .
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The results

In a steady case, the time set is not used as time, it is just to coun t the

n um b er of iterations. My startTime w as 0 and m y endTime w as 1000 with

a time step of 1. So after 1000 iterations, con v ergence is reac hed and I get

the results of �g 1.12 :

Figure 1.12: Pressure (top) and v elo cit y (b ottom) after 1000 iterations
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Deep ening

In this c hapter, pre-pro cessing, solving and p ost-pro cessing are going to b e

explained. These are the three steps that one ha v e to do to get results.

2.1 Pre-pro cessing

The pre-pro cessing in Op enF O AM can b e done using F oamX or b y hand

(see Chapter 1). In this section I will only presen t the F oamX utilit y . Y ou

can easily �nd the corresp ondence if y ou w an t to do it b y hand. F oamX will

only write the information in to the correct dictionary .

The main adv an tage of F oamX is when one ha v e to �ll a parameter, it

o�ers a list of k eyw ords to the user. This w a y , the user cannot mak e a syn tax

mistak e b y writing b y hand. It is v ery useful when y ou create a new case.

T o launc h F oamX, just write in to a terminal :

F oamX

2.1.1 The in terface

The �rst windo w that will app ear is sho wn in �g 1.4. Y ou double clic k on

the name of the host and then y ou c ho ose a case b y double clic king on it, it

will op en the case in a new tab as in �g 2.1:

14
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Figure 2.1: F oamX - op en a case

T o close the case and come bac k to the case bro wser, just clic k on the

close button (the red square on the top panel).

On the case panel, y ou can expand directories to see the di�eren t dictio-

naries that y ou can �ll. Once y ou ha v e found the dictionary to edit, double

clic k on it and it will app ear on the editing panel. When y ou ha v e �nished,

just close the little windo w and sa v e y our w ork b y clic king on the sa v e button

(the disk ette on the top panel). A message will app ear on the progress his-

tory panel to sa y that the mo di�cations ha v e b een correctly sa v ed. A ctually

when y ou ask to F oamX to sa v e, it writes on the correct dictionaries all y our

sp eci�cations.

T o ha v e more options ab out one dictionary , y ou can clic k on it with the

righ t button of the mouse. F or example, to imp ort a mesh from an other

case : righ t clic k on Mesh , Imp ort Mesh and then a windo w app ears on the

edition panel.

F oamX is a case manager, y ou can do pre-pro cessing, running a solv er,

p ost-pro cessing from F oamX. All these actions can b e done b y clic king with

the righ t button on the case name at the top of the case panel. The sev en

categories are :

� mesh : con v ersion, generation, ...
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� prePro cessing : setFields, ...

� p ostPro cessing : dataCon v ersion, graphics, ...

� thermoPh ysical : equilibriumCO, ...

� errorEstimation : estimateScalarError, ...

� parallelPro cessing : reconstructP ar, decomp oseP ar, ...

� miscellaneous : foamInfoExec, ...

2.1.2 Create and clone a case

F or this section, return to the main windo w of F oamX as �g 1.4 and double

clic k on the host name and then a tree with all the tutorial case names app ear

(�g 2.2).

Figure 2.2: F oamX - the cases tree
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Create a new case

Select a directory (it do es not matter whic h one) without op ening it, just

clic k on it. Y ou can see that the button Cr e ate Case is no w a v ailable (a piece

of sheet with a little spark). Clic k on that button. A windo w app ears on

the editing panel.

In the Cr e ate New Case windo w, y ou ha v e to sp ecify whic h solv er y ou

w an t to use. This c hoice dep ends on the case y ou w an t to create, for more

details see the next section. Then y ou should write the ro ot case and �nally

the name of y our new case. Press the OK button, the case will b e created

and will b e op ened immediately .

Clone a case

The function Clone a c ase could b e v ery useful and helpful if y ou w an t to

test something on a case without lo osing the old parameters and the old

results, esp ecially if y ou w an t to re�ne the mesh.

First select the case y ou w an t to clone, simply clic k on it and the button

Clone Case is no w a v ailable on the top panel (a piece of sheet o v er an other

one). A windo w will app ear on the editing panel. Y ou should sp ecify the

ro ot of the case y ou w an t to clone, the name of y our new case. The last

thing to c ho ose is the solv er. The third blank needs some explanations.

When y ou run a solv er, it writes the results in to time directories. If y ou

ha v e written in to the c ontr olDict dictionary that the start time is 0 s, the

end time 2 s, and the write in terv al is 1 s, then the solv er will create t w o

more time directories. So y ou will ha v e the directories 0/ , 1/ and 2/ . In

eac h directory , y ou will �nd the results for the pressure p, the temp erature

T at the time of the directory . So the third blank is the follo wing: do y ou

w an t to cop y the time directories ? The p ossible answ ers are:

� �rstTime : y ou will just cop y the �rst time directory , for example 0/ ,

� latestTime : y ou will cop y only the latest time, for example 2/ , it can

b e useful if y ou w an t to con tin ue the calculations with a re�ned mesh,

� allTime : y ou will cop y all the time directories,

� noTime : y ou will not cop y time directories (not recommended b ecause

F oamX will not create the directory 0/ , neither the dictionaries U and

p so y ou will ha v e to write them b y hand).

After all this set up, press close and answ er yes to the next question.

2.1.3 Kno wn bug

It can o ccurs sometimes that the case lo c ks itself. Normally , a case is lo c k ed

when it is op ened, it is a securit y suc h as t w o p ersons cannot w ork on the
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same case at the same time. So if y ou are sure that nob o dy w orks on that

case, y ou can unlo c k it b y clic king on the button Unlo ck Case (button with

a green ribb on on the top panel).

2.1.4 Meshing

Generating meshes is explained in section 1.3.1 on page 5. It is also the topic

of the c hapter 6 of the User Guide.

F rom m y exp erience, meshing a simple geometry can b e done easily b y

editing the mesh dictionary or b y F oamX, but when the geometry b ecomes

complex, meshing with Op enF O AM b ecomes complex also. I think this

w ould not b e a bad idea to imp ort a mesh from an other meshing soft w are

easier to use and then con v ert it with one of the Op enF O AM utilit y (an-

sysT oF oam, gam bitT oF oam, etc).

2.2 Solving

2.2.1 Ho w to solv e ?

There are t w o tec hnics to solv e, one from F oamX and one from a terminal.

F rom F oamX y ou just need to clic k on the button run or the button run

now , see �g 2.1. The di�erence b et w een these t w o buttons is that the run

button op ens a windo w and asks y ou if y ou w an t to run it in bac kground.

Clic king on run now will start the solving pro cess immediately in bac kground

without an y suggestion b efore.

By hand, just write in a terminal:

nameSolv er ro ot nameCase

F or example, if y ou w an t to solv e the case ca vit y lo cated in the directory

$F O AM_R UN/tutorials/icoF oam with the solv er icoF oam y ou should write:

icoF oam $F O AM_R UN/tutorials/icoF oam ca vit y

2.2.2 Whic h solv er ?

The c hoice of the solv er dep ends on y our case. There is a list on page U-84

whic h describ es in a few w ords eac h solv er a v ailable in Op enF O AM. I will

not re-write the en tire list. Y ou can also �nd their descriptions and their

source co des in the $F O AM_APP/solvers directory or simply b y writing

app in a terminal. There are ten main categories :

� basic CFD co de: p oten tialF oam, ...

� incompressible �o w: icoF oam, ...

� compressible �o w: sonicF oam, ...
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� m ultiphase �o w: in terF oam; ...

� DNS (Direct Numerical Sim ulation) and LES (Large Eddy Sim ulation):

dnsF oam,o o dles, ...

� com bustion: engineF oam, ...

� heat transfer: buo y an tF oam, ...

� electromagnetics: electrostaticF oam, ...

� stress analysis of solids: solidDisplacemen tF oam, ...

� �nance: �nancialF oam .

