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IMPOR TANT MESSAGES

Pleaseseethe ReleasenotesChaptei7 Sections.1 for importantchangesn the facsimile code
generationPleasecheckmodelrunsbeforeVersion2.9ato makesureif

1. thesettingsarecorrect

2. timesin theoutputfiles arecorrect.
Youwill find the versionnumberin the headerof your outputdatafiles andin thefile containing
theheadet(usually* . hd).



Chapter 1

Intr oduction

This documentescribeshe applicationof theEASY compilerwhich providesa corvenientinter-
facefor the modelingof chemicalsystemsn zeroandonedimensions.This programis basedn
IDL® 1 andFacsimile® 2

This documents available as postscripftfile and pdf file and hypertext mark-uplanguagsfile. It
describesheprogramafteramajorchangen Dec1998.Pleasaeferto thereleasenotes(Chaptef7)
for thelastchanges.

Theauthorscanbereachedria emailat
e TheoBrauergmai | t 0: Th. Brauers@ z-j uel i ch. de
e FranzRohrermai | t 0: F. Rohrer@ z-j uel i ch. de

A EASY www pageis maintainedatich313.ich.kfa-juelich.de.

1.1 Defining the problem

This programwasdesignedo createan interfacefor the modelingof zero-dimensionglbox) and
one-dimensiongdll-d) chemicalreactionsandtransporsystems.

Thesetof reactioncanbegivenasthefollowing

N N
Rj : Zaijci — Zﬁi]—CZ-
=0 =0

wherea;; and3;; arethe stoichiometricfactorsfor speciei in reaction; for eductsandproducts,
respectrely. Within this syntaxsinks(reactiongo Nirvana)the canbewritten as

R;: C; —
whereno productsoccur Sourcesaregivenby
RJ‘ : Q -

whereQ standdor the sourcestrength.

YIDL (RSI), the Interactie DataLanguageis a powerful, 4GL applicationdevelopmentsoftwarepackagefor data
analysisand visualization. For furtherinfo seelDL homepage. The programis available for UNIX and Windows
systems.

2Facsimile (AEA Technology)is an efficient, robustandversatilecomputeprogramfor modellingcomplec steady
stateandtime dependenprocesseslt is especiallysuitablefor solvingchemicalreactionswith diffusionand/oradvec-
tion. For furtherinfo seeFacsimile homepage.Theprogramis availablefor UNIX andWindows systems.
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In additionto chemicaltransformation(including sinksandsources}hetransportermis parame-
terizedby a diffusionlike transporterm

M;(z + h,t) — M;(z,1)

T(Ci(m,t), ]CD,p7 T) =kp X A

with M;(z,t) is the mixing ratio of compound: calculatedfrom C;(z,t) andthe respectie of
temperaturd’ andpressure.

Fromthereactionsandthetransporequationthefollowing differentialequationcanbe defined:

oC

W = T(Ca kDapa T) + P(07 k(pa Ta s )) - D(07 k(paTa s )) (11)
whereC = (Cy(z,t),...,Cn(z,t)) denotingthe array of concentration®f (trace) gasesand
k = (ko, . . ., kar) denotingfor therateconstanof therespectie reaction.

1.2 What EASY does

In generalEquationl.1 cannotbe solved analytically thus numericalintegrationis necessaryo
solveit with respecto initial andboundaryconditions.Facsimile is oneof the mostabundantand
well-testedprogramsto solve differentialequationsof the above type. However, it is not always
easyandinstructiveto write Facsimile codein orderto solve a givenproblem.

EASY transformghe simpleuserwritten code(seeChapter3 for a detaileddescriptionof theuser
code)into a programcodeof Facsimile. Dependingon the userinput code— typically foundin a
* . easy file — thedifferentspeciesarehandledassettingsor asvariables.All informationabout
therun is alsoavailablethrougha*. ht m file giving a fastdelug tool. Facsimile thenhandles
thetime dependenbr steadystateintegrationof the setof variables.After the integrationEASY
takescontrolagainan providesa numberof toolsto plot outputof the Facsimile run. It is planned
to provide moretoolsover thetime; sensitvity analysishasbeenimplementedecently



Chapter 2

Running EASY

This chapterexplainshow to getEASY to work. This includesthe systenrequirementsthe setup,
andfirst stepsto getEASY running.For adetailedsetof examplespleasereferto Chapte4.

2.1 Beforesetup

EASY requiredDL whichshouldbeinstalledandtested. A copyof the Facsimile executablewill
bedistributedwith the setup.

2.1.1 IDL

The currentversionof EASY workswith IDL versions5.1 and5.2 on WindowsNTe version4.0
(ServiceRck3)andon IBM WorkstationusingAlX. Evenif you recompilethe IDL codethe pro-
gramswill notwork with versionsof IDL before5.00sinceweuse’[ . . . ]’ for arraysubscribting.

