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ABSTRACT

This document contains the minutes of the 17th European Thermal and ECLS
Software Workshop held at ESTEC, Noordwijk, The Netherlands on the 21st
and 22nd October 2003. It isintended to reflect all of the additional comments
and questions of the participants. In this way, progress (past and future) can
be monitored and the views of the user community represented. The fina
schedule for the Workshop can be found after the table of contents. Thelist of
participants appears as the final appendix. The other appendices consist of
copies of the viewgraphs used in each presentation and related documents.
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1. Tuesday 21 October 2003: M orning Session

1.1. Welcome and I ntroduction

C. Stroom(ESA/ESTEC)greetedhe participantso the workshop,gavethe objectivesof the
workshopandintroducedvariousmemberf theworkshoporganizatiorteam.(SeeAppendix
A)

1.2. ESATAN, FHTSand ThermXL current status

H. Brouquet(ALSTOM) describedhenewfeaturesavailablein themostrecentreleasesf the
tools. (See Appendix B)

H. Peabody(TMS) askedwhethertherewasa possibility of transposinghe comma-separated
valueoutputproducedby the new ESATAN outputroutinesto avoidthe “256-columnlimit”.

H. Brouquetsaidthat it was Excel which waslimited, not ESATAN, but evenso, it wasn't
possibleto transposéhe columns.H. Peabodysaidthathe hadoftenneededo work the other
way, with valuesacrosghe columnsandnodesdowntherows. Theability to transpos¢hedata
was useful when dealing with a large number of nodes.

1.3. THERMICA - news of the year

M. Jacquiau (EADS-ASTRIUM) presentedsome of the latest features being added to
THERMICA anddescribedhe currentpriorities for future work, basedon a surveyof users
within Astrium. He also commentedon dataexchangessues,the Astrium position on the
harmonisation activities, and THERMICA funding and licensing. (See Appendix C)

R. Schlitt (OHB System)noted that the CAD interfaceto THERMICA which had been
describectontainedbothSTEPAP203andCATIA solutions He askedvhy bothwererequired
whenit shouldbe possibleto importa CATIA modelusingSTEP.M. Jacquiatsaidthathehad
first wantedto supportonly a STEPinterface,but hadfound in practicethat the amountof
informationcontainedn the STEPfiles madethemvery largewhencomparedo similar files
in the native CAD formats.Thereforeit wasmoreefficientto usenative CATIA files directly.
He notedthat the OpenCascadébraries provided accessto both STEP and CATIA files.
HP.deKoning (ESA/ESTEC)saidthathis understandingvasthatthe CATIA importfacilities
of OpenCascadwere not availablefor free. M. Jacquiauagreedthat they were not free to
developerdout the import facilities were free for end users,althougha CATIA licencewas
needed during the input of the CATIA model.

M. Molina (Carlo GavazziSpace)askedaboutthe new functionality for calculatingthermal
radiationforceson spacecraftHe wantedto know the magnitudeand relative importanceof
theseforces,and which sort of applicationrequiredthis information. M. Jacquiausaid that
Boeinghadaskedfor this functionality, but Boeinghad not given any informationaboutthe
applicationarea.He thoughtthatit might relateto GPSsystemsHP. de Koning commented
thatthe forceson the solararrayswere significantfor GPSsatellitesbecause¢hesehadtight
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pointingrequirementsM. Jacquiawsaidthatthis relatedto emissionfrom thermalradiators:f
thetemperatureacrosgheradiatorsverenot uniform, thenthedifferencein thermalradiation
forces could result in a slight torque on the spacecratft.

O. Pin (ESA/ESTEC)askedwhy M. Jacquiaudid not considerTASverterasa suitablelong
term solutionto the dataexchangegroblem.M. Jacquiausaidthat he did not haveall of the
technicaldetailsof TASverter,andthereforedidn’t know whetherTASverterwould be well-
suited for the long term. He wanted to be pragmatic and take the best solution.

F. Boursier (EADS-SPACE) noted the description of using NTP files to visualize the
temperatureesultson the THERMICA model.He wantedto know how to produceNTP files
in ESATAN for usein THERMICA. Wherewasthis documented®. Jacquiatansweredhat
this wasdescribedn oneor two pagesn the THERMICA documentationHe suggestedhat
anyoneneedinghelpwith this shouldcontactAstrium for help. Therewasa subroutinefreely
providedby Astrium aspartof the THERMICA distribution,which neededo be calledfrom
within theESATAN code He saidthatthis subroutinavasnotavailableassourcecode butthe
same routine for SINDA was.

J.Kanis (Dutch Space)said that one limitation of THERMICA was the lack of boolean
operation®n surfacesHe wantedto know whetherthesewereplanned M. Jacquiawsaidthat
hehadnotgivenanyinformationaboutTHERMICA versiond, butoneof thefirst requirements
wasfor booleanoperationsaandthe managementf morecomplexshapesHe saidthattheray-
tracing code was ready to handlebooleanoperations but the modeller and the rest of the
frameworkwasnotyetcomplete Thepurecalculationpartwasalreadyavailablefin version4]
and confirmed that THERMICA would handle boolean operations in future.

1.4. ESARAD current status

B. Castelli(ALSTOM) describedhenewfeaturesn therecentreleaseof ESARAD suchasthe
Improvedspacecrafpointingoptions,the simplified languagdor invoking the calculation the
NASTRAN modelimport facility, andthe first stageof the automaticconductorgeneration.
(See Appendix D)

H. Peabody(TMS) askedwhetherthere were any plansto supportBAR elementsin the

NASTRAN importfacility aswell asthe TRIA andQUAD elementsB. Castellidid notknow.

H. Peabodyexplainedthatthe BAR elementwasa linear conductorandwould easilyconvert
to ESATAN. He saidthatit wasusefulfor electronicboxesattachedo plates.B. Castellisaid
that this functionality had only recentlybeenreleasedand he welcomedany userfeedback
aboutit. C. Kirtley (ALSTOM) stressedheneedfor userfeedbackn orderto providetheusers
with what they really wanted.

S. Appel (ESA/ESTEC)askedwhetherthe NASTRAN interfacejust provideda list of shells
from the databasewvhich the ESARAD userthen neededio combinemanually.B. Castelli
confirmedthat the userneededo combinethe flat list of shellsmanually,andthen setthe
appropriatehermo-opticaland materialproperties.This waswherethe new functionality for
recursiveattribute editing camein useful. In fact, this was one of the main drivers for the
developmenbf recursiveattributeediting. S. Appel saidthat it might be anideato join the
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shells automatically based on their material properties.

M. Gorlani(Blue Group)askedwhetherthelink betweerESARAD andNASTRAN workedin
bothdirectionsB. Castellisaidthattheinterfaceworkedfrom NASTRAN to ESARAD, butnot
in the other direction.

1.5. Capabilities of the ThermPlot Pro Thermal Post-Processing Pogram

H. Peabody{TMS) presented hermPlotPro,aprogramfor producingplotsandderivedresults
from the outputof the standardhermalmodellingtools.He describedhe simplificationof the
interfaceto ThermPlotwhich was currently underdevelopmentand the new featuresbeing
introduced. (See Appendix E)

V. Perotto(Alenia Spazio)wantedio knowwhethertheimplementatiorof thesinktemperature
for any particularnodeconsideredhe contributionsfrom all nodesor whetherit waspossible
to limit it to specificnodesof interest,or groupsof suchnodesH. Peabodyexplainedthatthe
calculationswerebasedon the externalRadK'’s, andthat therewasthe capabilityto consider
rangesof nodes.For calculatingback-loadsthe engineerdid not usuallywantinstrumentto
instrumenexchangeslhefreeflier modelhandledhis. It wasalsopossibleo considetheself
view rangeaswell astheback-loadrange V. Perottoaskedwhetherit waspossibleto exclude
the spacenode from the sink temperaturecalculations.H. Peabodyansweredhat this was
possibleby includingthe spacenodein the “self include” range,andthereforeexcludeit from
the calculation.

