Plotting OpenFoam forces and moments in real time

The following screenshot shows three separate windows on the console. If you are an OpenFoam user,

you will recognize the underlying window as the outjpom an OpenFoam jobThe case directory is

ilf oukowski Si mpl e#D06, whilahrifeiledaiadmynsiode dir e
This information is marked by the arrow #DpenFoam is in the midst mération#5112 Eee arrow #).

The forces and moments are being logted file Eee arrow #3).

A second terminal has been opened (sgthox#4), and the directony it changed to the case directory.

I'n this direct opython3fpldiph e Oc obmengainnds le xneec Uit i on of a pyt
Afplot. pyo (s e erand fpla.py’ Hdgins bysummariing thepvarioug force data files

which exist, and the starting and ending time/iterations which they contain (see arrow #6). Then, the

program asks the user to spedHgforce or momenandthedirection to be plotie (see arrow #7).

When that is done, the program produces the third window containing the plebbex#8). The

graph glected heretows the absolute values (as opposed to the relative values)imdtloedforce in

the Y-direction. The object eg simulated is a one millimeter thickness of an airfoil with a chord of

about 1.4 meters, so the values of the force are reported in Newtons (e.g., 1.647 Newtons). Although the
values of the force are known from the very first iteratibthe joh the user selected to plot only the last

two hundred or so. Note that the last iteration plotted is #5111, which was the last completed iteration at

the time the user invokddf pl ot . p ym@thod3fplotpy y pd nign fir esponse to the p
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The graph shows three perturbations, which résarth theuser changing control parameters in the
/systemivSolution fileon the fly. Itis very handy to be able to see stmisequences in real time.

It is indeed unfortunate that OpenFoam is available only under Lsémoe the plotting must therefore be
done in Linux, too The great disadvantage of Linux is that nothing can be done without delving into the
operating systemA further disadvantage is that the development tools available for Linux are, at best,
archaic. | hope that my instructions are complete enough to help you navigate through the shoals.

A quick overview oft h e

if orceso

The plottingprocedr e i s contained in a sin
directory. The following screens
that the program Afplot.pyo

subdirectory
g!| esinthe casgr a m, nam
h oArrovs#B shoms t he c a

i sry. §he onpylother fdennsidemo r e f i

this casedirectory, which is not a standard OpenFoamfitethe one identified by arrow #10. It is named

ij oukowski XYZ#D. geo.

ms h o

and has

not hi to do wi

ng

description of the s which | produced for this application using GMesh. Alert readers will notice that
OpenFoam has continued to since the screenshot above was tak#rns now executing an iteration

after #5150.
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@Back v % C @m®| Q s% @ |Listview
Places v *® L:J[)_gpm!
i jim Name v Size Type
&l Desktop - J‘joukowskisimple#D 19 items folder
. File System ‘ :
- + |l © 4 items folder
lis] Network .
U sonY A + ||l 4900 6 items folder
floppy0 + [l 4925 6 items folder
& Trash + | [l 4950 6 items folder
&3 Downloads + |l 4975 6 items folder
il Aerodynamics + || 5000 6 items folder
+ [l 5025 6 items folder
+ | [l 5050 6 items folder
+ |l 5075 6 items folder
+ || 5100 6 items folder
+ [l 5125 6 items folder
+ |l 5150 6 items folder
+ ||y constant 3 items folder
+ | forces < #11 | 12items folder
+ |[ll System 4 items folder
- | Aliclean #9 208 bytes shell script
- Allrun 274 bytes  shell script
- | fplot.py 16.6 KB Python script
: : o 110 :
joukowskiXYZ#D.geo.msh 109.7 MB  plain text document

Date Modified

Sun 09 Dec 2012 12:14:42 PM EST
Mon 26 Nov 2012 12:41:21 PM EST
Sat 08 Dec 2012 11:38:26 PM EST
Sun 09 Dec 2012 01:45:51 AM EST
Sun 09 Dec 2012 08:47:43 AM EST
Sun 09 Dec 2012 09:12:57 AM EST
Sun 09 Dec 2012 09:36:56 AM EST
Sun 09 Dec 2012 10:01:43 AM EST
Sun 09 Dec 2012 10:28:29 AM EST
Sun 09 Dec 2012 10:54:39 AM EST
Sun 09 Dec 2012 11:21:20 AM EST
Sun 09 Dec 2012 11:48:19 AM EST
Sun 09 Dec 2012 12:14:50 PM EST
Sun 02 Dec 2012 03:10:52 PM EST
Sun 09 Dec 2012 11:32:47 AM EST
Sun 09 Dec 2012 09:42:01 AM EST
Mon 21 May 2012 07:13:13 AM EDT
Mon 21 May 2012 07:13:13 AM EDT
Sun 09 Dec 2012 11:32:31 AM EST
Mon 26 Nov 2012 07:31:16 PM EST

45 items, Free space: 28.2 GB

[lim@jim: ~/airfoils/jou...

| [jim@jim: ~/airfoils/jou...

I [Gnuplot (window id : 0)]
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[ Downloads + || constant 3items folder
& Aerodynamics + 1‘force':: % 5 items folder
- [ SYStem 4 items folder

controlDict 1.1KB C source code

ForceAndMoment €——— #12 (897 bytes C source code

fvSchemes 1.5KB C source code

- fvSolution 1.8 KB C source code

Allclean 208 bytes shell script

Mon 26 Nov 2012 12:45:45 PM EST
Sat 08 Dec 2012 04:24:25 PM EST
Thu 06 Dec 2012 05:28:54 PM EST
Wed 05 Dec 2012 07:53:03 PM EST
Mon 26 Nov 2012 01:45:53 PM EST
Sat 24 Nov 2012 01:36:14 PM EST
Thu 06 Dec 2012 05:28:54 PM EST
Mon 21 May 2012 07:13:13 AM EDT

