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ABSTRACT

Thisdocumentontaingheminutesof the16thEuropeanhermalandECLS
SoftwareWorkshopheldatESTEC Noordwijk, TheNetherlande®nthe22nd
and23rdOctober2002.1t is intendedo reflectall of theadditionalcomments
andquestionsof the participantsin this way, progresqpastandfuture) can

be monitoredand the views of the usercommunityrepresentedThe final
scheduldor theWorkshopcanbefoundafterthetableof contentsThelist of
participantsappearsasthe final appendix.The other appendicesonsistof
copies of the viewgraphs used in each presentation and related documents.

Table 1: Printing History

Release D_ate of Reason
issue
1.0 2002-10-30| Document creation
1.1 2002-12-06| Partial draft for internal distrilstion
1.2 2003-01-24| Completed final discussion section
1.3 2003-03-18| Updated after internal comments




16th Therma & ECL S Software Workshop ESA-WPP-207

Table of Contents

1. Tuesday 22nd October: Morning SESSION. . . ..o vt 7
1.1 Welcome And Introduction. . . .. .. oot e 7
1.2. Thermal Modelling Issues Concerning the Mechanically Pumped Two-Phase

CO, Cooling forthe AMS-2 Tracker ... 7
1.3. SAVE: Simulation for Analysis and Validation of Energy for ATV .............. 7
1.4. Status of some ESA supported activities in thermal, thermo-hydraulic and ECLS

ANAY SIS o e 7
1.5. Modellingthe VISTA Infrared Camera. . ... ...t 8
1.6. Thermal Analysisof Planck HFI . .. ... ... . 9
L7 ESARAD V-5, L . 9
1.8. Application of EcosimPro to Bio-regenerative Life Support Components. . . ... ... 10
19 . ESATAN/FHTSVB. 7 & V8.8 ... i e e 10

2. Tuesday 9th October: Afternoon SESSION . . ... ..ot 11
2.1. Integrated thermal design and the thermal numerical tool box.................. 11
2.2. Thermal simulationinfunctional analysis .............. ... ... .. .. 11
2.3. ALGOCAP: Assessment of Thermo Hydraulic Algorithms for Capillary Pumped

Loopsand LOOp Heat PIpES. . .. ..o it e 11
2.4. Use of ESARAD in MetOp SVM Thermal Testing Analysis. .................. 12
2.5. ESA Harmonisation and UsSer SUrVeY . . ... ..ot 12
2.6. Round Table DiSCUSSION . . ..ottt ettt e e e 12

3. Wednesday 23rd October: Morning SESSION. . . ..o .v vt e 23

3.1. Use of TSS as a neutral format for geometry model conversions. an aternative to
STEP-TAS. o 23
3.2. CIGAL2: An open source pre/post-processing tool for CORATHERM and other
SOftWare aCtiVITIES . . . ..o 23
3.3. TMG: New Technologies and Modelling Approaches. .. ..................... 24
3.4. SYSTEMA/THERMICA version 4: overview of the new capabilities. . .......... 24
3.5. ESATAN/FHTS and ESARAD: A View onthe Near Future. .. ................ 25
3.6. TASverter: Thermal Analysisfor Space model converter ..................... 25
37.ThemXLv2andBeyond . . ....... ..ot 26

4. Wednesday 23rd October: Afternoon Session . ... 27
4.1. ALTAN application for Bepi-Colombo thermal analyses. .. ................... 27
4.2. Last Developmentsinand around GAETAN . ... .. i 27
4.3. NASA Space Environment Specification .. ............ ... ... ... 27
4.4. CAD-FE integration using Open Source Software. . . ... .. 28
4.5. Fina Discussion and CONCIUSIONS. . . . ..ottt e 28
4.6. WOrKShop ClOSE . ..ot e e 33



16th Therma & ECL S Software Workshop ESA-WPP-207

Appendices
A. Welcomeand Introduction . ... 35
B. Thermal Modelling Issues Concerning the Mechanically Pumped Two-Phase
CO, Cooling for the AMS-02 Silicon Tracker .. ..., 45
C. SAVE: Smulation for Analysisand Validation of Energy for ATV ............. 61
D. Status of some ESA supported activitiesin thermal, thermo-hydraulic and ECLS
BNAIY SIS o 71
E. ModdlingtheVISTA InfraredCamera ........... ... ... 81
F. Thermal Analysisof Planck HFI. . ... .. ... . 91
G. ESARAD V-5 L .. 101
H. Application of EcosimPro to Bio-regenerative Life Support Components. . . .. ... 119
. ESATANVB.7 & 8.8. . o e e 131
J. Integrated thermal design and the thermal numerical tool box................. 141
K. Thermal simulationinfunctional analysis ................ ... ... ... ..... 153
L. ALGOCAP: Assessment of Thermo Hydraulic Algorithms for Capillary Pumped
Loopsand LOOp Heat PIpES. . . ..o it e e 163
M. Useof ESARAD in MetOp SVM Thermal Testing Analysis. ................. 175
N. ESA Harmonisationand User SUIVeY . .. ... ..o 191
O. Useof TSSasaneutral format for geometry model conversions. an aternative to
STEP-T A S, o 203
P. CIGAL2: An open source pre/post-processing tool for CORATHERM and other
SOftWare aCtiVItIES . . . .ot 215
Q. TMG: New Technologiesand Modelling Approaches. .. .................... 225
R. SYSTEMA/THERMICA version 4: Overview of the new capabilities.......... 245
S. ESATAN/FHTSand ESARAD: aViewontheNear Future . ................. 255
T. TASverter: Thermal Analysisfor Space model converter .................... 275
U. ThemXLv2andBeyond .. ........ ... 283
V. ALTAN application for Bepi-Colombo thermal analysis. .................... 297
W. Last developmentsinand around GAETAN. . ....... ... ... . .. 309
X. CAD-FE integration using Open Source Software. . .. ..............ccovn.... 323
Y. ESA Harmonisation, User Survey and Discussion Summary. ................. 335
Z. Listof Participants. . .. ... 339



16th Thermal & ECLS Software Workshop ESA-WPP-207

Final Programme

16th Thermal and ECL S Software Workshop
ESTEC, Noordwijk, The Netherlands
22nd-23rd October 2002

Tuesday 22nd October 2002

09:00 Registration
09:45 Welcome And Introduction
C. Stroom, ESTEC/TOS-MCV
10:05 Thermal Modeling Issues Concerning the Mechanically Pumped Two-Phase Cooling for the AMS-02 Tracker
A. Woering et al. NLR
10:25 SAVE: Simulation for Analysis and Validation of Energy for ATV
R. Ameziane, EADS Launch Vehicles
10:45 Status of some ESA supported activities in thermal, thermo-hydraulic and ECLS analysis.
O. Pin, ESTEC/TOS-MCV
11:05 Coffee break
11:20 Modelling the VISTA Infrared Camera
N. Cavan, RAL
11:40 Thermal Analysis of Planck HFI
J. Fereday, RAL
12:00 ESARAD v5.1
F. du Laurens d’Oiselay, Alstom Power Technology Centre
12:20 Application of EcosimPro to Bio-regenerative Life Support Components
A. Rodriguez et al, ESTEC/TOS-MCV
12:40 ESATAN/FHTS v8.7 and v8.8
F. du Laurens d'Oiselay, Alstom Power Technology Centre
13:00 Lunch
14:00 Integrated thermal design and the thermal numerical toolbox
J.van Es et al, NLR
14:20 Thermal simulation in functional analysis
M. Jacquiau, Astrium-F
14:40 ALGOCAP: Assessment of Thermo Hydraulic Algorithms for Capillary Pumped Loops and Loop Heat Pipes|
D. Labuhn, OHB-System
15:00 Use of ESARAD in MetOp SVM Thermal Testing Analysis
E. Seward, Astrium-UK
15:20 Coffee break
15:35 ESA Harmonisation and User Survey
HP. de Koning, ESTEC/TOS-MCV
16:05 Round Table Discussion
17:30 Social Gathering
20:00 Dinner




16th Thermal & ECL S Software Workshop ESA-WPP-207

Wednesday 23rd October 2002

09:00 Use of TSS as a neutral format for geometry model conversions: an alternative to STEP-TAS
H. Peabody, Swales Aerospace
09:30 CIGAL2: An open source pre/post-processing tool for CORATHERM and other software activities..
JP. Dudon, Alcatel
10:00 TMG: New Technologies and Modeling Approaches
C. Ruel, Maya HTT
10:30 SYSTEMA/THERMICA version 4: Overview of the new capabilities
M. Jacquiau, Astrium-F
11:00 Coffee break
11:30 ESATAN/FHTS and ESARAD: A View on the Near Future
J. Thomas, Alstom Power Technology Centre
12:00 TASverter: Thermal Analysis for Space model converter
S. Appel, ESTEC/TOS-MCV
12:30 ThermXL v2 and Beyond
J. Thomas, Alstom Power Technology Centre
13:00 Lunch
14:00 ALTAN application for Bepi-Colombo thermal analysis
V. Perotto, Alenia Spazio
14:30 Last developments in and around GAETAN
C. Marechal, CNES
15:00 Coffee break
15:15 CAD-FE integration using Open Source Software
C. Caillet, Open Cascade
15:45 Final discussion and conclusions
16:15 End of Workshop




16th Thermal & ECLS Software Workshop ESA-WPP-207

1. Tuesday 22nd October: Morning Session

1.1. Welcome And Introduction

C. Stroom (ESTEC/TOS-MCV) explained that the main aim of the Workshop was to allow
discussion of the tools sponsored by the Agency and to allow feedback between the users and
the developers. (See Appendix A)

He had thought that this Workshop was one of the oldest run by the Agency but had
subsequently discovered that the Antenna workshop was already in its 331 year. He reminded
everyone about the deadline for abstracts for the | CES conference in Canadain 2003.

1.2. Thermal Modelling I ssues Concerning the M echanically Pumped Two-
Phase CO, Cooling for the AM S-2 Tracker

A. Woering (NLR) described the AlphaMagnetic Spectrometer payload which will be mounted
on the exterior of the International Space Station. He then discussed the thermal control system
and the various physical and software models which had been developed. (See Appendix B)

There were no gquestions.

1.3. SAVE: Simulation for Analysisand Validation of Energy for ATV

R. Ameziane (EADS-LV) presented the devel opment of software for the management of energy
systems on the ATV and its verification against the power requirements of the thermal control
system. (See Appendix C)

R. Schlitt (OHB) asked whether there was software on the on-board computer for the control of
the heat pipes, etc. R. Ameziane answered that the heat pipes and the power system were
monitored by on-board software writtenin ADA in order to check that the thermal and electrical
models matched.

O. Pin (ESTEC/TOS-MCV) asked whether the conversion from ESATAN to SABER involved
any model reduction. He was told that there was no real reduction of the model itself but it was
possible to compress radiative couplings if there were too many of them. O. Pin asked whether
this was handled on a conductor or a node basis. R. Ameziane said that node reduction had to
be done first in ESATAN because the ESATAN to SABER conversion only handled the
reduction of radiative couplings.

1.4. Statusof some ESA supported activitiesin thermal, thermo-hydraulic
and ECLSanalysis

O. Pin (ESTEC/TOS-MCV) briefly described various ESA initiatives which were already in
progress, or which would start in the near future, relating to small tools, or to software not being
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presented specifically at the Workshop. (See Appendix D)

R. Schlitt (OHB) askedaboutthevision for the nextfive years,andwhetherthiswould involve
mergingsomeof the tools. C. Stroom(ESTEC/TOS-MCV)felt that this wasan issuewhich
shouldbedealtwith duringtheroundtablediscussionsO. Pin saidthatanyvision within ESA
still had to reflect the expectations of the real world and commercial interests.

M. Molina (Carlo GavazziSpaceaskedaboutthe shorttermresults.He felt thatit would bea
greatyearwith somanythingsgoingon, andthatit would beinterestingto be keptup to date
with developmentswice peryear.He wonderedvhetherit would be possibleto distributesuch
information via e-mail or via a news letter. &iroom agreed that this was a good idea.

1.5. Mod€lingtheVISTA Infrared Camera

N. Cavan(RAL) describedherequirementef theVISTA infraredcamerao beinstalledatthe

EuropearSoutherrObservatoryhow ESARAD andESATAN hadbeenusedfor theanalysis,
andgavefeedbackon obviousimprovementso thetoolswhich would haveaidedthe process.
(See Appendix E)

H. Peabody(Swales)commentedon the requestfor the tools to be able to handleoptical
propertieswhich were dependenbn the angleof incidenceof incomingrays. He notedthat
many people seemedto want it, but wonderedwhetherit was really necessaryHe also
wonderedvhethertherewasenouglreliableangleof incidentdependentptical propertydata.
N. CavansaidthattheopticalengineersvorkingontheRAL teamcertainlywantedt. Theyhad
alreadyhad someof the dataand had mademeasurement® obtain more. HP.deKoning
(ESTEC/TOS-MCV)yemindedeveryonethatthis wassimilar to the requirement®f the Bepi-
Colombomission,for modellingalbedofluxes on someplanetswhich exhibited BRDF! type
reflection.He wantedto be ableto handlesuchoptical propertiesin a genericway in future
versions of ESARAD.

C. Stroom(ESTEC/TOS-MCV)wonderedaboutthecommenimadeabouttheexcessivehhigh
andthe negativetemperatureseenin the cryogenicpartsof the ESATAN model.He thought
that a specific routine had beenprovidedfor the cryogenicmodelling of the ISO satellite.
J. ThomagAlstom) explainedhattheroutineshadbeenfor calculatingtemperatureependent
propertiesand were not relatedto the solversthemselvesTheseconductancdunctionshad
beenusedat RAL. C. Stroomremarkedthat the automaticconductorgenerationshould be
discussed later.

F. duLaurens(Alstom) saidthat he [asthe Alstom supportdeskmanagerjvasawareof most
of theseissues.The automaticconductorgeneration,mission requirementsand improved
pointing would be presentedthe following day. The fact that ESATAN could calculate
temperaturedessthan zero kelvin was relatedto there being no explicit checkfor this in

ESATAN in orderto avoid constrainton the solvers.The usercould alwaysprovidea check
for suchtemperaturesn the $VARIABLESL1 block. O. Pin (ESTEC/TOS-MCV)wondered
whetherthiswould simply inverttheimbalancebecausef theradiationterms,i.e. (+2K)4 =16

1. Bidirectional Reflectance Distuittion Function
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and (-2K)* = 16. C. Stroom said that the $VARIABLES1 code only neededto checkthe
temperaturef specificnodes.J. Thomasagreedhattherewasa needto look into this to see
exactly why ESATAN didn’'t check for negative temperatures.

HP. de Koning hada remarkabouthavinga nodenumberincrementof 10 betweersuccessive
ringsonthecylinder:theusercouldhavea FORIoopin thegeometrydefinitionfile to build the
shells with the desired node numbers, rather than building them all individually.

1.6. Thermal Analysisof Planck HFI

J.Fereday(RAL) presenteddetails of the Planck High Frequencyinstrument,the extreme
requirementsor thethermalcontrolof thecryogenicanddetectoisystemsandtheissuesvhich
had needed to be addressed during the modelling and analysis. (See Appendix F)

F.Lamela(EADS CASA) askedwhetherFourieranalysisin the frequencydomainhadbeen
consideredo compensatéor thecalculatiomoisein thecryogenigartof themodel.J. Fereday
answeredhat the FastFourier Transformfacilities of Excel were appliedto the outputdata.
F. Lamelawentonto askaboutthetemperaturelifferencein thetime domain He saidthatthere
wasnumericalnoisein the 6-8 digit precisionresultsproducedoy ESATAN andthatthe FFT

mightfilter thisnoiseratherthanthenoisein therealtemperatureariation.J. Feredayadmitted
that this had been recognised as a problem, but it had not been addressed.

M. Molina (Carlo Gavazzi Space) asked about the frequency band for the cryogenic
temperaturevariation.He wastold thattherewasawide rangewith thefastestbeingabout1/3

of asecondmeanvariationandthe slowestbeingabout1000secondsThesevariedacrosshe

different parts of the spacecraftM. Molina felt that a commonworking group should be

establishedy ESA to look into theseproblems.Thermalengineersvere sufferingfrustration

comparedo the structuralanalysistdecauseheydidn’t havethermalmodes eigenfunctions,
etc. which could be applied.Engineersweretrying to apply 2" orderderivativesto systems
which didn’t evenhavesupportfor 15t orderderivatives In this particularcasehefelt thatthe

basicvaluesshouldbe enoughandbecausehey didn’'t havea derivative.He wonderedabout
applying bandpassfilters. J. Feredaysaid that the LFI teamhad beeninvestigatingsuchan

approach.

1.7. ESARADV-5.1

F.dulLaurens(Alstom) outlined the new featureswhich were now availablein ESARAD
version5.1.Thisversionhadbeerrelease@ttheendof June2002.Hewentonto describesome
tips on how to make the best use of these features. (See Appendix G)

H. PeabodySwales)skedvhetherthe modeltreewould be expandediutomaticallywhenthe
user used the new search feature, and was told that it would.

A. Robson(Astrium Ltd.) observedhatvery big spacecraftnodelstendedto be dividedinto
both internal and externalmodelseachof which generatedheir own ESATAN files and
requiredtheir own supportingcode.He wantedto know whetherthe new integratedprocess
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would allow the user to import more than one set of ESARAD modelsinto asingle ESATAN
model. J. Thomas (Alstom) said that this was possible: the analysis case definition allowed the
user to specify any additional files which needed to be included in the ESATAN model.
However, he warned that ESARAD couldn’'t check whether these included [ESATAN] files
were correct. It was also possible to include external results as required. The analysis case
template file only needed to be built once and then the ESATAN file could be regenerated every
time using this template. Any external ESATAN or data files would be included automatically
each time the ESATAN file was regenerated from the template.

1.8. Application of EcosimPro to Bio-regenerative Life Support
Components

A. Rodriguez (ESTEC/TOS-MCT) described EcosimPro, a software package for modelling and
simulating dynamic systems described by differential algebraic equations, ordinary differential
equations and discrete events. He then presented the experience gained by using EcosimPro to
model MELISSAZ?, aclosed loop microbial ecosystem. (See Appendix H)

There were no gquestions.

1.9. ESATAN/FHTSVv8.7 & v8.8

ESATAN/FHTS version 8.7 was released in December 2001. F.duLaurens (Alstom)
highlighted some outstanding issues with version 8.7, including the migration of licences from
the old authorisation file scheme to the new FLEXIm licence system. He went on to describe
the solver speed improvements and major new features of version 8.8, to be released shortly.
(See Appendix 1)

R. Schlitt (OHB) asked whether the solver improvements also related to two-phase systemsin
FHTS. J. Thomas (Alstom) said that there had been no mention of FHTS features because of
the limited time for the presentation but a lot of work and feasibility studies relating to FHTS
had been carried out in Alstom, with much work foreseen during the next year, especialy in
support of the @BUS platform. O. Pin (ESTEC/TOS-MCV) said that improvements had been
made to the FGENFI solver to handle a fluid in pseudo-steady state. This had shown positive
resultsin performance, but so far had only been implemented as a prototype. J. Thomas said that
ESATAN/FHTS version 8.8 would handle absolute zero fluid flow, and more FHTS related
changes were planned for future versions.

2. http://lindustry.esa.int/melissa/

10
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2. Tuesday 9th October: Afternoon Session

2.1. Integrated thermal design and the thermal numerical tool box

J.vanEs(NLR) presentedhe casefor developinga simplethermaltool box for usein design
studiespasedntheexperiencef usingESATAN for severaktudiesn the past.He provided
some requirements for such an integrated tool. (See Appendix J)

M. Molina (Carlo GavazziSpacepskedwhatkind of phasechangematerialhadbeenusedfor
the designof the BIOFILTER experimentJ.vanEs saidthatthe materialhadbeena type of
paraffin,with an Alpha numberof “ADK something”,but he would really needto look it up.
The phasechangeoccurredat 5.9°C. A. Rodriguez(ESTEC/TOS-MCT)askedwhetherthe
hysteresi®f themeltingpointof thephasechanganaterialhadbeentakeninto accountHewas
told thatthe hysteresidiadnot beenincludedin the modelitself, butit hadbeenaccountedor
as a safety factor in the design margins.

C. Stroom(ESTEC/TOS-MCV)wantedto know whetherthe MLI hadbeenusedin vacuumin
the BIOFILTER experiment.J.vanEs said that it was possibleto experienceproblemsin
obtainingcorrectresultswhenusingMLI insidea pressurisethox. Theresultscouldalwaysbe
calculated for MLI in vacuum. He agreed that the vacuum was important.

C. Stroomremarkedhatthe OpenSourceSoftwareaspecbof suchatool box shouldbe asked
during the round table discussion,

2.2. Thermal ssimulation in functional analysis

M. Jacquiau(Astrium SAS) describedsomeof the areaswherefunctional analysisrequired
somelevel of thermalsimulation,andthe smalltoolsandinterfacesvhich hadbeendeveloped
to integrate them. (See Appendix K)

J.PerssonESTEC/MSM-MCS)askedwhat was the differencebetweenthe power software
tool andthat describedearlierby EADS. JP.Hulier (EADS LV) saidthattheir softwarewas
intendedor usein thepre-desigranalysisM. Jacquiatsaidthattheir softwarewasusedin the
preliminarydesignandalsoin thedetaileddesignof somesub-systemd-e admittedthatit was
similarto the EADS approachandworkedwith adescriptiornof thenetwork.JP.Hulier wanted
to confirmhisunderstandinghatthe Astrium softwarewaslimited to 40-50nodesM. Jacquiau
admittedthat the CAT softwarewas limited to 40-50 nodes.The solver being usedwas
ESACAP. However,the Propulsionsoftwareuseda different solver and also madeuse of
componentsuild by the user.JP.Hulier commentedhat this was a differencebetweenthe
system and technological approaches.

2.3. ALGOCAP: Assessment of Thermo Hydraulic Algorithmsfor
Capillary Pumped L oops and L oop Heat Pipes

D. Labuhn (OHB) presentedhe currentresultsof an investigationinto the application of

11
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capillarypumpedoopsandloop heatpipesin spacecrafthermalcontrolsystemsandtheissues
encountere@vhentrying to simulatesuchcomponentsisingsomeof thecurrentsoftwaretools.
(See Appendix L)

There were no questions.

2.4. Use of ESARAD in MetOp SVM Thermal Testing Analysis

E. Seward(Astrium Ltd.) describedhow ESARAD 3.2.7 had originally beenusedfor the
analysisof thetestconfigurationof theMetOpSVM in the SIMLES chambemlndtheproblems
which hadbeenencounteredShewentonto explainhow the modelhadbeenupdatedo work
with ESARAD 4.2.10, which problemshad beenresolvedand which still remained.(See
Appendix M)

HP.deKoning (ESTEC/TOS-MCV)was interestedto know whetherthe problemswith the
transmissivesurfaceusedfor modellingthe chambemirror wererelatedto the useof diffuse
ratherthan direct transmission A. Robson(Astrium Ltd.) felt that they were relatedto the
Monte Carlo methodbeing used. HP.deKoning explainedthat ESARAD only supported
diffuse transmission so this needed to be taken into account when modelling.

D. Gibson(ESTEC/TOS-MCV)commentedhatalthoughAstrium hadexperiencegroblems
with the correctpositioningof userorientedpartsof themodelduringanimationvia the GUI, it
WasS%ossibIebut requiredworking directly in the ESARAD languageand applying some
tricks®.

2.5. ESA Harmonisation and User Survey

HP.deKoning (ESTEC/TOS-MCV) presenteddetails of a harmonisationstrategy being
developedwithin ESA in orderto provide betterintegrationof tools and dataacrossvarious
disciplinesrelating to different spaceenvironmentsHe also describedthe resultsof a user
surveywhich hadaskedusersabouttheir preferredoptionsfor sucha harmonisatiorstrategy,
ranging from proprietarycommercialsystemsto open sourcesoftware,and from centrally
coordinated development to a market driven approach. (See Appendix N)

Questions were deferred until the following round table discussion.

2.6. Round Table Discussion

C. Stroom (ESTEC/TOS-MCV)askedwho wanted to start the discussion.He suggested
starting with the issue of Open Source Software (OSS).

J.vanEs (NLR) said that the succesof OSSdependecn the size of the active group of
developersHe hadseerexamplesvhereit hadworked,andthe producthadimprovedbecause
it becamethe storagefor the knowledgeof the contributors.He felt that ESARAD and

3. An example model and language files were sent to Astrium after tikesAop.

12
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ESATAN tendedto be usedby “now andthen” users sousingOSSto storeknowledgecould
be important.He wantedto know how big the ESA softwareuserbasewas.C. Stroomasked
what he consideredas examplesof successJ.vanEs said that the problem[with the space
thermalcommunity]wasthatthe groupwassmall,andthat mostof the companieswithin the
groupcompetedwith eachother.He was afraid that peoplewouldn’t sharetheir knowledge.
C. Stroomsaidthathereally wantedasmanyusersaspossibleto beinvolvedin developinga
genericcoretool kit, especiallyin thiscommonareawherecompaniesouldnotclaimto bein
competition.J. vanEsagreedn principle, but wasnot surethata largecompanywhich spent
moneyon a GUI for their peoplewould be happyto sharethat effort. He saidthatmanysuch
users had their own tools which interfaceE®ATAN.