V. Perotto askedwhether the groups feature could be usedto perform model reduction.

H. Peabodysaidthatit could,but hedid notknowthathewould do so. Theengineeineededo

know how to subdividethe nodesinto groupsin orderto give the total conductancebetween
groups.This subdivisionwasvery modeldependentHe hadnot usedthe groupfunctionality

for modelreduction.HP. de Koning (ESA/ESTEC)askedwhethertherewere any checksor
constraints on the grouping, and was told that each node could only be assigned to one group.

1.6. Overview of GAETAN's latest deelopments aound ESATAN-FHTS

M. Imhof (Silogic) describechow GAETAN couldbeusedfor all phase®f spacecraftiesign,
and the integration of ESATAN-FHTS into the environment. (See Appendix F)

O. Pin(ESA/ESTEChotedthatESATAN hadbeerrelease@dnLinux, andaskedvhetherthere
wereany plansto provideGAETAN on Linux too. M. Imhof saidthattheywerestill thinking

aboutit, buthadnotdoneanythingaboutportingto Linux sofar. C. Marechal(CNES)saidthat
if GAETAN usersaskedfor a Linux version,the priority for a Linux versionwould become
higher.

M. Gorlani(Blue Group)askedwhetherthe CONDOR modulewithin GAETAN madeuseof
its own solver or whetherit usedESARAD. M. Imhof said that the userhad ESARAD for
handlingcomplexgeometriesM. Gorlaniwantedto know whetherCONDORcould calculate
fluxes directly. M. Imhof explainedthat CONDOR hadits own solvers,but that thesewere
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limited to simplegeometriesHowever it waspossibleto useCONDORto generateheinitial
missionparametersandthenchaintheseto ESARAD. M. Gorlaniconfirmedhisunderstanding
that for simple geometries it was possible to just use CONDOR.

R. Schlitt (OHB System)askedwhetherGAETAN wasrestrictedio Frenchusers He wastold
that it was not.

1.7. Web Support and Future Developmentson ESATAN, FHTS, ESARAD
and ThermXL

C.Kirtley (ALSTOM) describednew functionality that had already been, or was being
implementedin the developmentersionsof the tools, and gave someideasaboutfeatures
which were still being consideredHe stressedhat ALSTOM werereally interestedo hear
from usersaboutthe featuresvhich they actuallyneededHe saidthatthe ALSTOM website
now allowedusersto submitfeaturerequestaswell assupportproblems andencouragedhe
user community to make use of it. (See Appendix G)

H. Brouquet(ALSTOM) gaveademonstratiomf ALSTOM'’s website,andshowechow users
could generateéSoftwareSupportRequestsandhow the visible statuschangedasthe support
deskdealtwith eachrequestHe alsodescribedheon-lineusersurvey,andhighlightedthefact
that ALSTOM would be giving away a electronicorganizerin a prize draw of all eligible
respondents.

There were no questions.

2. Tuesday 21 October 2003: Afternoon Session

2.1. Harmonization of thermal and space environment analysis software

R. Schlitt (OHB System)describedhe currentstatusof the harmonizatioractivity which had
beensetup sincethe previousyear’'sworkshop,andthe compositionof the steeringboardof

which hewaschairman He haddeliberatelyincludedseveralprovocativestatementén order
to stimulatediscussionHe emphasizedhat althoughHP. de Koning (ESA/ESTEC)hadbeen
shownasthe co-authorof the presentationhe might not agreewith all of the statementsnade.
(See Appendix H)

HP.deKoning notedthatan ALSTOM representativladsincejoinedthe steeringooardasan
observer He also saidthat the steeringboardhad commissionedh first study, to be lead by
eta_max, and involving Astrium (UK, D, F).

Questions were deferred until the round table discussion at the end of the afternoon.

10
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2.2. Open Source Software for Engineering Purposes

M. Haupt (TU Braunschweig) described the results of a search for third party and open source
software packages which could be used in the production of engineering software. (See
Appendix I)

Questions were deferred until the round table discussion at the end of the afternoon

2.3. Applicability of OSSto Space Thermal Engineering

R. Schlitt (OHB System) gave details of the study which he had mentioned in his previous
presentation and to which M. Haupt’ s presentation also related. (See Appendix J)

R. Schlitt noted that part of this study had involved the production of aweb site which could be
used to support athermal community software development.t

Questions were deferred until the round table discussion at the end of the afternoon.

2.4. Innovationsin using Finite Element Modelersfor Spacecraft Thermal
Design

R. Behee (Network Analysis) described the differences in approach between typical thermal
analysis software using a small set of geometrical shapes with ssmple meshing compared to
finite element analysis software which uses simple planar shapes to represent more complex
geometries. He explained that some of the advantages of both approaches could be incorporated
into new thermal tools. (See Appendix K)

There were no questions.

2.5. Application of the Open Source Approach to Space Environment
Analysis Tools

H. Sdunnus (eta_max) described the development of PC-ESABASE using severa open source
software packages to form the Open Frontier supporting framework into which the ESABASE/
Debris module could be plugged. (See Appendix L)

B. Castelli (ALSTOM) asked whether any enhancements had been made to the ESABASE/
Debris module. H. Sdunnus said that some enhancements had aready been made before the
project had started, and that these enhancements had not been implemented in the last industrial
release of ESABASE.

M. Jacquiau (EADS-ASTRIUM) asked which open source software solution had been chosen
for the ray-tracing. H. Sdunnus said that this had not yet been addressed, and that they were till

1. See http://www.therm-oss.org

11
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usinga self-developeday-tracer.The softwarewould be distributedwith the new ray-tracing
routines.The IPR would restwith ESA. C. Kirtley (ALSTOM) askedwhetherthis ray-tracing
codewould beavailableasopensourcesoftware H. Sdunnusaidthatthehopedso.Everything
in the Debrisplug-in belongedo ESA, andit would beup to ESAto decidewhetherto release
it asopensourcesoftwareor not.C. Kirtley askedvhetherthisincludethesourceor theDebris
module as well. HSdunnus said that ESA still needed to decide.

C. Stroom(ESA/ESTEC)saidthatthe generaimechanic®f releasingsoftwareasopensource
wasstill underdebate Thedifferentgroupswithin ESA knewwhattheywantedon atechnical
level, but the legal and contractualevelsweretaking a lot moretime to define.He saidthat
discussions were on-going.

2.6. Round Table Discussion

HP.deKoning (ESA/ESTEC) introduced some viewgraphs showing possible points for
discussion. (See Appendix M)

C. Stroom(ESA/ESTEC)askedfor the users’opinionson opensourcesoftware.He saidthat
this was an informal workshopand that userscould speakon their own behalf, ratherthan
needingto representheir respectivecompaniesHe madethe appealfor usersto speakfreely
because ESA needed the users’ honest input.