In orderto run EASY it is not necessanand not advisedto compilethe programyourself. For
the differentversionswe provide a setof easy_*. sav files which includeall routineswhich
arerequiredto run the program. However, you shouldhave accesgo theeasy_st art up. pro
routinewhichloadstheeasy_*. sav file into your IDL session.

2.1.2 FACSIMILE

A Facsimile executablds foundwithin this distribution. It wascompiledusingthe Lahey Fortran
90 compilerV4.5for 32-bitWindows systemsandthef77 compilerfor AIX usingtheusubr x. f -
file containingthei-o routinesfor large inputandoutputfiles. This versionof EASY doesnotrun
with the standardexecutableof Facsimile sincetheusubr * routinesarerequiredfor properfile
i-0.

Forschungszentrurddlich is the owner of a Facsimile site license. The programmust not be
distributedoutsideForschungszentrudilich without a permissiorof AEA Technologyto do so.

2.2 Setup

TheEASY files arelocatedon
i ch227.ich. kfa-juelich.de/usr/local/icg/icg/idl _source/easy
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2.2.1 directoriesand files

All files arewithin thedirectoryeasywith a numberof subdirs:

easy
program containingprogramcode
idl idl inputfiles
*. pro
easy. sav

facsimile facsimileexecutable
facsi mb. exe

doc documentatiomndinfo
easy_doc. htn
node*. ht m
easy_doc. ps

data inputdataandexamples

defaults usefulldefinitions
* dat
defaul ts.txt
alias. txt

alpha testuserscriptgluringthealphatestingphase
al pha001. easy
al pha002. easy
al pha003. easy

testv2 testsfor theversion2
*. easy
incoming directoryfor exchangewith testusers
install directoryfor thelocalinstallationcontaining
easy_install.cnd for aguidedinstallationfor WinNT4.0
easy_renove. cnd for removal of easyon WinNT4.0
Themostcorvenientway to useeasyis viathe. . /i dl _sour ce/ easy/ .. .. directorywhich
canbe usedfrom both Windows and Unix systems.This directorywill alwayscontainthe latest
availableversion.

If youwantalocal copy of easyit is advisedto copythewhole structureontoyour workstationby
theusingtheeasy i nstal | . cnd procedure.

2.2.2 Environmentvariables

Be sureto have a numberof ervironmentvariablessetto the respectie values.The valuemay be
differentfor differentworkstations Pleaseseeyour systemadministratoiif you arenot sureabout
thesesettings.
EDITOR editorprogram

WINNT: C: \ pr ogr anmre\ pf e\ pf e32. exe

Unix: export EDI TOR=em
BROWSER html browserprogram

WINNT: C: \ pr ogr anme\ net scape\ navi gat or\ pr ogr am net scape. exe

Unix: export BROWBER=net scpe
GSVIEW viewerprogramfor postscripfiles

WINNT: C: \ Progr amme\ gst ool s\ gsvi ew\ gsvi ew32. exe
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Unix: export GSVI EWgv

FACSIMILE facsimileexecutable
WInNT: C: \ easy\ program facsi m | e\ facsi nb. exe
Unix: export FACSIM LE=/.../facs_aix

EASY_DIR directoryof theeasyprogramfor searclpurpose®f files
WInNT: C: \ easy
Unix: fusr/ .../ easy

2.3 Getting started

TheEASY environmentis startedwithin IDL.
1. startIDL

2. loadprogramsar file
IDL> easy_startup

3. runEASY in theinteractve mode
IDL> easy

Youwill beaskedor afile name*. easy andyoucan

Thefollowing keyword canbeusedwhencalling EASY

ITEST_ENVIRONMENT testthesettingof the ervironmentvariables
INEW_EASY_FILE opentheEASY usermanual(this file in ghostviev), do notrun
/HELP _.VIEW openthe EASY usermanual(thisfile in ghostviav), donotrun
/SHORT_HELP displayashorthelpinformationmessag&indow, norun
INO_MESSAGE quietmode,nomessagem thescroll IDL area

[FILE _MESSAGE write messagemto file

INO_TIMING notime informationin the messagéile

ITEST_ENVIRONMENT checkenvironmentvariablesonly, do not run compilation
/HALT_ON_ERROR haltonerroranddisplaytracebackinfo (for developingpurposes)
NVIEW _HTMLFILE starthtml browserto

/EDIT _USERFILE edittheuserinputfile beforestartingthe compileprocess
IGSVIEW _PSFILES view thepostscriptoutputfiles aftertherun
INO_CREATE_MODEL donotcreatethe modelsar file

INO_FACSFILE donotcreatethefacsimileinputfile

INO_HTML _FILE donotcreatethehtml file

/INO_RUN_FACS donotrunfacsimilefrom asa spavnedprocess

ISENSITIVITY runfacsimilefor the specifiedsensitvity studies
/ANALYSIS.TOOLS loadanalysigoolsfor output(UNDER DEVELOPMENT)
/IKEEP _SENSFILES keepsensitvity filesafterrun