2.3 P ost-pro cessing

No w that w e ha v e computed the solution, w e w ould lik e to see it. P araF O AM

or P araView is a p ost-pro cessing soft w are that can b e launc hed from F oamX

(righ t-clic k on the case name, clic k on F o am Utilities, p ostPr o c essing, gr aph-

ics, p ar aF o am ) or in a terminal write:

paraF oam ro ot nameCase

Y ou can do some p ost-pro cessing jobs directly from F oamX lik e Uc om-

p onents whic h is a function that separates the comp onen ts of the v elo cit y

�elds in to three scalars.

2.3.1 Utilities

F rom F oamX, some p ost-pro cessing functions are a v ailable. A complete list

of these functions is a v ailable on page U-86. They are separated in to sev en

categories :

� dataCon v ersion: foamT oEnsigh t, ...

� w all: w allShearStress, ...

� v elo cit yField: magU, Ucomp onen ts, ...

� miscellaneous: writeCellCen tres, ...

� graphics: paraF oam

� stressField: stressComp onen ts, ...

� scalarField: pPrime2.
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After ha ving run the solv er on the case, just clic k with the righ t button

on the case name, clic k on F o am Utilities , on p ostPr o c essing , then on the cat-

egory and the function y ou w an t. It will op en a windo w in the editing panel

to con�rm the p ost-pro cessing job, just clic k on Exe cute . On this windo w a

message will sa y that the pro cess has �nished successfully . F or example, the

function str essComp onents will create a �le in eac h time directory and write

in to this �le the stress comp onen ts. If y ou w an t to see the results, launc h

paraF oam and select the correct v ariable.

Y ou can run these jobs from a terminal. F or example for the function

that computes the magnitude of the v elo cit y �eld :

magU ro ot nameCase

Be careful, sometimes F oamX sa ys that the pro cess has �nished success-

fully but y ou m ust c hec k the terminal from whic h y ou ha v e launc hed F oamX.

It is on this terminal that the calculations are displa y ed. This is there that

y ou really see if the pro cess is successfull .

2.3.2 P araView

This section is not really a tutorial ab out P araView, I am only going to

explain a few functions that seem to me really imp ortan t and v ery useful.

Y ou can �nd more complete tutorials on the In ternet v ery easily .

First launc h paraF oam or P araView, it is the same thing as b efore, y ou

can do it from F oamX, b y clic king with the righ t mouse button on the case

name then clic k on F o am Utilities, p ostPr o c essing, gr aphics, p ar aF o am and

�nally Exe cute . Or if y ou prefer b y hand from a terminal:

paraF oam ro ot caseName

A ctually p ar aF o am is a script, $HOME/Op enF O AM/Op enF O AM-1.4/bin

/p ar aF o am . It c hec ks if the case exists and transforms output data in suc h

a w a y that p ar aView can read them.

Once paraF oam is launc hed, c ho ose a time and clic k on the green button

A c c ept . A ctually , this button b ecomes green when y ou c hange something, it

is lik e a w arning to sa y that y ou ha v e c hanged something and that what y ou

see on the righ t windo w do es not corresp ond to the options that y ou ha v e

c hosen on the left windo w. Figure 2.3 is the windo w that y ou get when y ou

op en a case.
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Figure 2.3: Ov erview of P araView with an op ened case

Y ou can see that y ou ha v e three panels : Par ameters, Display and Infor-

mation . On the Par ameters panel, y ou can c ho ose the time, on the Display

panel, y ou can c ho ose whic h prop ert y y ou w an t to displa y , and on the Infor-

mation panel, y ou ha v e some informations ab out the prop erties.

If y ou w an t to add some annotations, go to the View men u on the top

bar and c ho ose 3D View Pr op erties . Then select the A nnotate panel. Here

y ou can displa y corner anotations or orien tations axis. In the Gener al panel,

y ou can set the bac kground color.

No w go bac k to the source view b y going on the View men u of the top

bar and select Sour c e . Let us see what buttons w e ha v e here (�g 2.4).

Figure 2.4: P araView buttons

The three �rst ones are directly connected to the 3D view, y ou can reset

the view, turn the view or translate the view. The other buttons are more

ab out p ost-pro cessing:

adds a new v ariable (it will b e explained and used later)
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displaces the geometry with a giv en v ector �eld

clips with an implicit plane

mak es a cut

selects only the cells that threshold a criterion

generates isolines and isosurfaces

generates a sym b ol at eac h p oin t

displa ys informations on a pic k ed cell

analyzes a p oin t and plots data o v er the time (it will b e used later)

samples data v alues

generates stream traces

extracts a subgrid or a subsample

measures the distance b et w een t w o p oin ts

regular rectilinear grid in up to three dimensions with v alues v arying

according to a p erio dic function

Y ou can add other buttons b y clic king on the arro w on the righ t on the

button pannel.

T o use one of these functions, just clic k on it and a new panel will app ear,

c hange the parameters and then clic k on A c c ept .

Y ou will see that progressiv ely y ou will ha v e some cases op ened in the

Selection Windo w (see �g 2.5).
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Figure 2.5: The selection windo w

On the left of eac h name there is a little ey e. This ey e is blac k if the

result is displa y ed and grey if not. T o c hange its color simply clic k on the

ey e. There is a name with a y ello w rectangle, this means that the case is

selected so if y ou go to the parameters panel y ou will edit this case. So b e

careful if y ou w an t to c hange something to select correctly the case.

Streamlines, con tour and glyph �lters

All the p ost-pro cessing jobs cannot b e represen ted b y a button. T o ha v e the

comp elete list, go on the top men u bar and select Filter . All the a v ailable

functions will app ear, y ou will re-�nd for example clip, cut.

T o illustrate, I am going to apply some �lters on an example : the tutorial

pitzDaily seen b efore. Let us start with the streamlines (�g 2.6).

In order to displa y the streamlines, w e are going to use the �lter Str e am

T r ac er but this �lter cannot w ork on surface geometry so w e m ust �rst

extract the in ternal mesh. T o do so, go to the �lter men u and select Extr act

Parts , in the new panel op ened select only Internal Mesh and then A c c ept .

No w y ou can select Str e am T r ac er from the Filter men u.

Figure 2.6: Streamlines

W e can displa y also the v elo cit y lik e v ectors (�g 2.7). First select the

Cel l Centers �lter, it will select only the cell cen ters. Then select the Glyph

�lter. In the new panel, select V e ctor for the orien tation mo de, Data sc aling

o� for the scale mo de, c hange the scale factor in order to b e able to see

clearly , and c ho ose U to displa y . Then clic k on A c c ept .
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Figure 2.7: V ector plots

No w w e could displa y the con tour of the pressure for example (2.8). First,

y ou need to create a cutting plane, for this select the Cut �lter, c ho ose the

caracteristics and select the Contour �lter. In the new panel, y ou ha v e to

c hange the n um b er of v alues in the Generate range of v alues (b y default it is

1). F or example c ho ose 50 and clic k on the button Gener ate and then clic k

on A c c ept . No w y ou will see the con tour.

Figure 2.8: Con tour of the pressure

Y ou can also do the same pro cess b y clic king on one of the buttons

describ ed previously .

Tip : When y ou use the �lter Str e amlines , y ou ma y w an t to see the

con tour of the geometry . T o get a nice picture, use the �lter Extr act Parts

and select only the b oundaries of y our geometry lik e the w alls, the inlets,

the outlets, etc and accept. No w in the new op ened panel, go to the Display

panel and select Wir efr ame Of Surfac e . Do not forget to ha v e the ey e colored

in blac k and not in grey on the selection windo w to displa y it.

Mak e an animation

T o mak e a go o d animation, y ou need to set the color range correctly so select

the last time, clic k on A c c ept and press r eset r ange . No w go bac k and un-

select the last time and press A c c ept . It is imp ortan t that no time is selected!
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In the display panel, c ho ose the v ariable y ou w an t to see in the animation.

Go to the View bar men u and select Keyfr ame A nimation . Then y ou

just need to clic k on the play button and y ou will see the animation. If y ou

w an t to sa v e it, clic k on the button save animation (mo vie strip).

Tip : Ma yb e y ou ha v e a big red-y ello w cross in the middle of the screen

and it is not nice on y our animation or picture. Y ou ha v e it b ecause the

r otation button is selected. T o remo v e this cross, just select the tr anslation

button (�g 2.9).