HP.deKoning stressedhat the currentOSSprojectswere an experiment,and could not be
consideredasfixed developmentsvith all aspectsastin stone.He saidthatthereweremany
opportunitiesfor the usersto getinvolved. He notedthat R. Schlitt (OHB System)had made
many provocativestatementsn his presentatiorin orderto elicit discussiorandto provoke
userdo give their opinions.He saidthatno decisionsvould be madeduringthe sessionit was
intendedfor discussioronly. The steeringooardcoveredall areasof the usercommunity,with

all major spacecompaniesheing representedHe addedthat peoplecould still apply to be
membersof the steeringboard. He hopedthat the harmonizationhad a good chanceof

succeeding.

C. Stroom asked whether everyone agreed witBdRlitt, but nobody responded.

C.Kirtley (ALSTOM) askedwhathadbeendecidedaboutthe licenceagreementor the open
sourcesoftwaredevelopmentsHP. de Koning (ESA/ESTEC)saidthat no licenceagreement
had been selectedso far. There were various issuesconcerninghow to proceedwith
development,intellectual property rights, etc. that were still undecided,and hence still
completelyopen.He saidthatit wasone of the tasksof the steeringboardto find a suitable
licensing model.

O. Pin (ESA/ESTEC)saidthatit wasworth mentioningaboutthe “go/nogo” decisionfor the
opensourcedevelopmentHP. de Koning explainedthat the first study phasetaking 4 or 5
months wasintendedto establisha working modelfor cooperation|PR, licensingandlook at
maintenanceand funding issues.The outcomeof the study would be a “go” or “nogo”
recommendationo the ESA Council. Eventhoughthis would be opensourcedevelopment,
funding would still be requiredin the end. The projectwas enteringthe study phasewith all

12
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optionsopen,andwould probablycontinuewith thecurrentopenbasis putthechangdgo amore
commercial way was still possible.

JP.Dudon(ALCATEL) askedwhowaspartnerto the“go/nogo” decisionHP. de Koning said

thattherewerel4votingmembersonthesteeringooard,andit would bedecidedoy a majority

vote.Thiswouldinvolvevotesfrom ESA,CNES,the CanadiarBpaceAgency,Alcatel, Alenia,

Astrium, Carlo GavazziSpace EADS, eta_max,OHB, Onera,Qinetigand RAL. Additional

membergepresentindeSA, CNES, Astrium andMayawould not be ableto vote? C. Stroom
said that the harmonizationeffort was concernedwith both thermaland spaceenvironment
software combined.

C. Marechal(CNES)askedhow thefirst studyhadbeenawardedo Astrium andeta_maxHe

wantedto know why no-oneelsehadbeeninvolved. HP. de Koning saidthatthe decisionfor

thefirst partof the studyhadbeenmadewith a major practicalconsideratiorfor speed.This
hadbeenthetopic of thefirst meetingof thesteeringooard,andAstriumandeta_maxhadbeen
choserby thesteeringooardasawhole. Theoutcomeof thevotehadto beacceptedby theother
members of the steering board.

J.Kanis (Dutch Space) asked who had selectedthe membersof the steering board.
HP.deKoningsaidthatESA hadinvitedthespacecompanieso participatebutonly thosewho

hadrepliedpositively hadbeenconsideredor the steeringboard.C. Marechalaskedwhether
othermembersf theaudiencavould like to applyto the steeringboardwho hadnot received
theoriginalinvitation.J. KanissaidthatDutchSpacéhadnotreceivedheinvitation.F. Crampé
(Silogic) saidthat Silogic wereworking on GAETAN, andthatthey hadn’tbeeninvolvedin

anymailinglist. HP. de Koning saidthatL. Ney(Silogic)shouldhavereceivedheinformation.
C. Stroomadmittedthatknowingwho to includeon a mailing list wasalwaysa problem,butin

principlethelist which hadbeenusedshouldhavebeenthe sameasthatusedto inform people
about the workshop.

A. Sgambat{Laben)saidthatthiswasthefirst time thatLabenhadheardabouttheuseof open
sourcesoftwarein ESA andthe involvementof the whole spacecommunity. She said that
Labenwerenotawareof theopensourceactivities.O. PinsaidthattheITT for theopensource
activity hadbeenavailableto all companiesA. Sgambatsaidshedidn’t knowwhy Labenhad
notreceivedheinformation.C. Stroomsaidthatall of theon-goingopensourceactivities,such
as PC-ESABASEand THERMOSS, had all beenissuedas opencalls for tenderon ESA’s
EMITS system.Theseactivities were part of the ESA’s GeneralStudiesProgramundera
headingsuchas“applicability of opensourcesoftwareto spaceprojects”.He saidthattheyonly
werelistedon EMITS, andnot sentoutto eachcompanyexplicitly. A. Sgambatsaidthatthey
hadonly receivedhe mail for theworkshopanddidn’t know the purposeof theworkshopwas
to discuss open source development.

F.Lamela(EADS-CASA) felt thathe wasworking undersomemisunderstandinggnd asked
whethereveryonewnasseriouslytalking aboutthe developmenof radiationanalysiscodebased
on opensourcesoftware.He said that many yearsof effort had alreadybeenspenton both
THERMICA andESARAD, andhewonderedwhy this time shouldbe lost. He saidthatfor a

2. This was the membership of the steering board at the time of dhlestAbp. It vas possible for other
companies to apply to become members in the future.

13
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small company like CASA it was important to have competition to improve the tools, and
argued that ESARAD had reached its current level because of competition from THERMICA.
He said that there was always something announced for ESARAD which became availablein a
future development of THERMICA, and vice versa.

HP. de Koning argued that the application of open source software did not have to be black and
white, and that there needed to be a balance between the different areas. There might be some
areas where open source devel opment would be useful, and others where competition would be
important. He felt that it was important to have the steering board in the driving seat in order to
determine the way forward.

O. Pin said that it was important to have a common framework. He said that there was
commonality between ESARAD and THERMICA, but these two examples had made different
choices. He felt that there was a need to look at why these choices had been made. He said that
it might be necessary to have competition for the individual modules that plugged into the
common framework. C. Stroom agreed that there could still be competition if that waswhat was
required. What had been said about open source software was quite valid, but it usually related
to large user communities with alarge number of contributors to the software. He said that the
open source software model had not really been tried in a small user group such as the space
thermal community. He emphasized that THERMOSS was a prototype, a vehicle to test
whether open source software would work for the space thermal community. He said, yes, it was
possibleto build atool using open source software, but would the process work in this particular
community. He said that ESABASE/Debris was a running tool, THERMOSS was an
experiment.

M. Jacquiau (EADS-ASTRIUM) wanted to know whether open source software was the unique
solution to the problems of harmonization. C. Stroom answered that open source software might
not be the answer to all of the space thermal community questions, but that it was a serious
contender that should not be excluded out of hand. It was something which needed to be
considered serioudly. Yes, you could take open source software and use it for free, but if it was
to survive in the space thermal community, it was necessary to give something back.
M. Jacquiau admitted that open source software looked interesting, but said that the
harmonization should look at frameworks too. He suggested that any future open source
software solution should be compatible with the proprietary software so that the user could
choose to use one or the other as required. He gave the example that building a spacecraft
geometry could be done using open source tools, the mission aspects could be provided using
THERMICA, and the radiative calculations could use ESARAD. C. Stroom agreed that this
should be possible.

HP. de Koning agreed that this interaction between the different aspects of design and analysis
was the reason why thefirst set of open source software tools had to be data exchange modules.
Datainput and output would form an important part of any tool, and it would be a big advantage
to be able to release data exchange modules as open source to provide the basis of such a
framework.