INO_DIAGNOSTICS donotrunthediagnosticsi.e. donot createpostscriptplots
/INO_INTERACTIVE donotrunthewidgetinterface

To starteasyin thenon-interactie mode with messagewrittento file andstopon errorthefollow-
ing call shouldbeused:
IDL> easy, /NO_INTER, /FILE_MESSAGE, /HALT_ON_ERROR

NormallyyoustartEASY usingtheinteractive widgetervironmentwhich allows youto specifyall
optionsby checkingthe appropirateboxesin the widgetwindow. To starteasyin the interactive
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modejustuse:
IDL > easy or specifyafile name
IDL> easy /home/i ch399/ data/test/test1234



Chapter 3

Command Syntax

This chapterdescribeghe syntaxfor the userinputfile (calleduserfile;* . easy) for EASY. The

purposeof this syntaxis to provide a corvenientinterfacefor the creationof Facsimileinput files.

Thusthis syntaxis intendedo be closelyrelatedto commonlyusedsyntaxfor chemicalreactions.
Eachof thefollowing sectiongdescribe®neof the possiblecommands.

Theuseffile isaplain ASCII file. It mustnotcontainUmlaute or otherspecialkcharactersMultiple
white-spacecharacterdike SPACE and TAB arenot requiredandareremoved beforeprocessing
starts.

Therearethreetypesof commandsised:

pre-processor thiscommandsvill beexecutedbeforewriting thelog file
include
Comments
Continuationlines

reactions reactionsareidentifiedby a specialsyntax
B

assignments definitionsof variablesnamesfunctions,etc. suchas:
INPUT, FUNCTION, K, CITE, GEOMETRY, FILES,INITIAL, ...

multi-box-assignments specialsyntaxfor definitionsof variablespamesfunctions,etc.

Thesetypeswill beexplainedin thefollowing sections.

3.1 Pre-processorcontrol

A preprocessowill be executedbeforethe userinput file is interpreted. This preprocessowill
includerequestednformationfrom otherfiles, will remaove all commentsandwill resohe all con-
tinuationlines. The outputof the pre-processowill be written to the el og file. This file is an
interpretedcopy of the userfilewhich canbe usedascontrolandasan inputfile to beincludedin
new userscripts.

3.1.1 Included files

The compiler can read one or more other userfileswhich are included via the '#i ncl ude’
directive:
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; read versionl

#i ncl ude versionl. defaults

;. overwite with version 2

#i ncl udeversion2.defaults

; user defined include
#include my_| ast _userfile.txt

Only onelevel of includefiles is processed.If you wantto include more levels of includefiles,
be sureto processyour files before. Multi level includescanbe doneusingtheget _i ncl udes
function of IDL. The files to be includedare searchedn the path specifiedin the EASY_DI R
ervironmentvariableexpandingthetreeof this directorythroughall levelsif youhavea’ +' sign
in front of the path.

3.1.2 Commentsand Continuation lines

Commentsandcontinuationiinesarehandledasin IDL . pr o files. Commentsareseparatedrom
codeusinga’; ' characteatary locationof theinputfile. Any text behind’; ' until theendof line
will beignored.A EASY inputline is not (really) limited in length(< 32767chars.).However, if
youwantto breakthelinesfor betterreadabilityyou mustusethe’$’ attheendof eachline which
is continuedn thefollowing line.

; this is a conment
A3=FUNCTI ON(%4*3.) ; this is also a conment
A = FUNCTI ON( $

Ww * R/ 9B )

3.2 Reactions

3.2.1 Defining areaction

Thereactionof the chemicalsystemaredefinedusingthefollowing type of command
| f1* panel + f2 * pane2 --> f3 * nane3 + f4 * naned |

Thesidesof thereactionareseparatethy a’- - >’ stringwhile theseparatobetweerthereactants
"nanme’ on eachsideis '+'. An optionalstoichometricf act or’ is separatedrom the nameof
thereactanby '* .
As afirst stepEASY is runninga programwhich simplifiesthe respectie sidesof the chemical
reactionin orderto identify equalreactions
2*NO + @2 --> N2 + N2
NO+tQ2+NO --> 2.00 * N2
Thesereactionwould be identified as one entry, sinceboth sidesof the reactionwould give the
samesetof namef thereactantsvith the samesetof stoichometridactors.

However, reactions

H+CO-->C +H

HO + CO--> C»2 + H
would be identifiedastwo differententriesto the databasef reactionssinceCH is differentfrom
HO. You canusethealiascommando identify OH andHO asthe samecompound:
| ALIAS[ OH| =HO |
All occurrencesf HOwill thenbe corvertedto OH beforeprocessingPleaseeepin mind thatthe
nameof thesubstancearecase-sensie.
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3.2.2 Un-defining areaction

Thereis alsoan un-definingcommandvhich hasthe samesyntaxasthe previous commandout it
remosesanentryfrom the setof reactionsused:

| f1* namel + f2 * nane2 -/->f3 * nane3 + f4 * nane4 \

Undefiningareactionis especiallyusefulif you areusinga pre-definedeactiondatabaséo discard
afew reactions.