R. Schlitt (OHB) wonderedvhetherOSSwasreally the future for softwaredevelopmentHe
felt thatthefirst option[*handsoff” approactwith little coordinationor harmonisationjvould
not be possiblewith OSS.C. Stroomsaidthatthefirst optionmeantthat ESA would not need
to do anything.R. Schlitt askedwhethera managemenboardto supportthe secondoption
[“harmonised approactwith coordinatiorfor thedevelopmenof generictool kit components]
wouldincludeuserrepresentativeaswell asESA. C. Stroomsaidthatoneof the outcomesof
the usersurveyhadbeenthat usersfelt that developershouldnot be in sucha management
board. F. du Laurens (Alstom) asked how the developershad respondedto the survey.
C. Stroomsaidthattheproblemwasthattheyfelt thattheyshouldbeonsuchaboard.He added
thatit couldbethatuserdelt thattheyhadlittle influenceonthe currentsoftwaredevelopment,
and that restrictingthe membershipof the boardto userscould provide the opportunity to
changethis. C. Stroomsaidthat therewasa balancebetweenwhat softwareandfeaturesthe
usersactually wantedto be developed,and how this developmentould be paid for. The
availableresourcesisuallylimited thechoicesHe felt thatpriorities[for featuredevelopment]
shouldbegivenby theusersputtheusersverenotusuallyin apositionto determinehowmuch
the developmentvould cost. Thereforeit would be necessaryo includethe developersn the
management board, but maybe they should not be able to vote on the priorities.

C. Stroomaskedheaudiencavhethempeoplereallywantedio share Hefelt thattherewassuch
alargeblock of commonfunctionality which everyoneneededHe askedwhethercompanies
who hadsoftwarewhich addressethis commonfunctionalitywould be preparedo contribute
it to helpin building a commonsystem.C. Ruel (MayaHTT) saidthattherewasnot enough
moneyin suchsoftwareto influencecommercialcompaniesUsersexpectedOSSto be free.
Currentsoftwaretypically cost1-10kEuroto produceputthiswasalot for “free” software He
didn’t feel that commercial companies had much incentive in providing “free” software.

C. Ruelwonderedaboutthe stability of the OSScodebase Theinfrastructureto allow usersto
incorporatechangesnto the codebasewould notwork in thecommerciakenvironmenusedat
Maya.C. Stroomsaidthatthereweredifferentmodelswhich couldbeusedandgavetheLinux
kernelasan example All changeavere submittedto a centralauthoritywherethey could be
testedyvalidatedandplacedunderconfigurationcontrol. AnotherexamplewasApache where
theuserdownloadedhesourcetyped“configure” andcouldthenbuild andinstallthesoftware.

C. Ruel askedwhethertestingcould be embeddedn OSSthermaltools. C. Stroomsaidthat
testingwould needto beincluded,becaus¢he communitycould not afford completeanarchy.
He envisaged systemwhereESA would handlethe versioncontrol andtestingvia a central
repositoryanduserswould be ableto downloadthe sourcecode.All userswould haveaccess

13
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to the release versions of the tools, such as “esakit-8.7" as well as any of the development
versions. Any additional development by a particular user should be sent back to ESA, and there
could be a vote on whether further resources needed to be spent to improve the quality of the
changed or additional code before its integration into the repository.

C. Stroom commented that one of the findings from the survey was that code needed to be
validated on both quality and robustness, so some scheme needed to be put in place to provide
the means for producing robust, functional software. C. Ruel was concerned that if code was
being received from many people, wasn’t there the risk that a lot of time and effort would be
spent on evaluating all of the changes, deciding whether they were compatible with the existing
code, etc. and wondered whether it would be easier to start code development from scratch. He
asked whether thiswould prove to be an impediment to the development of new code, when so
much effort would be spent on new code, and alot of effort to evaluate the code, and in the end
alot of code being discarded or needing to be reworked before it could be integrated in the
central code. C. Stroom argued that there would be overal cost reduction in avoiding
duplication of code in all of the different tools currently being maintained, and that producing
common software would not necessarily be cheaper than the cost of asingle company producing
its own tool. It should also be faster to redistribute the common software to the users as the
development version would be available as well as the last released version. If a specific need
arose for a specific project, that project could always clone the software in order to develop the
features that it needed.

C. Stroom returned to the question of money. He said that some resources would be needed to
start such a project. The figure of 1-10kEuro would not really cover development, but he felt
that the cost of software maintenance would probably prove to be more of a problem.
Commercial software vendors always had to consider maintenance. He said that the business
model for moving to OSS development would also need to address the long term running and
maintenance of the software. He emphasized that the cost of maintenance of software went up
as the software grew older. He gave the example that ESATAN was already 20 years old, and
it would need to be maintained for another 10 years before it could be replaced. J. Thomas
(Alstom) was quick to point out that any replacement for ESATAN did not necessarily haveto
be an OSS version. C. Stroom agreed, but said that ESATAN wasin need of an overhaul, but it
was not clear how this should be achieved.

F. Lamela (EADS CASA) wondered about the French position on OSS development. He had
experience with aBelgian company called SamTech developing a“new NASTRAN”. Thisnew
software was being used by many French companies, so he wondered whether there was a
requirement to use this particular software. He wanted to know what other companies were
doing who were currently using NASTRAN. He said that the “new NASTRAN” userswouldn’t
see details of the meshing and surface properties: they would seea CATIA view only, and then
produce data for import into Excel. This was one software product aimed at a specific
manufacturing application where the user did not need to know anything about the internal s of
the calculations. HP. de Koning (ESTEC/TOS-MCV) confirmed that SAMCEF was the only
real competitor to NASTRAN in Europe, and that it was used a lot in the non-linear domain.
There were other OSS projects in Europe, such as OpenCASCADE. SAMCEF used this OSS
internally, e.g. to provide the geometric engine. He went on to say that everyone had to take the
French position to be that given by the French delegation to ESA. HP. de Koning stressed that
therewas also alarge difference between the provision of softwarefor the structural and thermal
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areas. NASTRAN type tools commanded a huge market involving tens of thousands of seats,
but the thermal tools had a much smaller market.

HP. de Koning felt that the second point which F. Lamela had made, that of hiding the details
of model construction and calculation, would be more difficult to achieve. It wasn't always
possibleto rely on “point and shoot” type software systems: the users had to think about how to
achieve what they wanted, what assumptions were made by the tools, etc. Users needed to have
accessto the detailsin order to perform verification of models. He agreed that people were more
exposed to the internal workings of software than they should or needed to be, but accessto the
internalswas still required for parametric studies, etc. There was aneed for a scripting interface
to many toolsin order to get at the internals. He had big doubts that “point and click” systems
would suffer from the limitation imposed by lack of user access to the internals.

F. Lamelaargued that most structural engineerswere only interested in the spacecraft asaseries
of panels. The user passed the length of both sides of the panelsto CATIA, the panel could be
meshed automatically, etc. He suggested that five parameters could be used to represent most
thermal models. The user should only have to provide the software with these parametersin
order to get aresult. The meshing and calculation could all be hidden inside the software. For
example the user should only need to give the diameter of a hole in a panel for the software to
be able to produce the results in the GUI, or to be able to generate reports automatically.
HP. de Koning said that thisrelated to the automatic idealisation of the model and the extraction
of the results from the model. Engineers could use procedures to advantage for achieving this.
NASTRAN could afford to offer these features because of the large user community, but it was
difficult for companiesto justify spending the effort to achieve thisif there were only ahundred
users of their tool.

C. Ruel was worried that if people were able to download the source code, they could always
develop their own GUIs or enhancements if they didn’t like what the central version offered,
and that this would lead to the existence of incompatible versions. This is what had happened
to other tools, such as SINDA, and the different versions tended to grow. HP. de Koning agreed
that this was an argument against distributing source code. He said that ESATAN could have
been distributed with source code, but by not doing so any differences between the various sites
running ESATAN had been avoided. With OSS, a different approach had developed over the
last 4 or 5 years, and that this was based on trust. The idea was that if you participated in the
software development along with others, then you would get back more than you put in.
However, if people hijacked the development for their own ends, there was the risk that chaos
might ensue, but in practice the development community would not tolerate this. C. Ruel asked
how the situation could be policed effectively. C. Stroom answered that it usualy came down
to self control. He had access to the sources for the Linux kernel, and in theory could modify
them for his own needs, but so far he hadn’t been tempted to do so. Anyone who did make
changes outside the main development stream usually found that the next upgrade couldn’t be
applied without re-modifying the new sources to reflect the user’s own changes, and that this
soon became prohibitive.

C. Stroom felt that 20 years previously the thermal software community had been amateurs
when it came to software development. A lot of experience had been gained over that time, and
the situation was now different. Maintaining software was a costly business and now everyone
realized this. He was sure that all of the companies represented at the workshop realized this.
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However, most of the people at the workshop didn’t come from software companies. All they
wanted were tools to help the thermal design process. Most people used the tools as they were,
and only if they needed a specific feature would they even consider writing code of their own.
He felt that people simply didn’t have the time or money to dedicate to writing such code.
HP. de Koning commented that the growth of the Internet and Web technologies had enabled
easy cooperation between different groups no matter where they were in the world. This was
very different from 20 years ago when sharing programs and data involved sending tapes,
lengthy delays, etc. C. Stroom repeated that chaos could only result if there were users who
forked their own versions of the software.

C. Ruel said that TMG had hundreds and thousands of customers and not just in the aerospace
sector, so they had lots of requirements from different parts of the market. C. Stroom observed
that even large companies had disappeared. Look at EUCLID and ASKA. However the
engineers still required tools in order to make satellites. C. Ruel said that Maya had funding
from the Canadian Space Agency and the intellectual property rights (IPR) of al code
developed for the CSA was shared. If Maya went out of business, then the CSA would have
access to the source code. C. Stroom admitted that this was true in theory, but said that if a
company such as Maya or Alstom disappeared then the concentration of al of that company’s
knowledge would disappear too. R. Schlitt suggested that ESATAN and ESARAD could be
marketed along with NASTRAN. J. Thomas (Alstom) said that they had probed M SC about this
in the past, but that M SC hadn’t shown any interest in doing so.

C. Stroom was under the impression that users didn’t want to have a list of prescribed tools.
HP. de Koning agreed and said that stability needed to come from the provision of good
interfaces. Different tools could then use those interfaces. He said that the standardising on
particular tools had never worked.

F. Lamela introduced the differences between working in the commercial and the scientific
satellite markets. Their @BUS work provided for 200 hours to be spent in England and 100
hours to be spent in Germany, and such pressure would not leave them with enough time to
write a report on the results obtained. He said that tools must introduce minimum cost to the
engineering process. The time taken to discretize amodel need to be reasonable, but thiswas an
area which needed to be fixed in software. He felt that there were issues of innovation and
communication. He felt that there wasn't enough communication about the existing
developments in the standard software and was worried about how this would work with
innovative software being developed as OSS. If he needed to add functionality to such
innovative software, how would he be able to discover whether someone else was already
working on it? He said that most companies didn’t give away information.

F. Lamela was also interested to know how people could manage the cases of low prices and
tight schedules which were normally presented in proposals. For example, he was interested in
good software to help in the calculation of antenna characteristics. However, structural
engineers took one week to calculate what they needed whereas the thermal people took three
months. C. Stroom asked whether F. Lamela wanted a marketing tool or an analysistool. Was
hereally interested in atool to help in winning bids? Was he looking for anice tool which could
provide approximate results quickly but which would not be reliable for detailed models?
C. Stroom explained that he had visited JPL, where there was a CDF*. Engineers from all
disciplines sat together in the CDF to make the design for a new satellite. All NASA sites
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competednbiddingfor thesatelliteaspartof acompetitivel TT. Thesuccessfubid camefrom
JPL,with the CDF.However thequestiorthenaroseof whatto do oncethebid hadbeenwon.
ShouldJPL continuewith thedesignwhich hadbeenproducedy the CDF for thebid?In fact,
the CDF hadbeenusedto producea designspecificallyto win the bid. Onceit hadbeenwon,
thisdesignwasdiscardedandtherealdesignstartedagain.C. Stroomfelt thatif thegoalof the
tool wasto be ableto convincethe marketingmanagethata radiatorwould needto be 300kg
andhandle300W thenthis wasfine. However,it wasimportantto know the level which the
users expected for this tool.

R. Schlitt saidthat the importantword which had beenmentionedduring the discussionwas
“‘communication”.He wasin favour of the harmonisatiormeetings but stressedhat it was
importantto haveuserinvolvementat the beginningof any developmentvork. He felt thatit
wasnecessaryo haveusergakepartin morediscussionsHe suggestetivo meetinggeryear.
Howeverhe recognisedhe problemsinvolvedin organisingsuchmeetingsHe alreadyhada
problemof howto discusdoop heatpipetechnologywith softwaredeveloperanduserswhen
therewasno sparemoneyto enablesuchmeetingsHe wentbackto the communicatiorissue
andsaidthateveryyeartherewasanewversionof thesoftwareandusersverenotalwaysfully
aware of the new featuresand improvements.C. Stroom agreedthat communicationwas
importantandthatthereshouldbe usersandESA representativesn any softwaremanagement
board,but hewantedideason exactlyhow this shouldbe achievedYes,thereweretheyearly
meetingsandotherthingswhich would be of interestto users.Usersalsohadtheir own “wish
lists” for newfeatureshut usuallythey hadno time to communicatéheserequirementsvhen
they neededhemmost.C. Stroomfelt thatit would take morethanjust a newsletterto keep
them informed of all new developmentsR. Schlitt admittedthat they had problemswith
software but they neversawsomeof the developerge.g. Alstom) in orderto discusssolving
them, whereas some other developers visited regularly.

C. Stroomsaidthatthespacehermaltoolshadonly aboutl0%of themarketcomparedo some
othertools,andhadonly a small budgetfor developmentind maintenanceThereforeit was
necessaryo know how to prioritisein orderto makebestuseof thebudget.R. Schlitt thought
thattheremustbealot of moneyaroundif all toolssuchasTHERMICA, CORATHERM, etc.
weretakeninto accountWhatwasneededvassomeway of harmonisinghe moneyspenton

the different tools. HP. de Koning stressedhat this wasthe whole point. In Europethe user
communitywastoo smallto warrantso many paralleltools anddevelopmentsHe felt thatin

the future, Europe would need to pool all of these resources together.

C. Stroomwonderedwhetherthere was a needto pay usersfor their rle in requirements
gathering ECSSinvolvement,etc. All usersseemedo wantdataexchangebut noneof them
had the time or moneyto be able to contributeto defining the requirementsH. Peabody
(Swales)felt that the funding was key to the developmenprocessand said that a company
would drive developmenaslong astherewasataskto be completecanda needto havea new
softwarefeaturein orderto completethattask.However if therewasno clearprojector taskto
which suchdevelopmentould be chargedthenthe companywas unlikely to pay. It wasn’t
alwayspossiblefor developerso work on whattheywantedto work on. He wentonto saythat
the ideaof OSSwasgreat,but if the usersdidn’t havethe time or resourcego put into the
developmentthenit wouldn’t work. C. Stroomadmittedthatthis wastrueto a certainextent.

4. Concurrent Designdeility
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The Apache model for OSS development wouldn’t work for the space thermal community.
H. Peabody argued that Apache had a lot of users in comparison to the therma community.
HP. de Koning commented that OSS didn’t necessarily mean free of charge. H. Peabody
admitted this, but countered by saying that if hiscompany wouldn’t pay [histime and resources]
then how could he contribute to any OSS development. C. Ruel felt that thiswas akey point: a
developer needed resources in order to work. C. Stroom argued that since people were already
developing alot of toolson their own, these resources were available, but were not coordinated.
He said that a lot of components were already available as OSS: there were systems for ray-
tracing, scripting, etc. HP. de Koning said that a lot of OSS development was about gluing
existing components together rather than developing everything from scratch. C. Stroom said
that without being able to work in terms of smaller components, any changes to software
required amajor overhaul of the code. Rewriting a system such as ESATAN or ESARAD was
not really a development problem, but more of a maintenance problem in the long term.

C. Ruel wondered whether it would be possible to issue contracts to maintain OSS code.
HP. de Koning said that there were different models available for developing and maintaining
software. People could pay to join a board which oversaw any development work, or people
could buy services which could pay for development. Therefore issuing contracts to maintain
code was a serious possibility.

J. van Es was concerned about the issues of giving any software away. He wondered whether it
would be possible for ESA to sub-contract thermal analysis and then provide a bonus if any
tools developed by the company were contributed to the common software base. In the future,
people should be encouraged to generate tools for the common software base as part of project
work. C. Stroom commented that thiswas basically what HP. de Koning had said: the company
should pay for development, and then contribute it to the community for the common good.
H. Peabody didn’t think that it would be as easy as that. It had taken him four years to develop
ThermPlot but Swales owned it, Goddard had some rights to it. He was not the owner.

C. Stroom observed that the discussion seemed to have become stuck on OSS, and wondered
whether there were any other topics.

E. Werling (CNES) asked about using SY STEMA as a solution to the common software base.
HP. de Koning admitted that SYSTEMA and THERMICA formed one of the major tool kits.
However it was a good example of what was meant by duplicate effort. It would be better if all
effort could be brought together in the interests of the user community as a whole in order to
provide common tools.

E. Werling observed that the Harmonisation report had mentioned a user group with ESA
responsibility and wondered what form thiswould take. HP. de Koning answered that there was
no real name for such a group. E. Werling asked whether anything had already been planned.
HP. de Koning said that it could be that one of the recommendations to be made in the
Harmonisation road map would be to form such a group, There would be a meeting in the
middle of December to consider the options. L. Maresi (ESTEC/IMT-THH) said that, provided
some consensus could be reached, information from the Workshop could be used to help with
the recommendations to the meeting in December for the development of a common tool kit.
C. Stroom said that ESA had to deliver the documents one month before the meeting, so time
wastight.

18



16th Thermal & ECLS Software Workshop ESA-WPP-207

R. Schlitt commented that the “tool kit” under discussion was currently without form and it was
necessary to define what was actually wanted or needed, what primitives should be provided,
etc. C. Stroom asked who would be prepared to participate, and he meant really participate
rather than just provide vague support.

S. Dolce (ESTEC/TOS-MCT) was prepared to give an example wherein aproject, if the phase
A/B design suggested the use of Loop Heat Pipes[LHP] using ESATAN/FHTS, if nothing was
aready available on the market then the project would consider developing its own. He felt that
it would be agood ideato have alist of desired technologies to be supported, and that this list
should be made public so that users could contribute and be involved in the decision making.
At the ESA level such alist would show whether there was a need for ESATAN-II, and ESA
would know that they would have to makeit available. The same held true for the harmonisation
group, or for French companies:. if they needed LHP technology support, they needed to go
through the same process. If it was not possible to have such a scheme to help direct common
development, then model exchange between the different tools would be essential.
HP. de Koning agreed, but said that the data exchange was an independent issue. S. Dolce
argued that data exchange had been discussed for years, but projects weren't prepared to wait
fiveyearsfor an ideal solution: they needed solutions now, and were prepared to develop their
own if necessary.

J. Thomas informed everybody that ALSTOM maintained just such alist of Feature Requests
on its web site, although access to it was restricted for a variety of reasons. These Feature
Requests had been produced after discussions with customers, or from comments during
previous workshops, etc. He said that he had collected two pages of Feature Requests from this
Workshop alone! He wondered whether there was enough interest to make the Feature Request
List availableto awider public, athough he said that there were some aspects of confidentiality,
etc. which would need to be discussed. Hewent on to say that ALSTOM had adopted the policy
that development work should be 100% driven by the direct project requirements or by items
on the Feature Request List. Therefore, developments shouldn’t really be a surpriseto the users.
Hewondered whether even more transparency was needed in order to improve the requirements
process.

S. Dolce felt that there had to be some link between the needs of the users and projects and the
way of reacting to them quickly. J. Thomas said that there were some differences between
general user requirements and specific project requirements, and it was necessary to balancethe
two. If aparticular feature request would only be useful to one or two companies than it would
be hard to justify doing the development with general development money. However, Alstom
were open to discussing requirements with any company or project which had specific needs
and which was prepared to pay for their implementation.

S. Dolce wondered whether the drawback to the current proposal was that until some consensus
was reached by the delegation it would be difficult to make any progress. HP. de Koning argued
that trying to prioritise Feature Requests at the European level would be valid for al products.
He felt that there was a need to do this across the community and not just at the vendor level.
He admitted that there was a certain level of commercia conflict of interest. He stressed that
people who shared the common environment needed to put things into it as well as get the
benefits out of it. The question was how to do this without exchanging software. A request for
a new feature to be added to ESARAD would probably apply to THERMICA as well. The
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difference between the commercial approach and the harmonised approach meant that different
groupswould gain from each. The question was how to find amiddle ground in which all parties
can benefit.

M. Heuts (Dutch Space) asked what the users were actually interested in. Most companies were
interested in tools which enabled the engineers to work in an efficient manner, and it didn’t
really matter which tool that was. Dutch Space wouldn't invest in tools if it could work with
existing tools. He agreed with the harmonisation effort if the goal was to work efficiently, but
if he needed to spend lots of money in order to participate, then he wouldn’t take part because
at the moment he could work with the existing tools. C. Stroom forecast that the current
situation which had existed for twenty years wouldn’t continue for another twenty. Therefore
there was a need to do something before current expertise waslost. For example, ESATAN had
been written using F77 and in the future there would be fewer developers with experience of
F77, and less support from vendors. The aim of the harmonisation wasn't for the short term, but
looking to the three to five year time frame. M. Heuts said that he would be prepared to
participate on a part-time basis to help achieve such agoal.

P. van Leijenhorst (Dutch Space) said that it was necessary to ensure that the effort went in the
right direction. Participation should not necessarily involve paying, but it would mean that there
would be a better consensus in how to use the R& D money, and more people to help convince
the delegates about what was needed. C. Stroom said that participation would take time and that
“Time is Money”. He said that a set of crosses on a list or survey wasn't enough to build
consensus. He knew that the user community had a wide range of varying opinions, and that it
would be necessary to find the common goals and requirements of the users. He stressed that if
the users were not involved in making the decisions, they would probably be unhappy with
some of the results which came out of them.

H. Peabody felt that it would be beneficial for usersif someone could provide aweb site where
users could store information on new technologies, LHP, software requirements, etc. He
compared thiswith the Visual Basic bulletin board, where users could search a knowledge base
for answersto their own questions. C. Stroom agreed that these were val uabl e suggestions, and
something like this had been envisaged for the now-defunct Thermal Mailing List. H. Peabody
said the difference was that the information needed to be searchable. C. Stroom wondered about
effort required to keep such a web site up to date. H. Peabody said that there must be a lot of
people who had home grown software that nobody else ever found out about.

C. Marechal (CNES) reminded everyone about the GAETAN development. At the beginning
the users had been involved in the requirements and design, but had only contributed financially
when they had been obliged to, such as when the software was changed for them, or when the
users had new needs which the software didn’t meet. There had been user group meetings every
two monthsto allow for feedback, but these had collapsed after only three meetings because the
software worked to do what they wanted. C. Stroom admitted that there had been a similar
experience with an ESA software board which had met four times and then hadn’t really worked
any more. What he had learned was that user involvement really needed to be set up differently.
This was what a suitable web site might be able to offer. People rarely had spare time and
resources so the number of physical meetings could be reduced, having them as additional
sessions within workshops for example. He felt that it was important to use the user interest
more efficiently.
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E. Werling remarked that there was a document - astrategy paper by ESA - which could be sent
to industry for comment. C. Stroom pointed to the ECSS web site where it was possible for a
user to be sent notification when a document had been added to the web site. HP. de Koning
said that there was aready an initial version of a Thermal web site, and he wanted to build on
this site to provide a discussion forum.

R. Schlitt said that as far as user involvement was concerned, if the users could see that they
would save time and money by using new developmentsin the software, and being ableto guide
those developments, then the users would be more interested. He said that he often saw RFQ
and ITT documents but he didn’t usually know how such initiatives would affect him directly.

C. Stroom said that he wanted to make a form of business case for any new form of
development. Hefelt that there should be real milestones, and if these were not reached then the
development should be abandoned, but it was important that the whole community should make
this business case together. Everyonein the user survey had said that ESA should take the lead,
but he felt that users still needed to participate. HP. de Koning said that the December
delegation would comment on any proposals, so users should ensure that the delegates were
aware of their positions.