M. Jacquiau was concerned that the current tools aready existed: ESARAD and THERMICA

had already reached a certain level of maturity. He asked how long it would be for similar open
source software tools to reach the samelevel of maturity. C. Stroom wondered whether it might
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not be sooner than many people would think, and said that one of the reasons for proceeding
with THERMOSS had been to discover the answers to this sort of question. He said that
M. Jacquiau had already shown that THERMICA was benefiting from using open source
software such as vtk and fltk. HP. de Koning said that it always took time to assess the quality
of any given software. It took time to learn how to useit. It wasn’t possible to decide based on
the documentation and afew screen-shotsalone. Hefelt it important that there had to be arobust
verification of what the tool was supposed to do.

M. Jacquiau noted that for any tool to provide efficient cal culation modules it was necessary to
have competent people in both the software and thermal areas. He felt that any developer had
to be close to the users, and to have a good relationship with them, just like the THERMICA
development team had with Astrium’ sinternal users. Hewondered whether it would be possible
to find the same user community mix for the open source software tools. He agreed that
examples of open source software such as Linux and FreeBSD were successful, but their user
and developer communities were quite big. However, the space thermal community was very
small. C. Stroom said that this was one of the objectives of the THERMOSS study: to set up a
web site, provide a download area, and a forum for discussion and comment. One of the
guestions was whether it would work, whether people would even look at it. He said that
everyone's remarks on the thermal tools were valuable, and that was one reason for the
workshop: to provide a place where users could discuss their requirements in front of the
developers. However, it was necessary to try out other ways of communicating, such as the
Internet, with a user forum and discussion groups.

H. Sdunnus (eta. max) said that people should be careful to avoid acommon misunderstanding.
The open source software activity didn’t aim to replace the existing thermal tools, and in fact it
might be that the proprietary tools proved to be better in the long run. What was needed was a
common framework for plug-ins to overcome the shortcomings of existing tools. One example
aready given had been the user framework for SINDA. He said that the open source activity
should aim to provide a framework which could permit access for both proprietary and open
source software solutions.

O. Pin noted a theme from the space environment discussion, and that was that the tools were
“sophisticated” and that the components used to build them were complex. He said that the
thermal users were not software people. He wondered whether it was realistic to assume that in
5 years the thermal guys would still be participating in any open source development. He was
not sure that the open source maintenance model would work for the space thermal community.
To make it a success would require 20 devel opers like Hume Peabody dedicated to the tools.

HP. de Koning said that maintenance could be a paid activity, or involve some sort of
contribution in kind. He said it was unlikely that the small user community would be able to
maintain such aframework in the usual open source way without some additional funding and
some development effort to keep the forum and web site running. He said it was not the same
as other open source packages such as POVray where users could make contributions in kind.

O. Pin noted ageneral issue with the current way of software development. The Bepi-Colombo
project had specific new requirementswhich had been missingin ESARAD [and THERMICA],
and that it had taken some timeto gather the requirements and to get the development going. He
wondered whether open source software development would be any more flexible. He said that
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there may be individual users who could address their short term needs and develop an internal
modul e as a plug-in to an open source tool framework, but this model was not applicable to the
space thermal community as awhole.

C. Stroom said that this could be handled via the maintenance model, where someone could be
paid to maintain the tools, which was what currently happened anyway. What would change
was that if auser required a particular function, then the user could add this feature for himself
If necessary. Thiswas not possible for most of the users at present. Almost al of the companies
have this expertise already because they already develop their own tools if the main thermal
tools don't offer what they require. With open source software tools a company would be able
to see what changes would be needed, and could implement them internaly, or ask the
developer of the module to implement specific changes for them. The current tool architecture
did not support this. C. Stroom said that any open source devel opment would need to have well
documented data structures and algorithms in order for different developers to work together.
C. Stroom felt that the architectures of the current tools had just grown over time to the point
where it was no longer possible to add new data structures and functionality easily.

JP. Dudon (ALCATEL) raised a question about THERMOSS as a prototype thermal software
tool. He wanted to know when it had been decided to implement such atool, and who had been
invited to participate. HP. de Koning said that theinitial ITT had been availableon EMITS, and
it had been opentoall. C. Stroom said that 8 or 9 offers had been received from different groups.
JP. Dudon wanted to know who wasinvolved in the development. C. Stroom said that the group
consisted of OHB, IFL, MakauMedia and Deimos: OHB had defined the user requirements,
MakauMedia had built the web site; and Deimos had been involved in the orbit definition and
calculation.

H. Peabody (TMYS) said that the critical point on the viewgraph to be considered was “Would
you participate as adeveloper?’ and added that if nobody wanted to participate in development
then the rest of the questions were irrelevant. If the people you are going to help are also your
main competition, what reason do you have to cooperate? HP. de Koning said that this was the
whole point of having the harmonization. C. Stroom remarked on the example that R. Schlitt
had given where most of the playersin the automotive industry had agreed to harmonize certain
activitieseven though they were all competitors. H. Peabody argued that space thermal software
was such anichefield. If only 10% of the community agreed to participate, then it would simply
not be enough to sustain development. C. Stroom countered by asking how many developers
were involved in ThermPlot. H. Peabody answered that there was only one devel oper, himself,
but that it was in his own interest to do it. R. Schlitt said that there were already a lot of
developersin Europe, each one developing tools such as CONDOR, ALTAN, etc. H. Peabody
argued that in these cases there was funding to address the needs of some project, and such
developments were away of guaranteeing that your own requirements were satisfied once and
for all.

C. Stroom said that open source software tools did not just float around and each group
modified them in isolation. There needed to be a maintenance model, which usually involved
some sort of custodian of the code. A user could make changes to the code and should then
submit them to the custodian for inclusion in the main devel opment if the custodian considered
the changes appropriate. R. Schlitt said that open source software meant that the source code
itself was available to the user. He was sure that THERMICA would have been easier to
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produce if the source code for ESARAD had been available for inspection. He said that for new
requirementsin the future, such asthe next mission to Mercury, the project would receive some
funding for the implementation of the new requirements and it would be possible for them to
have access to the source code of any open source software tool and they could make any
changes necessary.

C. Kirtley (ALSTOM) said that he would be surprised if companies would be willing to hand
over thousands of lines of source code. He could not see any competitive advantage in it.
R. Schlitt said that the automotive industry had agreed to standardize on using NASTRAN and
CATIA, but even so, there were still some cars that were better than others. He said that simply
using THERMICA or ESARAD would not guarantee the success of the satellite.

C. Marechal recalled the statement that the voting members of the harmonization steering board
were not supposed to be software devel opers. He wanted to know how OHB and eta_max were
voting memberswhen they were clearly devel opers. HP. de Koning acknowledged that thiswas
avery grey area. Astrium were major users of the thermal tools, but were also developers of
tools. He admitted that the composition of the steering board had involved some compromise.
However, he felt that in general the companies which had voting rights tended to be more user
than developer. C. Marechal argued that OHB seemed to be the leader in the open source
software activity. C. Stroom said that OHB were representing the users of the software, and had
produced the user requirements. The developers were actually MakaluMedia, IFL and Deimos.
HP. de Koning stressed that the steering board was not a secret society. All companies should
have received an invitation to join, but there was a need to berealistic. It would not be practical
to have a steering board of 100 members. C. Stroom noted that if of the all companies who had
ever developed software had been excluded from the steering board, then only afew companies
would have qualified. Almost all companies had developed software at some point.

C. Marechal asked whether there was any link between the steering board and the ITT for the
ESATAP activity. O. Pin said that the only link was that ESA had been involved in defining the
ITT and in the formation of the steering board. The ESATAP statement of work had been
produced before the steering board ever existed. C. Stroom said that the ITT for ESATAP was
under the full responsibility of ESA, and had not even been mentioned in the steering board.