Figure 2.9: Rotation (left) and translation (righ t) buttons

What could b e done to impro v e Par aView is to displa y the corresp onding

time during the animation. This w a y , it w ould b e easier to situate the picture

in the animation.

A dd a new v ariable

If y ou w an t to add a new v ariable, y ou just need to clic k the Cr e ate new

arr ays button (calculator button), see �g 2.10. Then write the expression

corresp onding to this new v ariable. F or example, I w an t to see the densit y

� and I already ha v e the temp erature T and the pressure p. F or p erfect

gaz w e ha v e p = � � R � T so the expression for � will b e : � = p=R � T , in

the expression that y ou will write, just replace R b y its v alue and select the

v ariables p and T in the Sc alar men u. After ha ving created the densit y y ou

can displa y it as an y other v ariable.
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Figure 2.10: A dd a new v ariable

Mak e a 2-D graph

Y ou can create t w o kinds of 2-D graph : y ou can follo w a p oin t in the time

or y ou pic k up a line at a giv en time. The manipulation to get the graph is

not the same dep ending on the kind y ou w an t. If y ou c ho ose the p oin t, y ou

need to select the �rst time of the computed results; for the line, select the

time y ou w an t to see.

T o b egin, y ou need to extract the in ternal mesh for b oth options: select

the Extr act Parts �lter and select Internal Mesh , accept. Then select the

Pr ob e �lter. When y ou select Pr ob e , the Extr act Parts has to b e selected

(colored in y ello w in the selection windo w). Y ou will ha v e a new panel lik e

in �g 2.11.
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Figure 2.11: The Prob e �lter

No w it is time to c ho ose Point or Line . The option Point is used to follo w

a p oin t in the time and the other option Line is used to displa y the prop erties

on a line at a giv en time. Pic k up the p oin t or the line b y corrdinates or b y

the mouse (y ou c ho ose the p oin t with the mouse and without clic king, just

push the letter P of the k eyb oard and the co ordinates of the p oin ts will b e

automatically �lled). Then accept.

Let us b egin with the option Point . First mak e sure that the option

Show XY-plot is selected. When y ou ha v e clic k ed on A c c ept , a graph has

app eared on the b ottom of the displa y ed windo w. But it is only a p oin t. F or

the momen t, it is only a constan t, w e need to record the data and then w e

will b e able to displa y the v ariable. It is the same pro cess as recording an

animation. What y ou see on the displa y ed windo w is corresp onding to the

�rst time. It is v ery imp ortan t that no time is selected. If not, P araView

will close itself with a segmen tation error. T o b e sure, select time 0, accept

and unselect it, then accept. No w y ou are ready . So go to the Keyfr ame

animation men u from the View bar men u and pla y the animation. Y ou will

see the graph b eing built all alone (�g 2.12). A t the end of the animation,

y ou can sa v e the data in to a �le with the extension .csv b y returning on the

Sour c e view. Clic k on Save as CSV .

F or the Line option, it is simpler. Select Line , c ho ose the t w o p oin ts

forming the line, and the only thing that y ou really need to sp ecify is the

resolution. If y ou ha v e a regular mesh, it could b e in teresting to write the

same resolution as the n um b er of cell y ou ha v e in the direction of the line.

Then accept. The graph will app ear at the b ottom of the displa y ed windo w

(�g 2.13). Y ou can sa v e the data in to a �le with the extension .csv b y clic king

on Save as CSV .
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After ha ving sa v ed the data, y ou can treat them in order to b e used with

other soft w ares lik e gnuplot . CSV means �Comma Separated V alues�, gnuplot

treats data in columns so y ou need to write a script or a co de to re-order the

data in to the correct w a y (see annex A).

Figure 2.12: P oin t prob e - pressure at 8s (left) then at 20s (righ t)

Figure 2.13: Line prob e - pressure along a line

Tip : When y ou create a 2-D graph, the legend of the graph is oftenly

lik e volPointInterp olate(p) and it is not so nice, y ou could use an other utilit y

named dataA nalysis whic h do es the same thing as Pr ob e with more options

lik e c hanging the name of the legend or the color of the graph. I ha v e not

found the option to displa y the axis of the graph in blac k, b y default it is in

white so I just set the bac kground color in blac k ( 3D view pr op erties from

the View bar men u).
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Setting a non uniform initial

condition

Un til no w w e ha v e only seen uniform initial condition, that is to sa y , w e ha v e

w ater with v elo cit y of 5 m/s and that is all. No w w e w ould lik e to ha v e air

on the left and w ater on the righ t or w e w ould lik e to ha v e di�eren t v elo cities

or temp eratures.

3.1 Create a non uniform initial condition

There is a tutorial in Op enF O AM using a non uniform initial condition :

damBr e ak . W e need to set the p osition of the dam where there will b e w ater

and ev erywhere else, there will b e air. This tutorial is treated on page U-56

so I will not do it again. In this section I am going to explain ho w to set a

non uniform initial condition only .

3.1.1 The utilit y setFields

Let us try to break this dam! Go to the directory of the tutorial case

damBr e ak : $F O AM_R UN/tutorials/interF o am/damBr e ak . As usual at the

b egining, w e only ha v e three directories : 0, c onstant and system . If y ou

go in to the directory 0 , y ou will w ee that one of the output is the phase

fraction gamma or 
 : 1 will corresp ond to the w ater and 0 to the air. In the

directory c onstant , nothing has c hanged but in system one �le has app eared

: setFieldsDict . Op en it.

�

d e f a u l t F i e l d V a l u e s / / V a l u e s b y d e f a u l t

(

v o l S c a l a r F i e l d V a l u e g a m m a 0

v o l V e c t o r F i e l d V a l u e U ( 0 0 0 )

) ;

r e g i o n s / / V a l u e s f o r c e r t a i n r e g i o n s

(

b o x T o C e l l

{

29
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b o x ( 0 0 � 1 ) ( 0 . 1 4 6 1 0 . 2 9 2 1 ) ;

f i e l d V a l u e s

(

v o l S c a l a r F i e l d V a l u e g a m m a 1

) ;

}

) ;


� �

The dictionary defaultFieldV alues sp eci�es the v alues b y default, that

means that it will b e written these v alues in the en tire domain except for

the regions sp eci�ed b elo w. volSc alarFieldV alue and volV e ctorFieldV alue

are classes, so gamma is an ob ject of the class volSc alarFieldV alue and U

of volV e ctorFieldV alue . Then follo w the v alues of gamma and U. W e set

b y default that there is only air with no v elo cit y in the domain. I think

that sp ecifying the zero v elo cit y b y default is not compulsory b ecause it is

uniform .

No w comes the dictionary r e gions . It de�nes a region where the v alues

are di�eren t from the default ones. b oxT oCel l creates a b o x where y ou de�ne

only t w o p oin ts (see �g 3.1) to set the v alue of gamma at 1. Here again y ou

write �rst the class, then the names of the ob ject and its v alue in its correct

syn tax.

Figure 3.1: b o xT oCell - de�nition of the b o x where there will b e w ater

Ma yb e y ou do not w an t to create a b o x but a surface or something else,

the list of what y ou can create can b e found in the directory $F O AM_SR C

/meshT o ols/sets/c el lSour c es . Y ou will see also the source co de of these utili-

ties (*.C). See the next section for explanations ab out compiling these func-

tions. Y ou can no w execute setFields from the directory of the tutorial :

setFields $F O AM_R UN/tutorials/in terF oam damBreak

T o c hec k that the pro cess is successfull, go to the directory 0 and op en

the �le gamma . Y ou will see that there is a list of v alues, one for eac h cell.

Bigger the mesh is, bigger the list will b e.

If y ou ha v e a coarse mesh, so if y ou ha v e a few cell y ou can directly write

eac h v alue b y hand from F oamX for eac h cell. Op en F oamX and select the

tutorial. Double clic k on Fields and on gamma , in the new windo w on the
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righ t y ou will b e able to select nonuniform if the n um b er of v alue to displa y

is not to o high (�g 3.2). Then y ou can write the v alues of gamma one b y

one. Y ou need to ha v e de�ned the mesh �rst with blo ckMeshDict .