V. Perotto (Alenia) observed that the current situation had been created by a number of
boundary conditions. One of these was the lack of confidence of the usersin the devel opersand
ESA in providing software to address users needs. He gave the specific example of lack of
progress on the data exchange problem. He felt that if he could present something to his
management or to the delegation that something was actually being done, then he might be able
to change their attitudes.

HP. de Koning remarked that the data exchange question would be handled during a
presentation on the following day. V. Perotto had already heard about the initiative to provide
conversion between ESARAD and THERMICA, and he could inform his management that
things were moving again. If his management could be convinced that ESA could provide
results within six months, then they could use their own resources and effort in amore efficient
way. HP. de Koning said that ESA had already taken measures to ensure progress on data
exchange. ESA had taken responsibility for developing the converters. An alpha version was
already available, and he was hoping to be able to distribute the convertersfree of charge before
Christmas.

V. Perotto went back to considering the problems of selling acommon tool kit to management.
He said that a user might want to present abit of an existing tool to ESA as part of the common
tool kit, but it might be difficult to obtain management authorisation to do so. If users were
allowed to participate, what would each company offer? He felt that authorisation would be
hard to get because it wasn't clear whether the company would actually get any compensation
for the effort.

H. Peabody said that it would be helpful to know exactly what tools were already being used.
There might be aproblem of actually distributing existing tools, but it was often useful to know
that a particular tool was out there. C. Stroom agreed. He said that collecting such information
depended on the amount of available ESA manpower, and he admitted that maybe ESA should
do more.
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A. Crutcher (FSC Ltd.) gave a developer’ s perspective on user involvement. As the ThermXL
developer, they had offered two seminarsto end usersto discuss requirement and devel opment,
but in the end only one person had been interested. He felt that end user involvement had to be
simple to use, such as a Web based discussion board. However, he was not entirely convinced
about end-user involvement in general. What currently happened was that ESA funded some
development and at the end of it the users criticized the result, but he felt that this might be the
only way of working because “design by committee” was rarely successful. He felt that there
should be a small executive committee which should put forward ideas, try to deliver these to
the users, and take any criticism

A. Crutcher admitted that the OSS idea sounded quite good but gave Red Hat Linux as an
example of avalue added OSS product which had to be bought even though the component parts
could be downloaded for free elsewhere. HP. de Koning felt that this model was fine if people
were prepared to pay for additional services or maintenance. A. Crutcher emphasised that OSS
systems were inherently different to packages such as EcosimPro. He felt that many end-users
would have difficulties to build al of the tools from scratch, or to incorporate ray tracers, etc.
and that they wouldn’t all be ableto put al of the componentstogether. HP. de Koning admitted
that this was true: end-users wouldn’t necessarily be able to build the tools because it really
needed to be done by software engineers. However, he said that there were examples of such
systems out there, and gave OpenCASCADE as an example of alarge OSS system with many
contributors.

C .Caillet (OpenCASCADE) explained that there had been 18 Meuro of investment in the
OpenCASCADE system, initially by Matra Datavision, before it had been converted to an open
source system under the control of a daughter company. This company now sold services in
software engineering on how to use the open source software. The business model had been
built entirely on these services. The services included integration and technical support
provided to customers.The sale of these services provided the money needed to improve the
product, investment in research and development and extending the platform base. Some
funding also came from European and French research initiatives. There would be a
presentation on the SALOME system the next day: this was an integration of CAD with
numerical simulation. Nine partners had spent 540 man yearsin its development. He agreed that
maintenance of software cost alot and that it was a big issue. The company had to ensure that
there was an on-going customer maintenance project with general bug fixing for the whole
community, and a system of charging customers with support contracts for fixing specific bugs
rapidly to enable them to continue working. Thisresulted in asharing of costs and benefit across
the whole user community.

R. Schlitt returned to the issue of user involvement: he said that the software developer had to
convince the customer to buy a particular software product. A. Crutcher wondered what would
happen if a company offered software as OSS, what terms and conditions would apply, and
whether these would apply worldwide. HP. de Koning said that the software could be restricted
to a user community group. C. Stroom commented that there were already systems available
with restricted access, such as the various environment models developed for SPENVI S
However, he didn’t know how the different access models to the common tool kit would work
in practice.

5. Space Environment Information System. See http://www.spenvis.oma.be/spenvis/
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3. Wednesday 23rd October: Morning Session

3.1. Useof TSSasa neutral format for geometry model conversions: an
alternativeto STEP-TAS

H. Peabody (Swales) presented the problems of trying to share model datawith different project
groups and the different software systems which they use. With no current consensus on a
common format for data exchange between tools, and with TSS providing a superset of the
facilities available in other tools, he had produced a series of converters for translating models
to and from the TSS format. He described the additional conversion tricks which were required.
(See Appendix O)

N. Cavan (RAL) asked whether the conversion process conserved any model hierarchy and was
told that it did. H. Peabody said that ESARAD reported everything using global coordinates
whereas TSS used staged coordinate systems. The ESARAD converter had been written first,
and it should really berevisited to apply the knowledge gained writing the other converters. The
converter had an option for trimming surface names, but this could result in a problem of nesting
in ESARAD, so the software had to keep track of all trimmed names.

J. Persson (ESTEC/MSM-MCS) asked whether TSS would become the replacement for
TRASY S. He was interested to know whether a TSS model of the International Space Station
existed. H. Peabody said that TSS had been designed as the replacement for TRASYS. He
didn’t know why NASA had chosen TRASY S to model the ISS because he knew that NASA
converted the model to TSSin order to view it. The conversion from TSSto TRASY Sand back
was a simple one. J. Persson wondered whether it would be possible to use the ISS model in
TSS and convert it to ESARAD. H. Peabody said that it was probably possible athough he
hadn't tried it.

C. Stroom (ESTEC/TOS-MCV) referred back to the viewgraph on the neutral formats and said
that TSS was effectively proprietary software and therefore could not be controlled. This was
one of the arguments for atrue neutral format. H. Peabody admitted that the TSS format could
be changed without warning, but so far it had proved to bevery stable. C. Stroom felt that import
and export should really be handled by the tool supplier, and not by reverse engineering the
required data formats. However, he admitted that the TSS converters worked, and European
efforts to work with STEP-TAS were still incomplete.

3.2. CIGAL2: An open source pre/post-processing tool for CORATHERM
and other software activities

JP. Dudon (Alcatel) described the userof CORATHERM in Cannes, and the design of a new
tool, CIGALZ2, based on open source components to integrate the various pre- and post-
processing needs of the thermal engineers. (See Appendix P)

S. Appel (ESTEC/TOS-MCV) asked whether he had understood the last slide correctly to mean
that some interpolation was needed to map thermal node temperatures to the finite element
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nodes. JP. Dudon said that this was only necessary to fit the meshing and that when the finite
element node corresponded to the finite difference node the thermal calculations on the finite
difference meshing could use EQUIVALE. S. Appel said that thisimplied that the system used
the finite difference conduction matrix on the finite element nodes. JP. Dudon agreed and said
that finite difference tools were used to calculate local temperatures on small nodes and these
were then used for the final temperatures of the finite element mesh. S. Appel said that with an
initial fine lumped parameter mesh and afinal finite element mesh it would be easier to make a
mapping. JP. Dudon agreed that such an approach would makeit easier to get the final mapping.

HP. de Koning (ESTEC/TOS-MCV) noted that the example had achieved +2° accuracy in the
condensed model compared with the full main model. He asked whether there had been a
similar check on the heat balances if nodes were grouped. T. Basset (Alcatel) said that it had.
HP. de Koning said that it would be useful to have an indication of the accuracy and constraints
of the reduced model. JP. Dudon replied that this would be a parameter which would be taken
into account in the future.

E. Werling (CNES) suggested that the a STEP-TAS converter needed to be added to the
framework. JP. Dudon admitted that it was already in the planning. E. Werling said that thiswas
important, because it would enable communication and interchange with other tools such as
THERMICA and ESARAD.

3.3. TMG: New Technologies and Modelling Approaches

C. Ruel (MayaHTT) presented acomprehensive overview of the capabilities of TMG, outlined
some of the algorithms being used, and described some new features which would be available
in the next release. (See Appendix Q)

H. Peabody (Swales) asked when the new version would be available. C. Ruel said that
IDEAS-10 would be released at the beginning of 2003, but some of the features which he had
described were already available in IDEAS-9. HP. de Koning (ESTEC/TOS-MCV) asked
whether these features would be available in both FEMAP-TMG and IDEAS- TMG and was
told that they would.

3.4. SYSTEMA/THERMICA version 4: overview of the new capabilities

M. Jacquiau (Astrium SAS) described the current capabilities of the SYSTEMA framework,
and detailed the latest developments within THERMICA and related applications. (See
Appendix R)

C. Ruel (Maya HTT) asked about the tolerance used for the automatic detection of contact
between shells. M. Jacquiau said that the user could tune the tolerance value used during the
detection of contact between edges. C. Ruel wanted to know whether the user could specify the
contact resistance. M. Jacquiau answered that the contact resistance could be given by the user.

H. Peabody (Swales) asked whether THERMICA could handle surfaces with thermal nodes on
both sides. M. Jacquiau said that he hoped to be able to offer this in the future, but for the
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moment it was still necessary to use two surfaces, one for each node.

E. Werling (CNES) asked whether the full SY STEMA suite would be offered as a commercial
package. M. Jacquiau said that adecision would be taken soon. He explained that some specific
applications were already available commercially, but the complete framework was different.
It was easy to exchange data models between the different applications within SY STEMA. He
wanted to commerciaise SY STEMA but there were still some commercial and technical issues
which needed to be discussed.

J. Thomas (Alstom) asked whether THERMICA version 4 was already operational within
Astrium. M. Jacquiau (Astrium SAS) said that some of the GUI parts were already being used,
all of the batch processes were available internally, and there were even afew external users of
the batch version. He explained that all of the new features came from the needs of projects
within Astrium.

3.5. ESATAN/FHTSand ESARAD: A View on the Near Future

J. Thomas (Alstom) presented details of new and improved areas of functionality within
ESARAD, currently being used in-house at Alstom, most of which would be available in the
next industrial rel ease. He described how these featureswould lead to better integration between
the tools. (See Appendix S)

H. Peabody (Swales) was interested in the conductor generation facility, and asked whether it
would support having two nodes connected to one side. J. Thomas said that he didn’t know the
answer off-hand, but would try to provide an answer viae-mail. H. Peabody remarked that there
had already been some discussions and issues about conductor generation. HP. de Koning
(ESTEC/TOS-MCV) sad that the algorithm needed to be independent of the meshing.
F. du Laurens (Alstom) said that the algorithm would identify the connect lines but the user
could turn some off or add others.

H. Peabody asked whether the STEP-TAS interface was working on Unix, because it was
needed for GSS-ATX. HP. de Koning said that the next presentation would address this, so the
guestion could be asked again then if necessary.

3.6. TASverter: Thermal Analysisfor Space model converter

S. Appel (ESTEC/TOS-MCV) and HP.deKoning (ESTEC/TOS-MCV) described the
TASverter initiative to provide data exchange capabilitiesin the short term while problemswith
the development of industrial libraries for integration in the main tools were being addressed.
(See Appendix S)

D. Charvet (Astrium SAS) asked whether the converter between ESATAN and SINDA was
aready available. HP. de Koning said that it was, but only from SINDAS85 to ESATAN. It was
atwo pass converter. Thefirst converted SINDA to itsESATAN equivalent. In the second pass,
the converter detected which units were being used, and tried to map to MORTRAN by
converting SINDA library routinesto the ESATAN equivalent. This conversion was extendible
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to user routines. The converter was ableto resolve most of the MORTRAN but the user still had
to do alot by hand. The data blocks were converted completely.

S. Dolce (ESTEC/TOS-MCT) asked about the verification of the converters: was this a visual
inspection, or someintrinsic check? HP. de Koning said that there was alarge suite of test cases
- currently there were 200 for the TRASY S and 50 for the SYSBAS conversions - and these
applied to all shapes and optical properties. For the TASverter itself there was no visual check,
and the user needed to see the model in the sending and receiving tools. However, he was
confident that the test suites handled all cases. The tool vendors would also have access to the
test suites. J. Persson (ESTEC/MSM-MCS) asked how the test cases defined successful
conversion. HP. de Koning explained that they had to be some level of inspection athough it
was possible to use reference definitions to provide some automatic comparison. He admitted
that the first time the case was run, the comparison had to be made by hand. The full test suite
was available for regression testing against the reference cases.

J. Thomas (Alstom) asked about the source code for the converters: would it be available as
open source and could the vendors make changes to it. HP. de Koning said that the converter
suite was a prime candidate for rel ease as open source software because it was in the interest of
the community as awhole and nobody had a competitive edge which needed to be protected.

E. Werling (CNES) noted the availability of the converter between THERMICA and ESARAD
as being the end of the year, and wondered when the other converters would be validated.
HP. de Koning said that the test suites were aready available, and he was confident in the tools
because some large industrial models had also been converted. However, he was interested in
userstrying their own models. E. Werling asked whether the toolswould be available at the start
of next year. HP. de Koning said that he wanted to start a full verification campaign involving
CNES, Alstom and the other vendors.

3.7. ThermXL v2 and Beyond

J. Thomas (Alstom) demonstrated the latest features of ThermXL using a prepared example,
and described future devel opments. (See Appendix S)

J. Persson (ESTEC/MSM-MCS) commented that he hadn’t seen whether ThermXL supported
time-profile data, like those handled in the ESATAN $ARRAY S block. J. Thomas said that
ThermXL was built on top of Excel, so it was possible to use any Excel function within the
spreadsheet and to apply afunction to aparticular cell. He demonstrated on screen that the user
could define any data cell to be dependent on a set of other data cells, such as those containing
time dependent data. The user could then write a Visua Basic macro to interpolate the data
within these cells as needed. He explained that there was an example in the ThermXL tutorial
which demonstrated this. Version 3 of ThermXL would get rid of the need for some of this by
providing a specific INTERP function. O. Pin (ESTEC/TOS-MCV) added that ThermXL
provided equivalent mechanismsto the $VARIABLES2 block in ESATAN. Hesaid that if time
varying variables had not been available then ThermXL would have been useless.
HP. de Koning (ESTEC/TOS-MCV) remarked that because the whole spreadsheet was
recalculated at every time step it was possible to refer to individual variables during the time
marching.
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E. Werling (CNES) wanted to know about the relative speed of ThermXL compared to
ESATAN. J. Thomas explained that ThermXL had never been intended as a replacement for
ESATAN asit could only handle small models. There was an Excel limit of 255 columnsin the
spreadsheet, and this meant that ThermXL could handle a maximum of 254 nodes. He admitted
that the more complexity the user added into the spreadsheet, the more work Excel had to do to
recalculate it every time, so the calculation became slower. However, he stressed that the tool
had never been aimed at handling large models.

4. Wednesday 23rd October: Aftenoon Session

4.1. ALTAN application for Bepi-Colombo thermal analyses

V. Perotto (Alenia) described aspects of the Bepi-Colombo mission which could not be
modelled using the existing tools - namely directional reflectivity, the finite size of the sun, and
non-uniform planet temperature -and the software which had been developed to handle these
problems. (See Appendix S)

There were no questions.

4.2. Last Developments in and aound GAETAN

C. Marecha (CNES) described the changes to the GAETAN software which had been made
since it had been presented at a previous Workshop, and also gave some details of CONDOR,
an internal CNES tool to help find dimensioning cases for given orbit parameters. (See
Appendix )

S. Dolce (ESTEC/TOS-MCT) asked for a more detailed explanation of the semi-automatic
model reduction available in GAETAN. C. Marecha said that he had aready given a
presentation on the model reduction feature at the Workshop three or four years ago. E. Werling
(CNES) explained that it was a physical method, and that all thermal flux analysis and heater
data could be taken into account. He stressed that this involved an energetic and physical
approach and was not based on stochastic methods. S. Dolce asked whether the reduced model
was a physical representation of the original model. E. Werling gave the example of the
INTEGRAL spectrometer which had yielded a factor of 100 model reduction. He confirmed
that the physical meaning of the model was retained. He explained that this was why the
algorithm was only semi-automatic, in order to keep the physical meaning and to allow the user
to define the appropriate node groups.

4.3. NASA Space Ewnironment Specification

HP. de Koning (ESTEC/TOS-MCV) gave a brief news bulletin that a new Space Environment
Specification was available from NASA and that it might form a useful foundation from which
many projects would be able to draw common definitions.
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The complete reference for the document is:®

NASA/TM-211221, Anderson, B.J. and Justus*, C.G. and Batts*, G.W., Guidelines for the
Selection of Near-Earth Thermal Environment Parameters for Spacecraft Design, George C.
Marshall Space Flight Center Marshall Space Flight Center, Alabama 35812, National
Aeronautics and Space Administration Washington, DC 20546-0001, Prepared by
Engineering Systems Department, Engineering Directorate *Computer Sciences
Corporation, October 2001, pp. 32, Format(s): PDF 1885k.

4.4. CAD-FE integration using Open Sour ce Software

C. Caillet (OpenCASCADE) described the design requirements for an open source framework
for building numerical simulation tools, and how the SALOME system had been devel oped and
was currently being used. (See Appendix S)

HP. de Koning (ESTEC/TOS-MCV) said that the OpenCASCADE framework was already
available as open source software. He asked whether SALOME would also be available.
C. Caillet said that SALOME had not yet been industrialised: it was still being built and tested.

45. Final Discussion and Conclusions

L. Mares (ESTEC/IMT-THH) had put together a series of viewgraphs based on the earlier
session on Harmonization and the Round Table discussion. These needed further discussion to
ensure consensus. (See Appendix Y)

C. Stroom (ESTEC/TOS-MCV) started the discussion with point 1 (general consensus was
expressed on the role of ESA for defining standards for data exchange). He explained that the
work on data exchange had been a major priority and would remain so in the near future. Data
exchange needed to be based on open standards. Standards needed to be of high quality, stable
and should never be based on a proprietary definition. The latter point was important to ensure
that the standards did not fall under the control of one company. STEP was therefore the best
solution.

S. Dolce (ESTEC/TOS-MCT) said that standards should be made available quickly. In Europe,
there was a constant need to exchange thermal models between different tools. Developing a
perfect standard and solution for this problem might still take a significant amount of time. It
was important to focus on quality but flexibility and short-term availability should aso be taken
into account.

C. Stroom explained that developing standards was never fast. He said that the earlier
presentation by H. Peabody (Swales) had been agood indicator of the number of issuesthat had
to be solved up front before it was possible to define workable standards. It was indeed a
meticulous task. The same remarks could be expressed for the ECSS standards. In many cases

6. The URL to this document which was shown at the Workshop is no longer valid. The document is
currently available at http://trs.nis.nasa.gov/archive/00000581/
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an initial plan involved 2 yearsto establisha standard,but in reality it taken far longer.
C. Stroomsaidthatheunderstoodhefrustrationof theusersvhowantedto haveasolutionfor
dataexchangen a short-term.On the otherhandaddressingnly the short-termcould leadto
the non-availability of a long-term and more efficient solution.

S.Dolce said that TASverterwas a good initiative becausat would provide a solution for
exchanginghermalmodelsin the short-term HP.de Koning (ESTEC/TOS-MCV)explained
that ESA recognisedthe need for a short-term solution and this was exactly why the
developmenof TASverterhadbeeninitiated.He admittedthatfrom theusers’pointof view no
significant progresshad been made since the establishmenof the STEP-TAS protocol in
Decemberl996, 6 yearspreviously.He wasthe first one to be disappointedoy the lack of
progresgyiven his directinvolvementduring this time, both in industryandnow at ESA. He
pointedout that softwarevendorsgenerallyconsideredhe needto interfacetheir tools with
standardsisa secondpriority. Therewasalsothe fact thatthe technologychoserat thattime
had beenquite complicated with an approachthat had beenmore academiahanindustrial.
Now thatlessondhadbeenlearnthe wasconfidentthata moreindustrialtype of environment
could be used for the development of STEP-TAS and STEP-NRF.

C. Stroomhadtwo additionalremarks.Apart from the fact of using more efficient software
technologyit wasclearthatall effortsof the pasthadnot beenwasted For exampleTASverter
wasbasednthe STEP-TASprotocoldefinition. He alsoexplainedhattheprojecthadsuffered

from two andahalf yearsof delaybecausef thevery poorperformancef themainContractor.
Theactivity hadlackedfocusandin manytimespromiseddeliverieshadnotbeenmade Hefelt

that this was one of the goodreasongo go to an OSSdistribution modelto ensurethat the
overall development would not be jeopardised by the poor performance of a single company.

C. Caillet (OpenCASCADE)greedwith HP. de Koning on the fact that STEPhadbeena bit
of a“University type” developmentt wasimportantto focusonarelevantsubsefor usersFor
example,CAD wasnotfully coveredin Salomébut areasonablsubsetvasavailable.lt was
also importantthat the usersthemselvesvere involved by providing test casesto software
vendorsandby makingsurethattheirneedsvereconsideredUsersneededo pushandnotwait
for the standards to be available.

H. PeabodySwales)saidthatasa userhe did not caretoo muchabouthow to go from tool A

to tool B. To answera previouscommentmadeby C. Stroom he said that TSS was not a
proprietaryformatbut an ASCII fixed format. He remarkedhatin any casetherewould be a
needto updateSTEP-TAS/NRFwhen new functionality was neededfor examplefor sub-
modelling.HP. de Koningrepliedthatsub-modellingvasalreadysupportedn the STEP-TAS/
NRF datamodels.The currentproblemhadnot beenin the standardéshemselvedut in their
implementation.

P.vanLeijenhorst(Dutch Space)said that, in his opinion, priority should be given to the
developmenbf a solutionfor dataexchangeHe wasin favourof option 1, dataexchangeand
nothingmore.The tool kit wasnot a priority. HP. de Koning agreedthat therewasa general
consensu$or havingdataexchangesafirst priority. However,providing a solutionfor data
exchangevasnotcontradictorywith thedevelopmenof atool kit. ESA shouldproduceastable
and effective data exchange component but the tool kit could be addressed as a further step.
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C. Stroom asked P. van Leijenhorst about his expectations for the next 5 years and wastold that
he wanted a working solution for data exchange. He had no further expectations. C. Stroom
explained that ESA considered data exchange as a matter of first priority and that paralel
activities such as TA Sverter would also be carried out internally at ESA to ensure that a backup
would be available. He didn’t believe, however, that just adding six extra people to the team
would necessarily produce quicker initial results. He had been able to allocate one and a half
engineers with relevant expertise to work on data exchange at ESA, and he felt that activities
were back on track and ESA would deliver as promised.

HP. de Koning (ESTEC/TOS-MCV) said that users had to realise that work would need to start
along timein advanceif atool kit was wanted. It would probably take one year or more for the
preparatory work. It wastherefore necessary to address data exchange and thetool kit in parallel
- and starting now - but still focusing on the immediate need to deliver working protocols for
data exchange.

C. Stroom said that one of ESA’ s goals was to devel op long-term solutions for thermal analysis
tools and that we were at the beginning of a necessary review with users. He was therefore
interested to hear what the users in the room would ask for once the data exchange protocols
had been made available. P. van Leijenhorst said that all he wanted was not to have the same
discussion on data exchange next year.

H. Peabody said that users had to realise that it was not possible to produce something perfect
from the start. It was up to the users to assess whether a converter was right. The only way to
have working solutions for data exchange was to have full involvement of the users. He was
therefore of the opinion that STEP-TAS/NRF and associated converters should be rel eased now
and users could then detect any possible problems with the protocol and convertersand help in
their consolidation. HP. de Koning and C. Stroom agreed.

C. Stroom proposed to moveto point 2 (the age of the current software tools and the increasing
mai ntenance costs were major drivers for new development).

P. van Leijenhorst disagreed with the statement. The existing software tools were adequately
doing what they were supposed to do. S. Dolce thought the contrary, and that there was a need
for improvement.

C. Stroom gave the example of the requirements for Bepi-Colombo to explain that the
development cost of existing tools could inhibit the availability of new critical functionality.

V. Perotto (Alenia) said that all requirements for therma analysis tools originated from
missions requirements in one way or another. If new functionality was requested for a mission
then this should be implemented in the set of thermal analysis tools.

HP. de Koning said that a related issue was the need to support scientific missions which had
very strong requirements for detailed analysis and verification. These scientific missions
brought up a new class of required functionality. The age of the existing tools resulted in
increased implementation costs, and this had an adverse impact on the availability of this new
functionality. Another good example of new issues to be addressed related to the new
generation of high power satellites. The analysis tools had to be scalable, for example, in order
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to support 20000 node models and benefit from modern high-performance computing.

C. Stroomsaidthathewould modify theformulationof point2. He thenmovedthediscussion
to point3 (Tool kit wouldbefundedthroughESATRP/GSTPWhichwasmoreastatementhan
a point for discussionand to point 4 (user shall be involved). Everyoneagreedthat the
involvementof the userswasnecessaryPoints5, 6 and7 werethenre-statedC. Stroomsaid
that the presentatioraboutOpenCASCADE/ Saloméhad shownthe feasibility of the open
sourceapproactoutlinedin point 7 (someuserspreferturn-keysolution.Is this possiblewith
an OSS approach? -Yes). There were no further comments on points 5, 6 and 7.