The first change is to addcammand o

added fileas a function

functions

tsystemé fo n t r dile, Which wilbcause it to execute the

#include "ForceAndMoment"

}
Thiscommankc auses OpenFoam to execute the file AForc
Theadded i | e AForceAndMoment 0 (see arrow #12) has t
% *_ CH+ -* *\
|:::::::::
| \\ / Field | OpenFOAM: The Open Source CFD Toolbox
|\ / Op eration |Version: 2.1.1 |
| \W / And | Web:  www.OpenFOAM.org |
| \\/ M anipulation | [
\ * */
forces
{
type forces;
functionObjectLibs ( "libforces.so");
outputControl timeStep;
outputinterval 1;
patches ( "airfoil.*");
pName p;
UName U;
rhoName rholnf;
log true;
CofR (00 0.0005);
rholnf 1.225;
}

In my case, the forces are those which acthe patch namef@irfoild. Note that the moment is
calculated around the point whics onehalf of the Zthicknessand that the air density $$atedat sea
level. Of course, you will have to change the contents of thisdilleat it calculates the forces and
moments of interest in your application.

In any event, when OpenFoam Ildfe forces and moments, they are recorded in-sitaeped files

contained isidet h & ofii c e s 0O

following screenshot.
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g o ey s e

+ ||l constant 3items folder Sun 02 Dec 2012 03:10:52 PM EST
il Network

{ sony A = _ forces 12 items folder Sun 09 Dec 2012 02:08:21 PM EST
__ floppyo + |l © 1item folder Tue 27 Nov 2012 07:55:47 PM EST
& Trash + “ 2150 1item folder Sun 02 Dec 2012 03:15:11 PM EST
[iZi Downloads + | [l 2250 litem folder Sun 02 Dec 2012 05:00:55 PM EST
[ Aerodynamics + “ 2325 1item folder Sun 02 Dec 2012 06:10:10 PM EST
+ u 2350 b 1item folder Sun 02 Dec 2012 06:48:47 PM EST
+ M 2395 1item folder Mon 03 Dec 2012 12:09:44 AM EST
+ “ 2415 1item folder Mon 03 Dec 2012 02:25:13 AM EST
+ M 2425 1item folder Mon 03 Dec 2012 02:34:13 AM EST

- _ 2950 1item folder Sat 08 Dec 2012 09:19:39 PM EST

forces.dat 302.1 KB plain text document Sat 08 Dec 2012 09:19:39 PM EST

+ “ 4775 1item folder Sat 08 Dec 2012 09:21:57 PM EST

+ “ 4900 1item folder Sun 09 Dec 2012 08:23:48 AM EST

+ M 4925 1item folder Sun 09 Dec 2012 01:18:45 AM EST

+ |l System 4 items folder Sun 09 Dec 2012 09:42:01 AM EST

Every time you restart executionafiOpenFoam job, a new directoryiscreated t he A/ f or ces o
directory, with the name being thetartingtime or iteration number. For example, thesctory

iff orces/ 29500 was cr e atleHEachaimestampes diedtoayrcdantainsfmglé t er at i
t ext fil e, named AnAforces. dat o. The following scr
iVff orces/ 2950/ forces. dat o
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File Edit View Search Tools Documents Help
Lo lamopen v Bisave & B Q%

|| forces.dat % #13

# Time forces(pressure, viscous) moment(pressure, viscous)
2951 (((-0.1360108 1.598969 1.246373e-21) (0.0008190232 3.866243e-05 -1.554767e-24)) ((4.526517e-20 4.399695e-21
0.7916158) (1.473528e-24 -2.320624e-23 -5.307056e-05)))

2952 (((-0.135615 1.592171 1.264767e-21) (0.0008185825 3.866771e-05 -1.581078e-24)) ((4.50723e-20 4.386815e-21

0.7882317) (3-47T693e-24 -2.3192396-73—~5-205254¢-05 3

2953 ({(-0.1359627 1.598091 1.255489e-21) X-, Y-and Z components dfour variables: t-21
0.7911531) TT-473059-24 -2.319049e- —363877e-05 .

2954 (((-0.1357922 1.594114 1.2855488-21) (0.0008 induced pressure, 1

0.7891842) (1.473837e-24 -2.31902e-23 -5.303818e-05)
2955 (((-8.1358512 1.59638 1.27973e-21) (0.000818
0.7903216) (1.473717e-24 -2.318952e-23 -5.304047e-05
2956 (((-6.1358686 1.595337 1.291129%e-21) (0.0008
0.7897794) (1.473477e-24 -2.318847e-23 -5.304203e-05
2957 (((-0.1358787 1.59577 1.291697e-21) (0.00081
0.7900021) (1.473335e-24 -2.318772e-23 -5.304359e-05)))

2958 (((-0.1358089 1.595848 1.284248e-21) (0.0008183209 3.868349e-05 -1.598746e-24)) ((4.51722e-20 4.3893%e-21

0.7900536) (1.473268e-24 -2.318696e-23 -5.304481e-05)))

2959 (((-8.1359631 1.59568 1.300641e-21) (0.0008182911 3.868042e-05 -1.620241e-24)) ((4.516816e-20 4.394728e-21

0.7899332) (1.473323e-24 -2.318642e-23 -5.304629e-05)))

2960 (((-6.1358075 1.595976 1.284131e-21) (0.0008182657 3.867824e-05 -1.598695e-24)) ((4.517586e-20 4.389357e-21
0.7901157) (1.473222e-24 -2.318605e-23 -5.304823e-05)))

2961 (((-8.1359714 1.595819 1.299788e-21) (0.0008182451 3.867603e-05 -1.619547e-24)) ((4.51719e-20 4.394366e-21

0.790004) (1.473175e-24 -2.318585e-23 -5.305074e-05)))

2962 (((-0.1358597 1.595986 1.291136e-21) (©.0008182265 3.867385e-05 -1.608496e-24)) ((4.517645e-20 4.391046e-21
0.7900955) (1.473109e-24 -2.318565e-23 -5.305334e-05)))