Figure 3.2: De�nition of a non uniform v ariable

3.1.2 Compiling with wmak e

If what y ou w an t to create is not in the list of $F O AM_SR C/meshT o ols/sets

/c el lSour c es then y ou ma y w an t to co de it y ourself. As an example let us see

ho w setFields is built (compiling with wmake is explained on page U-71).

The utilit y setFields is lo cated in $F O AM_APP/utilities/pr ePr o c essing

/setFields . W e can see t w o �les and t w o directories. One �le is already

kno wn, it is setFieldsDict seen just b efore. W e ha v e the source co de set-

Fields.C . The directory F o amX con tains only con�guration �les for F oamX.

The directory Make con tains t w o �les : �les and options . The �rst one, �les ,

sp eci�es the source �les to compile and the path where the executable will

b e stored.

�

s e t F i e l d s . C / / s o u r c e f i l e t o c o m p i l e

E X E = $ ( F O A M _ A P P B I N ) / s e t F i e l d s / / p a t h o f t h e e x e c u t a b l e


� �

If y ou w an t to create y our o wn utilit y , y ou are supp osed to store the

executable in the directory $F O AM_USER_APPBIN/nameOfY ourUtility .

It is recommended to store the other �les as the source co de in the

$WM_PR OJECT_USER_DIR/nameOfY ourUtility directory .

The second �le, options , sp eci�es the headers to include and the path

of the librairies to include. Of course y ou cannot write the paths of all the

headers and librairies needed so the compiler has already a pre-de�ned list

with the paths of the usual headers and librairies (see on page U-71-72).

�

E X E _ I N C = \ / / h e a d e r s t o i n c l u d e

� I $ ( L I B _ S R C ) / f i n i t e V o l u m e / l n I n c l u d e \

� I $ ( L I B _ S R C ) / m e s h T o o l s / l n I n c l u d e
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E X E _ L I B S = \ / / l i b r a i r i e s t o l i n k

� l f i n i t e V o l u m e \

� l m e s h T o o l s


� �

It is imp ortan t to write a bac kslash at the end of eac h line, except at the

last one of eac h of the t w o parts EXE_INC and EXE_LIBS . Do not forget

also to write -I b efore eac h path for the headers and -l for the librairies.

When y ou write the name of a librairy , remo v e the extension .so . A ctually

y ou are supp osed to write �rst the path of the librairy and then sp ecify its

name but if the path is already in the pre-de�ned list of the compiler then

y ou do not need to write it. All this is explanied in details on page U-72.

Op enF O AM is written in C++ so the compiler is g++. The common

mak e�le command is supp osed to b e make but Op enF O AM has its o wn

mak e�le named wmake whic h is based on make but is more v ersatile and

easier to use. It uses the dynamic linking.

3.1.3 A v ery useful p o w erful little utilit y - funkySetFields

funkySetFields is lik e the setFields utilit y . It sets the v alue of a scalar or a

v ector �eld dep ending on an expression that can b e en tered via the command

line or a dictionary . It can b e used to set non-uniform in tial-conditions

without programming.

It can b e do wnloaded from the w ebsite

h ttp://op enfoam wiki.net/index.php/Con trib_ funkySetFields.

Y ou will also �nd on this w ebpage the instructions to install it and ho w

to use it. There are some kno wn bugs so y ou need to b e astute to a v oid

them !

I needed a new utilit y b ecause I w an ted to set a bubble of air in the w ater.

So I w an ted something doing the same thing than setFields and b oxT oCel l

but with a cylinder. I do not ha v e a lot of kno wledges in C++, only the bases

so I ha v e tried to co de without success. Then I ha v e found this utilit y and

no w it w orks �ne for me. It is really easy to use and v ery in tuitiv e. There is

a forum ab out non uniform initial condition and also ab out funkySetFields ,

if y ou ha v e a problem ma yb e y ou can ask some help there :

h ttp://op enfoam.cfd-online.com/cgi-bin/forum /b oard- auth.c gi?�le=/ 1/

368.h tml .

No w ho w to use it ? Lik e an y other utilit y :

funkySetFields ro otP ath case -sp eci�cations

In the sp eci�cations, y ou need to write, whic h time y ou w an t to do the

calculations, the �eld or the patc h y ou w an t to c hange, the expression to

satisfy etc. F or example, if w e w an t to apply funkySetFields to the damBr e ak

tutorial that w ould giv e :
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funkySetFields $F O AM_R UN/tutorials/in terF oam damBreak -time 0 -

�eld gamma -expression " p os().x <= 0.1461 && p os().y <= 0.292 ? 1 : 0"

Let us translate this commande line. -time 0 means that w e are going

to c hange the v alues of the time 0, -�eld gamma means that w e are going

to c hange the v alues of the v ariable gamma and -expr ession " p os().x <=

0.1461 && p os().y <= 0.292 ? 1 : 0" means that if the x comp onen t of the

cen ter of the cell is less than or equal to 0.1461 AND if the y comp onen t of

the cen ter of the cell is less than or equal to 0.292 THEN gamma will b e

equal to 1 AND if NOT gamma will b e equal to 0. Easier than setFields isn't

it? W ell, from this, just b ecome familiar with the Op enF O AM notations lik e

p os().x and y ou will do whatev er y ou w an t. I will talk ab out the case of

setting a bubble later on this rep ort.
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V alidation tests

In order to test Op enF O AM, I needed to v alidate some cases. I ha v e c hosen

to describ e t w o tests in this rep ort. The �rst one is air arriving on a tilted

lev el pro v o cating a sho c k. The second is a sho c k tub e with t w o gases at

di�eren t pressures. I will compare the computed results with the analytical

ones.

4.1 The tilted lev el

4.1.1 Description of the case

Supp ose that w e ha v e laminar, compressible air at Ma = 3 that is forced to

turn through 10�b y a ramp at the b o dy surface. A w eak oblique sho c k will

b e formed b y a certain angle. I ha v e de�ned the geometry and the mesh as

on �g 4.1 : the blac k n um b ers are the measures in meters and the blue ones

are the n um b er of cells in eac h direction (b ecause Op enF O AM only w orks

with three dimensions, I ha v e a 3-D geometry with a depth of 0.1 m with

only one cell). Air comes from the left and can exit b y the top or b y the

righ t.

Figure 4.1: Geometry of the tilted plan

In order to simplify the case, I ha v e nondimensionalized the problem to

34
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get a sp eed of sound of one. So at the b egining w e ha v e :

Ma =
U
c

; c = 1 ) U = Ma

But after the sho c k w e do not ha v e an ymore c = 1 so U 6= Ma .

F or a p erfect gas the sp eed of sound is de�ned as :

c =
p


 � R � T

with :

c : sp eed of sound [ m=s]


 : sp eci�c heat ratio [ � ] (1.4 for air)

R : gas constan t [ m2=(s2 � K ) ]

T : temp erature [ K ]

W e set T = 1 K at the b egining, T is not equal to 1 after the sho c k. If

w e w an t to ha v e c = 1 m=s then w e need to c hange the v alue of R :

R =
c2


 � T
=

1



= 0 :71429m2=(s2 � K )

and the sp eci�c heat Cv will b e :

Cv =
R


 � 1
= 1 :78571m2=(s2 � K )

I will displa y in the results section the stagnation temp erature whose the

form ula for a p erfect gas is :

T0 = T �
�

1 +

 � 1

2
� Ma2

�
) T0 = T �

�
1 +


 � 1
2

�
U2


 � R � T

�

W e are going to compute the solution for 1.5 s with a time step of 0.002

s with the solv er sonicF o am .

The b oundary sp eci�cations are :

left : sup ersonicInlet

top and righ t : extrap olatedOutlet

b ottom : symmetryPlane

other b oundaries : empt y

I ha v e c hosen this case to test b ecause the analytical solution is easy to

get with tables already written. I kno w that for an angle of 10�I will ha v e a

sho c k of 27.4�. The stagnation temp erature is to b e constan t. This is what

w e are going to c hec k.
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4.1.2 Results

As exp ected, there is a sho c k : in �g 4.2 the pressure increases suddenly

and then b ecomes stable. It tak es some cells to treat this discon tin uit y . The

pressure samples ha v e b een tak en along the line b et w een the gra y p oin ts at

the b oundaries of the geometry .