OHCH4 --> 1.5*CO + H20
O#+1.5*CO --> CO2 + 1.0*H

; define NO2/ NO3/N2Cb system
N2 + B --> NdB + Q2

N2 + NGB --> N2Cb
NO2+NGOB- - >NO+OH+(O3

; now undefine 2 previous reactions
N2 + B -/-> N&B + 2

N2 + @B -/-> N2Cb

; define a new conbi ned one
2*N2 + B --> N2+ 2

Example 3.1: Defining and undefiningreactions.Pleasekeepin mind mind thatalwaysthe lastcommand
in ainput file matters.l.e. informationreadfrom anincludedfile is insertedexactly at the
locationwherethe#i ncl ude commandappears.

3.3 Assignments

Thecommandinesin this sectionhave the generalppearance
‘ name[identifier]{optional} = functionnanme(argunents)

The following sectionsdescribethe differentassignment.In generalyou can assignary name
to ary function or variable as long as this nameis differentfrom ary of the commands. It is
alsoadvisedto useT for temperaturén K sincethis parameteis usedfor the calculationof rate
constantsvith Arrheniusexpressions.

3.3.1 Parameters

Parametersare definedby the usereitherto a returnvalue of a function or an elementof atime
seriedo bereadfrom adatainputfile:

par anmet er _nane = functi onname(argumnents)
par anmet er _nane = | NPUT( COL=nnn)

The 'argunent s’ of the function can be ary other parameteror const number If
'par amet er _nane’ is equalto the name of a specieswhich has beendefinedin one of
thereactionghenthis speciess considered parametenotavariable,.e. it doesnotappeaonthe
left sideof the differentialequation.For the optionsof the’'| NPUT' commandseesection3.3.4.
'par amet er _nan®' shouldnotbeoneof theresered nameswvhich areusedfor commands:

FI LES I NPUT K I NI TI AL ALI AS
FUNCTI ON UNI' T CITE FACS PLOT
GEOQVETRY

The parametersanbereadfrom aninputfile or be definedasa function of otherparametersAll
speciesanbeeithervariableqappeaon theleft sideof andifferentialequation)or parameters.

Thoseparametersvhich are readfrom an input file mustbe columnsof the input file which is
specifiedoy the’FI LES[ dat ]’ or'FI LES[ enz]’ command.
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T = CONST(295.)
=)

= CONST(1013.)
CH4 = CONST(2.5E19*1. 9E- 6)
CH4 = | NPUT(COL=4)
OH = CONST(5. e6)

XT = CONST(1./T)
Example 3.2: Defining parameterasfunctionsandfrom datainputfiles.

FI LES[ DAT] =f i | enane
FI LES[ ENZ] =f i | enane

3.3.2 Functions

Thefunctioncommands usedto assigna nameto a functionwhich canbeusedto assigndatato a
parameter

| function_name = FUNCTI ON code_of _functi on] |

code_of function canbeaary mathematicabperationwhich canbe expressedy the op-
eratorsavailable in the Facsimile commandlanguage. (binary operators: + - * /| @
unary functions: sin(..), cos(..), exp(..), log(..), 10g10(..), artan(..),
tanh(..), randm(..), abs(..), sign(..) and binary functions: amax(..),
am n(..), amod(..) ) Positionalagumentswhich are usedduring the function call are
numberedrom %, %2,

CONST=FUNCTI ON[ %4]

DENSI TY=FUNCTI ON[ %4/ (9%2* 1. 379E- 19) ]

ARRH=FUNCTI ON[ %d.* exp( %2/ T) ]

TROE=FUNCTI ON[ MF94*(300./ T) @R $
/(1. +Mo9*(300./T) @R/ (98*(300./T)@4)) $
*0.6@1./(1. +(loglO(Mo%*(300./T) @R $
[(98*(300./T)@#)))**2)) ]

Example 3.3: Functiondefinitionsfrom thefile defaults.txt.It is advisedto includedefaults.txtin all user
scriptsin orderto have a properdefinition of Arrheniusand Troe functions. The function
CONST is necessaryor assigningary value. It is not valid to write ABC=5. you mustuse
ABC=CONST(5. ).

3.3.3 Initialize

Theinitial commands usedto assigna startvalueto a variable
‘ I NI TI AL[ vari abl e_name] =f uncti on_nane( par anet er s)

wheref unct i on_name canbeaary functionwhich hasbeendefinedin this userscripor ary of
includedfiles. var i abl e_name canbeary nameof a speciesn areaction. Thiscommands

I NI TIAL[ *] =CONST(1) ; initializes all parameters to 1
| NI TI AL[ OH] =CONST( 1ES6)
| NI TI AL[ C3] =CONST( xC8* M 1E- 9)

Example 3.4: Initializing variables

only valid for variables.If a speciess a parametethenthis commands disregarded.