C. Stroompresentegboint 8 (the effort requiredto movethe usersfrom thetoolsuseddaily to

anewenvironmenseemso bethemajorbarrierto overcome)Heinsistedonthefactthattools

were part of the work flow and modelling environmentsand there was thereforea natural
tendencyfor the usersto avoid modifying the tools and hencework flow and environment
unlessthis wasnot anabsolutenecessityHowever retainingbackwardssompatibility of tools

was also a major obstacle to their evolution and this had to be considered.

S. Dolce askedmorespecificallywhat werethe conclusionf point 8. Wasthereanyway to
changethis?HP. de Koning saidthatany newdevelopmentvould needto be accompaniedby
a migration path for existingtools. C. Stroomexplainedthat running projectsneededto be
supported and it was clear that they would not change tools.

S.Dolce said that this was relatedto earlier discussionghat had taken place during the
Workshop.There had been?2 or 3 versionsof ESARAD recently but it was necessaryto
guarante@ccesso the sameversionduringthe courseof a project.A projectcouldnotalways
afford the CCNsandRIDs which would be issuedby industryasa resultof a changein the
version of ESARAD specified in the original contracts.

C. Stroomsaidthatno commerciatool vendorswvould supportmorethantwo or threeversions.
If problemswerefoundit wasnot possibleto implementcorrectionsin older versionsasthis

would be prohibitive in cost. This wasoneof the additionaladvantagesf the OSSapproach
because it was possible to re-compile a tool for own use.

C. Caillet(OpenCASCADE}¥aidthatyoushouldchangdoolsonly whenstartinganewproject
and not during the courseof the project. E. Werling (CNES) commentedhat typical space
projectslastedfor 8 to 10 years.C. Caillet saidthatin thetypical life cyclein the automotive
industrywasin the orderof 4 to 5 years.Theaeronauticaindustryalsoencounteredong life
cyclesandtherewasthe needto addresgool and model migration. This cameback to the
already-discussedeedfor efficient dataexchangelt wasalsonecessaryo retrievedatafor
lateruse.Forinstancecomputationstill hadto becarriedoutfor Concordenmorethan30years
after the original development.

C. Stroomsaidthat, relatedto thelast point, he hadbeensurprisedhatarchivingdatahadnot
beenidentified asan importantaspeciduring the usersurvey.S. Dolce saidthatthe long life
cycleof spaceprojectswasafactof life andthattherewasthereforeheneedio keepbackwards
compatibility andto supportmorethanoneversion.C. Stroomrepeatedhatthis would prove
far too costly in practice.He expectedhatthe softwarecostwould triple. H. Peabodyagreed
andsaidthatfor ThermPlothe wasconcentratingn interfacingwith the mostrecentversion
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revision of the other tools.

S. Dolce said that he did not want to re-experience what had happened during the METOP
project. Moving from ESARAD 3.2.7 to version 4.2 had been a significant issue for both
industry and ESA. C. Stroom said that he fully understood the issue but that with the current
resources it would simply be impossible to support more than one version of the tools.
H. Peabody suggested to S. Dolce that maybe the best approach was ssimply to wait before
upgrading.

J. Thomas (Alstom) explained that in practice users usually had more than 1 year to carry out a
migration. He also pointed out that this was sometimes a significant constraint for Alstom. For
instance ESARAD 3.2.7 used ORACLE but there was no longer any ORACL E expertise within
the development team.

E. Werling said that it was currently possible to use the current and the previous versions and
that in his opinion this was satisfactory. Only in some particular cases was it necessary to work
with older versions.

C. Stroom moved to points 9, 10 and 11. There were no comments.

E. Werling wanted to return to point 1. He said that CNES had agreed, in principle, to support
STEP-TAS, STEP-NRF, STEP-SPE and STEP-AP/203. However 6 years had passed without
having areliable STEP-TAS. He felt that something needed to be done from the management
point of view and that lessons should be drawn to ensure that the situation would be corrected
in the future. In particular, the validation of these protocols required a complex industrial
organisation with vendors, industry and agencies and it was necessary to define this in detail.
Concerning point 2, he agreed with the statement made. Concerning point 3, he said that
something was required to replace ESABA SE but he had some doubts about the need to devel op
atool kit for thermal control analysis. This was obviously linked to point 8 (migration from
existing tools). Moving users from ESABASE would not be a problem. However moving the
thermal control engineers from their existing tools would be more difficult because of the
development environments which had been put in place around these tools. He was of the
opinion that it would be more sensible to build around the existing tools, with the idea of
capitalising on more than 20 years of know-how and past effort, rather than re-build everything
from scratch.

C. Stroom said that his position on this matter was related to point 5. To be competitive this had
to be considered and this could conflict with what E. Werling had just said.

E. Werling then moved to point 4. He said CNES agreed with having aweb sitein place but this
was not sufficient. What was necessary was to have thorough discussions with users during
working meetings. He thought that users should also be involved when defining the strategy of
thermal analysistools. H. Peabody agreed that the user should always drive the process of tool
development. Software vendors were always more efficient when replying to user’s requests.
J. Thomas also agreed.

E. Werling asked whether something more practical could be put in place for the current
Thermal and ECLS Software Workshop. Or whether it might be useful to hold an additional
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workshop in Toulouse consisting of a 2 day meeting involving 40 or 50 invited participants.
Some round-table discussions could be set-up to capture high-level user requirements with the
objective of formalising them. C. Stroom said that any suggestions were welcomed.

E. Werling insisted that there was a real problem of communication between software
developers and users.

J. Thomas, taking the example of Bepi-Colombo, said that they were about to start upgrading
ESARAD. But unfortunately they had not been made aware until very recently of the user’'s
needs.

M. Jacquiau (Astrium SAS) had some comments on point 5. He wanted to explain the
philosophy followed for THERMICA and SYSTEMA. A lot of components of THERMICA
were common components of SYSTEMA. In practice, this meant that developments for
THERMICA could be shared with others, as part of the SY STEMA framework. HP. de Koning
commented that Astrium was a specia case because it was one company for which sharing was
possible given the overal volume of their activities.

C. Stroom wanted to come back to the issue of the requirements for Bepi-Colombo that had not
been correctly addressed. He admitted that there had been a period during which the quality of
the tools was lower. V. Perotto asked C. Stroom why the information had not been provided to
his section. C. Stroom explained that in some cases the information was available but in other
cases it was not. He also reflected on the fact that it was generally difficult to convince the
projects to support developmentsif there were no benefits to the project in the short-term.

HP. de Koning said that what had happened for Bepi-Colombo was a very good illustration of
potential problems that could occur when a company played a double role. Astrium were

competing for the mission and were also software vendors. Solutions needed to be found to
overcome such potential conflicts of interest.

4.6. Workshop Close

C. Stroom (ESTEC/TOS-MCV) thanked everyone for their participation, and closed the
Workshop.
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Appendix A: Welcome and Introduction

Welcome and I ntroduction

C. Stroom
ESTEC/TOS-MCV
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16th European Workshop on Thermal and
7 ECLS Software

22-23 October 2002?_ EST"EC?i ik

l.; X

EACOME & INTRODUCTION
a3

: Charles Stroom

* Thérndat and Structures Division

¢ ESA ESTEC

/-

-

ESTEC

@ es a Thermal and Structures Division

= EEIIIINES@EsEREn

Workshop objectives

» To promote the exchange of views and experiences amongst
the users of the Agency's (and others) software packages in
the fields of thermal control and ECLS

e To provide a forum for contact between end users and
software developers

— Free and open discussions.

» To present new versions of the software tools and to solicit
feedback for development

22 Oct 2002 16th European Workshop on Thermal and 2
ECLS Software




esa

Charles Stroom
Duncan Gibson

Hans Peter de Koning
Olivier Pin

= EEIIIINES@EsEREn

ESTEC

Thermal and Structures Division

ESA team

Head of the Analysis & Verification Section
Software Support & Workshop Secretary
ESARAD, Polytan & Model Data Exchange
ESATAN, FHTS, ThermXL & EcosimPro

Simon Appel, David Alsina i Orra, Ricardo Patricio Dias, Luis Ordonez Inda

Julian Thomas
Frédéric du Laurens

22 Oct 2002

ALSTOM team

Project Leader
Support Manager

16th European Workshop on Thermal and 3
ECLS Software

esa

Two-day Programme

= EEIIIINES@EsEREn

ESTEC

Thermal and Structures Division

Programme

Presentations include 5 minutes for questions and discussions.

today - ESA Round-Table discussion following the ESA Harmonisation
paper (Hans Peter de Koning).

Cocktails today after round-table discussion

Dinner (option) tonight in Noordwijk

Conclusions tomorrow at end of Workshop

22 Oct 2002

16th European Workshop on Thermal and 4
ECLS Software
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Tuesday 22 October Morning

09:00 Registration
10:00 Welcome and Introduction

10:05 Arend Woering, et al., NLR, Two-phase thermal control for the AMS-02
Silicon Tracker

Shengping Luo, CNRS, 3D numerical simulation of turbulent heat and mass
transfer processes in an ECLS system (will not be presented!)

10:25 Rachida Ameziane, EADS - Launch Vehicles, Simulation for Analysis and
Validation of Energy (SAVE) management platform for ATV

10:45 Olivier Pin, ESA, On-going Work, incl. Stochastic, Thermo-hydraulic  solvers
and others.

11:15 Coffee break

11:20 Nick Cavan, RAL, Modelling the VISTA Infrared Camera
11:40 Jayne Fereday, RAL, Thermal Analysis of Planck HFI

12:00 Frédéric du Laurens d'Oiselay, et al., ALSTOM, ESARAD v5

12:20 Alexander Rodriguez, et al., ESA, Application of EcosimPro to Bio-
regenerative Life Support Components

12:40 Frédéric du Laurens, et al., ALSTOM, ESATAN/FHTS v8.7 & v8.8
13:00 Lunch

22 Oct 2002 16th European Workshop on Thermal and
ECLS Software

ESTEC

;- e s a Thermal and Structures Division
=1

IS EHINNNINIES@EEIE O

Tuesday 22 October Afternoon

14:00 Johannes van Es, et al., NLR, Integrated thermal design and the thermal
numerical toolbox

14:20 Marc Jacquiau, Astrium F, Thermal simulation in functional analysis

14:40 Reinhard Schilitt, et al., OHB, Development of Algorithm to Interface LHP
S/W Model with ESATAN Thermal Mathematical Model

15:00 Elizabeth Seward, Astrium UK, Use of ESARAD in MetOp Thermal Testing
Analysis

15:20 Coffee break

15:35 Hans Peter de Koning, ESA, ESA Harmonisation & User Survey
16:05 Round Table Discussion

17:30 Social Gathering

20:00 Dinner (tbc)

22 Oct 2002 16th European Workshop on Thermal and
ECLS Software
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Wednesday 23 October Morning

09:00 Hume Peabody, Swales Aerospace, Use of TSS as a neutral format for
geometry model conversions: an alternative to STEP-TAS

09:30 Jean-Paul Dudon, et al., Alcatel, CIGAL2: A new open source pre-post
processing tool for Coratherm

10:00 Christian Ruel, MAYA, TMG: New Technologies and Modelling
Approaches

10:30 Marc Jacquiau, Astrium-F, Systema/Thermica version 4: overview of the
new capabilities

11:00 Coffee break

11:30 Julian Thomas, et al., ALSTOM, ESATAN/FHTS & ESARAD: A View on
the Near Future

12:00 Simon Appel, ESA, Tasverter, a converter between ESARAD and Thermica
12:30 Julian Thomas, ALSTOM, ThermXL v2 and beyond

13:00 Lunch

22 Oct 2002 16th European Workshop on Thermal and 7
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ESTEC

;- e s a Thermal and Structures Division
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Wednesday 23 October Afternoon

14:00 Valter Perotto, Alenia Spazio, ALTAN application to Bepi-Colombo thermal
analyses

14:30 Christophe Marechal, CNES, Last developments in and around GAETAN

15:00 Coffee break

15:15 Vincent Ruelland, Open CASCADE, Salome, an open source platform dedicated
to CAD/FE integration for numerical simulation

15:45 Final discussion and conclusions

16:15 End of Workshop

22 Oct 2002 16th European Workshop on Thermal and 8
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ICES 2003

« The 33rd International Conference on Environmental Systems will be held
7-10 July, 2003, Vancouver, B.C., Canada

» Deadline for submitting abstracts: 8 November, 2002

 Thermal software related abstracts to be sent to: Olivier Pin, email
olivier.pin@esa.int

22 Oct 2002 16th European Workshop on Thermal and 9
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ESTEC

@ es a Thermal and Structures Division
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Practical Information

* Presenters: please leave your presentation (floppy or CD-ROM with
PowerPoint file) with Duncan Gibson or Charles Stroom before the end of
Workshop. Please leave a paper copy if possible to avoid problems with
embedded fonts/logo’s or Mac.

* No copyrights, please!

» Workshop Minutes will be supplied to participants, in hard copy and on the
Web.

22 Oct 2002 16th European Workshop on Thermal and 10
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c;- e s a Thermal and Structures Division

= EEIIIINES@EsEREn

Practical Information

* Lunch: 13:00 - 14:00. The “Foyer” tables are reserved for us
» Cocktail today at 17:30 in the Foyer (near the canteen)

* Fax (+31-71-565-5949) and telephone available outside the Workshop
room

» Check your details on the list of participants and inform the Conference
Bureau of any modifications. Check your email address!

22 Oct 2002 16th European Workshop on Thermal and 11
ECLS Software

ESTEC

c;- e s a Thermal and Structures Division

Dinner (tbc)

e "Dutch" dinner == you pay for yourself:-(
e in"de gulle Tjon", Huis ter Duinstraat 27, Noordwijk a/Z
» 3-course fixed menu with options for 33.50 euro, excl drinks

» Restaurant booked today for 20:00 (maps available). Please arrange
your own transport

« If you would like to join, and you have not yet sent a confirmation
email which | have seen, complete a form; sheets are available

e ultimate time today: 14:00, to let the restaurant know.
» Check your entry!

22 Oct 2002 16th European Workshop on Thermal and 12
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Naam Entree Main course
Carpaccio Ragout pheasant soup fish soup codfish lamb pheasant
Charles Stroom 1 1
Elizabeth Seward 1 1
Marc Jacquiau 1 1
Andy Robson 1 1
Rachida Ameziane 1 1
Julian Thomas 1 1
Frédéric du Laurens 1 1
Christian Ruel 1 1
Hans Peter de Koning 1 1
Nick Cavan 1 1
Hume Peabody 1 1
Olivier Pin 1 1
Eric Werling 1 1
Vincent Ruelland 1 1
Jayne Fereday 1 1
Maurizio Rossi 1 1
Totaal 3 3 4 6 2 8 6
22 Oct 2002 16th European Workshop on Thermal and 13
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@ esa Thermal and Structures Division
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Appendix B: Thermal Modelling I ssues Concerning the M echanically
Pumped Two-Phase CO, Cooling for the AM S-02 Silicon

Tracker

Thermal Modelling I ssues
Concerning the
M echanically Pumped Two-Phase CO, Cooling
for the
AMS-02 Silicon Tracker

A.Woering
NLR
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Nationaal Lucht- en Ruimtevaartlaboratorium
National Aerospace Laboratory NLR
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“LSYNIVERSITE DE GENEVE ( s #

Thermal Modeling Issues Concerning the
Mechanically Pumped Two-Phase CO,
Cooling for the AMS-2 Tracker

A.A.Woering, A.Pauw, A.W.G. de Vries, A.A.M. Delil

National Aerospace Laboratory NLR, The Netherlands

B. Verlaat

National Institute for Nuclear and High-Energy Physics NIKHEF, The Netherlands

Nationaal Lucht- en Ruimtevaartlaboratorium
National Aerospace Laboratory NLR

Contents A
e AMS
e Tracker

* Tracker design
— Analysis
— Experiments
— Numerical modeling

* Numerical modeling and design issues
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Alpha Magnetic Spectrometer A

Nationaal Lucht- en Ruimtevaartlaboratorium
National Aerospace Laboratory NLR

AMS Silicon Tracker A

* (x,y,z) particle trajectories
determined by momentum and
charge sign

— Curvature radius : momentum
— Curvature direction : charge
sign

* Energy loss in each silicon
plane yields charge magnitude
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(NLR

AMS Silicon tracker thermal requirements #

Silicon wafer thermal requirements: Hybrid circuit thermal requirements:
* Operating temperature: e Operating temperature:

-10°C / +25°C -10 °C / +40 °C
* Survival temperature: "

Survival temperature:

_ o o
20°C / +40 °C 20 °C / +60 °C

* Temperature stability: ..
3 °C per orbit * Dissipated heat:

192 Watt total, 1 Watt per hybrid pair
* Maximum accepted gradient between

any silicon: .
10.0 °C General requirements
 Dissipated heat: Limited mass ( 70 - 80 kgs)
2.0 Watt EOL

Limited power (< 80 W)

Nationaal Lucht- en Ruimtevaartlaboratorium
National Aerospace Laboratory NLR

East Side Radiator <N‘ LRS

‘ AMS Tracker Cooling System

West Side Radiator

Loop collecting Loop collecting
the power from the power from
layer 2.3 & 4 (72 "Watt) layer 1 (30 "Watt)

Layer 1
30 Watt
Outer plane O

QQ o
{5
s

LI —

Layer 2 Layer 3
24 Watt 22 Watt

Layer 4 Layer 5
24 WWatt 16 Watt
Laver 6 Layer 7
22 att 24 Watt

The tracker frent-end electrenics
thybrids) are shown as the green boxes
along'the periphery of each layer, Each
hybrid produces 1 Watt of heat.

Loop collecting
the power from
layer 5.6 & 7 (62 “Watt)

Laver 8

30 WWatt Bart Verlaat,
MNIKHETF 27-3-2000

Loop collecting the power
from layer 2 (30 Watt)

Heat dissipation in the AMS Tracker




TTCS summary

\ WAKE Radiator \ RAM Radiator
H
H

£ Radiator

control valve . .
— Liquid
)

Heatpipes

{ Condenser

Heu(fexchun?e via

Peltier Cells

Pump Thermal control
Reservoir

Vapour, Vapour

Heat exchanger
between in-"and
outlet

Plane 1 level
Evaporator section
of the tube

Electronics

level

Nationaal Lucht- en Ruimtevaartlaboratorium
National Aerospace Laboratory NLR

(NLR

)=

2 ldentical completely separated loops (1 for
redundancy)

2 serial evaporators in parallel per loop

2 parallel condensers controlled per loop controlled
by a 3-way valve.

Pressure controlled with a thermal control reservoir
Thermal control using standard AMS control module

Critical components in redundant configuration
(pump, valves)

Most fluid components in 2 dedicated TTCS boxes
on the support structure at wake side

RAM and WAKE heat pipe radiator

All hardware is placed in debris-safe areas; a
specific debris shield is added when needed

“UNIVERSITE DE GENEVE

Nationaal Lucht- en Ruimtevaartlaboratorium
National Aerospace Laboratory NLR
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Tracker (component) design A=

» 2 parallel evaporator

branches —E@:

e 2 parallel condenser '.
branches, 2 radiators

* pump assembly

I 1

§<
AT
o=
E &
2)

SUNIVERSITE DE GENEVE

Nationaal Lucht- en Ruimtevaartlaboratorium
National Aerospace Laboratory NLR

Evaporator A=

Evaporator tubes Thermal bridge
Thermal bar Soldered to tube
(Aluminum-TPG) (OFHC copper)

Hybrid box

s Cli’f Complete thermal systemin side the tracker

(Thermal bars+ evaporators)

Silicon ladder Cﬂ\;“\\

TTCSevaporator connection to inner thermal bars

\@i;llﬁﬁvmsné DE GENEVE

Inner planes evaporator
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(NLR

Radiators A

iator lay out
Face Sheet (Al

- 70 - Honeycomb (A1)
12

Fe=51 Face Sheet (Al

15
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Plumbing schematic @R

e / [TCB-Tracker Thermal Control Box \

Ty —— Evaporater section —
S| =7 I —— Condenser section — — | >
N <= - | -
~ g | ya

| |
| |
| |
| |
| i
| |
| i
i i
> | i
< | |
| |
| I
1 |
i i
. i i
o — ; \ !
° 1 |
I ! U= 3 e
| E=d | Ll
M | =K =K | i -
~ | | P
\ | I
] I
i i
: 3
— i
T |
| C—g ;
e [ I
L | | ! L |
| DPS |
| |
I
| |
| I
i i
i h !
6.040.5m Tube (2x6m) ! |
i ! -
Nomenc lature: —o— 1 way valve : Heater
LFM = Liquid flow meter X 2 way valve @ Pump

APS = Absolute pressure sensor ASBO14c, B.Verlaat, NIKHEF 18-12-2001

DPS = Differential pressure sensor @ Controlable 3 way valve

3
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&
J
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fa?
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Experiments

* Feasibility test set-up @
NIKHEF

e Control BBM @ NLR

e Real size BBM @ NLR
operational since early this
year

— First tests are promising
— Full test campaign expected
to start in fall 200

ERSITE DE GENEVE

Nationaal Lucht- en Ruimtevaartlaboratorium
National Aerospace Laboratory NLR

=
P 12/3/2001 11:06

Breadboard

.

ERSITE DE GENEVE

!
wake coRdenser

Nationaal Lucht- en Ruimtevaartlaboratorium
National Aerospace Laboratory NLR
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Numerical modeling A=

* Modeling information flows
e Component modeling fixed with loop temperature

e Simulation cases for design optimization
— Radiator size, mass and shape
— Heat pipe puncture
— Preheating

Nationaal Lucht- en Ruimtevaartlaboratorium
National Aerospace Laboratory NLR

AMS-Tracker Thermal Mode Network @
A

LX) |

e _ —
Model e
-
=7 S

. -
Cooling system | " ®==" el

set point ‘ e |
R = SO |
/V -

Model Orbital fluxes Cooling system set point
exchange boundary conditions and power dissipation
-

# Complete AMS thermal model
on International Space Station
model to calculate orbital fluxes.
(SINDA, CGS/Milan)
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ELEMENT TEMPERATURES

RESULTS: 16-16 — ELEM TEWP
TEMPERATURE - MAG MIM: 1.22E+00 MAX: 2.24E+01 12.6 °C / 16.1 °C YALUE OPTION:ACTUAL :NLR

SHELL SURFACE: TOF
,. 2.240+01

™

L 02D0+04]

10.5°C/ 11.5°C

i

L B1D+04]

i

. B0D+01]

e

. 39D0+04]

7.0°C/9.4°C

N

. 18D+04)]

o

.630+00

~

. 56D+00)

w

- 45D0+00

Measurement / Simulation

; 3.340+00)
Temperature gradients of

the inner thermal bar
(Tco,=0°C) 1.220+00

Nationaal Lucht- en Ruimtevaartlaboratorium
National Aerospace Laboratory NLR

ELEMENT TEMPERATURES
RESULTS: 2-ELEM TEMP
TEMPERATURE — MAG MIN:—6.10E-06 MAX: 1.98E+0L VALUE OPTION:ACTUAL

SHELL SURFACE: TOf NLR

1.98D0+01, I :

ey

L F80+04

iy

.590+04]

[
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[

L190+04]

W
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)

L930+00)

a
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[
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Q. 00D+00|

oy uter plane thermal bar thermal simulation
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(NLR

Loop model A=

temperatures,
links environment

temperatures, links S/S & environment

““UNIVERSITE DE GENEVE
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TTCS loop, typical result 9"

293
— — Liquid line
—— Vapour line
273 1 ——Cond. RAM
— — Cond. Wake
253 | —— Wake
— — RAM
X' 233 1
o
=]
T 213 A
[}
£
o 193 -
p=0
173
MPA
153 4 flat radiator
133 ‘ ‘ : ‘ ‘
27000 28000 29000 30000 31000 32000 33000

,,,,, ) time [s]

ERSITE DE GENEVE
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(NLR

Radiator size, mass and shape A

300.0

—— vapour line
Early result, 07/2001 e condenser wake
—— liquid line
—— evaporator

2800

2800

270.0

260.0

oo s000.0 100000 150000 200000 250000

£
=
e
&

RSITE DE GENEVE
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(NLR

Radiator mass A

293
Liquid line temperatures — - beta0,mpa,13kg
288 4 — — beta50,ypr152015,13kg
beta0,mpa,18kg
~7TTS beta,ypr50152015,18kg
283 g S
<z 278 A
(0]
3
© 273 4
(4]
Q.
£
()
= 268
263 A
258 A
253 T T T T T T
21000 22000 23000 24000 25000 26000 27000 28000

time [s]
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Radiator size: A
Heat pipe failure @

288
—T1, hpf
—T1
283
Reduction of effective/
— radiator area
X 278 |
o
>
©
(]
o
E 273
g
268 - =0
MPA
29000 30000 31000 32000
time [s]
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Preheating Az

120
—Q
—Q, HX
100 -
_ Qaverage = 60 W x 2 branches
< 801
3 Qmax = 114 W x 2 branches
o
= 60 -
£
3
3]
]
5 40 - Qaverage = 14 W x 2 branches
11 W, dde to setW QmaX =32 W x 2 branches
20 1
0 T T T T T
27000 28000 29000 30000 31000 32000 33000

time [s]
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Conclusions =2

* Feasibility of TTCS supported by numerical model

e Several design choices based on and supported by
thermal modeling

* Proven to be an important tool in engineering
discussions with AMS experimenters
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Appendix C: SAVE: Simulation for Analysisand Validation of Energy for
ATV

SAVE:
Simulation for Analysisand
Validation of Energy
for ATV

R. Ameziane
EADS - Launch Vehicles
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SAVE: Simulation for Analysis and

16th European Workshop on Thermal and ECL S Software 1/15 ESTEC 22-23 October 2002 !