Figure 4.2: Pressure

The stagnation temp erature is more or less con tan t except near the b e-

gining of the tilted plan (see �gs 4.3 and 4.4).
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Figure 4.3: Stagnation temp erature

Figure 4.4: Zo om - stagnation temp erature
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4.1.3 Comparison with the analytical results

F rom the sho c k theory , w e exp ected a sho c k angle of 27.38�and when w e

measure it from the computed solution w e �nd an angle of 26.6� � 2�(b e-

cause the utilit y to measure in P araView is not v ery accurate). That is a

go o d result.

This theoretical result comes from this equation :

tan� =
2cot�

�
Ma2

1 � sin 2� � 1
�

Ma2
1 (
 + cos2� ) + 2

with 
 the sp eci�c heat ratio and the angles � and � as b elo w :

Figure 4.5: Angles � and � for a sho c k

Because w e do not ha v e an y source or exit of energy , the stagnation

temp erature is to b e constan t, the pro cess is iso energetic. In �g 4.3, T0 is

almost constan t, it v aries b et w een 2.79 and 2.80, except in the tilted corner

where T0 = 2 :75. So w e ha v e less than 2% of error. That is nice !

4.2 The sho c k tub e

This case is actually a tutorial that y ou can �nd in the directory

$F O AM_R UN/tutorials/sonicF oam.

4.2.1 Description of the case

Supp ose that w e ha v e a tub e with air at di�eren t pressure on the left and on

the righ t. A t the b egining they are separated and at time t = 0 w e mix them.

Sho c ks app ear. W e ha v e 105Pa on the left and 104Pa on the righ t. The tub e

measures 10m b y 2m and 2m in depth. Because w e are only in terested in

the horizon tal c hanges, the mesh is comp osed of 100 cells in the x-direction,

1 cell in the y and z-directions.
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Figure 4.6: The sho c k tub e geometry

T o imp ose a non uniform initial condition, w e ha v e t w o c hoices, either

using funkySetFields or using the simple utilit y setSho ck . The source co de

of setSho ck is not di�cult to understand that is wh y y ou w ould ha v e b een

able to write it y ourself.

Let us start with funkySetFields , y ou should ha v e written :

funkySetFields $F O AM_R UN/tutorials/sonicF oam sho c kT ub e -time 0

-�eld p -expression �p os().x <= 0 ? 1e5 : 1e4�

No w let us see the utilit y setSho ck . Go to the $F O AM_R UN/tutorials/

sonicF oam/setSho c k directory and op en the �le setSho ck.C :

�

c o n s t v o l V e c t o r F i e l d & c e n t r e s = m e s h . C ( ) ;

f o r A l l ( c e n t r e s , c e l l i )

{

i f

(

( c e n t r e s [ c e l l i ] . x ( ) < = x 0 )

)

{

p [ c e l l i ] = p L ;

T [ c e l l i ] = T L ;

U [ c e l l i ] = U L ;

}

e l s e

{

p [ c e l l i ] = p R ;

T [ c e l l i ] = T R ;

U [ c e l l i ] = U R ;

}

}

p . c o r r e c t B o u n d a r y C o n d i t i o n s ( ) ;

p . w r i t e ( ) ;

T . c o r r e c t B o u n d a r y C o n d i t i o n s ( ) ;

T . w r i t e ( ) ;

U . c o r r e c t B o u n d a r y C o n d i t i o n s ( ) ;

U . w r i t e ( ) ;


� �

A t the �rst line c entr es is created and initialised to mesh.C() . That means

that no w c entr es is the �eld gathering all the cen tres of the mesh. It is lik e a

v ector where there are all the n um b ers corrsp onding to the cen tres : 1 for the

�rst cen tre, 2 for the second, etc...Then w e mak e a lo op on all these n um b ers

with the v ariable c el li that will tak e eac h v alue of the v ector c entr es . Then w e

c hec k with the if condition if the cen ter is in the left or righ t part. p, T and U

are also v ectors and the place of their comp onen ts corresp ond to the cells of

the mesh : �rst comp onen t for the �rst cen tre...so the comp onen t correp ond-
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ing to the cen ter is �lled dep ending on the place of the cen ter in the sho c k

tub e. The v alues of pL (pressure left), pR (pressure righ t), TL, etc are writ-

ten in the �le $F O AM_R UN/tutorials/sonicF o am/c onstant/initPr op erties .

A t the end w e write the new comp onen ts of p, T and U in their resp ectiv e

�les. These �elds b ecome non uniform.

�

x 0 0 ;

p L 1 . 0 e + 5 ;

T L 2 9 8 . 0 ;

U L ( 0 0 0 ) ;

p R 1 . 0 e + 4 ;

T R 2 9 8 . 0 ;

U R ( 0 0 0 ) ;


� �

Ma yb e here w e could impro v e this utilit y b y remo ving the parts of the

v elo cit y and of the temp erature b ecause they are uniform. This w a y , w e

could sa v e some seconds.

Ab out the constan ts, w e tak e R = 287m2=(s2 �K ) and Cv = 717:5m2=(s2�
K ) .

If y ou ha v e used funkySetFields , y ou need to initialize the temp erature

and the v elo cit y .

F or a p erfect gas, the densit y is :

� =
p

R � T

W e are going to use again the solv er sonicF o am , for 7 ms with a time

step of 0.01 ms.

The b oundary sp eci�cations are :

left and righ t : extrap olatedOutlet

other b oundaries : empt y

4.2.2 Results

Here are eigh t pictures of the results for the densit y from 0 to 0.007s with a

time step of 0.001s. The �rst discon tin uit y is called the con tact discon tin uit y .
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Here are eigh t pictures of the results for the v elo cit y from 0 to 0.007s

with a time step of 0.001s :



CHAPTER 4. V ALID A TION TESTS 43

Here are eigh t pictures of the results for the pressure from 0 to 0.007s

with a time step of 0.001s :
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4.2.3 Comparison with the analytical results

F or this exact situation there exists a mo del (the So d's mo del) that describ es

exactly the sho c k, see the follo wing w ebsite to ha v e more informations :

h ttp://www.engineering.ucsb.edu/ shengtai/MM/h tml/no de12.h tml.

I am going to compare the results at the �nal time, 0.007 s. In order to

get the graphs with the analytical and n umerical curv es I ha v e used the free

soft w are gnuplot .
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Figure 4.7: Densit y at 0.007s
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Figure 4.9: Pressure at 0.007s

What w e can see from these graphs is that the n umerical results �t w ell

to the theoritical ones. Of course it do es not p erfectly �t but that is not so

bad. Discon tin uities are done in less than ten p oin ts, whic h is correct.
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Comparison with JADIM V OF

5.1 Presen tation of JADIM V OF

JADIM V OF is a researc h co de dev elopp ed b y Jacques Magnaudet and Do-

minique Legendre of the Interfac e group at IMFT. It is a n umerical to ol

whic h computes n umerical solutions for Na vier-Stok es equations in three di-

mensions for incompressible non stationary �uids. The co de can describ e in

an accurate w a y ph ysical mecanisms presen t in diphasic �o ws.

JADIM uses the �nite v olum metho d with second order in space and in

time (third order Runge-Kutta sheme for non linear term resolution coupled

with a Crank-Nic holson sc heme for the semi-implicit part). A structured

mesh is used. The pressure is computed from a pro jection metho d. The

p oisson's equation is solv ed using a direct soarse solv er in t w o dimensions

(MUltifron tal Massiv ely P arallel sparse direct Solv er or MUMPS) and an

iterativ e sparse solv er in three dimensions (Conjugate Gradien t with Jacobi

preconditioning). The V olum Of Fluid (V OF) algorithm is a t w o �uid ap-

proac h without in terface rebuilding, whic h p ermits to mo del t w o phase �o ws

with complex top ology in terfaces.

5.2 Running the same case - a rising bubble

In order to compare the JADIM and Op enF O AM co des, I ha v e c hosen a test

case of JADIM and I ha v e tried to solv e it b y the solv er interF o am .