2963 (((-8.1359477 1.595974 1.298559%e-21) (0.0008182115 3.867211e-05 -1.618356e-24)) ((4.517622e-20 4.39398%e-21
0.7900789) (1.473138e-24 -2.318554e-23 -5.305593e-05)))

2964 (((-6.1359223 1.59604 1.294444e-21) (0.0008181983 3.867007e-05 -1.613268e-24)) ((4.517744e-20 4.39307e-21

0.7901138) (1.473108e-24 -2.31854e-23 -5.305872e-05)))

2965 (((-8.1359293 1.596094 1.296965e-21) (0.0008181874 3.866808e-05 -1.616923e-24)) ((4.517948e-20 4.393321e-21
0.7901331) (1.473075e-24 -2.318534e-23 -5.306172e-05)))

2966 (((-0.1359643 1.59609 1.300292e-21) (0.0008181783 3.866667e-05 -1.62161e-24)) ((4.517921e-20 4.394347e-21

0.7901167) (1.473047e-24 -2.318532e-23 -5.306471e-65))) Y
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The first line is aextheader(see arrow #13)escribing the contents of th8 columns of data. Each

subsequent line contains the time or iteration number, followed by 12 force and moment values. The
OpenFoam job willcontinue 0 add | ifonces®956/ @ rtcreiss diat 6 fil e until e
and when, execution is restarted, OpenFoam will create a new directory with thienhetamp and

begin to enter force and time data intatthew file.

Itfollowsthatt h# ofi ces o0 directory wi l |timestampgeaddubdireatoriesfu n k n o wn
the usehas notdeletal or changd any of thesubdirectorie® r t hei r fisftlen theecallecibat 6 f i |
of all the Af or c e geratioehy-ierafion listeofsthe ¥oicd and noment data from then

commencement of the job.

However, the user can deleteeditthetimes t amped f off drecass d® ndit hec tior y . H
change the cont entthemselvesFahezamfld, the usee can ndaaually edft thd e s
iforces.dato files to merge the I|ists. We are go

A quick overview of the Afplot.pyo prc

The Afplot.pyd program works through five main st
1. Organizethe force and moment data and store it in vectors.

2. Getplottinginstructionsfrom the user.

3. Create a temporary data file with the data to
4, Create a temporary gnuplot script file, called
5. Execute the gnuptascript file andhendelete the two temporary files.

Step #1I Organize the force and moment data

The program reviews the names of thetsne a mped f offi dreeceass d ndithectiory i n ¢

their sequence. It ieson the names. It asmes, for example, that the file named

iforces/ 2350/ forces.dato contains data from ti mes
Af or ces/ 37 2Thd pfograntdees noticare ibfiles are missing or mislabeled but, if they are, the

data will beplotted out of sequence.

The program reads the data from all the fAforces. d
Pyt hon) . The vectors have obvious names: Time[],
The programreadsthedatad c| oses the fAforces.dato files as (gt

job will probably be &ecutngwhenfi f p | o trun, pogentialéorsflict over the use of the current
fi f or c e sis mirmizéd by dlokirg it as soon as the data has bedn rea

Step #21 Get instructions from the user

The program wil|l di spl ay a stshownarrthe folblofvingtsdreenstioft or c e s
As described beforéhe useinvokes the program by: (i) changing the current working directory to the
case directory (seearrow4j)l and t hen (ii) tpyghgifpotgy t e (c@emmamd olwi |

#15). In the case illustrated, there aretibl?2e-s t a mped s ub diforeeddirectoy. dtsanben t he 7
seen that the user has deleted a numbelesfdreated earlier in the job. There is a gap, for example,

between iteration #109 and iteration #218€e arrow #3). There is also a bit of badkacking(see

arrow #17). Folder A47750 accumul ated forcéeand moment
foll owing folder, n49000, begins /M@Eystenktoart atoil ®m c# 49
set to recordhe completestate every 25 iterations. A complstate was therefore written at &éion

#4900. Shortly thereaftdhe userfie)d eci ded t o chandsgstem/fvpbuaameneér fi he

~5~



But, the parameter change did not work out, which is to say, that the solution began to diverge. | halted
execution just after iteration #4912, anestartedirom the lastomplete statebeingiteration #4900.]

2 OO jim@jim: ~/airfoils/joukowskiSimple#D

File Edit View Terminal Help

jim@jim:~$ cd airfoils < #14
jim@jim:~/airfoils$ cd joukowskiSimple#D / #15
jim@jim:~/airfoils/joukowskiSimple#D$ python3 fplot.py

There are 12 force directories in the case directory.

Force Dir Start Time End Time No. of times
0 1 109 109

2150 2151 2257 107

2250 2251 #16 2325 15

2325 2326 2350 25

2350 2351 2398 48

2395 2396 2416 21 E}
2415 2416 2425 10

2425 2426 2950 525

2950 2951 |#17| 4795 1845

4775 4776 4912 137

4900 4901 4925 25

4925 4926 5326 401

Plot beginning with time/iteration number [1-5326]: l

The plotwill begin at the time/iteratiotyped by the user in response to the prompt shevanwill
continue up until the enaf the data Then,the program will ask the following four questions.

Plot beginning with time/iteration number [1-5348]: 4775
Plot absolute or relative values [a/r]: a

Plot induced or viscous results. [i/v]: 1

Plot forces or moments. [f/m]: f

Plot in which direction? [x/y/z]: yj}

AfAbsol ut eo does notfunctient lereferstingteat to he umadjushtee foreetandc a |
moment valuesalculatecoy OpenFoam. The alterndtdi r e | & values aré the percentage
differencs between the absolute values and the average of the absolute values over the range of
times/iterations being plotted. The other three questions determine which of the 12 variables will be
plotted.

The user6s response mappertase. laihe aventrof an invalisl regsponke, thkea s e o
program will assume a default value.