3.3.4 Input

Theinputcommands usedto assigna nameto the datasetin the datainputfile. Thenamecanbe
ary speciesn a chemicalreactionor a parameteto be defined.A columnof the datafile is called
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byusingadat a_set _name exactly like theheademwf oneof thedatacolumnsin thefile or via a
columnnumber(thefirst columncorrespondso nnn = 0).

I NPUT( COL=nnn)

| NPUT( dat a_set _nane)

Thecolumnwith thename’'TI ME . . .’ is alwaysassignedo thetime of therun. This columnis

necessaryor the operationof the model. You mustnot assignthe parametetime. However you
canassignthe columnwith timeto ary otherparameter

par anet er _nane
par anet er _nane

O3 = | NPUT(COL=3)
TC = | NPUT( TEVP)
xx = | NPUT( Tl VE)

Example 3.5: Gettinginput from the datafile

3.3.5 Alias

Alias namesareusedto identify speciesvhich areidentifiedby differentnames:
| ALI AS[ nane0] =nanel nane2
If namel or nane?2 arefoundin thelist of reactantsheir nameswill bereplacedoy nane0:

HO+ CO--> CO2 + H
ALl AS[ OH] =HO hydr oxyl

wouldbe corvertedto
| CO+ H-->C® + H |
commonexamplesare Theseandothercommonalias namesare definedin the file alias001.txt

ALl AS[ OH] =HO hydr oxyl
ALl AS[ HONQ =HNO2

Example 3.6: Alias namesdemonstrated

whichis partof this distribution.

3.3.6 Units

not yetimplemented/ under construction

All calculationdn the Facsimile arein unitss,cm-3,K etc. To corvert unitsfor inputandoutput
of datause:

‘ UNI T[ speci enane] =uni t nanme

examplesare:
UNI T[ NGB] =ppt
UNI T[ G3] =ppb

3.3.7 File names

EASY filenamescanbe setthroughthefiles command:

| FILES[defaul t_extension] =filenane

wheredef aul t _ext ensi on is usedto identify thefile type. Valid typesare
DAT datainputfile for Facsimile specialformat®

datfiles useoneline of headewith ’,; separateentries. all otherlines of the files areinput datarecordswhich
containnumericalinputonly.
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ENZ datainputfile for Facsimile usingthe enz? file style

ELOG logfile afterpreprocessinthe userscript

HTML html documentescribingall variablesusedfor writing thefacsimilefile

FAC facsimileinputfile

OUT facsimileoutputlog file

CS facsimileoutputdatafile for concentrationandparameters

PD facsimileoutputdatafile for productionanddestructiorrates

KV facsimileoutputdatafile for theactualvaluesof therateconstantgandreactionrates
TR facsimileoutputdatafile for the actualvaluesof thetransporimatrix andmixing ratios

Only dat /enz and easy files areinput, all other are producedby the program. In addition
postscriptgraphicfiles are producedfrom the cs, pd, t r, andkv files. Thesefiles have’. ps’
appendedo therespectie file namesf the outputdatafile.

FI LES[ ENZ] =nast er 1. enz
FI LES[ ELOG =ny_| og

FI LES[ HTML] =XXXXX

FI LES[ FAC] =i nput 1

FI LES[ QUT] =i nput 1

FI LES[ PD] =pd123. dat

FI LES[ CS] =cs. dat

FI LES[ KV] =abc

FI LES[ TR] =abc

Example 3.7: File definitions. In normaloperationit is not necesarryto usethesecommandsinceEASY
will choosehe projectnamaevith therespectie defaultextensionto createafilename.

If fil enane includesan extensionthe extensionin f i | enane is used. If no extensionis pro-
videdthedef aul t _ext ensi on will beattachedo thefilename.If nofilenameis providedfor a
certainfiletypethenameof theuserscripwill beused.Pleasekeepin mindthatFacsimile requires
DOStype(8.3)filenames.

3.3.8 Citations

Shorttagsfor literaturereferencesanbe definedby thefollowing :
‘ cite_short=CITE[l ong citation text] ‘

whereshort _ci t e is a string (no spacesyefininga tag which canbe usedto identify certain
reactionratesbelongingto a dataset. An examplefollows:

JPL94=Cl TE[ DeMbre et al., JPL Reference Publication]
k[ OH+CH4- - >CH3+H2Q] { JPL94} =ARRH[ 2. 7E- 12, 1800]
k[ OH+CH20O- - >HCO+H2Q) { JPL94} =CONST[ 1. E- 11]

Example 3.8: Usageof citations: The parametedPL94is usedasa shortcutfor the full reference.