5.2.1 Presen tation of the case

Supp ose that w e ha v e initially a �uid at rest in a rectangular b o x. A t time

t = 0 s, a bubble is formed at the b ottom of the b o x with no v elo cit y . The

goal is to follo w this bubble mo ving from the b ottom to the top of the b o x.

Here are the prop erties of the t w o �uids :

densities : � 1 = 1kg=m3
and � 2 = 103kg=m3

47



CHAPTER 5. COMP ARISON WITH JADIM V OF 48

kinematic viscosities : � 1 = � 2 = 0 :68415� 10� 4m2=s

surface tension : � = 0 :3442N=m

gra vit y : g = 9 :81m=s2

W e are going to compute the results for 0.14 s with a time step of 1:4 �
10� 4s so 1000 steps with the solv er interF o am .

Fig 5.1 sho ws the geometry :

Figure 5.1: Geometry of the bubble case

The blac k n um b ers represen t the measures of the geometry and the blue

ones the n um b er of cells in eac h directions.

W e ha v e here a non uniform initial condition (the bubble). I ha v e used

the utilit y funkySetFields with this command :

funkySetFields $F O AM_R UN/tutorials/in terF oam ascension -time 0 -

�eld gamma -expression �sqrt(sqr(p os().x - 4. * p o w(10.,-2.)) + sqr(p os().y

- 16. * p o w(10.,-3.))) <= 0.005 ? 0 : 1�

This case is not a tutorial, y ou need to create the case and the geometry

on y our o wn. The b oundaries of the geometry are all w alls.

5.2.2 Results

Here are the pictures of the ascension of the bubble through the �uid from

0 to 0.14 s. The �rst picture corresp onds to 0 s, the second to 0.01 s, the

third to 0.02s, etc...
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5.2.3 Comparison with JADIM

I ha v e run this case with b oth co des, JADIM and Op enF O AM, on the same

computer. With JADIM, it to ok 454 s and with Op enF O AM 504 s. JADIM

is around 10% faster, whic h is not negligible when y ou w an t to solv e compli-

cate cases. I ha v e sup erimp osed the bubble of JADIM and Op enF O AM at

the �nal time, 0.14 s (see �g 5.2 to �g 5.5). It seems that JADIM's bubble is

a little bit earlier than Op enF O AM's one but the di�erence is not signi�can t.

Figs 5.2 and 5.3 are the con tours of the bubbles at 
 = 0 :1 � 0:5 � 0:9.
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Figure 5.2: Op enF O AM's bubble

Figure 5.3: JADIM's bubble
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Figure 5.4: Sup erimp osing the t w o bubbles

Figure 5.5: Zo om on the bubble
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Conclusion

The goal of m y in ternship w as to disco v er the Op enF O AM soft w are, to run

some cases and to write a pap er to explain ho w to use it.

After t w o w eeks of C++ learning, I ha v e started to disco v er Op enF O AM.

I did not ha v e an y exp erience on Computational Fluid Dynamics soft w are

(only a couple of hours to see Fluen t w orking). My �rst impression w as that

it w as really complicated, not b y the tec hnic, it w as more b y the h ugeness

of Op enF O AM : to o m uc h things for a b eginner. Thanks to the tutorials of

the User's Guide, I ha v e learned little b y little to tame the co de and to use

it.

I ha v e w ork ed a lot on the tutorials, see ho w things w ere written, ho w

utilities w ere co ded. Then I started to read the forum. I think this is a great

forum, there is a lot of p eople on it and most of the time y ou �nd what y ou

are lo oking for. I ha v e learned a lot on it.

I ha v e tried to co de a little. I w as quic kly lost : to o m uc h classes, to o

m uc h functions. It is normal of course. Ma yb e what could b e done to

simplify the task of the b eginer w ould b e to write a new guide with the

main header �les, v ariables, classes and functions lik e the time, the space

v ariables, etc...just the minim um to start to co de. Of course on the w ebsite

http://fo am.sour c efor ge.net/do c/Doxygen/html/ all the classes are listed so

if y ou kno w what to lo ok, this is a really go o d data base.

Some p eople on the forum succeeded in writing mo dules for Op enF O AM.

That is wh y I think this soft w are is v ery go o d if y ou are a researc her that is

used to co de but ma yb e not the b est to disco v er the �eld of mo deling �uids

for studen ts.

As a conclusion, I w ould sa y that Op enF O AM is a v ery go o d soft w are,

the p ossibilit y to add mo dules is in�nite and it giv es go o d results. Ev en if I

ha v e found it di�cult to start with, it is w orth it.
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App endix A

File .csv to .txt

When y ou get results from the �lters pr ob e or data anlysis y ou can sa v e data

in a csv format �le. This lo oks lik e the follo wing :

�

v o l P o i n t I n t e r p o l a t e ( U x ) , 7 . 4 3 9 2 8 e � 1 1 , 2 . 2 5 8 8 1 e � 1 0 , 9 . 6 4 3 6 e � 1 0 , 3 . 9 0 7 6 e � 0 9 ,

1 . 5 4 4 9 2 e � 0 8 , 5 . 9 4 7 7 9 e � 0 8 , 2 . 2 2 7 6 8 e � 0 7 , 8 . 1 0 9 7 7 e � 0 7 , 2 . 8 6 6 7 e � 0 6 , 9 . 8 2 8 9 8 e � 0 6 ,

3 . 2 6 4 8 5 e � 0 5 , 0 . 0 0 0 1 0 4 9 2 6 , 0 . 0 0 0 3 2 5 7 8 8 , 0 . 0 0 0 9 7 5 7 3 8 , 0 . 0 0 2 8 1 3 8 , 0 . 0 0 7 7 9 7 3 7 ,

0 . 0 2 0 7 1 5 8 , 0 . 0 5 2 6 2 9 6 , 0 . 1 2 7 4 8 2 , 0 . 2 9 3 4 5 2 , 0 . 6 3 9 8 3 5 , 1 . 3 1 7 2 3 , 2 . 5 5 2 3 5 , 4 . 6 4 1 7 2

v o l P o i n t I n t e r p o l a t e ( p ) , 1 0 0 0 0 0 , 1 0 0 0 0 0 , 1 0 0 0 0 0 , 1 0 0 0 0 0 , 1 0 0 0 0 0 , 1 0 0 0 0 0 , 1 0 0 0 0 0 ,

1 0 0 0 0 0 , 1 0 0 0 0 0 , 1 0 0 0 0 0 , 1 0 0 0 0 0 , 1 0 0 0 0 0 , 9 9 9 9 9 . 9 , 9 9 9 9 9 . 6 , 9 9 9 9 8 . 9 , 9 9 9 9 7 , 9 9 9 9 2 ,

9 9 9 7 9 . 5 , 9 9 9 5 0 , 9 9 8 8 4 . 6 , 9 9 7 4 7 . 7 , 9 9 4 7 9 . 5 , 9 8 9 9 0 . 1 , 9 8 1 6 4 . 5 , 9 6 8 8 1 . 8 , 9 5 0 5 4 . 3 ,

9 2 6 7 3 . 4 , 8 9 8 3 8 . 7 , 8 6 7 0 9 . 7 , 8 3 4 2 0 . 5 , 8 0 0 6 1 , 7 6 6 9 3 . 3 , 7 3 3 6 0 , 7 0 0 8 9 . 9

X o r T , � 5 , � 4 . 9 , � 4 . 8 , � 4 . 7 , � 4 . 6 , � 4 . 5 , � 4 . 4 , � 4 . 3 , � 4 . 2 , � 4 . 1 , � 4 , � 3 . 9 , � 3 . 8 ,

� 3 . 7 , � 3 . 6 , � 3 . 5 , � 3 . 4 , � 3 . 3 , � 3 . 2 , � 3 . 1 , � 3 , � 2 . 9 , � 2 . 8 , � 2 . 7 , � 2 . 6 , � 2 . 5 , � 2 . 4 ,

� 2 . 3 , � 2 . 2 , � 2 . 1 , � 2 , � 1 . 9 , � 1 . 8 , � 1 . 7 , � 1 . 6 , � 1 . 5 , � 1 . 4 , � 1 . 3 , � 1 . 2 , � 1 . 1 , � 1 , � 0 . 9 ,

� 0 . 8 , � 0 . 7 , � 0 . 6 , � 0 . 5 , � 0 . 4


� �

V alues are stored in lines after the name of the v ariable, b et w een comas.