Step #3 Create a temporary data file

From this point onwards, program fAfpl otntiisy 6 pr oce
Step #3the progrant r eat es a temporary text fil efle.e dBhe® @empc

~6~



is created isidet h # ofi c e s 0 distextfile toonsistg of two cblamns of numbers. The first
column contains the timdterationsin the rangeselected and the second column contains the value to be
plotted on the vertical axis. There are no column or row headers.

Step #4i Create a temporaryrisplot script file

The program creates a second t e mpo fhesisylsofaiteckte as we
file and i s &loso ecsroe atifiteds adoroaliegih & ¢ ATihpi tso . I't cont ai
commands which will be executed byn@plot. In many ways) g n u s ¢ resembles & Windows

batch file like autoexecd.

Gnuplot is a general purpose plotting program designed for use with Linux.

Step #5 Execute the @Guplot script file

Af pl dienegegubesu pl ot as a subprocess. The fforthee fAgnus
Gnuplot interpreterath t he file. dat @plc onht awilhpot THe gtlesvardllabets svhiah t
Gnuplot uses to format th@ot were coded into the script filghenit was built during Step #4.

Step #6 Delete the two temporary files

The window containing the plot will persist until it is closglden theuser clickon t he AXO0 buttor
upper | eft corner. To clean up its méls sdattoh e npdr o
fgnuscript.txtdiscbfentf ahgst iifeohrycoehseds ed inraencetso riyn,
deleted without concern. In fact, the program deletes any old copies it finds before creating new ones.

A |listing of the program Afplot.pyo
In this section, | give a listingofther ogr am Af pl ot . py o. It is a text f
with any text editor, i andfilNuodienpga didg eodni tWi nodno wWsi nsuyxs t
it is simply a text file, ihas the syntax @& Python program, hence the extengion p y 0 . Pyt hon i s

programming language which resembles BASICA from the18®@0s. It is an interpreter, which means
that it works its way thnagh the lines in real timexecuting them onry-one

[Aside for a brief rant: to not worship Windowsybany means, but | know a good tool when | find one.

Mi crosoftds Vi s u aythoBiamoinearlyias goadagpdon thy récendihternet

searching, it seems that there was at one time an attempt by the Linux folkd tminterface wich

would run Windows executable progrartisoéewi t h t he extension fi.exed) on

was called AWi neo. It was a great idea, but cons
like another attempivas madesomewhatdter,which would runVisual Basic prograsion Linux

machi nes. This effort, call ed AMonooO, seems to b
have beenraheroic effort by a French man to produce from scratch a Linux version of Visual Basic,

cal |l ed fAAcmmnizadabbe.objective, | must say, but too much for one man. None of my efforts

to download and install GasBas were succes§faberemu st be a ACO or AC++0 i mpl

Linux somewheré after all, OpenFoam is written fin Cidbut | could not find a complete and funct&bn
package within the time | cared to devote to the tdsiat pretty much fié Python, which can do the job
| want it to do, but not nearlgswell as one might hopeBut, enough ranting, here is the listihg.



# isa comment in Python

# This is a Python program designed to plot forces and moments from the
# forces.dat files produced by OpenFoam.

#
# Assumptions:

# 1. That this file is named "fplot.py";

# 2. That this file is located in the case

directory;

# 3. That /system/controlDict writes forces into a directory named /forces;
# 4. That an OpenFoam job is running in a terminal window.

#
# Invocation:

# 1. Open a second terminal window;

# 2. Change directory to the case dir

# 3. Type the command "python3 fplot.py".

# File names.
InputFileName = "./forces.dat"
PlotFileName = "./plotfile.dat" #

GnuFileName = "./gnuscript.txt"

# Define variables.
ForceTimeDirNames = ]
NumForceTimeDirNames =0
StartTimesInDir =[]
EndTimesInDir =[]
NumTimesInDir =[]

Time =]
FXinduced =]
FYinduced =]
FZinduced =]
FXviscous =[]
FYviscous = ]
FZviscous =[]
MXinduced =[]
MYinduced =[]
MZinduced =[]
MXviscous =[]
MYviscous =[]
MZviscous =[]

PlotTime =]
PlotValue =]

StartPlottingAtTime = 0
PlotAbsOrRel = True
PlotIndOrVis = True
PlotForOrMom = True
PlotX = True

PlotY = False

PlotZ = False

#Step#1 -
import os
CaseDir = os.getcwd()

Get the name of the case

ectory;
# Af ile containing force and moment data
The file with data selected  for plotting
# The file with gnuplot  script

# List of time - dirs containing force data files

# Number of time - dirs containing force data files
# The first time/iteration in a force data fil

# The last time/iteration in a force data file

# Number of times/iterations in a force data file

# Vectors to hold original force and moment data

| This syntax defines vectorg
with a zerebased index.

# Vectors to hold the X - 'Y values to be

# Timel/iteration at which plotting starts
# True for absolute; False for relative

# True for induced; False for viscous

# True for force s; False for moments

# True to plot X - direction values

# True to plot Y - direction values

# True to plot Z - direction values

directory.

cwd is the current working directary

~8~
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# Step#2 - Change to the directory containing OpenFoam's force data files.
gz-r%f;qug('fnggsgs etowd( Indents are very important in Python.
poIr=0s.9 Multiples of three blanks are used here

Make a list of the time - directories containing force data files.
n os.listdir("."):
.path.isdir(name):
ForceTimeDirNames.append(name)
NumForceTimeDirNames = len(ForceTimeDirNames)
if (NumForceTimeDirNames == 0):
print("  Error: No force data files were found.")
import sys
sys.exit()
else: A Arangeod does not
print" \n"+ \
"There are " + str(NumForceTimeDir
" force directories in the case dire

mes).strip() + \
ry.")