3.3.9 Facsimileparameters

Facsimile canbeinitialized with somespecialparameters:

2enzfilesusealine &8&&&& asseparatobetweerheadeanddata. TheheademustatleastcontainCOLUMNx=text
for eachdatacolumnandNUMBER OF COLUMNS=n. Furtheranddetailedinformationcanbeaccesseffom ICH313
homepageor at http://ich313.ich.kfa-juelich.de/dataformat.ttowever, the datamustnot containary non numerical
inputwhichwasallowedin earlierversionsof theenzformat.



14 CHAPTER 3. COMMAND SYNTAX

FACS[ HVAX] = val ue

FACS[ OQUTSTEP] = val ue

FACS[ STEADY_STATE_TI ME] = nunber of seconds

FACS[ USUBR MsGl = 0 / 1
Noneof theseparameterss requiredfor a standardun. Thetime frameof therunis providedby
theinputfile andoutputis written at eachnew recordfrom thisfile.

You might usethefollowing datafile for a simulationof 1day:

time
0
43200
86400
-1

Example 3.9: Datafile for aonedayrunin the DAT formatwith outputatOh,12h,24h

If youwantto have additionaloutputat othertimesyou mighteitheraddlinesto thedatafile or you
mightspecifythe OUTSTEP keyword like in thefollowing example:

FACS[ OUTSTEP] = 300

Example 3.10: Using the outstepparameteto specifyoutputevery 5 min in additionto the outputdefined
by theinputfile.

If youwantto run a steadystaterun you mustspecifythetime afterwhichyouthink the steadystae
is reachedPleasspecifythe STEADY _STATE_TI ME keywordlike in thefollowing example:

FACS[ STEADY_STATE_TI ME] = 864000

Example 3.11: Using the steadystatetime parameteto specifya 10-dayapproximatiorof the staedystate
for eacheachinputdataset.

3.3.10 Plot Parameters

Theplot parameterareusedto setupthe stylefor thediagnostiglots

PLOT[ r ows] =nunber _of _r ows

PLOT[ col s] =nunber _of _col utms

PLOT[ merge] =0 or 1

PLOT[ r ef _dat €] =dd. nm yyyy hh: nm ss

PLOT[ r ef _dat €] =use

PLOT[ | andscape] =0 or 1

PLOT[ pageti tle] =t ext

PLOT[ stanp] =-1 or 0 or 1

PLOT[ ski p] =

PLOT[ nmi ssv] =nunber

TheparametePLOT[ r ef _dat €] caneitherprovide areferencadatecorrespondingot i ne=0
or if PLOT[ r ef _dat €] =use is setthe referencetime TI ME/ SEC SI NCE dd. mm yyyy
hh: nm ss provided by the input datafile is usedfor plotting the time axis. If this parameteis
notsettheaxiswill bein secondsasgivenby theinputfile.

3.4 Multi box assignments

Thecommandinesfor multi box problemdiffer slightly from their previously definedcommands.
In generalthereis anoptionalagumentbox_i ndex whichis setin <. . . > brackets.
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name[ i dentifier]<box_index> = $
functi onnanme(<argunents, .... >)

Nearly all commandsf section3.3 can be modifiedin orderto assignparameterso arraysof
boxes. SinceEASY canwork on 1-dimensionaproblemsonly thereis only oneadditionalindex
for thebox number

3.4.1 Geometry

Facsimile canbeinitialized with somespecialparameters:

GEQVETRY[ NBOX = nunber _of boxes
GEQVETRY[ BODY] = type_of body

GEOVETRY[ DELTA H] =<t hi ckness_of | ayer>
GEOVETRY[ AREA] = <ar ea_between_| ayer s>
GEOVETRY[ VOLUVE] = <vol une_of the_ | ayer>
GEQOVETRY[ K_D] =<exchange_par anet er >
GEQOVETRY[ LENGTH] = <I engt h>

Theseparameterarenotrequiredfor abox model,sincenovolumedependedermsarecalculated.
For a 1-d model you must at least specify the numberof boxes GEOVETRY[ NBOX] and the
exchangeparametelCEOVETRY[ K_DO . All parameterareassumedo be in the sameunits. If

you specifythelayerthicknessn metersthe exchangeparameteis givenin meters/sec.

The GEOVETRY[ BODY] commandhasseveral options. It canbe setto ONE of the following
values:SPHERE TUBE BARREL CUBE andCOLUMN Thelatteris the defaultsetting. Fromthese
body parameterand the respectie thicknessspacingthe volume and surfaceareaof a layeris
calculatecandusedfor the calculationof the transporfrom oneboxto oneor neighboringooxes.

3.4.2 Other commands

All parametergnd initial valuescan be setdifferentfor eachbox of the model. However, the
rateconstant®f reactionsandthe setof the reactionghemselesarearethe samefor every box.
However, you can introduceparametersnto reactionsor rate constantsn orderto run different
chemistrymodelsin thedifferentboxesof the model.