5
EADS
LAUNCH
VEHICLES

A SUMMARY

 The ATV project

« SAVE platform context

 SAVE platform overview

 SAVE Thermal Mathematical Model (STMM)
« STMM integration into SAVE

e Conclusion / Remarks

16th European Workshop on Thermal and ECL S Software 2/15 ESTEC 22-23 October 2002 !
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V4

Automated Transfer
Venhicle

First flight: mid 2004

Integrated Cargo Carrier (pressurised) 4

* supply for ISS crew: dry cargo
* water, gas

Equipped Avionics Bay (EAB)

Avionics, batteries

Equipped Propulsion Bay 1

* propulsion for ATV '
* |SS reboost

16th European Workshop on Thermal and ECL S Software 3/15 ESTEC 22-23 October 2002

EADS
LAUNCH
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Phasing with ISS RDV Docking

with 1SS Docked

¢ |SS orbit control

6 months mission « ISS refuelling
* Retrieval of waste

e Destruction

Launch - A5

16th European Workshop on Thermal and ECL S Software 4/15 ESTEC 22-23 October 2002
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7<— ATV thermal control concept

» Keep a “warm” EAB in cold phases

» Cool the EAB in warm phases

Radiator

ACTIVE THERMAL CONTROL with VCHP
e 4 VCHP per trays
« 10 trays
e 10 AFCU: Active Fluidic Cooling Unit

3 WORKING MODES:

* OFF mode
* ON mode

Equipped Avionics Ba:
e Control Conductance auipp y

16th European Workshop on Thermal and ECL S Software 5/15 ESTEC 22-23 October 2002

EADS
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SAVE platform

On-board power users:

* Equipment items
e Thermal control

Thermal control is the main user of the power ( VCHP control,
heated items )

O A platform simulator has been developed to couple thermal and electrical
aspects

O SAVEM™S: Simulation for Analysis and Validation of Energy management

0 Main software: SABER, used in electrical engineering

OBJECTIVE: to demonstrate on-board available power covers the
vehicle needs

mmm) SAVE: main tool of the thermal/electrical coupling verification on ATV

16th European Workshop on Thermal and ECL S Software 6/15 ESTEC 22-23 October 2002
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SAVE Overview

SAVE integrates on-board prototype software:

e Controls the VCHP,

e Controls the heated items,
Thermal Control Chain « Distributes the thermal control on the 4 power chains,
Function Unit « Manages the day heating, Energy Saving,

» Prioritises the activation of heaters.

* Manages the battery Depth Of Discharge,

e Prioritises the 4 power chains on board,
Manages the solar arrays current,

e Manages the ISS power,

* Reduces the items power consumption in case
of energy saving.

Power Supply Function Unit

16th European Workshop on Thermal and ECL S Software 7/15 ESTEC 22-23 October 2002
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SAVE interface i
geometry
ISS & ATV Orbital bital
geometry parameters m Orbita
SAVEMY! ® ,a,T° ’@Nw + T @M‘C parameters

SGS data ATV initial SGS Thermal
S temperatures Model
Equipment Ef>|<terna| SABER
o =S converter

ATV thermal
model
scenario 4 )
Couplings

Electrical objects

) * Radiative
librar yes -
y « Conductive,
Control e MLI,
* Sources Power Thermal parameters « VCHP.
« Commutators software software (thresholds)

* Regulators

» Convertissors
* Equipement

* Conductors

External fluxes

RESULTS
e etc...
Validation
16th European Workshop on Thermal and ECL S Software 8/15 ESTEC 22-23 October 2002
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ATV thermal model

STMM: Save Thermal Mathematical Model

‘\“\

Used software: ESATAN, THERMICA

= 20,000 Radiative couplings =300 internal
(compressed to =9 000 for time y~— dissipations
calculation)
= 1,300 Conductive couplings
(constant or variable) /1 = 150 external
fluxes
\l_
= 1,100 nodes with ISS
= 175 item temp.
Heat balance
16th European Workshop on Thermal and ECL S Software 9/15 ESTEC 22-23 October 2002
EADS
LAUNCH
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@ Thermal model Validati
Ve ermal model Validation
Validation process before integration into the platform
« Validation on temperatures
« Validation on heat balance
16th European Workshop on Thermal and ECL S Software 10/15 ESTEC 22-23 October 2002
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Thermal model Validation

Structural Thermal Model (STM)data:
« Test stand
« Dummies equip
« Test sequence

Integrated Cargo
Carrier
Reduced model

ATV data:
sstructure
sequipment's
sthermal control
emissions
sexternal Environments

External items
Red. models

Active Fluidic
Cooling Units
Red. models

Solar Generation
Subsystem
Red. models

ISS
Reduced model

Correlation

STM TMM

A

A

OTMM

validation

Save Thermal
Mathematical Model

Integration

Thermal Mathematical
Model of the Structural
Thermal Model

input Correlation results

Overall Thermal
Mathematical Model

SAVE

16th European Workshop on Thermal and ECL S Software

11/15

ESTEC 22-23 October 2002
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Thermal patch

Interfaces the thermal model with the platform

* SABER language

 Validates the thermal software

INPUTS:

OUTPUTS:

dissipating nodes
Heated nodes

Temperature nodes for thermal
control (VCHP, heated items)

ESATAN_to_SABER converter

Model in SABER
Radiative couplings
Conductive couplings
Capacitance...

[BASE COMPONENT |

‘ Initial conditions

THERMICA to SABER converter

External fluxes

provided by THERMICA
caculation

Fluxes resolution

16th European Workshop on Thermal and ECL S Software

12/15

ESTEC 22-23 October 2002
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ESATAN to SABER converter

The converter translates the thermal model from ESATAN to SABER language

» Re-creation of SABER '‘BASE COMPONENT’ (for transparency)

* to simulate radiative and conductive couplings
* to simulate constant capacitance
» Creation of new base components
* to simulate VCHP function
* to simulate MLI efficiency variation

* to simulate capacitance variation

mmm)p  VALIDATION OF EACH COMPONENT comparing ESATAN with SABER
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Conclusion

* First simulations have been performed in 2001 with a beta version

» Software (thermal control and power supply) has been introduced
in 2002

NEXT STEPS :

» Validation of STMM with ATV system thermal tests results
performed in 2002

* Algorithms prototypes validation

* Platform expected to be fully operational in June 2003

16th European Workshop on Thermal and ECL S Software 15/15 ESTEC 22-23 October 2002
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Appendix D: Status of some ESA supported activitiesin thermal, thermo-
hydraulic and ECL Sanalysis

Status of some
ESA supported activitiesin
thermal, thermo-hydraulic
and
ECLSanalysis

O. Pin
ESTEC/TOS-MCV
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Status of some ESA supported activities
In thermal, thermo-hydraulic
and ECLS analysis

Olivier PIN
ESA ESTEC
Thermal and Structures Division
Email: Olivier.Pin@esa.int

22-23 October 2002 16th European Workshop on Thermal and 1
ECLS Software

ESTEC
@' e S a Thermal and Structures Division

= sEIIINES@EsEREn

Purpose: To brief you on some work that we have been carrying out and that we
plan to initiate in the area of:

» Thermal analysis tools (ThermXL, ESATAN + new tools)

* Thermo-hydraulic analysis tools (FHTS, ALGOCAP)

o ECLS analysis tools (EcosimPro)

» Distributed simulation tools (DC using ESATAN as a server)
* Methodologies (stochastic approach, model reduction)

Activities related to ESARAD, Data Exchange, OSS applicability & Harmonisation are not
treated here — For info: Hans Peter de Koning and/or Charles Stroom

22-23 October 2002 16th European Workshop on Thermal and 2
ECLS Software
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Thermal analysis tools

ThermXL
(Industrial partners: ALSTOM & FSC)

Activities in 2001-2002:
* Functionality consolidation (slight issues from v1.0 corrected)
* Implementation of a new license mechanism

* New functionality provided with v2.0 (ESATAN/SINDA export, user
results worksheet, API to execute solvers from VB etc.)

» Current developments include ESARAD import
& sensitivity worksheet

I]I]I:> See ALSTOM presentation for details

22-23 October 2002 16th European Workshop on Thermal and
ECLS Software
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Thermal analysis tools

Thermal Concept Design Tool
(ITT on EMITS beg. 2003)

* Intended as a specific environment to support pre-phase A,
phase A & “what if” studies

* Will also be used for the ESTEC Concurrent Design Facility
(ThermXL is currently used but lack high-level functionality)
- probably built using Excel

e  Pre-built and customised “design modules” to execute
a sequence of “jobs” automatically and transparently

Example:. radiator sizing may require the generation and management of a GMM
and a TMM but this will be hidden for the user who will work on a high-level

 The idea is to use & integrate existing tools

22-23 October 2002 16th European Workshop on Thermal and
ECLS Software
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Thermal analysis tools
Thermal Concept Design Tool (cont.)

« Databases to quickly derive essential information
Examples: thermo-optical properties, contact conductances,
heat pipes / CPLs / LHPs conductances

e Standard mechanism to capture mission and temperature
requirements

« Standard mechanism to feedback output of the thermal subsystem to
other subsystems e.g. radiator areas, power budget

« To assess the possibility of building a “thermal design” database
associated with mission type & spacecraft configurations

22-23 October 2002 16th European Workshop on Thermal and 5
ECLS Software
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Thermal analysis tools

ESATAN
(Industrial partner: ALSTOM)
Activities in 2001-2002:

* Implementation of “simple” but useful functionalities requested
for many years (cyclic solver, min/max routines etc.)

e Correction of a large number of bugs (> 20) that were
making the users’ life difficult

* Implementation of FlexLM as a license mechanism

 New developments within v8.8 (fast-ESATAN, common block
interface for nodal entities, heat balance convergence criteria,
consolidation of user documentation etc.)

I]I]I:> See ALSTOM presentation for details

22-23 October 2002 16th European Workshop on Thermal and 6
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Thermal analysis tools

Open Source Post-Processing Tool for Thermal
Data Using STEP/NRF

(Industrial Partners: ALSTOM + Consortium of users)

 Expected to be carried out by ALSTOM + Users (CNES +
Primes + Subcontractors + Academia). Planned for mid. 2003

* Has been requested by the user community for many years
as a key tool to complement the current suite

* The term “post-processing” has many meanings and can
include different aspects such as plotting, heat balance inspection,
support for test preparation/correlation, data model traceability
through the life cycle of the analysis etc.

» Considerable resources have been deployed to develop specific &
strategic functionality by Industry & Agencies.
An open framework should thus be provided

22-23 October 2002 16th European Workshop on Thermal and 7
ECLS Software
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Thermal analysis tools

Open Source Post-Processing Tool for Thermal
Data Using STEP/NRF (cont.)

» 2 levels of functionality:

« Standard: API for database access using a STEP-NRF data
model, plotting, comparison between analysis/test results, support
for test engineering

« Customised: To fulfill specific / proprietary needs of the users e.g.
different model reduction algorithms modules
that can be plugged-in to the environment

* Pilot project for the OSS approach. The IPR will belong to ESA (one-
off development)

22-23 October 2002 16th European Workshop on Thermal and 8
ECLS Software




ESTEC
@' e S a Thermal and Structures Division

= sEIIINES@EsEREn

Thermo-hydraulic analysis tools

FHTS
(Industrial partner: ALSTOM)
Activities in 2001-2002:

* Review of current mechanisms provided to define and use
fluids properties and heat transfer correlations

e Correction of bugs as for ESATAN

* New functionality under investigation in response to request
from Industry e.g. zero-flow solution for ALENIA

* Prototyping of FGENFI (two-phase transient solver) to support
fluid in pseudo steady-state and improve performance

I]I]I:'> See ALSTOM presentation for details

22-23 October 2002 16th European Workshop on Thermal and 9
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Thermo-hydraulic analysis tools

ALGOCAP
(Industrial partner: OHB)
Activities in 2001-2002:

» Bibliographical review of algorithms used for the design
and analysis of CPLs and LHPs

» Prototyping activities to investigate CPLs/LHPs simulation
at system-level with a thermal solver (e.g. ESATAN)
and without inside knowledge of the fluid loop components

*  Executive report will be available soon

I]I]I:> See OHB presentation for details

22-23 October 2002 16th European Workshop on Thermal and 10
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ECLS analysis tools

EcosimPro
(Industrial partner: Empresarios Agrupados)

Activities in 2001-2002:

* Version 3.2 with post-processing (plotting & roll-back),
dependency tree, better integration with Smartsketck

* Independent industrial assessment of Astrium-GmbH (RFR
project) — EcosimPro to replace PC ESATAN for ARES
activities (see also the Astrium presentation at ICES 2002)

 New libraries for ECLS (MELISSA — see A. Rodriguez’s
presentation) and non ECLS activities (dedicated library for the
ESTEC Propulsion Division)

22-23 October 2002 16th European Workshop on Thermal and
ECLS Software
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Distributed simulation tools

DC & using ESATAN as a server

(D. Alsina Orra, YGT at ESTEC + FSC + Simulation Section)

* Requirement for loose and distributed coupling of 2 or more
applications (client-server approach)
Examples: e.g. ECLS simulation requiring the use of an ESATAN model (ISS) or
plug-in of thermal models in real-time simulators

 DC (using TCP/IP) was developed by FSC and released to
ESA with Fortran 77, C, C++ APIs in 1997. (Had been little
used since).

 D. Alsina’s assessment of off-the-shelf technologies has lead
to adapt DC and carry out prototyping tasks

22-23 October 2002 16th European Workshop on Thermal and
ECLS Software
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Distributed simulation tools

DC & using ESATAN as a server (cont.)

* Prototyping activities performed at ESTEC:

« Distributed coupling of 2 ESATAN models on 2 platforms (SGI /
Linux)
» Encapsulation of the ATV thermal model in an EcosimPro

component for system analysis (usage of ESATAN is transparent for
the user). ESATAN ran on Linux and EcosimPro on PCWindows/NT

* Plug-in of the SMART-1 & ATV models to Eurosim to assess
feasibility of real-time simulation (some limitations
were found but were not DC-related)

22-23 October 2002 16th European Workshop on Thermal and 13
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Distributed simulation tools

DC & using ESATAN as a server (cont.)

« Continuation of prototyping tasks with implementation of a
SOAP interface to pass firewalls

« Assessment to see if, in addition to ESA tools, DC can be
provided at the lowest possible cost

Questions: 1. Is there some interest for such a tool?
2. Which company would be happy to test it?

22-23 October 2002 16th European Workshop on Thermal and 14
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Methodologies

Using a stochastic approach for thermal analysis
(ITT closed and consortium selected — Kick-off Nov. 2003)

 Develop a methodology based on the use of stochastic
techniques to support the thermal analysis through
the entire lifecycle of the TCS

» Selection of COTS or/and small software development
* Thorough assessment on practical and industrial cases

* AKkey aspect is to provide full visibility to the user community
on the results obtained e.g. the Handbook is a key deliverable

22-23 October 2002 16th European Workshop on Thermal and 15
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Methodologies

Model reduction algorithms
(S. Appel + O. Pin, ESTEC)

* Review of “physical” and “mathematical” algorithms used
to generate interface thermal models for inclusion
at higher-level (little has been published on the subject)

* Preliminary internal activities based on algorithms used in
structural analysis (static reduction) with possibility to eliminate
or/and to aggregate nodes

- Seems to work well both for steady-state and transient.
May produce GLs < 0 when aggregating nodes

» There seems to be as many opinions on the subject as users!
The best way forward is unclear. Any suggestions?

22-23 October 2002 16th European Workshop on Thermal and 16
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16" ECLS Workshop,

. " ESTEC
Se__bih Modelling the VISTA Infrared Camera
IR Camera October 2002

Feedback from User Experiences of ESARAD 5.1.3
and ESATAN at RAL from the VISTA project

Nick Cavan: Tel: +44 (0)1235 778016
Fax: +44 (0)1235 445848
e-mail: n.j.cavan@rl.ac.uk
http://www.sstd.rl.ac.uk

!Rutherfcrd Appleton Laboratory

16" ECLS Workshop,
ESTEC

Modelling the VISTA Infrared Camera

N — October 2002
TR Camera

This presentation briefly covers

* An overview of the VISTA telescope and IR Camera
« A summary of the thermal modelling

» Feedback on our experiences of using ESARAD 5.1.3 and
ESATAN for this project (and others)

!Rutherfcrd Appleton Laboratory
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16" ECLS Workshop,
ESTEC

Modelling the VISTA Infrared Camera SN,

TR Camera

The VISTA IR Camera forms part of the UK contribution to the European
Southern Observatory

Cérro Pa'rahal, Chi‘l-e;ﬂ élt 4200m

!Rutherford Appleton Laboratory
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TR Camera

Interesting Features

Detectors 77K Power, no limit (not specified),

Cryostat internal structure about 30kW .
< 190K LN, only available for

Structure visible from detectors cool-down (need 1200 litres)

<120K No MLI
Mass 2700 kg Service interval, 12months

Detector dissipation 160mwW Design / Analysis currently on-
plus 10W ‘warm’ electronics going

Heat lift required, 220W at 80K.
Provided by 3 Gifford/McMahon
cryocoolers

!Rutherfcrd Appleton Laboratory
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Modelling the VISTA Infrared Camera SN,

TR Camera

Summary of Thermal Modelling

ESARAD and ESATAN exclusively used

Pentium 4 PC for ESARAD
Sun Workstation for ESATAN

Model size;

2600 Nodes

310,000 GRs, 5500GLs

Temperature dependent properties used throughout

Coolers modelled as boundaries with temperatures
dependent on heat load.

!Rutherfcrd Appleton Laboratory
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TR Camera

ESARAD Model of
VISTA Camera

!Rutherford Appleton Laboratory

16" ECLS Workshop,
ESTEC

Modelling the VISTA Infrared Camera SN,

TR Camera

Ellipsoidal baffles
each constructed
from 45 ‘linked’
CONEs

!Rutherford Appleton Laboratory
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TR Camera

Comments relating to ESARAD 5.1.3
The text edit mode is a real improvement to productivity

The introduction of Analysis Case and the generation of
the ESATAN input file is good and easy to use

The display of pointing vectors and rotation axes for
assemblies is very helpful; primary and secondary axes
could have different colours

Animation of the mission within the visualisation module is
very useful

It doesn’t always start!

!Rutherfcrd Appleton Laboratory

16" ECLS Workshop,
ESTEC

Modelling the VISTA Infrared Camera SN,

TR Camera

With the text edit mode a number of productivity issues arise

* ‘Re-loading’ the geometry causes all the radiative case
and analysis case definitions to be deleted as well as
deleting any calculated results.

Updating a radiative case definition automatically deletes
any existing results.

Again, the user should have the choice to delete, or to
keep existing results ‘marked’ as ‘inconsistent’

!Rutherfcrd Appleton Laboratory
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] RhCamer-a
A number of small ‘productivity’ problems still remain

* When transforming a shell rotations can only be about the
SCS. For anything other than simple rotations this is ‘so less
than intuitive’ that it is rarely used. Use of intermediate axes
would solve this.

Visualisation of active shells with undefined properties!

!Rutherfcrd Appleton Laboratory
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ESTEC

Modelling the VISTA Infrared Camera SN,

IR Camera

Suggestions for ESARAD future developments and/or productivity
Improvements
On a minor scale,

* A new shell; surface of rotation based on a equation of a line,
especially important for antennas and reflectors

For ‘fixed’ geometries can the ‘GRS’ calculated for one radiative
case be used for others.

Memory leaks when outputting ESATAN file in analysis cases

ESARAD to use node numbers up to 10 digits to make it
consistent with ESATAN

Reporting the orbit B-angle would be very useful
Angle of incidence dependent optical properties

!Rutherfcrd Appleton Laboratory
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TR Camera

Improved Node Numbering

*Node numbering on a shell
Is always sequential.

oIt would be useful to ‘step’
between ‘rows’ or ‘rings’.

*The model shown could then
be modelled using 1 shell
rather than 4.

!Rutherfcrd Appleton Laboratory

16" ECLS Workshop,
ESTEC

Modelling the VISTA Infrared Camera SN,

IR Camera
ESATAN is mature and stable.
It would be improved further by
« Limiting temperature minima to absolute zero within the
solution routine (SOLVFM and others?). Temperatures of -

9000°C were Initially output, followed by >10E10°C when
cryocooler heat lift was simulated.

Inform users of the differences/limitations between
PCcESATAN and the UNIX version. GNU compiler appears
to be limiting

!Rutherfcrd Appleton Laboratory
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Future developments
« Automatic conductor generation, what's happening?
» Missions, when will there be improvements to
— more intuitive main body pointing?
— definition of the mission as an orbital arc or series of
arcs (ie not necessarily a complete orbit)?

* Link to CAD/FEA tools. There is a strong link between
CAD tools and structural tools but no link to ESARAD. This
would represent the single most important development to

‘our’ tools

!Rutherfcrd Appleton Laboratory
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PITAN G/

Thermal Analysis of Planck HFI

16th European Workshop on Thermal and ECL S Software
ESTEC, 22-23 October 2002

Jayne Fereday

Rutherford Appleton Laboratory
j.fereday@rl.ac.uk

16% Thermal and ECLS Workshop - ESTEC

SUMMARY

 Planck mission overview
» Thermal design concept

» Systematic effects

* Global thermal model

* Radiative transfer model

* Thermal analysisissues

16% Thermal and ECLS Workshop - ESTEC




! PLANCK MISSION OVERVIEW ATAN/ /S

3'd medium-sized mission of ESA’s Horizon 2000 scientific programme
Testing theories of the early universe and the origin of cosmic structure
Measuring anisotropies in the Cosmic Microwave Background - AT/T ~ 2 x 10

LFI (30 - 100GHz)
Tuned radio receiver array at 20K

HFI (100 - 850GHz)
Bolometer arrays at 100mK

16% Thermal and ECLS Workshop - ESTEC

! THERMAL DESIGN CONCEPT (1)

Passive cooling to 50/60K HEL Focal
» 3 v-groove shields to maximise radiation to space
JPL sorption cooler to ~20K Th [
« cools LFI and HFI precooling stage — L5 plate LEU
* thermally sunk to v-groove shields
RAL 4K JT cooler
* precooling at 18K 20 E
Dilution refrigerator to 100mK | N e
* precooling at 1.6K
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Gene- | Reado
ral clecteonics
Blectrol M Procemi ng
R ; g
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! THERMAL DESIGN CONCEPT (2) PIANIE]S

0.1K stage

1.6K stage

HFI

16% Thermal and ECLS Workshop - ESTEC

! SYSTEMATIC EFFECTS PIEAN 5

Work done as part of ESA’s Systematic Effects Working Group (SEWG)
Observations must be corrected for the effects of detector noise and layers of intervening material

Bolometer performance highly dependent on absolute temperature and temperature stability

[ Stringent stability requirements
(e.g. bolometers < 19 nK.Hz05)

O Systemlevel analysis needed — detailed
understanding of fluctuations

0 Interaction between instruments, spacecraft
and coolers is complex

0 End to end modelling vital
O Global thermal model created

Thermal Doppler nchrotron

[0 Used to assess stabi Ilty issues by prOVi o] ng Clusters Gﬂla)tiesSy Galactic  Detector noise
full feedback loops to all spacecraft elements

16% Thermal and ECLS Workshop - ESTEC




GLOBAL THERMAL MODEL PIEANG/

16% Thermal and ECLS Workshop - ESTEC

SOURCESOF INSTABILITY

Operational environment

* L2 position and orhit - scanning/spin
Coolers

« Sorption cycling

« JT instabilities

« Effect of JT getter temperature being raised
General

« Electronics switching

* Influence of 3rd V-groove temperature on LFI

* Influence of LFI temperature on HFI
Combined effects

Stability of sorption cooler identified as largest source

16% Thermal and ECLS Workshop - ESTEC




! SORPTION SIMULATIONSRESULTS  ~ ArvLi<

4.5885 50.3745
4.58845 50.3744

4.5884
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o
w
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4.58835 50.3742

Temp HFI, K
Temp shield,

50.3741
4.58825 50.374

4.5882 50.3739
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! RADIATIVE TRANSFER MODEL ~ //LA/yLie

AlIM: To produce a modelled detector output, including noise,
to be used for the “removal of systematic effects’

INPUTS: Simulated sky Time Ordered Data (TOD)
TOD of thethermal variations of critical nodesin the HFI.