C. Prouvost (OpenCascade) said that OpenCascade would also like to be represented on the
steering board. C. Stroom said that anyone wishing to join should contact the secretary of the
steering board. E-mail addresses would be provided | ater.

A. Crutcher (FSC) said that if the open source activity was being run as an experiment, then the
experiment was being undermined by having user involvement. He felt that open source
development and user involvement were different things. He said that the concept of the
experiment was good, athough he did not agree with many of the assertions which had been
made. He felt that the requirement for the activity to be user lead would kill the initiative. He
wondered how many users would turn up for steering board meetings. He said that the purpose
of most businesses was to make a profit, and wondered how a company could submit its work
to everyone else free of charge. HP. de Koning said that the key phrase here was “free of
charge’. A. Crutcher said that everyone wanted to benefit from the work of other people, but it
was necessary to have rea projects to work on in order to make money. HP. de Koning
responded that people were already doing open source software development in commercial
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companies. A. Crutcher asked who would pay for the space open source development, and was
told that ESA could be a source of funding.

C. Stroom (ESA/ESTEC) commented that the best example for open source devel opment was
thefield of science, which was completely open and people were ableto build on top of thework
of others and develop science further. He said that the payment for doing the open source
software development was digunct from the open nature of the software itself: it was on a
different axis. HP. deKoning said that software development could be characterized by
different axes: there was the axisfrom compl etely open to compl etely closed proprietary source
code; there was another axis describing intellectual property rights from public domain to
restricted use; and so on.

A. Crutcher was till dubious about the question of user involvement: his own experience with
the ThermXL development had shown that nobody had come to the user requirements meetings
that had been organized. C. Stroom countered that users tended to behave differently in open
source software development, which typically needed far more user involvement because they
were doing the development as well.

M. Molina (Carlo Gavazzi Space) wanted to answer the question about whether they would
participate. He said that Carlo Gavazzi Space didn’t have the relevant skills in the software
areas, and in fact he felt that the space industry did not have the critical combined users and
developers required. He felt that it would still be necessary to use more dedicated software
companies.

M. Molinacommented on theissue of dataexchange using STEP-TAS. Hefelt that nobody was
going to certify whether a particular software tool complied. Would Thermal Desktop be
certified? Who would do it? HP. de Koning said that ESA had now made the first robust release
of the STEP-TAS converters and was now looking to provide verification tools. If these
Independent verification tools could be used to determine whether there was a conflict between
vendors implementations it would then be possible to arbitrate between them.

M. Molina repeated his call from the previous workshop for improved communication via the
mailing lists. He said that the mailing list already existed. He knew that it would be a violation
of the rules about ITTsif al announcements were made to the whole community, but he felt it
would be helpful if the community could be kept up to date with some of the developments
within the running contracts. C. Stroom said that thiswas adifficult area, and he would need to
verify whether it would be possible to bypass the official channels in order to provide
information in this way.
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3. Wednesday 22 October 2003: Manng Session

3.1. Simulation of Furnace Inserts and Sample Cartridge Assemblies using
the Thermal Modelling tool CrysVUn

M. Hainke (Fraunhofer)describedhe CrysVUn systemfor simulatingthe physicsof crystal
growthwithin a furnace,andthe extensiondeingmadeunderESA contractto allow the user
to modelindividual experimentartridgesHe thengavea demonstratiorof the software.(See
Appendix N)

M. Molina (Carlo GavazziSpacepskedwhetherthe CrysVUnsoftwarewasavailableto other
usersandhow. He alsowantedto know whetherthe softwareprovidedwindowsanddoorsto
allow it to communicatdo externalsoftwarepackagesM. Hainke saidthatthe Institute sold
the programcommercially,andthattherewere currentlyabout50 licences He saidthatthere
were no links to other systems.

3.2. Plant Growth Chamber Simulation using EcosimPo

L. Ordofiez(ESA/ESTEC)describedo useof EcosimProto simulatethe growth of various
food plantsaspartof anregenerativdife supportsystentor longdurationspacemissions(See
Appendix O)

H. PeabodyTMS) askedwvhetherplantsgrewtallerin low gravity conditions andwhethetrthis
would leadto volumeconstraintsL. Ordéfiezsaidthatthedifferencesdbetweerplantresponses
on Earth and in space were not well known yet. He was waiting to see experimental data.

3.3. Thermal and fluid dynamic analysis of the air cooling/conditioning
system on board the MDS (Mice Drawer System) facility

A. Sgambat(Laben)presentedietailsof the Mice DrawerFacility, anexperimento beflown

on the ISS involving the study of mousedevelopmentnd behaviourduring a hundredday
periodin micro-gravity.Shedescribedhesolutionto thedifferentthermalconstraintsmposed
during the transfer to the ISS compared to the main operation. (See Appendix P)

M. Molina (Carlo GavazziSpace)askedwhetherit had beenpossibleto checkthe results
obtainedusingFHTS againstany experimentameasurement#. Sgambatsaidthattheyhad

abreadboardystemn Genoaandalsoalaboratoryat Labenfor checkingsystencomponents,
suchasthefans,etc. TheyusedTMG/IDEAS to checkthecomponentsndto modelthehybrid

cold plate. The results had been consistent.

M. Molina askedhow muchheatwas contributedto the systemby eachmouse A. Sgambati

saidthateachmouserepresentea 1W heatsource sothe systemhadto handle6W from the
mice. The actual heat produced was related to the family of mouse being used.
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3.4. Thermal Aspects of Long Term Operationson a Comet Surface.

HP. Schmidt (DLR) described the parameters for the Rosetta mission and the constraints
imposed by its new target of Comet 67P/Churyumov-Gerasimenko. He gave details of the
different operating scenarios avail able asthe battery temperature could be maintained for longer
with comet orbit approached the Sun. (See Appendix Q)

There were no gquestions.

3.5. Accessto ESA funded developments

O. Pin (ESA/ESTEC) gave an unscheduled presentation about doing business with ESA, and
the access to information on ESA funded developments. (See Appendix R)

O. Pin said that some of the discussions during the previous day had shown that there was alot
of confusion about how the “ESA system” worked, especially over who had accesstotheITTs.
He said that ESA had to be very strict in applying the rules, and he wanted to make this point
absolutely clear to everyone. All new developments were usually published as open tenders
except for some very specific cases for which direct negotiation could be justified. ITTs were
published on the EMITS system. Thetwo I TTswhich had been mentioned the previous day (the
Thermal Concept Design Tool and ESATAP) had been visible to all companies registered with
EMITS. It was the responsibility of industry to look for business and to consult EMITS
regularly. ESA did not advertise the ITTs nor send out notification to companies.

He said that ESTEC/TOS-MCV maintained four different mailing lists and that these related to
ICES, the Workshop, TASverter and the Harmonization activity. In total these contained about
200 e-mail addresses. He admitted that it was difficult for anyone to know whether they were
missing from the mailing lists because they would never receive information.

He explained that the “planned” MCV R&D projects were funded from the GSP, TRP and
GSTP budgets. The open source software and harmonization activity was only at the feasibility
study stage. So far it had been for research only, with only one contract in place so far. In
particular, projects and other developments funded under the GSP didn’t affect the funding for
ESARAD and ESATAN.

Preparations were currently under way in ESTEC for submitting proposals for TRP and GSP
funding. Users and projects had been consulted, and 17 proposals had been submitted, of which
only 4 related to the open source software and harmonization activity.