#Step#4 - Putthe list of time
# Use a bubble
if (NumForceTimeDirNames
for Index1 in range(1, NumForceTimeDirNames):
for Index2 in range(Index1 + 1, NumForceTimeDirNames + 1):
if ( int( ForceTimeDirNames[Index1 - 1]) >\
int( ForceTimeDirNames[Index2 - 1]1)):
TempName = ForceTimeDirNames[Index1 - 1]
ForceTimeDirNames[Index1 - 1] =Force TimeDirNames[Index2 - 1]
ForceTimeDirNames[Index2 - 1] = TempName

- directories into chronological order.
Aype sorting procedure.

#Step#5 - Open each force data file and parse the data into vectors.
for Index in range(NumForceTimeDirNames):
#
# Step #5A - Change to the appropriate force directory.
os.chdir(ForceTimeDirNames[Index])
#
# Step #5B - Open the force data file.
try:
FileNumber = open(InputFileName, "r")
except:
print("Error: Could not open file " + \
str(ForceTimeDirNames[Index].strip()) + \
In putFileName + ".")
import sys
sys.exit()
#
# Step #5C - Parse out the data in each line.
LineNumber =0
import re
for OriginalLine in FileNumber:
# Do not process blank lines.
if (len(OriginalLine) > 1):
# Do not process the first line, with a header including "Time".
if (OriginalLine.find("Time") < 0):
LineNumber = LineNumber + 1
# Replace all occurrences of "(" with a blank space.
ModifiedLine = Origi nalLine.replace("(", " ")
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# Replace all occurrences of ")" with a blank space.
ModifiedLine = ModifiedLine.replace(")", " ")
# Replace each white space with a single blank space.

re.sub(" \s\s+", "" Modifie

dLine)

# Read and store the iteration/time number.

ModifiedLine.lstrip()

parts = ModifiedLine.split(" ",1)
TempString = parts[0].strip()
Time.append( TempString)

K\

by

AnSplito

breaks

# If this is the first line, make a note of the start time.

if (LineNumber == 1):

StartTimesInDir.append(TempString)

# Read and store FXinduced.
ModifiedLine = parts[1].Istrip()
parts = ModifiedLine.split(" ",1)
TempString = parts[0].strip()
FXinduced.append(TempString)
# Read and store FYinduced.
ModifiedLine = parts[1].Istrip()
parts = ModifiedLine.split(" ",1)
TempString = parts[0].strip()
FYinduced.append(TempString)
# Read and store FZinduced.
ModifiedLine = parts[1].Istrip()
parts = ModifiedLine.split(" ",1)
TempString = parts[0].strip()
FZinduced.append(TempString)
# Read and store FXviscous.
ModifiedLine = parts[1].Istrip()
parts = ModifiedLine.split(" ",1)
TempString = parts[0].strip()
FXviscous.append(TempString)
# Read and store FYviscous.
ModifiedLine = parts[1].Istrip()
parts = ModifiedLine.split(" ",1)
TempString = parts[0].strip()
FYviscous.append(TempsString)
# Read and store FZviscous.
ModifiedLine = parts[1].Istrip()
parts = ModifiedLine.split(" ",1)
TempString = parts[0].strip()
Fzviscous.append(TempString)
# Read and store MXinduced.
ModifiedLine = parts[1].Istrip()
parts = ModifiedLine.split(" ",1)
TempString = parts[0].strip()
MXinduced.append(TempString)
# Read and store MYinduced.
ModifiedLine = parts[1].Istrip()
parts = ModifiedLine.split("
TempString = parts[0].strip()
MYinduced.append(TempString)
# Read and store MZinduced.
ModifiedLine = parts[1].Istrip()
parts = ModifiedLine.split(" ",1)
TempString = parts[0].str
MZinduced.append(TempString)

ip()
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# Read and store MXviscous.
ModifiedLine = parts[1].Istrip()
parts = ModifiedLine.split(" ",1)
TempString = parts[0].strip()
MXviscous.append(TempStri ng)
# Read and store MYviscous.
ModifiedLine = parts[1].Istrip()
parts = ModifiedLine.split(" ",1)
TempString = parts[0].strip()
MYviscous.append(TempsString)
# Read and store MZviscous
ModifiedLine = parts[1].Istrip()
parts = ModifiedLine.split(" ",1)
TempString = parts[0].strip()
4 MZV'SCOUS'appen@ tring) Add en}ries to a vecto
#Step#5D - Make a note of the end time. by fappend
LastEntry = len(Time)
EndTimesInDir.append(Time[LastEntry - 1))
#
# Step #5E - Close the input force data file.
FileNumber.close()
#
# Step #5F - Return to the parent directory.
os.chdir(  "..")

# Step#6 - Describe the data files to the user.
print("Force Dir ~ Start Time End Time  No. of times")
for Index1 in range(NumForceTimeDirNames):
OutputString = ForceTimeDirNames[Index1]
for Index2 in range(len(OutputString), 14):
OutputString = OutputString + " "
OutputString = OutputString + StartTimesInDir[Index1]
for Index2 in range(len(OutputString), 28):
OutputString = OutputString + " "
OutputString = OutputString + EndTimesInDir[Index1]
for Index2 in range(len(OutputString), 42):
OutputString = OutputString + " "
NumTimes = 1 + int(EndTimesInDir[Index1]) - int(StartTimesInDir[Index1])
OutputString = OutputString + str(NumTimes).strip()
print(OutputString)

#Step7 - Promptthe userto select the number of times/iterations.
EarliestStartTime = int(StartTimesInDir[0])
LatestStartTime = int(EndTimesInDir[NumForceTimeDirNames - 1))
OutputString =" \n"\
+ "Plot beginning with time/iteration number [" \
+ str(EarliestStartTime).strip() + " ="\
+ str(LatestStartTime).strip() +"]: "
Response = input(OutputString) .
StartPlottingAtTime = int(Response) Use_ an end.lng b.aCkSIaS
if (StartPlottingAtTime < EarliestStartTime): for line continuation.
StartPlottingAtTime = EarliestStartTime
print("Error: Start time is out of range. " \
+ "Using " + str(EarliestStartTime).strip + ".")
if (StartPlottingAtTime > LatestStartTime):
StartPlottingAtTime = LatestStartTime
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print("Error: Start time is out of range. " \

+"Using " +s tr(LatestStartTime).strip() + ".")