Model received showing bolometer performance against thermal behaviour
« supplied in MathCAD format
« produces bolometer output power, taking into account system noise
« originally took constant temperature as an input
» modified to accept arrays of thermal fluctuation data
Excel used originally
» MathCAD add-in
» macros used to feed thermal model output data into model
* run time and file size became restrictive very quickly
MathCAD model re-written in C++
C++ command line model now used that enables sky data and thermal data filesto beinput in batches

16% Thermal and ECLS Workshop - ESTEC
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PLANG

TRANSFER MODEL OUTPUT

DetectorSignals_6.fits_1_1 DetectorSignals_4.fits_1_0
FF ower output ‘IOOGthUP$ $Power|output 1OOGPZUP$

\l
i
||1 ||l ..\

0.93995 +

10000 11000 12000 10000 11000 12000
' Time (seconds)

Detected Model Sky at 100GHz with Stable 4K Power on Detector from Temp Fluctuations
and ‘Constant’ Sky

16% Thermal and ECLS Workshop - ESTEC

TRANSFER MODEL OUTPUT

DetectorSignals_5.fits_1_0
$Power output ‘lDOGthP$

062409 —

0.62408 —

0.62407 —

0.62406 —

0.6240% —

0.62404 — B

10000 11000 12000 13000
Time (seconds)

Detected Model Sky at 100GHz with Temperature
Fluctuations

16% Thermal and ECLS Workshop - ESTEC




THERMAL ANALYSISISSUES

Run time
* Sorption cooler data sets 40,000s
» 1/3s data output required
* Convergence criteria must be high
« Constants material properties used where possible
» Nodes set to boundary temperatures where possible

Format compatibility
» Thermal model in ESATAN — output to .csv files
* Sky TOD in FITS format
» Bolometer model in MathCAD

Configuration control
» Several different models required — cooldown, cooler failure cases, stability cases
» $INCLUDE function used whenever possible to ensure model update is easy — ‘plug in’ modules

16% Thermal and ECLS Workshop - ESTEC
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ESARAD
v-5.1

F. du Laurens d’Oiselay
Alstom
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ESARAD

v-5.1

Frédéric du Laurens

ALSTOM

ALSTOM

* List of new features
— ESATAN interface
— GUI and Visualisation
— Analysis case
— Text edit mode

— FLEXIm

* Tips to make the best ou

of them

* Short demo if time

permitting
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: ALSTOM

New features
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* Visualisation — el

* Text edit mode

* License mechanism =

- Summary -
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ALSTOM
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= Wild Carel Search ) Redular expression Search

Search I Cancel | Helg |

# Error Reports

i- =s0800km I. analysis2

% thrmel ’_

- Tree Search -

ALSTOM

Pop visualisation window to front

Tune tree window width

# ESARAD - Geomektry

File Tree Edit Model

Opergtionz  Define  Help

Text edit mode

He 28 (Efuwy v (mEBE

(=4 Model ———
EI ﬁ iZeometny
L - pESSAT
I:—_]G? panels
# paneld
o @ panelz

S

;

alle
]

Zeametry

- New Icons -

izl




ALSTOM

# CommandHistory ™ [=] |

BEGIN MODEL DESSAT
antenna = SHELL_SCS PAPAEOLOID (flength = 0.4,

5

hmax = 0.18,

hwin = 0.0,

anomin = 0.0,

anogmax = I&0.0,

colourl = "REDDISH BROWH'
colourZ = "REDDISH EROWH', =
nodesl = &,

nodesz = 3,

nhaszel = 500,
ndeltal = 1,

modell = "antenna',
nhasez = 500,

=
mole =1

Enter Command = [ Sutoscroll ¥ &

- Autoscroll Command -

ESARAD v-5.1 ALSTOM

New features

it
NS NN

ESARAD 5.1 St

¢ Visualisation

ESATAN-PRO

- Summary -




ALSTOM

Shell Name

ESARAD 5.1

ESARAD 4.3

- New Layout -

ALSTON

Visualisation

B visualisation

* Can be set always on
top

* New views

— Centred on model e
— Far from Sun/planet ?‘

e Animation mode

Shell Name:

- Organisation -




ALSTOM

* Display options

— Relative to Sun

— Relative to planet

——___—————————————‘;=‘FJN =
— Animation

Visualisation

solar Heat Flux: sa0400km. SAF

o axis
— Indicates rotation
axis

¢ alrrow

— Indicates pointing
direction

- Display of Assemblies -

oreit Angle:
48.,07104482187 303
Creit Pesiktian: 4




ALSTOM

New features e

ESARAD 5.1
ALSTOM

* ESATAN integration

- Summary -

5) ESATAN Integration ALSTOM
| interactive built-in interface to transfer ESARAD
results to ESATAN

e ESATAN can now be controlled dlrectly from
ESARAD

ESARAD 5.1
ALSTOM

* Directory esatan created within model directory
— Working directory
— Need to reload all 4.3.2 models

- ESARAD / ESATAN Interface -




ALSTOM

ESARAD - ESATAN oy [ B
File Tree Edt Radistive Case Thermal Model
Aol @ BBy @ Eoene
. Open
¥ alu_radiators = T I e Reporting ESATAN Libiraty. |

¥ bladk_paint Copy...

. Delete
[Z-_4 Radiative Cases J
E|- ss0_03deg Generate Template...
[+ Mission variables waliclate Template

ESATARN Output ...
Syntax Check

Pre-Process

----- B -un_tempo B
= J Analysis Cases i
-4l case1 Pre-Process & Solve

& Template File Inspect Output ...
& Analysiz File

B4 Thermal Models

L @ Face1 (bos)

St BT
Lo @ Face 3(box) w
4 i | » : torf®™ [=] || # Error Reports 1 =]
I I I- ==0_98degy I- caze] l% desthim

- Analysis Case Menu -

ESATAN Integration ALSTOM

Generate Template

-(EEJdEflnE--- " Steady State (" Steady State Single Phase " Steady State 2 Phase
Open...
2P (* Transient (" Transient Single Phase (" Transiert 2 Phaze
Copy...
Delete
nerate Template, . “Canstant
T NLOOR 100 TIMED [0 0
ESATAN Cutput., RELXCA [0. 01 TIMEND {5027 1218
Synitax Check DAMPT [L.0 DUTINT |50z 71216
Pre-Process = | DTPMAX [1. 0E10
Salve eI | DTMIN j0. 0
Pre-Process & Solve
= STEFAM 5. s5858-5 DTMAX |1 0E10
In=pect Cutput:.;
: 7485 |-273. 15 DTIMEl [L0. 0 HLOG
Cloze . —— — ———— ~
v soLove
CWTCA Jo. o1 CVDTCA [0, o1 MACHE |10 FERIOD |6027. 1216
ZLABEL | QUTPUT [MOME =]
AD0 o Execution Block |
[T Output Sub-models to separate files [¥| Generate Maxhin data

Cancel | Generate I Help |

- Generating Template Files -




ESATAN Integration ALSTOM

# template file: Template. tpl
# Ezarad wversion 5.1.3. run date 15:27 Thu 29 Aug 2002

Feidafi # Model name: DESSAT Analv=sis case: analwsisl
(Rejdefine. .. $MODEL DESSAT
A $LOCALS
R $HODES

# GENCODE HODES — DO HOT REMOVE
Copy...
it $CONDUCTORS
Delete # GEWCODE CONDUCTORS — DO HOT REMOVE
Generate Template .. SCONSTANTS

# GENCODE CONSTANTS - DO HOT REMOVE

: $ARRAYS

ESATAN Ditput.., # GENCODE ARRAYS — DO HOT REMOVE
Syntax Check SSUBROUTINES

# GENCODE SUEROOTINES — DO NOT REMOVE
Pre-Process

$INITIAL
Solve # GENCODE INITIAL — DO HOT REMOVE
Pre-Process & Solve SVARIAELES1
IF (SOLVER{:2) .EQ. 'SS') THEW
Inspect Cutput... CATT QAVERG
ELSE
Clase CALL QCYCLC
CALL RCYCLC
END TF
$VARIAELES2
$EZECUTION

# Steady State Solution
RELECA=0.001
HLOCOP=1000
CALL SOLVIT

# Transient Solution
TIMEHD=FERIOD
DTIMEI=TIMEND--100.0
OUTINT=TIKHEHND-10.0
CALL SLFWEBE

SOUTPUTS
CALL PRHNDTE(' ', 'L .T.0S QE Q4 C' CURREHT)
CALL DMPGFF(' ' CURRENT})

SENDHODEL # DESSAT

- Validating Template Files *.tpl -

ESATAN Integration ALSTOM

Output Esatan

(Rejdefine. .. [ Steady State ™
Open...
C-lD [w Transiert v Output HF s
By
Delete [ Cutput Wiew Factors

Generate Template ..
Yalidate Template

tlinimum REF cut off .o

REF minimun cevistion .o

Include nodes

Syntax Check

Pre-Process Exclude nodes

ul

11

Solve
Pre-Process & Salve HF output formst AP b
Inzpect Output. REF muttiplying factor IT
Close HF muttiplying factor IT
Ares multiplying factor IT

hodel name

=

ESSAT_analysisl
Deep space node numker (29992

Inactive node number 22398

1

[ Externally INCLUDEd radistive result data

Cancel | Ok | Help |

- ESATAN File Generation -




ESATAN Integration ALSTOM

e T — Bl

File Tree Edit Radistive Case ThermalModel Analysis Case RMon-Analysis Case  Help

(Rejdefine... e
£ - N
opci He 2@ v B @ 0@
- : 4P body =l Geometry I Wisualization ] Kernel I Feporting ESATAN
QY. @ antenna
= bax_hale
Delete . Esarad version 5,1.3, run dats 0 20 Sun 20 Oct 2002
- . box Hodel name: DESSAT Analysis case: analvsis2
cut_cyl tenplate file: Template.tpl
Generates Templats... e hole Esarad wersion 5.1.3., run date 020 Sun 20 Oct 2002
£ i Hodel name: DESSAT Analysis case: analysis2
Validsts Template . : :‘f;'(“"‘“ MODEL DESSAT analysis2
i
Materials
el Detjeals 0 DiE7i, ate < % 000600, EPS - 0 930000
Syntax Check Lol g Pt 00000, E
- OsR 0.017671, ALF = 1.000000, EPS = 0.930000;
e e 0013671, aTP < i 000400, EPS - 0.930000
Salve -2 Bulls ‘aizk'. T = 0000000, . ’
= adiative Cases 0.017671, ALP = 1.000000, EPS = 0.930000;
Pre-Process & Saolve BB -czo0km = 'box', T = 0.000000,
= Y 0.250000, ALF = 1.000000, EPS = 0.930000;
; = ‘box'. T = 0.000000,
BERE B JA“"""'S‘C‘?S:S 0 250000, ALP = 1.000000, EFS = 0.930000:
- [ analysis £ =', T = 0.000000,
Close Bl anabysisz 0.250000, ALP = 1.000000, EPS = 0.930000;
L@ Tamplate Fil = ='. T = 0,000000,
i A::;;“: 0.250000. ALF = 1.000000. EPS = 0.930000;
| = ='. T = 0.000000,
=% Tharmal Models 0.250000, ALP = 1.000000, EPS = 0.930000;
T LB deeth E ='. T = 0.000000,
L Delete. 0.250000. ALF = 1.000000, EFS = 0.930000;
i Disep Delete £ =', T - 0.000000,
4 Mariables 0250000, ALP = 1.000000, EPS = 0.930000;
B Coordinates = ='. T = 0,000000,
: @ wis_orbit_position 0.250000, ALP = 1.000000, EPS = 0.930000;
D integer - ='. T = 0.000000,
P _ — 0.250000. ALP = 1.000000, EPS = 0.930000;
s @ orbit index ’_J_l = = = 0.000000,
4 | » 0.250000, ALP = 1.000000, EPS = 0.930000;
g =', T = 0.000000,
[ [ f-ssoﬁﬂﬂkm 0.250000, ALF = 1.000000, EPS = 0.930000:;
= ='. T - 0,000000,
0.250000, ALP = 1.000000, EPS = 0.930000;
= 'box', T = 0.000000,

- ESATAN File Generation -

ESATAN Integration ALSTOM

(Rejdefine. ..

Open... 15 2dd i
it #

Copy... nanny Huu

Delete i

Generate Template...

Walidste Template c =~ Ezarad«~EsaradMode 1=~ DESSAT~ezatan~analysis1~DESSAT_A_MDB, Delete (Y¥Y-H}7 y
ESATAN Gt “Ezarad~EsaradHodels~DESSAT~esatan~analysisi~DESSAT_A.f,. Delete (¥~ N>? uy
e Expanding SINCLUDE statements._..

Preprocessing...
Sitte gk Preprocessing successful
Pre-Process —

— ESATAN Completed
Solve —

Jiaizizisis] jisidis s
it #
Ir=pect Output..; ﬁiﬂt““ fi2idis

Close

Uzing Model DESSAT_A

Fortran file is DESSAT_A.f

Compiling and Linking.
mning. . .

Output file is DESSAT_A.out

— ESATAN Completed

- ESATAN Run Control -




ALSTOM

New features e

* Text edit mode

- Summary -

)) Text Edit Mode ALSTOM
* Replaces the old ‘update model’ in v-3.2.7

* Allows the user to update the model in the geometry
file and to reload it in the GUI via a simple click

# ESARAD - Geomekry

File Tree Edit Model Operstions Define Help

Mo 8@ 28w
=4 Model =
Elﬂ Geometny
. 2% pEssaT |
I:—_]G? panels
----- # pane
e panelz

- Geometry -




Text Edit Mode ALSTOM

* Allows the user to change the kernel file and to re-
launch it in the GUI via a simple click

# ESARAD - Geomekry
File Tree Edit Wodel Operations Define Help

He 2@ ffogex @
=4 model
EIH Geometny
. 2% pEssAaT
I:—_]G? panels
# panel
e panelz

== Feametry sl

- Kernel -

ESARAD v-5.1

New features

® | icense mechanism

- Summary -




License Mechanism ALSTOM

* Need to start the Imgrd.bat file prior to executing the
application

% | alstomtc: FLEXIm vendor daemon o]
A0 T

[ = P = D2 = |
3

[ Bl |
|

- FLEXIm -

License Mechanism ALSTOM

* Imgrd.bat can be set up in the startup menu of
Windows by creating a shortcut

& startup & AV InteriCheck Manibor
|-_;:E| Uset's Guides 4 _E_ Lotus Mokes
(= winzip b S8 Microsoft Find Fast

E Microsaft Office Sharkcuk Bar
ff Ciffice Starkup

B Irgrd. bt
|
‘rLf' PsiWin 2.3 Connection Server !

- FLEXIm -




)) License Mechanism ALSTOM

Model Migration

e ESATAN v-8.7 migration period
— Released in December 2001

— Free FLEXIm keys were provided upon request to cover
model migration until end of June 2002

* ESARAD v-5.1 released in June 2002
— Migration period has started

— Existing users can request free FLEXIm keys until end of
April 2003

- Overlapping Period -

) ESARAD v-5.1 ALSTOM

Oa oB Adevic BE RER.

4 rn o aw
[ st | v o Rlalmia]

i
H "

ESATAN 8.7

¥ porplate Tile Template tpl ALSTOM

¥ ¥odel nome: DESSAT nalysis case’ analysisl
SHODEL DESSAT
SLOCALS

SNODES
# CENCODE NODES — DO NOT REHOVE

$CONDUCTORS

# GENCODE CONDUCTORS — DO NOT REMOVE
$CONSTANTS

# GENCODE CONSTANTS - DO NOT RENOVE
SARRATS

# GENCODE ARRAYS — DO HOT REMOVE
ESARAD 5.1 ; $SUBROUTINE

S
# GENCODE SUEROUTINES - DO HOT REMOVE

ontes IN 7 E
A jerante g z SINITIAL
Stonte> IN s 1 \

ALST@ M # GENCODE INITIAL - DO NOT RENOVE

© 2002 ALSTOM Power Lid $VARIABLES1
TF (SOLVER(:2) EQ. 'SS') THEN

CALL QAVERG
E

CALL QCYCLC
CALL RCYCIC
END IF
$VARIABLES?2
SEXECUTION
Steady State Solution
RELXCA=0.001
NLOOP=1000
1 SOLVIT

e L CALL SIFWEK
: Ui omre = SOUTET’

o' Bandsasee"s BiRSEsae s dabaesss’ c == CALL PRNDTB{' '.'L.T 0S5 0E. 04 G’ CURRENT)
s L ouamnin, : CAIT DMPGFF(' ' CURRENT)

J ¥ SENDHODEL # DESSAT

- New Features Summary -
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Appendix H: Application of EcosimPro to Bio-regenerative Life Support
Components

Application of EcosimPro
to
Bio-regenerative Life Support Components

A. Rodriguez
ESTEC/TOS-MCT
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Application of EcosimProe to Bio-
regenerative Life Support Components

Alexander Rodriguez, ATOS ORIGIN & Luis Ordonez Inda, ESA ESTEC/ TOS-MCV

10/21/2002 16th European Workshop on Thermal 1
and ECL S Software

@ES"%C L 2 R+l R AR RE MR N B

EcosmPro®

|s a software package for modeling and simulating dynamic systems, which could be
represented by differential-algebraic equations and discrete events

I's developed and maintained by EA International, Spain with ESA support

Unique Features
*Easy interconnection of components by user- or pre-defined PORTS

*Non-causality of equations

a=f(b) b=g(a) ab'+c’ c'=ab’

10/21/2002 16th European Workshop on Thermal 2
and ECL S Software
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Bio-regenerative life support system (BL SS)
DEFINTION

BLSSisasystem that is capable of recovery of edible biomass, water and oxygen from
waste, carbon dioxide and minerals based on processes driven by biological entities.

*To date, a BLSS with a high degree of closure for all material flows does not exist

*MELIiSSA has been concelved as a micro-organisms and higher plant based ecosystem
intended as atool to gain understanding of the behavior of artificia ecosystems, and for
development of the technology for a future bio-regenerative life support system

10/21/2002 16th European Workshop on Thermal 3
and ECLS Software

@ES"%C L 2 R+l R AR RE MR N B

MELISSA ADVANCED LOOP CONCEPT

Simulations so far have been
concentrated on compartment |1,
compartment 111 and compartment
IVa

Non Edible Parts of Higher Plants

COMPARTMENT I

Thermophilic Anaerobic
Bacteria

Simulations have been run as
continuous and batch cultures using
EcosimPro® and Matlab®
/Simulink®

10/21/2002 16th European Workshop on Thermal 4
and ECLS Software




lg] Hle Edt View lwet Fumet Ecosim Toos Window Help e x|

D] & wlEle] sle] o sl = @elalms]| | gl [e<] |

|E s Bk =

PN oo Eplor

EEEEE

Address:

USER_LIBS\MELISSAVSYMBOLS
=3 USER_LIBS P

(3 conTROL

( CONTROL_EXAMPLE:!
(3 DEFAULT LB

{1 DISCRETE_EXAMPLE
{2 DISCRETE_UIB

2 Edss

3 ELeECTRIC

(] ELECTRIC_EX&MPLE:
(J EXPERIMENTS

(3 FUGHT_SIM

@ Fwio

(0 FLUID_EXAMPLES
{0 GRAVITATIONAL

3 GRAVITATIONAL Ex¢
(3 HYDRAULIC

(0 HYDRALILIC_EXAMPL
| 33 MATH

0 MATH_EXAMPLES
£ MELISSA

.
Bead_Tank. hydrauic.sym

JIE = il |

10/21/2002

16th European Workshop on Thermal 5
and ECLS Software

eSa

ESTEC
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Simulation Resultsfor a Photoautotrophic Compartment (1)

Biomass concent tration [gr /]

Spindinab[EFS] |
SpindinablPC] 4
—  Spindina.bfxa] I

sproper concentration
evolution of multiple
compounds

scapability of handling step
changesin the light flux
satisfactorily

*Graph automatically
generated using an
included post-processing
tool

10/21/2002

and ECLS Software

16th European Workshop on Thermal 6
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Simulation Resultsfor a Photoautotrophic Compartment (2)

Mineral consentraton [mol /1 oproper Concentrati on
e evolutionof multiple
BRSNS """"" """"" """"" Sonina b0 4] compounds
capability of handling step
et Changes in the light flux
b satisfactorily
T ~graph automatically
UIUUTZD 1;0 2;0 B;D 4;0 5iﬂ B;D T;D E;D gmamw us‘ ng an

included post-processing
tool
10/21/2002 16th European Workshop on Thermal 7
and ECLS Software

eSa

ESTEC ™ =WVIIZ=THIIiI1ss = mse:s

Simulation Resultsfor a Photoautotr ophic Compartment (3)

02 Production Rate {mal / h)

sproper rate evolution even
at step changes

P S S S O SO S scapability of handling step
/NN SN SSRON SOU SN SUOUN NS y— changes satisfactorily
10/21/2002 16th European Workshop on Thermal 8

and ECLS Software
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Simulation Resultsfor a Nitrifying Compartment (1)

Biormass Concentiation (gr / ) Biormass Concentration (ar / |

0d4p--a---r e e T S e T SIS ST

Witrfying. TamkE. Tank_B1.bs{<4Nb]
Nitifying. TankE. T ank_B1.bsf=éNs]

Nitifying. TankB. Tank_B5.bs[<aNb] __ |
Nitifying.TankB.Tank_B5.bspes]

oz

0z

01f--

i
i
0 10 20 30 40 50 B0 70 8O 90 100 110 120 130 140 150 180 170 180 190 200 O 120 3po4n SO R0 TTE RO 30500 00720 (19900 0ie0. 170:5000 190000
TIME
TIME

proper spatial and time resolution of concentrations of two kinds of
biomass

10/21/2002 16th European Workshop on Thermal 9
and ECLS Software

eSa

ESTEC ™ =WVIIZ=THIIiI1ss = mse:s

Simulation Resultsfor a Nitrifying Compartment (2)

Nitits, Nitrate and Ammoria Cancantration (mal /1) Nitite. Nitrate and Ammonia Concentration [mol /1)

0.007 o.007

0.0061 - oonet s -4

Nt - _— ! e ! s v Vo . v Mififying.T ankE. Tank_BS.6NOZ) |
L e e A e e T e e e e Bt R -1 0.005 ] -- Stoed- Nitifving, TankE Tank_BS.6(NO3] -1
AR HE Lo P & o WA (I ' H Nitrifying. T ankE. Tank_B5.bdis[NH3] |

Nitrfying T ankE:. Tank_B1.b[NO2] H
Mitifying, T ankE: Tank_B1.b[NO3] -1 0.0041 -4
Nitifying, T ankE:. Tank_B1.bdisMH3] !

0.004+ -
D31 n0m
cofoscheolnlendens

L R e R . 0.001

0.0 i} - i S a
0 10 20 30 40 50 BD 70 80 90 100 110 120 130 740 150 160 170 180 190 200 0 10 20 20 40 50 B0 70 20 80 100 110 120 130 140 150 160 170 180 180 200
TIME TIME

proper spatial and time resolution of concentrations of nitrogen
contai ning compounds

10/21/2002 16th European Workshop on Thermal 10
and ECL S Software
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sproper concentration
evolution of multiple
compounds

scapability of calculating
aninitial steady state and
| . | | 1 start a subsequent
P — ——— S— transient analysis

0 100 200 300 400 500
TIME

10/21/2002 16th European Workshop on Thermal 11
and ECL S Software
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Simulation Resultsfor a Photoheter otr ophic Compartment (2)

CO2 Concentration (mol /] .proper Concer]tra[i On
‘ | ' ' evolution of multiple
compounds

000038

0.00036
0.00034
000032
0.00030
000028
0.00026

scapability of calculating
aninitial steady state and
start a subsequent
transient analysis

0.00024
000022
000020
000071 8:
0.00016
00004+ -
0.00012

0.00010
o

100 200 200 400 HO0
TIME

10/21/2002 16th European Workshop on Thermal 12
and ECL S Software
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IR0l SE — B 5 o=

D003 == == == == === T ooy

DLO0BAT = = = = Pz = o = m o o o oo LR T L :

D0DI2T === - === s i !