Projects which were proposed for GSTP funding would need to have support from the national
delegates, so it was important for companies to make sure that their national delegates were
aware of any proposals which needed support. Which proposals were selected would be the
result of aboard decision.
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3.6. HDF5 and STEP/NRF database for SINDA/G

R. Behee (Network Analysis) outlined hiscurrent ideasfor using aneutral fileformat for storing
the model database in afuture version of SINDA, and the potential benefits of exchanging such
amodel database between tools. (See Appendix S)

R. Schlitt (OHB System) asked whether the import of CAD modelsinto SINDA/G would bevia
STEP or using a direct conversion. R. Behee said that the tools supported the STEP standard,
but that SINDA currently pulled the data directly from the CAD file. He wanted to let the
modellers deal with the STEP side by pulling the knowledge of the finite element data out of
the codes.

H. Sdunnus (eta_max) asked whether the tool offered support for configuration control of the
model. R. Behee said that it did not, but recognized this as a good idea and said he would note
it down.

C. Stroom (ESA/ESTEC) said that the viewgraph had shown SINDA reading data from the FE
codes: this was effectively a database read, and writing would involve the same format.
R. Behee said that PATRAN used PCL (Patran Command Language) to write the node data, etc.
One way to continue would be by writing the PCL datainto HDF files. He said that the transfer
of information was currently one way, and that it would only be necessary to send back the
temperature and the heat flow to PATRAN.

C. Stroom asked whether R. Behee had considered restructuring the data completely, reading
information into a database and then solving directly from the database. R. Behee said that
SINDA was similar to ESATAN, and that the data file contained all thermal data on nodes,
conductors, etc. Another file provided the directory. He wanted to be able to preprocess all data
into HDF files, and maybe to store the SINDA model itself in HDF to alow model export. This
would allow similar tools to work on the preprocessed file. C. Stroom asked whether R. Behee
would be prepared to publish such adataformat. R. Behee said that he would. He said that if all
tools could preprocess their models into the same data file format maybe everyone would be
able to see that the tools are more similar than they thought. He reasoned that it may be better
to store this model datafile in some standard format such as STEP-NRF. HP. de Koning (ESA/
ESTEC) said that this had been the whole point of developing STEP-NRF, to have common
attributesin acommon format. R. Behee agreed, and said that to convert modelsfrom ESATAN
to SINDA maybe it would be possible to use STEP.

HP. de Koning commented that the harmonization effort now appeared to stretch across the

Atlantic, and that if people were prepared to push, the community might actually get better
Interfaces between the tools.

3.7. GOCE - Thermo-Elastic Distortion Analysis

L. Weimer (EADS-ASTRIUM) described a method on integrating both structural and thermal
analysis using “unit load cases’ for each area of interest on the model. He also gave details of
the strong frequency constraints on the thermal stability. (See Appendix T)
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H. Peabody (TMS) asked whether there had been any comparison of results with the more
traditional “stop” analysis to see the difference with the typical thermo-elastic applications.
L. Weimer said that he hadn’t used the traditional approach. He had made two models so far,
the second one with 88 loops, and had compared them. The level was almost the same but with
some small variations. The other analysis had been performed by the prime contractor.
F. Lamela (EADS-CASA) said that CASA had passed the thermo-elastic data to Alenia
H. Peabody said he was interested to know more because he would be involved in performing
a“stop” analysis soon for another project. H. Peabody asked about the restrictions in defining
the model. L. Weimer said that he didn’t have large temperature gradients between areas in the
model.

M. Gorlani (Blue Group) asked how the different configurations had been handled, with the
loaded and unloaded cases, etc. L. Weimer said that he had made some experiments with the
different linearisation. As the gravity decreases with the square of the distance, moving the
masses further apart givesreduced effectsin the error. The linearisation error was less than 1%.
Same analysis for the gradients had revealed similar results. M. Gorlani asked about the change
in configuration between cases. L. Weimer said that the GOCE configuration did not change
enough to make it worth redoing the analysis.

F. Lamela questioned the applicability of this methodology. He said that he had worked on an
antenna system where the PATRAN/NASTRAN run only took 15 seconds so it would have
been no problem to rerun 88 cases. However, the interpolation in the mechanical model had
been a disaster because the temperatures appeared within the model. The structural analysts had
run so many models and had discovered gradients between the MLI and radiators, etc. The
conclusion had been that it was necessary to have better models in al areas, but this was
prohibitive. The question was how to select the areas of importance in order to reduce the
gradients, thiswas the critical art.

M. Molina (Carlo Gavazzi Space) asked whether the analysis had considered both Earth
temperature and albedo variation. L. Weimer said that both had been taken into account, but he
had only shown one during the presentation.

M. Molinasaid that these new satellite and mission requirements were opening up hew domains
in spectral analysis, and that everyoneinvolved really needed to agree on anew vocabulary. He
gave the example of spectral density being applied to rotational spectral density. He said that
his own presentation later in the afternoon would address this very subject.

L. Weimer said that the micro-kelvin variations in the frequency domains were not useful in
ESATAN when most analysis was geared to a4 or 5 degree variation

S. Appel (ESA/ESTEC) asked whether L. Weimer had been aware of the SINAS tool
developed for ESA. This provided the interpolation of ESATAN temperatures to finite element
nodes and handled gradients. He felt that SINAS was more robust than the technique which had
been described during the presentation and had a wider range of applications. L. Weimer said
that his group performed the thermal analysis, and the structural analysis had been carried out
in Spain. The approach described had reduced the amount of work need to interface with the
group in Spain. S. Appel commented that if both groups chose to keep the mapping between the
thermal and structural models fixed, then the interfaces would remain the same.
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3.8. Methodology for Thermal Model Ar chiving

F.Lamela(EADS-CASA) describedhe perennialproblemof archivingand maintainingthe
analysismodelsfor spacecrafprojectswheredifferent partsof the analysiswere handledby
differenttoolsandstoredin differentareasof thefile systemHe presentec smallFORTRAN
application for pulling the separate models into a single file for archiving. (See Appendix U)

HP.deKoning (ESA/ESTEC)wantedto know more aboutthe model with the high value
conductorwhich had been mentioned,becausea problem like that really neededto be
investigated F. Lamelasaid that it had beena model of an antennasystem,severalyears
previously,wherea structuremodelledas two nodes,which shouldhavehad a temperature
differenceof lessthan0.5 degreeactuallyresultedn adifferenceof manydegreesin theend,
the structurehad beenreducedto a single node.O. Pin (ESA/ESTEC)suggestedo usethe
energybalanceto controlthe calculation.F. Lamelasaidthatthis could leadto a differentset
of problemsRelaxingtheenergybalancdifferencefrom 0.0to 0.06couldgive alot of locally
unbalanced nodes, even though the overall solution could be globally balanced.

F. Lamelasaidthatthis problemhadbeenreducedo a modelof justthreenodestwo of which
representea batteryand a radiator. They had calculatedthe power generatedand the heat
rejectedby the radiator. They had found 6W in the battery, but had 15W at the radiator.
C.Kirtley (ALSTOM) suggestedhat the model could have beenconvergingslowly to the
solutionin the steadystate but had jumped out of the calculationbefore the solution had
stabilized F. Lamelarememberedhattherewerespecificrequirementsvhich meantthatthey
were using the transient solvers.