# Step #8 - Prompt the user to select absolute or relative values.

OutputString = "Plot absolute or relative values [a/r]: "
Response = input(OutputString)
if ((Response == "a") or (Response == "A")):
PlotAbsOrRel = True
else:
if ((Response =="r") or (Response =="R")):
PlotAbsOrRel = False
else:
print("Invalid response. Will plot absolute values.")
PlotAbsOrRel = True

#Step#9 - Prompt the user to select induced or viscous
OutputString = "Plot induced or viscous results [i/v]: "
Response = input(OutputString)
if (Response =="i") or (Response =="1")):
PlotIndOrVis = True
else:
if ((Response == "v") or (Response == "V")):
PlotindOrVis = False
else:
print("Invalid response. Will plot induced values.")
PlotindOrVis = True

# Step#10 - Prompt the user to select forces or moments.
OutputString = "Plot forces or moments [f/m]: "
Response = input(OutputString)
if (Response == "f") or (Respons e=="F"):
PlotForOrMom = True
else:
if (Response =="m") or (Response =="M")):
PlotForOrMom = False
else:
print("Invalid response. Will plot forces.")
PlotForOrMom = True

# Step #11 - Prompt the user to select the desired
OutputString = "Plot in which direction? [x/y/z]: "
Response = input(OutputString)

if (Response == "x") or (Response =="X")):

PlotX = True

PlotY = False

PlotZ = False
else:

if ((Response =="y") or (Response =="Y")):
PlotX =  False
PlotY = True
Plotz = False
else:
if ((Response == "z") or (Response == "Z")):
PlotX = False
PlotY = False
PlotZ = True
else:

~12~
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print("Invalid response. Will plot X - values.")
PlotX =True

PlotY = False

PlotZ = False

# Step#12 - Transfer the selected data items into new vectors.
del PlotTime[:]
del PlotValue[:]
for Index in range(len(Time)):
if (int(Time[Index]) >= StartPlottingAtTime):
PlotTime.append(Time[Index])
# Block to plot forces.
if (PlotForOrMom == True):
if ((PlotindOrVis == True) and (PlotX == True)):
PlotValue.append(FXinduced[Index])
if ((PlotindOrVis == True) and (PlotY == Tr ue)):
PlotValue.append(FYinduced[Index])
if ((PlotindOrVis == True) and (PlotZ == True)):
PlotValue.append(FZinduced[Index])
if ((PlotindOrVis == False) and (PlotX == True)):
PlotValue.append(FXviscous| Index])
if ((PlotindOrVis == False) and (PlotY == True)):
PlotValue.append(FYviscous[Index])
if ((PlotindOrVis == False) and (PlotZ == True)):
PlotValue.append(FZviscous[Index])
# Block to plot moments.
else:
if ((PlotindOrVis == True) and (PlotX == True)):
PlotValue.append(MXinduced[Index])
if ((PlotIndOrVis == True) and (PlotY == True)):
PlotValue.append(MYinduced[Index])
if ((PlotIndOrVis == True) and (PlotZ == True)):
PlotValue.append(MZinduced[Index])
if ((PlotindOrVis == False) and (PlotX == True)):
PlotValue.append(MXviscous[Index])
if ((PlotindOrVis == False) and (PlotY == True)):
PlotValue.append(MYviscous[Index])
if ((PlotindOrVis == False) and (PlotZ == True)):
PlotValue.append(MZviscous[Index])

NumValuesToPIot = len(PlotTime) FilLend is defined f
]

# Step #12 - Convert to relative values, if selected.
if (PlotAbsOrRel == False):
#
# Step #12A - Calculate the total of the values.
TotalValue =0
for Index in range(NumValuesToPIot):
TotalValue = TotalValue + float(PlotValue[Index])

# . R

# Step #12B - Calculate the average value. Thisis Pythod s Val (
AverageValue = TotalValue / NumValuesToPIot

#

# Step #12C - Calculate the relative value percentages.

for Index in range(NumValuesToPlot):

PlotValue[Index] = str((float(PlotValue[Index]) - AverageValue) \
* 100 / AverageValue)
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# Step #13 - Write the selected data into the temporary plot file.
#
# Step #13A - Delete any existing temporary plot file.
try:

os.remove(PlotFileName)
except: — ] Python will not acept an empty block of code. Use a dumi

if (False):

print(

) # Do nothing if there is no old plot file.

# Step #13B - Open a new temporary file to hold the data to be plotted.
try:
FileNumber = open(Plot FileName, "w")
except:
print("Error: Could not open file " + \
str(ForceTimeDirNames[Index].strip()) + \
PlotFileName + ".")
import sys
sys.exit()
#
# Step #13C - Write the data.
for Index in range(NumValuesToPIot):
FileNumber.write(PlotTime[Index] + " " + PlotValue[Index] + " \'n")
#
# Step #13D - Close the temporary plot file.
FileNumber.close()

# Step #14 - Prepare a script file for gnuplot.
#
# Step #14A - Delete any existing gnuplot file.
try:

os.remove(GnuF ileName)
except:

if (False):

print(

) # Do nothing if there is no old gnuplot file.