T T L T e T T e

D002BY === === mmm e

RhodobacterbPO4] )
Rhodobacterbl504] 71

DDZET = = = == = = = = = = = = = 3 = == = = e e e e e e e e e e e e e

sproper concentration
evolution of multiple
compounds

N ™ T A | scapability of calculating
R S S e oo aninitial steady state and
N oo Y SO N S— Ee— start a subsequent
i S R S e transient analysis
10/21/2002 16th European Workshop on Thermal 13

and ECLS Software

L=l | -l o

IR0l SE — B 5 o=

View Insert

olEg
o

=

o= 2
e =B

t Fomat Egosm Iook Window Help
& el o] .l [F sllzem flalaE] x| FIE ]

MASTER

L

TS B el el NS EHE
5

*2leved control
structure
implementation

[conTROL1 | [conTROL 2 |
eeach component
e automatically
-~ " | generates c++code
=== during compilation
10/21/2002 16th European Workshop on Thermal 14

and ECLS Software




eresults can be displayed
in suitable form during
and after simulation

uuuuuu

Rhodobacter_out btataNH3] 00765437613

300 - 200 -
ol 7 i
- - EEE
nnaxn{\\ = = - L o .
g i 250 - 280 -, e biotalP o3
0 100 200 300 400 00 600 o 10 2 a0 250 - 250 - EE
TIME ol

S

edynamic variables can

| stz be changed during
B s | B simulation using the
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee EcoMonitor®

10/21/2002 16th European Workshop on Thermal 15

and ECLS Software
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Conclusion (1)
EcosmPro®

*|s capable of simulating components of bio-regenerative life support system
components

*Could predict accurately the steady state and transient behavior of bio-regenerative
elements

*Performs reasonably efficient and accurate
*no thorough comparison to other suitable tools has been made yet

*DDASSL solver has been chosen after Trade-off analysis by EA International

10/21/2002 16th European Workshop on Thermal 16
and ECLS Software
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Conclusion (2)
EcosimPro®

*Object oriented capabilities allow simulation of single components or entire systems
*Object oriented capabilities allow simulation of control strategiesin different layers
*Easy-to-use pre & post processing tools are included

*C++ code could be exported to run stand alone applications

*External C++ code could be implemented fairly easily in EcossimPro® components

10/21/2002 16th European Workshop on Thermal 17
and ECL S Software
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Appendix I: ESATAN v8.7 & 8.8

ESATAN
v8.7 & 8.8

F. du Laurens d’Oiselay
Alstom
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ESATAN v8.7 & 8.8

Julian Thomas
Fredéric du Laurens d’'Oiselay

ALSTOM

ESATAN v-8.7

ALSTOM

"+ PcESATAN - CASEDL

File Edit Search [Run | Ublities  Options  Window  He

--------- DESSAT.GFF1
--------- DESSAT.GFF2

--------- DESSAT.TRA
--------- ELEMSYS.DAT
e Lingar_B.ewe
--------- LINEAR_B

- State in the Field -




ESATAN v-8.7 ALSTOM

e ESATAN v-8.7
— Released in December 2001

— Free FLEXIm keys were provided upon request to cover
model migration until end of June 2002

* Model migration now officially over
— Old authorisation files obsolete
— FLEXIm keys in full operation

- State in the Field -

ESATAN v-8.7 ALSTOM

* Apostrophe sign [ ] in comments
— Not allowed in this version
— Patch available upon request

e To comment the $| NCLUDE
— # $1 NCLUDE and not #$1 NCLUDE

* External subroutine
— Subroutine in $EXTERNAL model not recognised

* Beware of reserved names in ESATAN
* Missing substitution data in predefined elements not tested
* All these issues will be fixed in next version...

- Known Issues -




)) ESATAN v8.8 - Scope ALSTOM

* Pre-Processor Improvements

* Fast Solvers

* Heat balance convergence

* Neutral output format (csv) for any data

* User constants defined any user “Mortran”

* Model name functions

* Node number functions (internal<->external)
* User documentation

* DTMAX treatment

- Continuing Commitment to Development -

)) ESATAN v8.8 - Scope ALSTOM

* Pre-Processor Improvements

* Heat balance convergence

* Neutral output format (csv) for any data

* User constants defined any user “Mortran”

* Model name function

* Node number functions (internal<->external)
* User documentation

e DTMAX treatment

- Continuing Commitment to Development -




SOLVFM Developments ALSTOM

Fast, Scaleable Steady-State Solution

* Improved band-width optimisation

* Proprietary algorithm development

* ‘Detached node’ support

* Improved energy balance (c.f. SOLVIT)
* Near linear scalability

* Examples from test suite:
— 30,000 nodes/50,000 GLs/150,000 GRs - 7sec
— 3,000 nodes/6,000 GLs/800,000 GRs - 24sec

- SOLVFM Recommended Steady-State Solver -

SLFWBK Developments ALSTOM

Transient

* Unique “Rate of change” based dynamic time-
stepping optimisation

* Arithmetic node optimisation

* Consistency of temperature dependant data

* Prototype up to 25 times faster for some models

- Class Leading Transient Solution -




)) ESATAN v8.8 - Scope ALSTOM

* Pre-Processor Improvements

* Fast Solvers

@nce convergeD

* Neutral output format (csv) for any data

* User constants defined any user “Mortran”

* Model name function

* Node number functions (internal<->external)
* User documentation

e DTMAX treatment

- Continuing Commitment to Development -

)) Heat Balance Convergence ALSTOM

e Extension of heat balance control constants to
thermal steady-state routines

— INBALA (absolute energy balance) vs ENBALA
— INBALR (relative energy balance) vs ENBALR

* Supported in both SOLVIT and SOLVFM

- Increased Analysis Control -




)) ESATAN v8.8 - Scope ALSTOM

* Pre-Processor Improvements

* Fast Solvers

* Heat balance convergence

'@tput format (csv) for an@
* User constants defined any user “Mortran”
Model name function

Node number functions (internal<->external)
User documentation

DTMAX treatment

- Continuing Commitment to Development -

)) “CSV” Output ALSTOM

CSV = Comma Separated Value

* New library function for outputting to Comma
Separated Value

PRNCSV( ZLABEL, ZENTS, CNAME, QUTFCR, FI LECS) ;

— ZLABEL, ZENTS and CNAME have normal meaning
— OUTFOR defines grouping by node or data type
— FILECS defines output stream number

- Plotting, Archiving, Database Import, etc. -




)) ESATAN v8.8 - Scope ALSTOM

* Pre-Processor Improvements

* Fast Solvers

* Heat balance convergence

* Neutral output format (csv) for any data.

* User cons | “‘Mortran”.
odel name function
ode number functions (internal<->external)
* User documentation
e DTMAX treatment

- Continuing Commitment to Development -

)) Model & Node Functions ALSTOM

* SUBMOD() - return name of current model

* SUBMDN(nodel) - return name of model containing
internal node reference nodei

* NODNUM(nodel) - return user node number of
internal node number nodei

* ?INTNOD(cname, nodel) - return internal node
number of user node nodei in model cname

- Increased Modelling Flexibility -




ESATAN v8.8 Summary ALSTOM

s o
- j)
. -
v
5 2

Fast solution in both steady-state and transient
Heat balance convergence

New neutral output (csv) routine

User constants defined by other constants, etc.
Model & Node number function [

ESATAN 8.8
ALSTOM

- Available Soon -

ALSTOM

www.alstom.com
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Appendix J: Integrated thermal design and the thermal numerical tool box

Integrated thermal design
and the
thermal numerical tool box

J.van Es
NLR
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Nationaal L ucht- en Ruimtevaartlaboratorium
National Aerospace Laboratory NLR

Integrated thermal design and the
thermal numerical toolbox

R. C. van Benthem, A.\W.G. de Vries and J. van Es, Thermal Control Group Space Division

Nationaal L ucht- en Ruimtevaartlaboratorium
National Aerospace Laboratory NLR

Contents

* |ntroduction

* ESATAN as thermal modelling tool in integrated design
— Thermal design of a cockpit control panel in hot
conditions.
— Thermal design of the pre-launch isolation of the
BIOFILTER experiment.

* Requirements for thermal S/W-tools in thermal design.

® Conclusions and recommendations.
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Introduction

Integrated thermal design in small thermal designs

* More and more thermal design is started in early phases
of design (concurrent design) to:
— Minimise mass of thermal control subsystem
— Avoid re-design at the end of a project
— Maximise integration of structural and thermal design

— Reduce development time and costs

Nationaal L ucht- en Ruimtevaartlaboratorium
National Aerospace Laboratory NLR

Introduction

Thermal S/W packages are useful tools in early trade-offs
to:

Perform transient analysis

Determine impact of orbital changes
Compare design options

Perform sensitivity analyses
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Thermal design of a cockpit control panel in
desert conditions

Fower supply

[EEE]1394

Nationaal L ucht- en Ruimtevaartlaboratorium
National Aerospace Laboratory NLR

Thermal design of a cockpit control panel in
hot conditions

* Problem to solve:
— A basic thermal design for a cockpit panel display does
not meet the temperature requirement of 85 °C during:
* non-operational conditions in hot conditions
* start-up in hot conditions

e Conditions
— Solar radiation 1120 W/m?2 at maximum.
— Ambient air 71 °C.
— An adiabatic interface with instrument panel is required.
— Cooling air 35 °C
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Thermal design of a cockpit control panel in
hot conditions

Ambient Conditions

surface oriented towards sun

Induced ambient air temperature
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Thermal design of a cockpit control panel in
h Ot C O n d Itl O n S HOTOPERA‘I;L%EI:LI{erj‘mralu!e: al:jj.si:yauons

Hot Start up Transient Analysis
(basic design)

—=—#998 Ambient air
#110 Front Assembly
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—=—#600 LCD Display
#700 Backlight
#99 Internal air

Temperature

e Free convection

* No thermal H/W
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Thermal design of a cockpit control panel in
hot conditions

sipations

Hot Start up Transient Analysis
(improved design)
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Thermal design of a cockpit control panel in
hot conditions

* Transient thermal modelling was needed and convinced

the customer to change design.

* PCMis easy implemented in ESATAN, however:
— Itis not (yet) a standard feature.
— Error messages are unclear.
— ESATAN provides no support for structured set-up of
in-house ESATAN-code.
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Thermal design of the pre-launch isolation
of the BIOFILTER experiment

* A high-insulating experiment container was required to
keep a biological bacterial growth experiment below 10
°C for 4.5 days without active coolipg

e Conditions
— Ambient temperature 22 °C.
— Limited volume. .
— Limited power budget (no active cooling).
— Overall thermal conductivity less
than 0.1 mW/m*K is required.

Nationaal L ucht- en Ruimtevaartlaboratorium
National Aerospace Laboratory NLR

Thermal design of the pre-launch isolation
of the BIOFILTER experiment

—prefered
—designed
- Expected

experiment phase time in days
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Thermal design of the pre-launch isolation
of the BIOFILTER experiment

* Design
— A high insulating container is
manufactured with high vacuum and MLI.
— PCM is added as heat capacity
and latent heat.
— A heater is implemented to heat the experiment

* Results
— Design ready in 6 months after start thermal design.
— Overall conductivity is 0.4 mW/mK (0.2 W/m*K required)
— 150 g PCM (5.9 °C) is enough to satisfy the temp. requirements.
— Heater power is sufficient to heat the experiment to 25 °C.

Nationaal L ucht- en Ruimtevaartlaboratorium
National Aerospace Laboratory NLR

Thermal design of the pre-launch isolation
of the BIOFILTER experiment

Transient thermal modelling was used to calculate design

performance and to support design trades.

MLI performance is strongly dependent on vacuum

— Test were needed to confirm feasibility.

The modelling was performed by a new ESATAN user
— ESATAN showed to be easy to
learn but error messages were unclear.

— Effort was unfortunately for nothing.
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Requirements to the thermal numerical
toolbox for integrated design

* Easy user interface with short learning curve.
Large toolbox with material properties.
Easy interfaces with ESARAD/RADCAD/STK etc.

Toolbox with (with a small number of nodes) thermal design
options such as:

— Phase change materials

— Honeycomb material

— MLI (in vacuum)

— Heat pipes (LHP, CPL)

Possibility of easy implementation of new design options.

Nationaal L ucht- en Ruimtevaartlaboratorium

Conclusion & recommendatigns ™ Aeeseetemeets

* The ESA thermal numerical toolbox is a useful tool in
integrated (thermal) design, to support design trade-offs for:
— transient thermal modelling
— impact of orbital changes

* Most capabilities are present in current ESATAN however:
— The user interface can be more structured.
— The error messaging is often unclear.
— The program invites the user to program him/herself. Also
here a structure could provide faster modelling.




Nationaal L ucht- en Ruimtevaartlaboratorium

Conclusion & recommendations ™ Aeesetereenis

Statement:

The added value of small thermal models in the early phase
of a project is orders larger than the added value of large
thermal models in later stages of a project.

Therefore:

R&D of thermal S/W tools should be focussed on
development of tools and data exchange to support thermal
trade-offs.

Open source S/W is certainly a possibility to increase the
improve the functionality and efficiency of the current S/W-
tools.
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Appendix K: Thermal simulation in functional analysis

Thermal simulation
in
functional analysis

M. Jacquiau
Astrium SAS
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astrium

Introduction

® Besides the classical geometrical approaches used to model the thermal
behaviour of spacecraft, there is also a need to perform simpler analysis :

- Development of a tool adapted to perform preliminary thermal design

* Moreover, a geometrical approach doesn't fit the modelling needs for sub-
system performances analysis like Power, Propulsion, etc. :

- Development of functional tools to perform Power and Propulsion analysis

®* The chosen approach is to describe the problem with a set of differential
equations that are solved by a numerical solver

- The model can be coupled with a geometrical simulation to compute flux,
radiative coupling, etc

o 16th European Workshop on Thermal and ECLS Software, 22-23 October 2002 Astrium




boftware concepts

®* These software are organised under the same basis :

®* They are based on an common toolkit aimed to describe and solve the
problems that can be modelled with a network of equations

®* Each component of the network is described by a mathematical model of
its behaviour

®* The model can support different types of node : thermal, fluid, control,
electric

®* Each tool is integrated in a same graphical interface :
- Schematic editor
- Visualisation tool (text editor, 2D plot visualisation)
- Post-processing : interface with Excel

o 16th European Workshop on Thermal and ECLS Software, 22-23 October 2002 Astrium

kl’ools description

e CAT
Conception d’Architecture Thermique in French
- For thermal pre-dimensioning adapted for small models
- Easy to use and easy to understand

e CAP
Computer Aided Propulsion
- For quick design of propulsion systems
Detailed performances analysis of propulsion systems
Exploitation of in-orbit data
Ventilation and venting analysis

* POWER
- For quick design of power systems
- Detailed performances analysis of power systems

° 16th European Workshop on Thermal and ECLS Software, 22-23 October 2002 Astrium




CAT

* CAT : asoftware tool for thermal preliminary design (pré-dimensionnement)

- Use of the schematic approach
- Automatic link to Esacap solver : stationnary & transient routines

¢ Computes Aided Thermal

- Post_proceSS|ng Seh:maﬂcl C:K)lama.mo\Penllva‘R.ADM‘{(modlﬂed) : : l
« Quick 2D curves [ @ e e oW oces[oR _veip | _Heip | Rt | _cu_| _copy | puste | _unto | e |
Fi : OFF I
« Excelfile i
] AR
» 2DO0 Systema file @l
+ Results on scheme
T (TaB )
Text
ﬂ' |FUNC |
RIRT)
b L ety & Sombogay & comncctorts oaded . ™ 1) ‘
El Tl E| T Ef

CAT

® Suited to a small number of nodes (up to 40 — 50)
* Easyto use

* An alternative approach
between Excel-based tools and detailed analysis software
- A key for software harmonisation inside Astrium
- Typical users :

+ system engineers
« thermal analysts (quick preliminary design)




Power & Propulsion : coupling with thermal tools

®* For some problems it is necessary to perform a coupling between the
functional analysis tools and other tools like Systema/Thermica or
ESATAN

In particular for :
®* Power analysis to compute the:
- Solar flux during the mission

- Radiative coupling between surfaces when there is a strong coupling
between power performances and thermal environment (e.g. battery
temperature)

- Application : Power system performances analysis

®* Propulsion analysis when there is a strong coupling between the thermal
environment and the fluid behaviour

- Application : hydrazine temperature calculation on Ariane 5

16th European Workshop on Thermal and ECLS Software, 22-23 October 2002 Astrium

Power & Propulsion : Software architecture

Component | Components library |
editor
|:'|> — 3
Tex:zeditor Functional models <:I Analytical
or database |:|'>
Component & parameters models
generation @ @
Schematic Editor Input data Simulation output data
—— = module R External
= e o a Results Software
- e Packages
Run control
—> (m—
results analysis

Run parameters WORD
Editor Parametric automatic reports
@ module
Mission Editor
E | - Pre-processing Post-processing
xternal Component & Monte-Carlo Plot of variables (t)
Software mission analyser module
Packages )
THERMICA : 4 Optimisation
Text editor for . S pmodule
ESATAN ambient data I e o

16th European Workshop on Thermal and ECLS Software, 22-23 October 2002 Astrium




Qower . Power systems analysis

®* Power uses different models to define a PSS architecture
- solar arrays (with definition of thermal fluxes on orbit)
- battery
- regulation elements
- electrical elements : resistance, diode, capacitance, ...
- thermal elements : conductive coupling, radiating coupling,...

- Use of the mission module of Thermica and geometry to define the
environment of the solar arrays (thermal)

* Typical outputs of the software :

- current and voltage values at each node of the network
- all the parameters specified by the models

o 16th European Workshop on Thermal and ECLS Software, 22-23 October 2002 Astrium

bower — Interface with Thermica

* Evaluation of power sub-system performances requires the knowledge of the
solar fluxes on the solar panels

- For any missions, the solar fluxes cannot be easily computed and require a
geometrical description of the spacecratft, its mission and pointing

- Moreover, for a detailed analysis, thermal and power behaviour are strongly
coupled

« E.g. the solar cell performances depend on the solar panel temperature and the
solar panel temperature depends on the power converted in the solar cell

* Need to implement an analysis tool coupling the power and thermal aspects

* Well interfaced with Thermica for an easy use

@ 16th European Workshop on Thermal and ECLS Software, 22-23 October 2002 Astrium




Interface between Thermica and Power

* Thetool allows to manage a correspondence between the geometrical
objects and the network components

16th European Workshop on Thermal and ECLS Software, 22-23 October 2002 Astrium
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kCAP . Propulsion systems analysis

®* CAP uses different models to define the propulsion system
- Thrusters (monopropellant, bipropellant, cold gas...) and nozzles
Tank (blow down and pressurised)
Vanes
- Pipes

Interfaced with ESATAN to handle coupled thermal / fluid system
* Typical outputs of the software :

- Overall performances of the propulsion system (impulse, consumed mass)
- Temperature of the fluid in the lines

@ 16th European Workshop on Thermal and ECLS Software, 22-23 October 2002 Astrium

CAP : Example of application
Hydrazine temperature in the lines

®* The hydrazine temperature in the Ariane 5 Vehicle Equipment Bay (VEB)
shall remain in a specified range

®* Modelling of hydrazine temperature involved :
- A thermal model of the temperature in the tubing :
« Conducto/convective flux in the fluid
« Conducto/convective flux between the fluid and the line wall
- Radiative flux between the line wall and the environment
« Conductive flux between the the wall and the structure

®* The overall thermal network of the VEB environment and the coupling
with the lines come from an ESATAN model of the VEB

@ 16th European Workshop on Thermal and ECLS Software, 22-23 October 2002 Astrium




Computation of hydrazine temperature
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Appendix L: ALGOCAP: Assessment of Thermo Hydraulic Algorithmsfor
Capillary Pumped L oops and L oop Heat Pipes

ALGOCAP:
Assessment of
Thermo Hydraulic Algorithmsfor

Capillary Pumped L oops and
L oop Heat Pipes

D. Labuhn
OHB
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ALGOCAP

Assessment of Thermo Hydraulic Algorithms for
Capillary Pumped Loops and Loop Heat Pipes

ESA Contract AO/1-3904/01/NL/LVH
Reinhard Schlitt, Dirk Labuhn, OHB-System AG
Vaeri Vlassov, INPE, Brazil
Jay Ochterbeck, Clemson, USA (Consultant)
Olivier Pin, ESA/ESTEC (Technical Officer)

22-23 October 2002 Sixteenth European Thermal & ECL S Software Workshop 1

ALGOCAP Situation at OHB

* OHB isinvolved in several space projects, which include LHP
for thermal control (AMS-02, NetLander, Rubin,...)

» LHP are purchased from outside according to our specification

* One of the main tasks at OHB: to analytically integrate the LHP
into the spacecraft TMM

22-23 October 2002 Sixteenth European Thermal & ECL S Software Workshop 2




ALGOCAP Questionsto be answered

» Aresimulation tools available to incorporate Two-Phase L oops
(TPL) systemsinto spacecraft thermal system analysis?

 If not, what can be recommend to reach this goal (create new,
adapt existing tools)?

* What isthe work sharing between supplier and user of TPL in
terms of simulation tasks?

22-23 October 2002 Sixteenth European Thermal & ECL S Software Workshop 3

ALGOCAP Present Situation

» System companies and S/W developers are trying to incorporate
detailed thermodynamic processes of a TPL into thermal control
S/W tools at system level.

 ESATAN presently incorporates modules for evaporator,
reservair, filter.

« ESATAN/ SINDA etc. have been originally developed to
simulate thermal performance at subsystem and system level
and are not easily adaptable to simulate detailed thermodynamic
processes.

22-23 October 2002 Sixteenth European Thermal & ECL S Software Workshop 4




ALGOCAP Developer and User Conflict

 Incorporation of detailed thermodynamic processes at system
level (for example an evaporator) may require knowledge of
proprietary data from the TPL supplier, which could not be
accessible to system companies.

» TPL developers often use semi-empirical relations for the loop
layout (based on specific know-how and dedicated devel opment
tests). Again, these data may not be accessible to other
companies.

22-23 October 2002 Sixteenth European Thermal & ECL S Software Workshop 5

ALGOCAP Developer and User Conflict (cont.)

» TPL developers are not acquainted with S'W at system level
(ESATAN / SINDA). Simulation results obtained with these
tools are not accepted as rel evant performance datafor ther
products.

o System S/W packages are devel oped to simulate spacecraft
system with alarge number of diffusion nodes which are based
on large time steps to reduce CPU time.

* To simulate thermo-hydraulic processes at TPL level small time
steps are required.

22-23 October 2002 Sixteenth European Thermal & ECL S Software Workshop 6




ALGOCAP Resulting Strategy

Clearly distinguish simulation tasks at TPL supplier and user
level.

Detailed simulation of thermodynamic processes, which are
performed by TPL supplier to build the loop, shall not be
repeated at system level in comparable depth and with a
(different) system toaol.

Detailed knowledge of the internal loop configuration are not
needed at system level, i.e. wick dimensions, pore size, vapor
space, reservoir characteristics, etc.

System must rely on the delivered loop to meet system
specifications, which are verified by supplier tests.

22-23 October 2002 Sixteenth European Thermal & ECL S Software Workshop 7

ALGOCAP Algorithm Development

We decided to develop a self-standing S/W to simulate a TPL
for use at system level.

We concentrated our work on the predominant system interface,
I.e. condenser/radiator interface.

Other TPL features (especially evaporator) are represented with
much lower detail, since they are needed to alesser extent at
system level and to avoid the use of propriety data.

Representation of these features may be verified by TPL
developer or through evaluation of test results.

22-23 October 2002 Sixteenth European Thermal & ECL S Software Workshop 8




ALGOCAP Algorithm Development (cont.)

o TPL SW isbased onthe EASY 2000 package with some
additional implementations:
— Transient calculation.
— Modéd is of nodal type.
— Conductive and radiative links.
— Liquid flow enthalpy links.
— Surface pressure jump at interface.
— Hydraulic equations are solved as quasi-steady-state.

» Different TPL /W modulesto represent TPL thermo-hydraulic
behavior were first developed in C** and are now transformed
into MORTRAN language to reach compatibility to ESATAN.

22-23 October 2002 Sixteenth European Thermal & ECL S Software Workshop 9

ALGOCAP Algorithm Development (cont.)

* Inorder to integrate the TPL model (called L-I or Low level
model) with the system TMM (called H-1 or High level model)
an interfacing algorithm was devel oped.

» Theagorithm simultaneously integrates the L-I (TPL) model of
fine nodal breakdown with the H-I (TMM) model of coarse
nodal breakdown.

 Interfacing agorithm of the present development is directed to
both TPL condenser/ spacecraft radiator and TPL evaporator/
dissipated equipment as well.

» Emphasisis put on condenser/radiator as main interfaceto TMM
at system level.

22-23 October 2002 Sixteenth European Thermal & ECL S Software Workshop 10




ALGOCAP Algorithm Development (cont.)

* Mainideaof theinterfacing algorithm (IFA) isto perform a
separate and simultaneous integration of the H-I (TMM) with
relatively large time step, and the L-1 (TPL) model with

relatively small time step.

22-23 October 2002

Sixteenth European Thermal & ECL S Software Workshop 11

ALGOCAP Algorithm Development (cont.)