S.Kasper(Jena-Optronikkcommentedhathewasan ESARAD user,andhe alsopreferredto

haveall relatedmodelsin asinglefile setin orderto runthemvia batchmode.He notedthatit

waspossibleto do this usingthe ESARAD languageandthe appropriateadiativeandanalysis
casesF. Lamelasaidthatthe programhe hadpresentedhadbeenintendedfor their SGI1/Unix
environmentwhere they were using THERMICA. He had no knowledge of ESARAD.

S.Kaspersaidthat this facility wasalreadyincludedin ESARAD, so no extrasoftwarewas
required.

3.9. The far field method for 1D conductor computation

S. Appel (ESA/ESTEC)presentech methodfor approximatingthe 1D conductancdetween
touchingshellsby calculatingthe heatflow betweerthe interfaceandthe mostdistantpartsof
the shell, as seen from the thermal point of view. (See Appendix V)

M. Molina (Carlo GavazziSpace)askedhow the calculatedconductancevasaffectedby the
choiceof epsilonwhencalculatingthefar points.S. Appel saidthathe hadfoundthatthe size
of thefar edgewasimportant,andthattherewerevariouswaysto handleit. Experimentsising
differentvaluesof epsilonfrom 0.5downto 0.0hadshownthatthemethodwasnotsosensitive
toits value.Thevalueof 0.15appearedio beusefulfor mostof theshapesonsideredalthough
an ‘exotic’ configuration might call for additional tuning.

J.Kanis (Dutch Space)askedwhetherthe contactconductancdiad beentakeninto account.
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S. Appel said that if you had two finite element meshes next to each other, it was possible to
introduce an additional conductance between the finite element nodes using the spring type
elements in NASTRAN. Therefore it was possible to represent contact conductance.
HP. de Koning (ESA/ESTEC) said that the result would be a formula containing the contact
conductance, and not a simple parameter.

M. Jacquiau (EADS-ASTRIUM) asked whether an approach considering only pairs of nodes
was sufficient. Why not consider the whole geometry? S. Appel said that the solution had been
designed to allow therma engineers to play with individual, physically meaningful,
conductances between nodes. He said that various studies had been made in the past into using
1D conductors for the 2D and 3D approach. Most star methods resulted in negative conductors,
and some thermal engineers did not want to deal with negative conductors. Some methods
resulted in solutions where many nodes had conductors to non-neighbour nodes, and some
thermal engineers did not like that either. This method provided an easy way for the thermal
engineer to work with simple shapes, and meaningful conductors between them,

M. Jacquiau asked whether this method could be extended to several surfaces sharing a
common edge. He wondered whether a triangle/star reduction would be sufficient. S. Appel
said that he had not investigated this yet, the current solution method was based on pair-wise
comparison. M. Jacquiau suggested that a system of three nodes sharing a single edge, and
solved on a pair by pair basis could overestimate the couplings in each pair. S. Appel stressed
that this method offered a 1D solution, and M. Jacquiau was talking about a2D problem. O. Pin
(ESA/ESTEC) said that this method ssimply automated what the users were aready doing.
However, nothing had been said about the meshing: if the meshing was not fine enough then the
conductances would not be calculated properly.

C. Kirtley (ALSTOM) asked whether there had been any validation of the method on complex
real models. S. Appel said that he had run various tests with simple shapes, somewith agrowing
hole, and with cut sections. He asked for the definition of complex. HP. de Koning (ESA/
ESTEC) said that it was only possible to validate this method for pairs of shapes for which
analytical solutions already existed. The method had been validated for those pairs for which
analytical expressions existed, and it appeared to be mathematically well behaved.

M. Molinaasked what would happen if a non-uniform power source was applied to the edge of
the node. Was the method still well behaved? S. Appel said that the method assumed a uniform
field from far away, and offered only a 1D solution. He said that 1D conductances could not be
used as the perfect solution for a 2D temperature field. This method could only ever be an
approximation, but in reality, that was all the thermal engineers were using anyway.

A. Robson (EADS-ASTRIUM) noted that the example model had shown node B having 2 far
field edges and asked how the -Q value was split between the edges. S. Appel said that the -Q
was the total heat for the two far field edges, and you could choose to split this valued however
you wanted, using the ratio of the edge length for example. A. Robson said that you could also
choose to use the distance between the far field edge and the interface between the nodes, but
thiswould give a different conductance value.
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3.10.An Excel Database for the generation of ESATAN and SYSTEMA
Thermal Models

S.Barraclough(EADS-ASTRIUM) describeda systemfor the automaticupdateof relevant
ESATAN and SYSTEMA modelsbasedon spacecrafcomponentiocation and orientation
information held in an Excel spreadsheetThe use of this system had simplified the
configurationof differentstudycasesluringtheevolutionof theAEOLUS satellitedesign(See
Appendix W)

H. Peabody(TMS) askedwvhetherthe orientationof surfaceswith respecto the spacecraftvas
limited to the standard X, Y and Zor whetherodd anglescould be used.S. Barracloughsaid
oddangleswverepermitted thereactionwheelsuseda45 degree®rientation butwerenotused
in general.

O. Pin (ESA/ESTEC)askedwhethermorethanoneengineemhadbeenworking on the model
becausenulti-useraccessvasdifficult to handlein Excel. S. Barracloughsaidthattherewas
the conceptof one control engineerwho had accessto changethe spreadsheeflThey had
experimentedavith havingamasteffile whichwasthenusedto updateslavecopies putthishad
provedtoo complicated O. Pin notedthatthis implied manualconfigurationcontrol,andsaid
thatif the systemhadbeendesignedarounda properdatabasehenthe configurationcontrol
could be automatic, with the export of specific model configurations to Excel.

M. Gorlani(Blue Group)notedthatfor thegeometrianathematicamodelit wasstill necessary
to input all of the data.Thereforehe wantedto know wherethe systemreally helpedto save
time. S. Barracloughadmittedthatthe userstill neededo typein thegeometricatlata butmost
of the time wassavedin the automaticgeneratiorof the thermalmathematicamodel.It had

previouslytakenseveraldaysto movea unit asit involved updatingand checkingall of the
models by hand. The new system reduced this time to half a day.

4. Wednesday 22 October 2003: Afternoon Session

4.1. RadTherm

R. Habig (ThermoAnalytics)describeda softwaresystemfor calculatinginfra-redimagesand
signature®f systemsandvariousadditionalpackage$or simulatingair flow andheattransfer.
(See Appendix X)

There were no questions.

4.2. Robust industrial model exchange between ESARAD and THERMICA
with STEP-TAS

HP.deKoning (ESA/ESTEC)describedthe currentstatusof the STEP-TAS/NRFprotocol
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development, and the availability of TASverter from the ESA web site. He discussed possible
ways forward in integrating the STEP interface into the different thermal tools. E. Lebegue
(Graitec) provided additional viewgraphs showing the application of STEP in the French
building industry. (See Appendix Y)

M. Jacquiau (EADS-ASTRIUM) asked what solution he should use in THERMICA to import
and export STEP-TAS files: to extract modules from TASverter, or to use the C++ libraries.
HP. de Koning said that it would be easiest to use TASverter. He said that it was ESA’s
intention to transfer the THERMICA part of TASverter to Astrium, and it would then be
Astrium’ sresponsibility to keep the interface up to date if changes were made to THERMICA.
However, it was up to Astrium to decide whether to use the Python or the C++ libraries in the
long term. HP. de Koning said that it would be necessary to re-implement the mapping from
SYSBASto STEP-TASin order to migrate from the old to the new version of STEP-TAS.