GEOVETRY[ NBOX] =3

GEOMETRY[K Dj=<.5, .5, 1.>
A-->B

B-->C

k[ A --> B] =CONST( bet a*al pha)
kK[ B --> C] =CONST( bet a*al pha)
al pha<*>=0. 01

al pha<1>=0

bet a=ARRH( 1E- 12, 200)

Example 3.12: 1d model

3.5 Sensitvity Studies

Sensitvity analysisallows the re-executionof the amodelwith oneinput parametechangedy a
factor With syntaxfor sensitvity you canspecifyanarbitrarynumberof factorsin orderto change
theinputparameter dent i fi er overawiderangeof values:
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SENSI TIVITY[identifierl]= factorll, factor12,
SENSI TIVITY[identifier2]= factor2l1, factor22,
SENSI TIVI TY2[identifier2]= delta
Pleas&keepin mindthatfor every factora full modelrunwill be executedwhich mightneedmuch
computertime. Evenif the SENSI Tl VI TY commandis presentin the EASY scriptit mustbe
startedvia the/SENSITIVITY keyword or via the sensitvity checkbox of thewidget.

Thesensitvity 2

3.6 Analysistools

The outputof the EASY modelrunsis corvertedinto time seriesplots asfirst level tool for the
analysisof the output. However, oftenit is requestedo have correlationsbetweendifferentinput
andoutputvaluesof themodelor to getanovervien overthe budgetsor ...

Theselectiormenu
Proposedtructureof aanalysismenu:

o selectionof analysis

o selectionof columng/ filesto berequested

e outputof theselecteccolumnsin singlefile !!
plot of selectedcolumnsversusoneothercolumn
correlationanalysis



Chapter 4

Examples

In this chaptera few simpleexampleswill shov the applicationof EASY. All exampleswill be
distributedwith the EASY programfor testpurposes.

4.1 Two coupledfirst order reactionsin onebox

In thefollowing we will simulatethereactions

A= B—=(C

; wite down the reactions
A-->B

B -->C

; wite down the reaction constants
k[ A --> B]{ex1}=CONST( LAVBDA/ 200.)
k[ B --> C] {ex1} =CONST( GAMV& 400.)
; define the function used
CONST=FUNCTI ON( %)

; initialize the variables

I NI TIAL[ *] =CONST( 1.)

I NI TI AL[ A] =CONST( 1000. )

; define the scaling factor
LAVBDA=CONST( 1. )

GAMVA=CONST( 1.)

; set facsinile paraneters

FACS[ HVAX] =2

FACS[ QUTSTEP] =20

; input data file

FI LES[ DAT] =1000sec. dat

; cite

ex1=Cl TE[ exanpl el]

Example4.1: EASY codefor asimplesetof 2 coupledreactions.

If you runthis exampleyou startIDL inthe easy\ program i dl directory

IDL> easy_startup
IDL> easy, '..\..\data\exanpl es\exanmpl 1’

thefollowing outputwill beproduced:

¢ log file includingall command®f theuserfileandtheincludedfiles
o hypertext mark-uplanguagdile

17
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facsimileinputfile, the programcodeto run Facsimile: exampll.fac
facsimileoutputfile, the statusreportof the facsimilerun
dataoutputfile for concentrationandsettings

dataoutputfile for productionanddestructiorrates

dataoutputfile for rateconstants

postscriptplot for concentrationandsettings

postscriptplot for productionanddestructiorratesexampll1.pd.ps
postscriptplot for rateconstantexampll.kvps

4.2 Diffusion of onespecies

columnshapediffusion,onespacecoordinatex

oC 8 oC

- 4.1
ot ( ( ) Yz >0 ( )
_ # 0 \V/Z < ZO
@={l0y vos 2z (4.2)
FI LES[ DAT] =1000sec. dat
MECONST( 2. 5E19)
Q=CONST( 0. )
WECONST( 0. )
Q<0>=CONST( 1E10)
WE£8>=CONST( 1E10)
Q->A
k[ @ ->A] {} =CONST(1.)
A-->
k[ A- - >] =CONST( . 01)
A+ W-->
K[ A + W->]{}=CONST(.01)
GEOVETRY[ NBOX] =9
GEOVETRY[ BODY] =COLUWN
GEOVETRY[ K_DJ =<. 4>
GEOVETRY[ DELTA H| =<4. 19, 29. 3, 79. 6, 155, 256, 381, 532, 708, 909>
| NI TI AL[ A<0>] =CONST( 2. 5E10)
I NI TI AL[ A<1: 8>] =CONST( 1. 0)
FACS[ HVAX] =1
FACS[ OUTSTEP] =5
Example4.2: EASY codefor diffusionof onetracerin acolumngeometry
Sphereshapediiffusion,onespacecoordinate:
oC 1o, 6,00, C
= kp—— - , 4.
ot kD'rQ(?r(r 8r) T +Q(r) vr>0 (4.3)
Fort — oo thestationarysolutionwith arectangulasourcedistribution
_ 75 0 Vr < Rg
=110 w> g (4-4)
andtheboundaryconditionC'(c0) = 0 is givenas:
C(r)= anp( r/B) with S=+Vkp- T (4.5)



4.2. DIFFUSION OF ONE SPECIES 19

Theintegrationconstantx canbe obtainedby integratingthe profile C'(r):

477/ C(r)yridr = 477&/ exp(—%)rdr =4r-a-kp-T (4.6)
0 0

Understeadystateconditionsthevalueis equalto the productof sourcestrengthandlifetime @) - 7
yielding

1@
Thetime dependensolutionfor Q(r) = 0 andC'(r,t = 0) = §(r) is givenby
C(r,1) = (mkpt) ™/ < exp(= 7o) x exp(—1) @8)
r,t) = (4mkp X exp Thpt X exp = .