# Step #14B - Open a temporary file for the script to control gnuplot.
FileNumber = open(GnuFileName, "w")
#
# Step #14C - Organize and write the gnuplot script
FileNumber.write("# GnuPlot script file \'n")
FileNumber.write("set autoscale # scale axes automatically \'n")
FileNumber.write("unset log  # remove any loraithmic scaling \'n")
FileNumber.write("unset label # remove any previous labels \ n")
FileNumber.wri  te("set xtic ~ # set xtics automatically \ n")
FileNumber.write("set ytic auto # set ytics automatically \'n")
FileNumber.write("unset key \'n")
FileNumber.write("unset mouse \'n") \
FileNumber.write("set grid \n") These are all GnuPlot command
OutputString = CaseDir +": "
if (PlotAbsOrRel == True):

OutputString = OutputString + "Absolute "
else:

OutputString = OutputString + "Relative "
if (Plot Ind OrVis == True):

OutputString = OutputString + " induced
else:

OutputS tring = OutputSt ring + "viscous
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if (PlotForOrMom == True):

OutputString = OutputString + "force "
else:

OutputString = OutputString + "moment "
if (PlotX == True):

OutputString = OutputString + "in X - direction”
else:
if (PlotY == True):
OutputString = OutputString + "in Y - direction”
else:
OutputString = OutputString + "in Z - direction”
FileNumber.write("set title " + OutputString + " \ n")
FileNumber.write("set xlabel 'Time or iteration’ \'n")

if (PlotForOrMom == True):
OutputString = "Force -
else:
OutputString = "Moment -
if (PlotAbsOrRel == True):
OutputString = OutputString + "absolute"
else:
OutputString = OutputString + "relative”

FileNumber.write("set ylabel ™ + OutputString + ™ \'n")

OutputString = "plot "' + PlotFileName + " with linespoints"

FileNumber.write(OutputString)

#

# Step #14D - Close the gnuplot script file.

FileNumber.close()

# Step #15 - Execute the gnuplot script. This is where the program

Import os executes the Gnuplot scrig

import subprocess

GnuPlotProcess = subprocess.Popen("gnuplot - persist " + GnuFileName, \
shell = True)

os.waitpid(GnuPlotProcess.pid, 0)

# Step #16 - Wait for the user to press any key.

response = input(" \ nHit any key to exit.") ) .
The plot will not stay visiblg

# Step #17 - Delete the two temporary files. unl ess dApers

import 0s

os.remove(PlotFileName)
os.remove(GnuFileName)

# Step #18 - Exit.
import sys
sys.exit()

In order tocreatethis program, use a text editor to type in the linespyeandpaste. The file must be

saved with the extension 0.pyo or, alternatively,
file must be saved into or copied into the case directory of interest.
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Finicky operating system stuff #1

In order for Python to run, it must be installed on your Linux computer. Your Linux installation may or
may not have arrived with a default version of Python. Regrettably, the Python folks are as busy as bees
and revise their baby constantiowever, becauseython is not very advanced, the revisions are

significant and usually fatab programs writterior earlier versions What works in one version of

Pythonwill not work in another. Be advised that the version of Python | used to develop this application
is Python3.3.0.

The Linux folks keep pretty busy, toand there are umpteen versions of their baby as well. | use
Ubuntu, which | believe is version 10.04 of Linuldowever,| do notexpect thayour version of Linux
will affectyour ability to usehis applicatiori the version of Python is more important.

| used the following procedure to download and install Py8tD, and then to convince Linux to find
and execute it. Start up a new terminal windowwh e pr ompt |:~$goe tyohrysomib will m@j i
be different.

Step #1i Downloada bunch of stuff

Type in the line shown i n t hesudbaptl-lgeoinadliuig s cr eens
essentiall O and emkddagvowi t F¥ofu may be asked t ordeThiser t h
command will download and install eight librampe things. | have no idea what these things do, why

they are needed or even whether they are needed at allistTdfénstructiondrom which Itook
guidanceseemed to say that these filee aeeded to compile Python. But, | thought Python was an
interpreter é

jim@jim:~$ sudo apt-get install build-e
v libssl-dev libgdbm-dev libc6-dev libs
Reading package lists... Done
Building-dependency tree
Reading state 1nformati Done
The following packages were automatically installed and are no longer required:
libscotch-dev libgfortran3 libopenmpil.3 m4 openmpi-checkpoint
libibverbs-dev blcr-dkms libscotch-5.1 csh binutils-dev blcr-util dkms
libcre flex libnumal openmpi-bin libibverbsl openmpi-common libopenmpi-dev
Use 'apt-get autoremove' to remove them.
The following extra packages will be installed:
dpkg-dev libc-bin libc-dev-bin 1libc6 1ibc6-i686 libreadline5 1ibss10.9.8 tcl
tcl-dev tcl8.4-dev tk tk8.4-dev xz-utils
Suggested packages:
debian-keyring debian-maintainers glibc-doc sqlite3-doc tcl-doc tcl8.4-doc
tk-doc tk8.4-doc
The following packages will be REMOVED:
libreadline-dev libreadline6-dev openfoam211
The following NEW packages will be installed:
build-essential dpkg-dev libgdbm-dev libncursesw5-dev libreadline5
libreadline5-dev libsqlite3-dev libssl-dev tcl tcl-dev tcl8.4-dev tk tk-dev
tk8.4-dev xz-utils
The following packages will be upgraded:
libc-bin libc-dev-bin libc6 libc6-dev 1ibc6-i686 1ibss10.9.8 v

sential libncursesw5-dev libreadline5-de
Eiite3-dev tk-dev

Step #2i Download Python3.3.0

When the processing in Step #1 is finished, download Pygt&0 from the python.org website using the
c 0 mmawyet httpi//www.python.org/ftp/python/3.3.0/Python - 3.3.0.tar.bz2 0, as shown
the following screenshot.
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http://www.python.org/ftp/python/3.3.0/Python-3.3.0.tar.bz2

200 jim@jim: ~

File Edit View Terminal Help

Ignoring install-info called from maintainer script A
The package libreadline5-dev should be rebuilt with new debhelper to get trigger
support

Ignoring install-info called from maintainer script

The package libreadline5-dev should be rebuilt with %w debhelper to get trigger
support

Setting up libsqlite3-dev (3.6.22-1) ...

Setting up libssl-dev (0.9.8k-7ubuntu8.13) ...