O. Pin (ESA/ESTEC) suggested that HP. de Koning give details of the conversion of the
Herschel and Planck models. HP. de Koning explained that TASverter had been tested against
avery extensivetest suite, and had al so successfully provided full conversion of many industrial
models, including the ISS, METOP and Herschel/Planck. It had therefore been stress-tested on
very large model's, and he was confident that the whole conversion chain wasworking correctly.

M. Molina (Carlo Gavazzi Space) asked whether there were any constraints on the ESARAD
and THERMICA versions which were handled by TASverter. HP. de Koning said that the
interface was with the ASCII SYSBASfile for THERMICA and the erg file for ESARAD.

C. Stroom (ESA/ESTEC) noted that HP. de Koning had given the long term objective of the
STEP activities, and emphasized that the current priority was to define tools for the validation
of STEP-TAS files. These would give a complete description of the STEP-TAS files, whether
they were valid, and would help to characterize the files. These tools could then be used to
validate STEP-TAS files, and any non-conformance could be checked back with the tool
implementors in order to resolve conflicts when converting between tools. In thisway it would
be possible to resolve any discrepancies between vendor A and vendor B.

4.3. THER-CFD: aTHERMICA/GAMBIT gateway

F. Boursier (EADS-SPACE) outlined the typical problems encountered during the thermal
analysis of the combined Ariane and spacecraft configuration during the launch phase, taking
into account air flow in the fairing, etc. He described the use of THERMICA and GAMBIT
packages, and transferring information between them. (See Appendix Z)

C. Kirtley (ALSTOM) asked if the geometry was always updated in THERMICA, or whether
it wasaround trip process. He could see that in GAMBIT the engineer needed a detailed model,
so what happened when the model was changed in THERMICA? F. Boursier said that the
amount of information which needed to be exchanged varied on a case by case basis and the
level of change required in the model.

HP. de Koning (ESA/ESTEC) noted that the VIF file only offered six digit accuracy for the
numbers and wondered whether this gave rise to any problems with cumulative error.
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F. Boursier said that he had not seen any. There were various criteriaimposed on meshing, and
therefore it was possible to tell whether the meshing was correct.

4.4. Highlightsin thermal engineering at CGS: Thermal Stability in the
frequency domain and THERMAL DESKTOP/ESARAD trandation
tools.

M. Molina (Carlo Gavazzi Space) covered the trangation tools first because most of it had
aready been covered during previous presentations and discussions. He then described the
current trend in spacecraft modelling, and the need to agree awhole new set of terminology to
represent it. (See Appendix AA)

HP. de Koning (ESA/ESTEC) had a remark about data exchange when using STEP-TAS on
THERMAL DESKTOP. He said that the import/export facility had been devel oped three years
previously using the old version of the STEP-TAS libraries. The protocol had been updated
since then, and therefore it would not be possible to use the current version of the THERMAL
DESKTOP STEP interface with other tools using the new libraries. ESA would communicate
details of the new protocol and libraries to the various tool vendors.

L. Weimer (EADS-ASTRIUM) said that the temperature flux could cause a small deformation
of the optical bench and wanted to know whether the requirements related to the alignment or
only to the temperature fluctuations. F. Lamela (EADS-CASA) said that the expansion
coefficient for the optical bench was of the order of 10e-13.

A. Robson (EADS-ASTRIUM) had a question for ESA. He said that this frequency based
thermal technology was completely new, and that most of the thermal engineers in industry
were working with the old technology. Consequently each group was inventing its own
technology and techniques for the new areas. He wanted to know whether ESA was planning
on doing anything to harmonize such things. HP. de Koning said that it was clearly an important
area, and that ESA had been thinking about it. However, he said that there was more to consider
than just the area presented. There were new devel opments and requirementsfor satellites using
cryogenic systems as well as the frequency based thermal systems. He suggested that it might
be necessary to set up a working group to discuss the new technologies. M. Molina said that
O. Pin (ESA/ESTEC) had suggested providing the background theory for frequency based
thermal systemsin afuture document in the ECSS series.

V. Perotto (Alenia Spazio) asked whether any sensitivity analysis had been made of the results
in the frequency domain. M. Molina said that there had only been a sensitivity analysis
performed on the steady state solution, and not on the transient.

F. Lamela noted that there were various possibilities. One was to work in the time domain, but
then the engineer did not usually know the sources of the variation. The power profile of the
instrument was known. He suggested that in future, engineers should avoid the time domain and
consider the thermal spectral density only. Working with heat inputs and sources for electronic
units was easy, but working with the Sun was more of a problem. Every 3 minutes there was a
solar flare. The LISA analysis had avoided MLI because of the sensitivity issues introduced.
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M. Gorlani (Blue Group) asked what consideration had been given to the sensitivity related to
the configuration of the linear model. F. Lamela said that the main architecture had been based
on the optical bench, the thermal shield and another system. A three node model had been used
to tune the parameters.

4.5. Designing for milli- and micro-kelvins

V. Perotto (Alenia Spazio) presented a series of questions and musings related to the new trends
in satellite missionsto work at or beyond the boundaries of the current analysistechnology. (See
Appendix AB)

M. Molina (Carlo Gavazzi Space) commented that of course Carlo Gavazzi Space needed to
move from standard parameters or experiment with convergence criteriabecause they knew that
they were working in a completely new domain. For SINDA they were not yet working at the
kelvin stability level.

H. Peabody (TMS) suggested that rather than try to work directly on thermal solutionsin milli-
and micro-kelvin that the engineer could scale everything in order to work in the “normal”
domain and so avoid number round-off and loss of precision. V. Perotto said that this had not
been tried, the work had only been an exercise so far in order to see whether the solvers were
capable of providing the required accuracy and precision in this temperature domain.

Y. Rubin (Open Engineering) said that it should be possible to estimate the inaccuracy of going
from a natural to a 1D model. He said that it would be easy to check those cases which had a
simple analytical relation. He suggested that other cases could be checked against results
obtained from nature. V. Perotto argued that these other cases could only be verified by using
test data, and that this would introduce other sources of inaccuracies. Y. Rubin concluded that
this meant that it would never be possible to verify whether the requirements for milli- and
micro-kelvin systems had been satisfied.

4.6. Conclusionsand Workshop Close

C. Stroom (ESA/ESTEC) said that one of the goals of the workshop, expressed during the
welcome and introduction, had been to improve the communications between the different
players in the space thermal community. There had certainly been alot of discussion about the
harmonization activity as well as the general discussions. He said that he would try to let
everyone know about what was happening viathe e-mail list. Hefelt that the workshop had once
again proved useful. He thanked all of the authors for sharing their experiences with the rest of
the space thermal community.
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Appendix B: ESATAN, FHTS & ThermXL current status

ESATAN, FHTS
& ThermXL

Current Status

H. Brouquet
ALSTOM

39



17th Thermal & ECLS Software Workshop ESA-WPP-219

40



17th Thermal & ECLS Software Workshop ESA-WPP-219

Appendix C: THERMICA - news of the year
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Appendix D: ESARAD current status
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Appendix F: GAETAN development or ESATAN/FHTS
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Appendix G: Web Support and Future Developments
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Appendix |:  Open Source Software for Engineering
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Appendix J:  Applicability of OSSto Space Thermal Engineering
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Appendix K: Finite Element M odelersfor Space Thermal Design
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Appendix L: Open Source Approach to Space Environment Tools
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Appendix N: Furnace Insertsand Cartridge Assembliesin CrysvUn
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Appendix O: Plant Growth Chamber Simulation using EcosimPo
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Appendix P: Thermal and fluid analysis of the Mice Drawer System
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Appendix Q: Thermal Aspects of Operationson a Comet Surface
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