The soft w are gnuplot needs to ha v e the v alues in columns. Alexeï Stouk o v

has written this script in p erl in order to con v ert the data in to the correct

form :

�

# ! / u s r / b i n / p e r l � w

@ l i n e s = <>;

f o r e a c h $ l i n e ( @ l i n e s ) {

i f ( $ l i n e = ~ m / v o l P o i n t I n t e r p o l a t e \ ( U x \ ) / ) { @ u = s p l i t ( ' , ' , $ l i n e ) } ;

i f ( $ l i n e = ~ m / v o l P o i n t I n t e r p o l a t e \ ( p \ ) / ) { @ p = s p l i t ( ' , ' , $ l i n e ) } ;

i f ( $ l i n e = ~ m /X / ) { @ x = s p l i t ( ' , ' , $ l i n e ) } ;

}

f o r ( $ i = 1 ; $ i < $ # x ; $ i + + ) {

p r i n t " $ x [ $ i ]  $ u [ $ i ]  $ p [ $ i ] \ n " ;

}


� �

Y ou can use this script lik e : ./scipt.pl �le.csv > �le.txt

It will create a �le .txt where there will b e the data in columns.

�

� 5 7 . 4 3 9 2 8 e � 11 1 0 0 0 0 0

� 4 . 9 2 . 2 5 8 8 1 e � 10 1 0 0 0 0 0

� 4 . 8 9 . 6 4 3 6 e � 10 1 0 0 0 0 0

� 4 . 7 3 . 9 0 7 6 e � 09 1 0 0 0 0 0

� 4 . 6 1 . 5 4 4 9 2 e � 08 1 0 0 0 0 0

� 4 . 5 5 . 9 4 7 7 9 e � 08 1 0 0 0 0 0

� 4 . 4 2 . 2 2 7 6 8 e � 07 1 0 0 0 0 0

� 4 . 3 8 . 1 0 9 7 7 e � 07 1 0 0 0 0 0


� �
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App endix B

So d's mo del

There is an analytical solution for the sho c k tub e. I ha v e used the follo wing

co ed in order to compare the n umeric and the analytical results. It is written

in F ortran90.

�

P r o g r a m e x a c t _ s o d

! / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /

! /

! / P r o g r a m c a l c u l a t e s t h e e x a c t s o l u t i o n t o S o d � s h o c k t u b e c l a s s

! / p r o b l e m s �� n a m e l y s h o c k t u b e s w h i c h p r o d u c e s h o c k s , c o n t a c t

! / d i s c o n t i n u i t i e s , and r a r e f r a c t i o n w a v e s .

! /

! / S o l u t i o n i s c o m p u t e d a t l o c a t i o n s x a t t i m e t . ( T h o u g h

! / d u e t o s e l f � s i m i l a r i t y , t h e e x a c t s o l u t i o n i s i d e n t i c a l f o r

! / i d e n t i c a l v a l u e s o f x / t ) .

! /

! / N O T E : S i n c e t h e p o s t � s h o c k f l o w i s n o n a d i a b a t i c , w h e r e a s

! / t h e f l o w i n s i d e t h e r a r e f r a c t i o n f a n i s a d i a b a t i c , t h e p r o b l e m

! / i s n o t l e f t � r i g h t s y m m e t r i c . I n p a r t i c u l a r , t h e h i g h � d e n s i t y

! / i n i t i a l s t a t e M U S T B E i n p u t o n t h e l e f t s i d e .

! /

! / W r i t t e n b y R o b e r t F i s h e r , 1 2 / 5 / 9 6 .

! / M o d i f i e p a r A . S t o u k o v , 2 1 / 1 0 / 2 0 0 3

! / � p a s s a g e e n F 9 0

! / � l e c t u r e d e s d o n n e e s d e p u i s l e f i c h i e r

! / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /

i m p l i c i t n o n e

r e a l � 8 g a m m a , m u 2 , t , x 0

r e a l � 8 , a l l o c a t a b l e , d i m e n s i o n ( : ) : : x , x c , u , p , r h o

i n t e g e r n u m c e l l s

! xmax d e t e r m i n e s t h e s i z e o f t h e c o m p u t a t i o n a l d o m a i n ( � xmax , + xmax ) .

! n u m c e l l s d e t e r m i n e s t h e n u m b e r o f c e l l s i n t h e o u t p u t t a b l e .

p a r a m e t e r ( g a m m a = 1 . 4 D 0 )

p a r a m e t e r ( m u 2 = ( g a m m a � 1 . D 0 ) / ( g a m m a + 1 . D 0 ) )

r e a l � 8 p l , p r , r h o l , r h o r , c l , c r , p m , p r e s s u r e , &

r h o m l , v s , v t , r h o m r , v m , d e n s i t y , v e l o c i t y , &

c 0 , r h o 0 , p 0 , c 1 , p 1 , r h o 1 , u s , u 1

c h a r a c t e r � 1 0 0 f n a m e

i n t e g e r i

common / b l o c k 1 / p l , p r , r h o l , r h o r , c l , c r

r e a l � 8 r t b i s

E x t e r n a l r t b i s

! D e f i n e t h e t i m e o f t h e p r o b l e m .

p r i n t � , ' D o n n e z  l e  n o m s  d u  f i c h i e r  a  t r a i t e r  : '

r e a d ( � , � ) f n a m e

p r i n t � , ' D o n n e z  l e  t e m p s  : '

r e a d ( � , � ) t

54
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! P r e m i e r e l e c t u r e d u f i c h i e r a f i n d e d e t e r m i n e r l e n o m b r e d e p o i n t s

o p e n ( 1 0 , f i l e = f n a m e )

do i = 1 , 1 0 0 0 0 0 0 0 0 0

r e a d ( 1 0 , � , e n d = 1 1 1 )

e n d do

1 1 1 c o n t i n u e

n u m c e l l s = i � 1

p r i n t � , n u m c e l l s

c l o s e ( 1 0 )

a l l o c a t e ( x ( n u m c e l l s ) , x c ( n u m c e l l s ) , u ( n u m c e l l s ) , r h o ( n u m c e l l s ) , p ( n u m c e l l s ) )

o p e n ( 1 0 , f i l e = f n a m e )

do i = 1 , n u m c e l l s

r e a d ( 1 0 , � ) x c ( i ) , u ( i ) , p ( i ) , r h o ( i )

e n d do

! x 0 = 0 . 5 � ( x c ( n u m c e l l s ) � x c ( 1 ) )

x 0 = 0 .

c 0 = s q r t ( g a m m a � p ( 1 ) / r h o ( 1 ) )

c 1 = s q r t ( g a m m a � p ( n u m c e l l s ) / r h o ( n u m c e l l s ) )

p 1 = p ( n u m c e l l s )

r h o 1 = r h o ( n u m c e l l s )

p 0 = p ( 1 )

r h o 0 = r h o ( 1 )

u s = c 1

u 1 = u s � c 0

p r i n t � , '  V i t e s s e  d u  s h o c k  =  ' , u s , u 1

t = t ! � c 1

do i = 1 , n u m c e l l s

x ( i ) = x c ( i ) � x 0

p ( i ) = p ( i ) ! / p 0

r h o ( i ) = r h o ( i ) ! / r h o 0

u ( i ) = u ( i ) ! / c 0

e n d do

! D e f i n e t h e S o d p r o b l e m i n i t i a l c o n d i t i o n s f o r t h e l e f t and r i g h t s t a t e s .

p l = p ( 1 )

p r = p ( n u m c e l l s )

r h o l = r h o ( 1 )

r h o r = r h o ( n u m c e l l s )

p r i n t � , p l , p r , r h o l , r h o r

! D e f i n e s o u n d s p e e d s f o r t h e l e f t and r i g h t s i d e s o f t u b e .

c l = d s q r t ( g a m m a � p l / r h o l )

c r = d s q r t ( g a m m a � p r / r h o r )

! S o l v e f o r t h e p o s t s h o c k p r e s s u r e p m .