Setting up tcl (8.4.16-2) ...

update-alternatives: using /usr/bin/tclsh-default to provide /usr/bin/tclsh (tcl
sh) in auto mode.

Setting up tcl8.4-dev (8.4.19-4) ...

Setting up tcl-dev (8.4.16-2) ...

Setting up tk (8.4.16-2) ...

update-alternatives: using /usr/bin/wish-default to provide /usr/bin/wish (wish)
in auto mode.

Setting up tk8.4-dev (8.4.19-4) ...

Setting up tk-dev (8.4.16-2) ...

Processi iggers for libc-bin ...

config deferred processing now taking place
jim@jim:~$ wget http://www.python.org/ftp/python/3.3.0/Python-3.3.0.tar.bz2]]

Ataio file 1is nu omomand ddwnlaads the fpebat does nothing . Th
with it. You can use yowao fddmmaenmdwksewnItma ced ftihe
fiPython - 3.3.0.tar.bz2 0 into your HOME dijmegcdiorgc¢t omymy case,

Step #3 Make a directory for th®ython3.3.0 files

I next made a new -8iBeO0borgsndemechy iR@MBodi rectory
fimkdir Python -33.0 0 I n r es pganms@ i pnompt$sing thdéle browser, | moved the
downloackdfile into the new directory. Tikis a screenshot of my HOME directory after Step #3.

43 Applications Places System @[] ) Sat 8Dec, 9:39PM @ jim ()
2 © O jim - File Browser

File Edit View Go Bookmarks Help

4 0 @ @E Q s @ |ustview

Places v L | Lgiim_._\

[ jim Name v Size Type Date Modified
i Desktop + |l airfoils 3 items folder Tue 04 Dec 2012 11:19:42 AM EST
L File System + [ Desktop 0items folder Sat 08 Dec 2012 05:53:20 PM EST
= N'em”k ) + [ Documents 0 items folder Sun 02 Dec 2012 08:13:37 PM EST
Floj Drive
= et + |[f] Downloads 0items folder Sun 02 Dec 2012 08:13:37 PM EST
J sony = )
& Trash + || Music 0items folder Sun 02 Dec 2012 08:13:37 PM EST
— + ||| Pictures 0items folder Sun 02 Dec 2012 08:13:37 PM EST
[i® Documents |
X : + Public H 0 items folder Sun 02 Dec 2012 08:13:37 PM EST
& Music led «— the new directory :
@ Pictures - |[l Python-3.3.0 1item folder Sat 08 Dec 2012 09:38:42 PM EST
|@ Videos [aa] Python-3.3.0.tar.bz2 13.1 MB Tar archive (bzip-compressed) Sat 29 Sep 2012 04:43:37 AM EDT
[&i Downloads +' I ]Templates ems folder Sun 02 Dec 2012 08:13:37 PM EST
+ i Videos thedownloaded file is herekms foder Sun 02 Dec 2012 08:13:37 PM EST
=] Examples % tes desktop configuration file Sun 02 Dec 2012 08:08:35 PM EST

Step #4i Unzip the downloaded file

The next step is to unzip the downloaded file. Since | had been piyingd using the file browser, |
opened a new terminal wiinm@ wpmompisofixgave megaidistiurbing me t
messageyhich isshown in the following screenshot.
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20 @ jim@jim: ~/Python-3.3.0

File Edit View Terminal Help

bash: /opt/openfoam21ll/etc/bashrc: No such file or directory
jim@jim:~$ cd Python-3.3.0

jim@jim:~/Python-3.3.0$ tar -xjf Python-3.3.0.tar.bz2}]

It seems thathe operating systenannolongerfind my OpenFoam installation. Users of OpenFoam

wi || r e ¢ 0 g n/bptwpenfodmin Betc/ashre a s @as fiart of the lingou added to the

i~/ . bBashte when you instal lwgedd @pemmfamadm.d i dl ts osmeed nhsi
affect my Openbam installation. This is typical of the tomfoolery that plagues Linux. Fortunately, the

remedy, which | describe below, did not take much time.

Because the downloaded file has now been moved into a new directory, it is necessary to change into that
drect ory, usi negPyttorh 3. @ mmahlle Aidownl oaded file is ex
fitar ~ jf Python - 3.3.0.tar.bz2 0, as shown in the screenshot above

A review of your HOME directory after the extraction is completed will show that the gatrgrocess
extracted the f il e Hython33.Ga, nwetwi ah riexctarsuyb ciarl ¢ eetdo rfiy
fiPythor3.3.00 whi ch we created manually.

Step#4i i C o n E£thedpwiir | d o

This is what mylist of instructionscalls this next step, wol is the first step towardsstaling Pythor
3.3.0 from the files which haveow been downloaded and extracted. The following screenshot shows the
procedue, startingvith a new terminal window.

2 © ® jim@jim: ~/Python-3.3.0/Pytho Browse all local and remote disks and

folders accessible from this computer

File Edit View Terminal Help

bash: /opt/openfoam21l/etc/bashrc: No such file or directory
jim@jim:~$ cd Python-3.3.0

jim@jim:~/Python-3.3.0$ cd Python-3.3.0
jim@jim:~/Python-3.3.0/Python-3.3.0$ ./configure --prefix=/opt/python3]

Because | have not yet fixed the OpenFoam probbeshis still complaining. It is necessary to change
directori es t wiHOME/Pytham3.00&ythord.8.8 iMhen, ypingtheftommand
fi./configure - prefix=/opt/python3 owill begin the confjuration.

Steps #5 and #6Make and install python3

After the configuration is

completed, something needs to be

made, which is accomplishéul

Step#Hy t ynpkeon gi ni

response to the prompt. Step #6

must be the installation itself,

because it is executed by typing

fisudo make install O in response
to the prompt. Both of these

operations take a fair amount of

time and are accompanied by lots

of activity on the screen. The

two screenshots show the two

commands just before the Return

key is pressed. Step #5
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