FI LES[ DAT] =1000sec. dat
M=CONST( 2. 5E19)
Q=CONST(0.)
Q<0>=CONST( 1E10)
Q->A

k[ @ ->A] {} =CONST(1.)
A-->

K[ A- - >] =CONST( . 02)
GEOVETRY[ NBOX] =12
GEQVETRY[ BODY] =SPHERE
GEQVETRY[ K_DJ =<. 05>
GEOVETRY[ DELTA H =<1.,1.,21.,1.,1.,1.,1.,1.,1.,1.,10.,100. >
| NI TI AL[ A] =CONST( 0. 0)
FACS[ HVAX] =0. 1

FACS[ QUTSTEP] =1

Example 4.3: EASY codefor diffusionof onetracerin aspheregeometry(di f f _t 1. easy)




Chapter 5

Frequently Asked Questions

5.1 relevant newsgroups

Q: Which arerelevant newsgroupsand information on the web
A: kfa.icg3.forum.idl

kfa.icg3.forum.modell

kfa.forum.idl

5.2 FACSIMILE

Q: Is there a sizelimit for arrays in Facsimile ?
A

5.3 IDL

Q: Which versionsof IDL canbeused?
A:IDL5.0,5.1,5.2,...

5.4 Easy

Q: What is the maximum number of reactions,speciesegtc. ?

A: We never testedthatsofar. However, thereis a limitation readingthe outputfiles with IDL in
orderto producepostscripfiles. A singleline of datamustnot exceed65534charof inputwith is
amaximumof about4600columnsin oneof the outputfiles.

Q: When are speciedn reactionsparametersand variables?

A: If aspecienameoccurson theleft sideof anassignmenit is alwayssetto a parameteandit
occursin thesettingssectionof html file. All otherspeciesareassumedo be variables.

20
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Thingsto do

analysistools budget
sensitvity
scatterplotsnecessary
Theanalysigoolsarestill in a preliminarystatus

21



Chapter 7

Releasanotes

7.1 notes:1998-july-20

VERSION Versionnumbemow 2.9a

facsimilecode IMPORTANT CHANGEIN FACSIMILE CODEGENERATION
during a changein the facsimilecodegeneratiorthe calculationof settingswere cor
rupted.An errorin thefacsimilecodecouldoccurif asettingwasfunctionof another
setting. Also an errorwith time handlingin the facsimilecodewascorrected.Please
seetheoutputof your modelrunsor askTheoBrauersor FranzRohrerfor furtherinfo.

7.2 notes:1998-july-14

analysistools plot environmentconnectedo analysis

facsimile code worksnow with onespecie ponereaction,and/oronesetting. However, oneentry
is necessarjor eachfield.

7.3 notes:1998-may-4

analysistools new sectionwith analysigsoolsUNDER DEVELOPMENT
sensitivity analysis new sectionwith sensitvity toolsUNDER DEVELOPMENT

7.4 notes:1998-may-12

warnings extendedwarningshandling(functions,plot parameters,)

7.5 notes:1998-apr27

sensitivity new sensitvity section

7.6 notes:1998-jan-31

reactionhandling substanc@amesn reactionarecasesensitie
testof multi box column,spherefubeandbarrelgeometry

22
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search path for included and datafiles via ervironmentvariableEASY_DIR

7.7 notes:1998-dec-22

new plot parameters someof the plot optionscanbesetin theuserfile

newwidgetinterface mostof the optionscan be called throughwidget. /NOINTERACTIVE
keyword for classicstyle

input of enzfile new FILES[ENZ]=....directive

facsimile  new versionwith largely enhancedarray sizesand a interfaceto enzfiles via the
usubr0... usubrSinterface

7.8 notes: 1998-feb-25

renameto easypro etc. the new versionis now called easyandthe programwill be called by
easy....

7.9 notes: 1998-feb-24

newversion of XXX.sav etc.

7.10 notes: 1998-feb-20

FILES command files commanddefaultext .DAT for datafile to be readfrom Facsimile (see
easyl3thog)

UNITS command unitscommancdotyetimplemented

7.11 notes:1998-feb-19

dosnames dosnamesarerequiredfor all files usedby Facsimile
model2facsimile changedsetto nvarin outputloop (seeeasy13thog)
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