p m = r t b i s ( p r , p l , 1 . D � 1 6 )

! D e f i n e t h e d e n s i t y t o t h e l e f t o f t h e c o n t a c t d i s c o n t i n u i t y r h o m l .

r h o m l = r h o l � ( p m / p l ) �� ( 1 . D 0 / g a m m a )

! D e f i n e t h e p o s t s h o c k f l u i d v e l o c i t y v m .

v m = 2 . D 0 � c l / ( g a m m a � 1 . D 0 ) � ( 1 . D 0 � ( p m / p l ) �� &

( ( g a m m a � 1 . D 0 ) / ( 2 . D 0 � g a m m a ) ) )

! D e f i n e t h e p o s t s h o c k d e n s i t y r h o m r .

r h o m r = r h o r � ( ( p m + m u 2 � p r ) / ( p r + m u 2 � p m ) )

! D e f i n e t h e s h o c k v e l o c i t y v s .

v s = v m / ( 1 . D 0 � r h o r / r h o m r )

! D e f i n e t h e v e l o c i t y o f t h e r a r e f r a c t i o n t a i l , v t .

v t = c l � v m / ( 1 . D 0 � m u 2 )

! O u t p u t t a b l e s o f d e n s i t y , v e l o c i t y , and p r e s s u r e a t t i m e t .

o p e n ( u n i t = 1 6 , f i l e = ' d i f f . o u t ' )

do i = 1 , n u m c e l l s

i f ( x ( i ) . l e . � c l � t ) t h e n

d e n s i t y = r h o l

e l s e i f ( x ( i ) . l e . � v t � t ) t h e n

d e n s i t y = r h o l � ( � m u 2 � ( x ( i ) / ( c l � t ) ) + ( 1 � m u 2 ) ) �� &

( 2 . D 0 / ( g a m m a � 1 . D 0 ) )

e l s e i f ( x ( i ) . l e . v m � t ) t h e n
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d e n s i t y = r h o m l

e l s e i f ( x ( i ) . l e . v s � t ) t h e n

d e n s i t y = r h o m r

e l s e

d e n s i t y = r h o r

e n d i f

i f ( x ( i ) . l e . � c l � t ) t h e n

p r e s s u r e = p l

p r i n t � , '  P l  =  ' , p r e s s u r e

e l s e i f ( x ( i ) . l e . � v t � t ) t h e n

! p r e s s u r e = r h o l � ( � m u 2 � ( x ( i ) / ( c l � t ) ) + ( 1 � m u 2 ) ) �� &

p r e s s u r e = p l � ( � m u 2 � ( x ( i ) / ( c l � t ) ) + ( 1 � m u 2 ) ) �� &

( 2 . D 0 � g a m m a / ( g a m m a � 1 . D 0 ) )

p r i n t � , '  P c  =  ' , p r e s s u r e

e l s e i f ( x ( i ) . l e . v s � t ) t h e n

p r e s s u r e = p m

p r i n t � , '  P m  =  ' , p r e s s u r e

e l s e

p r e s s u r e = p r

p r i n t � , '  P r  =  ' , p r e s s u r e

e n d i f

i f ( x ( i ) . l e . � c l � t ) t h e n

v e l o c i t y = 0 . 0

e l s e i f ( x ( i ) . l e . � v t � t ) t h e n

v e l o c i t y = ( 1 � m u 2 ) � ( x ( i ) / t + c l )

e l s e i f ( x ( i ) . l e . v s � t ) t h e n

v e l o c i t y = v m

e l s e

v e l o c i t y = 0 . 0

e n d i f

w r i t e ( 1 6 , 1 0 ) x ( i ) , d e n s i t y , r h o ( i ) , v e l o c i t y , u ( i ) , p r e s s u r e , p ( i )

e n d do

c l o s e ( 6 )

! 1 0 f o r m a t ( D 2 2 . 1 6 , '  ' , D 2 2 . 1 6 , '  ' , D 2 2 . 1 6 , '  ' , D 2 2 . 1 6 )

1 0 f o r m a t ( 7 ( e 1 2 . 6 , 1 x ) )

End

f u n c t i o n f u n c ( p m )

! / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /

! /

! / f u n c i s o b t a i n e d f r o m a n i d e n t i t y m a t c h i n g t h e p o s t � s h o c k e d

! / p r e s s u r e t o t h e p o s t � r a r e f r a c t i o n p r e s s u r e ( t r u e s i n c e t h e r e i s

! / n o p r e s s u r e j u m p a c r o s s t h e c o n t a c t d i s c o n t i n u i t y ) . W e u s e i t t o

! / n u m e r i c a l l y s o l v e f o r p m g i v e n t h e l e f t and r i g h t i n i t i a l s t a t e s .

! /

! / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /

i m p l i c i t n o n e

r e a l � 8 f u n c , p m

r e a l � 8 g a m m a , m u 2

p a r a m e t e r ( g a m m a = 1 . 4 D 0 )

p a r a m e t e r ( m u 2 = ( g a m m a � 1 . D 0 ) / ( g a m m a + 1 . D 0 ) )

r e a l � 8 p l , p r , r h o l , r h o r , c l , c r

common / b l o c k 1 / p l , p r , r h o l , r h o r , c l , c r

f u n c = � 2 � c l � ( 1 � ( p m / p l ) � � ( ( � 1 + g a m m a ) / ( 2 � g a m m a ) ) ) / &

( � c r � ( � 1 + g a m m a ) ) � &

( � 1 + p m / p r ) � ( ( 1 � m u 2 ) / ( g a m m a � ( m u 2 + p m / p r ) ) ) � � 0 . 5

r e t u r n

e n d

F U N C T I O N r t b i s ( x 1 , x 2 , x a c c )

! / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /

! /

! / r t b i s i s b o r r o w e d f r o m N u m e r i c a l R e c i p e s . I t i s a b i s e c t i o n a l g o r i t h m ,

! / w h i c h w e u s e t o s o l v e f o r p m u s i n g a c a l l t o f u n c .



APPENDIX B. SOD'S MODEL 57

! /

! / N o t e t h a t t h e a r g u m e n t s t o r t b i s h a v e b e e n a l t e r e d and t h e v a l u e o f

! / J M A X i n c r e a s e d . O t h e r w i s e , i t i s i d e n t i c a l t o t h e N R v e r s i o n .

! /

! / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /

I N T E G E R J M A X

R E A L � 8 r t b i s , x 1 , x 2 , x a c c , f u n c

E X T E R N A L f u n c

P A R A M E T E R (J M A X = 1 0 0 )

I N T E G E R j

R E A L � 8 d x , f , f m i d , x m i d

f m i d= f u n c ( x 2 )

f = f u n c ( x 1 )

i f ( f � f m i d . g e . 0 . ) p a u s e ' r o o t  m u s t  b e  b r a c k e t e d  i n  r t b i s '

i f ( f . l t . 0 . ) t h e n

r t b i s = x 1

d x = x 2 � x 1

e l s e

r t b i s = x 2

d x = x 1 � x 2

e n d i f

do 1 1 j = 1 , J M A X

d x = d x � 5 . D � 1

x m i d = r t b i s + d x

f m i d= f u n c ( x m i d )

i f ( f m i d . l e . 0 . ) r t b i s = x m i d

i f ( d a b s ( d x ) . l t . x a c c . o r . f m i d . e q . 0 . ) r e t u r n

1 1 c o n t i n u e

p a u s e ' t o o  many  b i s e c t i o n s  i n  r t b i s '

E N D


� �

The co de will ask y ou the name of the �le where the n umerical results are

sa v ed and the time where these results w ere tak en. It will write an output

�le di�.out that can b e used b y gnuplot .



App endix C

W ebsites memo

Here is a list of the w ebsites that I ha v e often used :

Op enF O AM o�cial w ebsite : www.op encfd.co.uk

Op enF O AM forum : h ttp://op enfoam.cfd-online.com/cgi-bin/foru m

C++ source guide : h ttp://foam.sourceforge.net/do c/Do xygen/h tm l

funkySetFields w ebsite : h ttp://op enfoam wiki.net/index.php/

Con trib_funkySetFields
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