——— —

|||||||

22-23 October 2002

Baseline are largetime steps of the H-I model (TMM)
At

The L-I modd is executed for small time stepswithin
the predicted duration of next largetime step of H-I
(phase 1)

During L-I execution the TMM must be switched off

Averageinterfacing heat fluxes are calculated, which
areused by TMM for next largetime step as
additional heat fluxes

Next, H-I (TMM) isexecuted for the same largetime
step using heat fluxes supplied from L-I (calculated
during phasel) (phase 2)

Process (items 2 to 5) is continuously repeated (phase
3)

Sixteenth European Thermal & ECL S Software Workshop 12
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ALGOCAP sampleCase 1
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ALGOCAP sampleCase 1 (cont.)

Analysisfor simplified version of LHP
(25 nodes at L-l and 3 nodes at H-l)

H-I:
» 2 Radiator Nodes

30
* 1 Node of External
Panel
1 \ 2 \
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ALGOCAP sampleCase 1 (cont.)

32.0

Resultsfor simplified version of LHP
(25 nodes at L-l and 3 nodesat H-I)

Models: Conditions of Analysis:
B H-level
T e » Temperature of external panel
T .80 ~ (dotted graph) changed between 223
E A and 263K
o i « Inlet and outlet pressure of
5 210 condenser varied rigorously
% A * Red graph depicts temper atur e of
g ) ) node 1 of H-1 model
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i -2 L-l model
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0 100 200, 300 400 500 both modelsisvery close
Ime, sec
22-23 October 2002 Sixteenth European Thermal & ECL S Software Workshop 15
LIrTBDsYsTEM
ALGOCAP Implementationin ESATAN
$MODEL IF42_02 $MODEL IF42_03
Sg'?gglli_sLLM $MODEL LLM
X1=_.. SENDMODEL LLM ‘ SVARIABLES1
...... $MODEL HLM
$SUBROUTINES ENDMODEL HLM ‘
LSOLVERQ \
$ENDMODEL LLM
$EXECUTION
$NODES
D11=.. SVARIABLES2
$EXECUTION SVARIABLES2 CGALL BOLVER1 Intrtacing
Setting for J Setting for
HLM run LLM run
CALL SLFWBK CALL LSOLVER —— | falting for
I ﬁtﬁn;gu 'f‘or ggtt EEE&Y;E 3 CALL SOLVER2
Interfacin Setting for
$ENDMODEL IF42_02 secton R
$ENDMODEL IF42_03
solver: solver:
HLM: SLFWBK or SLFRWD HLM: SLFWBK or SLFRWD
LLM: any proprietary solver LLM: SLFWBK or SLFRWD
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ALGOCAP Implementation in ESATAN (cont.)

ESATAN: wish list
* encapsulating feature within VARIABL ES2 block
» cloning of solvers and control parameters

* SL FWBK1 and SLFWBK2 using TIMEOL1, TIMEQO?2 etc.

* switching between LLM and HLM isdone by activating and
deactivating the respective nodes

* MDLON and MDLOFF at present can only be applied to diffusion
nodes

22-23 October 2002 Sixteenth European Thermal & ECL S Software Workshop 17

ALGOCAP cConclusions

* AnInterface Algorithm (IFA) for including the TPL model into the TMM
model of higher level was developed from conception to practical realization.

» Thedeveloped IFA permitsthe the presentation of the TPL model at two levels
(detailed L-I and coar se H-I); only the H-l TPL model with few diffusion nodes
isintegrated intothe TMM at system level.

* TPL User can adjust hisL-I TPL model by TPL Supplier test results
(especially with respect to evaporator performance).

» Particular techniquesfor implementation of the developed | FA within existing
ESATAN features have been developed and verified on prototypes.

* Maodifications of ESATAN/MORTRAN subroutines have been developed and
proposed in order to effectively perform theinterfacing of the high and low
level models.

» Thedeveloped analysis approach can easily be adapted to single
phase/mechanically pumped loops.
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ALGOCAP sampleCase?2

» Study of the interfacing algorithm within the
running project AMS-02

Calorimeter

22-23 October 2002 Sixteenth European Thermal & ECLS Software Workshop 19

ALGOCAP sample Case 2 (cont.)

Combining with TMM:

*AMS LHP model is presented by 9 nodes
insidethe system TMM (i.e. at H-l), which
consists of about 1000 nodesin total

52321

*Only these 9 simple diffusion nodes are
being integrated in order to present the TPL
at system level

ThelL-l LHP modédl has 127 nodes; 112 of
them belong to theradiator panel.

—

52221

’

52121

52131, \

\ Q5:31 \ 0\52231 \ Q '

52331
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Use of ESARAD
in
MetOp SVM
Thermal Testing Analysis

E. Seward
Astrium Ltd.
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astrium

~ an EADS joint Company with BAE SYSTEMS

Gummary

1 Introduction

2 Analysis (initial test predictions)
3 Analysis (updated test predictions)
4 Conclusions

o October 2002
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Introduction _

3 October 2002 astrium

Objectives of Analysis

* Simulate the MetOp service module during TB/TV
testing

* Use this model to define test specific hardware and
test procedures

* Use the results of test to modify the model so that the
results of the test correlate with the results of the
analysis

* Transfer this correlated model to the flight analysis
model and calculate final flight predictions

October 2002 astrium




Initial Resources/Models

* Detailed model of MetOp SVM in ESARAD v3.2.7 in flight
configuration

e Simple model of SIMLES chamber at INTESPACE in

SYSTEMA

* Copy of ESARAD v3.2.7 running on HP Unix operating
system
October 2002 astri um

Analysis (Initial Test Predictio

e
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Initial ESARAD Test Model

Strip down flight model to a test configuration

Convert SIMLES model into ESARAD

Put models together to create test model

Add models to represent the test adaptors and
simulators.

October 2002 astrium

Problems (1): Transmissive Surfaces

Effect of transmissive surface in

Monte-Carlo raytracing solution Use 2 models

- Model to calculate
— ® radiative couplings

10000 —* - ‘With Mirror’
rays —» > lray

—

—_—

—

_—

Model to calculate

Result: Highly inaccurate solar ® S:Itillar |\/f||'uxe’s
flux results for model O Mirror

Problem Solution
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Problems (2): Transient Simulation

Problem:

* How to simulate the rotation of the
spacecraft for the transient test
phases

Solution:

* Assemble the SVM and SIMLES
with the SVM as the moving body
and orientated towards the Planet

* Put the model in a sun oriented orbit
with the chamber mirror pointed
towards the Sun

® Set the orbit parameters so that the
orbit is equatorial, with a time period
equal to the rotation period of the
satellite in the test chamber

October 2002 astrium

Final Model Structure

Master ESARAD Model
[

v v
Master ESARAD Model for case X Master ESARAD Model for case Y
[
v A 4
ESARAD Model ESARAD Model etc...
‘With Mirror’ ‘No Mirror’
v v
Kernel Kernel
v ) v
ESATAN file ESATAN file
formatting | formatting
v v
Output file Output file * Multiple ESARAD Model files
containing containing » Two output files for each case
model GR’s model QS’s

October 2002 astrium




Update to ESARAD v4.2.10

Upon the release of ESARAD v4.2.10 the model was modified to
work in the new version. The following actions were performed

®* The geometry modified to work fully compliant with the new
version

* The Kernel was updated and run in the new version

* The ESATAN file formatting was updated and run in the new
version

®* The output from the ESARAD v4.2.10 was checked and verified
against the results from v3.2.7

October 2002 astrium
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kUpdate Model to Final Test Specification

* 12 months later the model needed updating due to changes to the test
specification, and to prepare to perform test correlation

e v4.3.2 of ESARAD now in use

Upon running the ESARAD files it
is discovered that they no longer
produce an output for radiative
couplings and solar flux

An investigation is launched to uncover the problem.

Simultaneous a review of the procedure for running the model is
performed to see if a more efficient solution exists

@ October 2002

astrium

kUpdate ESARAD Kernel File

* Areview of the Kernel file shows that it is a v3 kernel for a standard
orbital analysis that has been modified to work in v4.

* The Kernel file is seen to contain code that adds no value to the
model or performs unnecessary tasks that slow down the analysis
and could be at fault for the problem

* Kernel file is rewritten to specifically to run the test analysis with all
unnecessary code removed

Conclusion:

Model still does not work but model will run in half the
time when the problem is found

m October 2002
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Implementation of multiple ‘ASSEMBLY’
commands

®* Techniques learnt from other programs shows that multiple ‘ASSEMBLY’
commands can be stringed together to provide a model with multiple

degrees of freedom that can be controlled by user defined code in the
Kernel

SVM_Moving SIMLES

New Top Level

Model Structure

Ref Comp: simles_support
Moving Comp: SVM_assembly
XR: Trans_Rotation

Ref Comp: simles_chamber
Moving Comp: simles_mirror
XT: Mirror_Position

Where: | v |
Trans_rotation, SIMLES

¥:{rt)Ar_l°IOSItI0nR8éAL Ref Comp: SIMLES
lit_. ng € are Moving Comp: SVM_Moving
variables YR: Tilt_Angle

Conclusion:
The model now generates results. The problem
appeared to lie with the planet orientation of the SVM

October 2002

astrium

Visualisation of ‘ASSEMBLY' actuations

SIMLES Assembly

SVM Moving

—

SIMLES
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Addition of Script to Run Analysis Cases

e Astrium UK defines its ESARAD kernels for multiple cases in a single file, switches
are embedded in the file to run the parameters desired for each case.

* Experience of UNIX has shown that short script files can be used to run models.
Implementation of a script allows any case or combination of cases can be set to run
sequentially very quickly (and accurately).

By combining these 2 techniques together we now have a system that runs as many
ESARAD cases for a model as we like, whilst using and producing the minimum
number of files and data.

Script file logic

v
1 A
Copy kernel file *.erk to Copy ESATAN file formatting
L run.erk and set case number ) file *.ere to run.ere and set
l case number
s Y N J
Execute kernel using run.erk g v N
file Execute kernel using run.erk
| { file

October 2002 astrium

New Final Model Structure

ESARAD Model

Executed, by Script

Kernel

v
ESATAN file
formatting

A A A 4
Case X output file Case Y output file Case Z output file
containing model containing model containing model
GR’'s and QS’s GR’s and QS’s GR’s and QS’s

etc...

* Simple model structure
* One output file for each case

October 2002 astrium




Verification: Checking Steady State Fluxes

®* The fluxes from the v4.3.2 run were compared to the values from v4.2

Case 1.1 Nodes | Original V4.3.2 Difference | Percentage

Hot Fixed Difference
11171 20.926 20.649 -0.2779 1.33%
11401 2.279 2.274 -0.0056 0.25%
11412 3.207 3.215 0.0079 0.25%
11415 5.356 5.360 0.0042 0.08%
11452 3.564 3.559 -0.0050 0.14%
11455 7.685 7.675 -0.0096 0.13%
13312 28.142 28.142 -0.0005 0.00%
13314 11.847 11.798 -0.0486 0.41%

®* The comparison was repeated for the other steady state cases with similar
results

October 2002 astrium

Verification: Checking Transient Fluxes

® Again the fluxes from the v4.3.2 run were compared to the values from v4.2

Original | V4.3.2 | Diff % Diff

Difference in varying flux on node 13312
Case 1.2 ) 88.393 | 88.410 | 0.0164 0.02% 6
Hot Transient 70.433 | 73.975 3.5417 5.03% 5 |
Node 13312 28.169 | 32.741 | 4.5722 | 16.23% /\ f\

3.812 | 3.359 [ -0.4535 | 11.89%
0.299 | 0.394 [ 0.0953 | 31.84%
0.660 [ 0.779 [ 0.1191 | 18.04%

Difference in flux on node
N w N
/
—

0.746 0.753 | 0.0071 0.96% 1]
0.286 0.182 | -0.1032 | 36.12% [
0 ; Ay ‘ ®
4.236 | 3.767 | -0.4696 | 11.08% 1000 %o 3000 M 5000 6000 7000

27.844 | 32.699 | 4.8549 | 17.44%
70.447 | 73.988 | 3.5417 5.03%

Orbit Time (secs)

88.393 | 88.410 | 0.0164 | 0.02%

This variation in the fluxes is
due to the different kernel files
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Qerification: Visualisation of Kernel

In these animations, support structure is rotated around the SVM

Old Kernel New Kernel
* The wobble seen is due to the a slight variation in ,
step angle when the SVM is Earth pointing and its * The kernel file moves the SVM by
rotation axis is not perpendicular to the pointing a defined angle each time
direction
@ October 2002 astrium

Qisualisation of Final Model

@ ocover 2002 MetOp SVM in the simles chamber astrium




Conclusions

23 October 2002 astrium

Achievements

* The model works and generates the correct results
®* The number of models has been reduced
- From 10 down to 1
* The file/model structure to run the model for all cases has been simplified

- A single model makes it much easier to implement and control geometry
changes

* |tis now much easier to make modifications to the model and re-run cases
as desired

- The time taken and effort required to run the model is greatly reduced
® This solution has been proven to be compatible with ESARAD v5
- The same problem should not occur in future

October 2002 astrium




k()utstanding Issues

®* ESARAD has not yet been shown to handle transmissive surfaces in a way
that will produce results in an acceptable computation time.

® Itis not possible to visualise transient ESARAD kernel runs that use
pointing defined by user code in the kernel file in the same way as
predefined ESARAD pointing. i.e. you can not visualise the complete orbit
in the same orientation as that used to generate results.

®* Experience has shown that there are normally compatibility issues when
ESARAD (and ESATAN) are upgraded to the new versions that normally
require small modifications to be made to the models. How can the
occurrence and effect on projects of these problems be reduced in future?

@ October 2002 astrium

L Questions?
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ESA Harmonisation
and

User Survey

HP. de Koning
ESTEC/TOS-MCV

191



16th Thermal & ECLS Software Workshop ESA-WPP-207

192



ESA Harmonisaftion & User Survey

Thermal and Space Environment
Analysis Tools and Intferfaces

Hans Peter de Koning (ESA D/TOS-MCV)

Charles Stroom (ESA D/TOS-MCV)
Eamonn Daly (ESA D/TOS-EMA)
John Sgrensen (ESA D/TOS-EMA)

LucaMares (ESA D/IMT-THH)

Cesa..........c....

Mechanical Engineering Deparfment - Thermal and Structures Division

Background on the disciplines

The domain comprises:

- Spacecraft thermal control: managing internal and external heating and cooling as well as
temperature ranges for spacecraft parts

- Space environmental effects. high energy radiation, plasmas, small sized debris and meteoroids
During al mission phases
Different disciplines, different models, however sharing common needs.

- Spacecraft shape (external surfaces) and material properties

- Orbit tragjectory, attitude, pointing, rigid body kinematics

- Shared solution algorithms (e.g. ray-tracing)

- Similar needs to exchange data with CAD and other engineering disciplines
It is space-specific (i.e. no terrestrial equivalent):

- Thermal: radiation dominated (vacuum); limited convection (vacuum, zero gravity); wide
temperature ranges and thermal cycling

- Space environment: energetic particles, atomic oxygen, space debris, contamination, ...

@ esa 16th European Thermal and ECLS Software Workshop
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Soffware fools are fundamental for all
engineering analysis

* For design, development, verification and in-orbit operations

* Many tools arein actual use:

- Fully commercial (NASTRAN, Mentor Graphics, etc.); wide range of applications;
many users

- Space-specific tools (thermal, space environment); very specific; limited number of
users (number of sitesin Europe ~100 max, in US few hundred, rest of world ?)

- In-house devel opments; often to complement other toolsin use, or to capture specific
company expertise
* PDE (product data exchange) of models, results, material and other
data, is an ever growing concern:
- To support multi-disciplinary design and development, collaborative engineering
- To support efficient data exchange between partners

@ esa 16th European Thermal and ECLS Software Workshop
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Mechanical Engineering Deparfment - Thermal and Structures Division Sheet 3
The Harmonisation Effort
* Technology mapping meeting 24-Apr-2002 —widely different views:
Extensive Open Competition
Harmonisation Approach
Consensus: Strategic issues:

Standards for exchange of models and data are Ensuring long-term availability

important Intellectual Property Rights (IPR)

Several current tools are ageing and in serious Tools that can be affected by export restrictions

need of replacing Arguments in favour of or against promoting
“ESA” tools
Use of Open Source Software (OSS)
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HHlustration of siraftegic issve
Export restrictions

A e e

Address l@ https:/#serverl.openchannelsoftware, org/ordersdindex, php 7group_id=58

ail

e Rl Bl Akt e e ek e e

|| Back Stop  Fehesh  Home | h  Favorites  Histary Prirt

OPEN CHANNEL FOUNDATION

PUBLISHING SOFTWARE FROM ACADEMIC & RESEARCH INSTITUTIONS

TRASYS Foundation 1+ Thermal Tools 1+ TRASYS

To do...

HGet TRASYS Request TRASYS

o Update My Info

B Publish at OCF The CRaY version of TRASYS w28 is written in FORTRAN 77 for batch or interactive execution and has been implemented on
a Subrmit Site Bug CRAY CO0 series camputers running UNICOS 8.0.3.

= Discuss OCF

TRASYS v28 requires the installation of NASADIG 6.2 (NASA Device Independent Graphics Library), which is bundled with
To view... TRASYS, A minimum of 65Mb of disk space is required to install MASADIG. A C-language compiler and ¥3.9-1978 compliant
= Documentation FORTRANM compiler are required for installation on any supported host. The NASADIG manual is also awvailable.

Wiew license | Further questions?

Note: The copyright owners or sponsors of this software require that a fee be charged for its distribution.
THIS SOFTWARE IS ONLY AVAIL ABLE FOR 1S CITIZENS.

Quantity Product Name Description Price
NASADIG documentation  Documentation for NASADIG v6.2 (MSC-22512) $80.00
TRASYS documentation Documentation for TRASYS v28 (COS-10040) $266.00
TRASYS Source Code- Source for TRASYS w28, for CRAY C80 Series, Includes NASADIG 6.2 $6,500.00
CRAY (COS-10040).

SUBMIT | CANCEL

Quick Application Search:

Additional Resources
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Towards a Roadmap

* Topics
- Detailed medium/long term strategy
- Expected added value
- Proposed devel opment approach
- Schedule and cost
- Risk analysis

* Roadmap options:

- (1) European ingtitutions adopt a hands-off approach except to facilitate and promote

standards as a mechanism for harmonisation

- (2) European ingtitutions actively pursue a harmonised approach of coordinated
developments of standards and generic analysis software components (“toolkit”)

* User survey and initial results
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Roadmap Opfions

Option 1 (hands-off) Option 2 (harmonised)
Strategy Establish analysis & data exchange Establish analysis & data exchange '
standards standards

Make a coordinated development of a
generic “ Toolkit”

Development ECSS Working Group Overseen by “harmonisation board” of
Approach Development and validation by tool | Stake-holders and funded by
developers on their own funding appropriate means (e.g. GSTP, Nat.
Ad-hoc developments by agencies funding, EC)
(only for specific needs) Open source approach is an attractive
option
Schedule & Cost ~200k€ (ESA budget) ~2M€ over 3-5 years

+ industry costs, 1-2 years

4 \ 4 4

>
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“Toolkit”” Conftent

* Possible elements of ageneric “ Toolkit” for building of domain
specific applications — needs addressed:
- Model construction, including kinematics, meshing, idealisation
- Database(s) of (environment) models, material properties
- Data exchange (between thermal/space environment tools, CAD, other disciplines)
- Visualisation
— Post-processors
- Solvers (e.g. ray-tracers)
- Graphical user interface
- Orbit generators
- Domain specific modules (e.g. thermal conductor generation)
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Expected Oufcome

Option 1 (hands-off) Option 2 (harmonised)
Short term Standards may be accepted Standards are accepted and a
(debatable) generic “toolkit” is developed
applying the standards
Medium and Industry will rely on commercial or | Industry will have stable and '
long term internal developed tools maintainabl e tools based on
common standards and common
software elements
Added value Industry free to make their own tools | Rapid developments avoiding '
duplication

@ esa 16th European Thermal and ECLS Software Workshop
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Risks / Advanfages

Option 1 (hands-off) Option 2 (harmonised)
Risks Standards not fully adopted Slow consensus building '
Duplication of tools Insufficient mandate
Gapsintools Insufficient financial means

Costly maintenance

Some tools can be affected by export
restrictions

A 4 A »

A
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Risks / Advanftages

Option 1 (hands-off) Option 2 (harmonised)
Advantages Possible rapid response to new user | Rapid developments when toolkit '
requirements available

Industry can concentrate on domain
specific part of tools

Cost-sharing (also for maintenance
and validation)

Data exchange at toolkit |evel

v 4 4

>

I=E=mEEs 22-23 October 2002

A
c;. esa 16th European Thermal and ECLS Software Workshop
=g EN

Mechanical Engineering Deparfment - Thermal and Structures Division Sheet 11

Open Source Soffware (OSS)

* The OSS development and distribution model characteristics:
- ThelPRisgoverned by alicense - NOT necessarily public domain

- The source code is made available
aswell as any other components needed to build the software

- The user isfree to modify and re-distribute the software
- The software is NOT necessarily provided free of charge

- Improvements are usually fed back to a central maintainer of the software and
applied in a configuration controlled way (mostly using GNU CVYS)

- The development is usually guided by a dedicated (formal or informal) membership
organisation
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Open Source Soffware (OSS)

Advantages Disadvantages
Users can quickly adapt software May discourage some industries '
Users can develop special purpose applications Vendors need to change business model

Ensured long-term availability
Many existing OSS modules of high quality
Reducing (direct) cost

¥ R4

A
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User survey

¢ http://www.estec.esa.int/thermal/survey/tse_sw_harmonisation_survey.html
* Purpose:

- Solicit more input from users on content and principles of future developments
in order to obtain a good foundation for the harmonisation effort

° Statistics
- Survey performed June 2002

- 41 responses of which 39 answered in full
- All major playersin participated - good mix of prime and smaller contractors

category invited responded, responded fully
but not interested

agency 19 1 5.3% 4 21.1%

industry 60 1 1.7% 22 36.7%

university/institute 20 0 0.0% 5 25.0%

total 99 2 2.0% 31 31.3%
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User survey reporit

* Complete (anonymised) report was made

* Available upon request from Hans-Peter.de.Koning@esa.int
- Will be distributed as PDF next week (28-Oct / 1-Nov)

esa e

SENEDEIDIE D

document 4 /bre du oy ment

Reporft on Survey on
Thermal and Space
Environment Analysis
Soffware Tools and
Interfaces

summery o meie.
s part of the hammonisation of the thermal and space exvironment analysis tools and interfaces a
survey was condusted in the European space comuunity {(industry, agensies, universitiss and
wesearch institutes). In this dosument the outcome of the swvey i reported, the resulls are
interpeted and conclusions are formulated. 39 hl reeponses to the questionnaize were Tecefved,
‘providing good coverage of the users and dsvelopers of the thermal and space environment
analysis tools
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Main conclusions from vuser survey (7)

1. Data exchange based on open standards, supported by reliable and verified
interface software, is priority number one and should be co-ordinated and funded
by ESA. Thereis almost unanimous agreement on this.

* 2. Apart from data exchange, the reliability, robustness and proper validation of
tools and (space environment) models are deemed of the utmost importance.

* 3. Dataarchiving is perceived as alessimportant issue.

* 4. Therespondents have quite varying opinions with respect to the need and
benefits of the development of a generic toolkit to support thermal and space
environment analysis tools.:

- thosewho arein favour, and,
- those who think it should be left to commercial developers/ vendors.
- A small mgjority sees the benefits of generic toolkit components, mainly users/ not vendors.
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Main conclusions from vuser survey (2)

5a. For a possible generic toolkit the following are the most desired
functionalities:

- data exchange/ open interfaces

- the material properties database,

- pre- and post-processing / visualisation / GUI modules
5b. The following functionalities received the lower scores:

- configuration and version control

- scripting modules (command language)

- model abstraction and idealisation

- high performance computing

6. Users do not want asingle big tool.

7. Of the various analysis methods, the Monte-Carlo ray-tracing, lumped
parameter and finite e ement analyses techniques are needed most.
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Main conclusions from vuser survey (3)

8. Thereis broad concensus that isimportant that European space organisations
have guaranteed and continued access to the space engineering tools.

* 9. Thereisaclear preference that ESA keeps on funding development of specific
tools. Thereislittle concern that funding by ESA will distort athe market
competition.

* 10. For afuture development of ageneric toolkit thereis clear preference that
this shall be managed through a purposely created "management board”, in
which users and ESA should participate.

* 11. The respondents have widely varying opinions with respect to with whom the
Intellectual Property Right (IPR) of afuture generic toolkit should be vested and
on whether this should be an open source software arrangement.

- Statements range from "I think Open Source arrangement is the most efficient way to develop
applications at low costs" and "open source is the best concept wrt. future

devel opments/extensions of any software" to " Scepticism with respect to open sour ce solutions®
and "Q111,Q112,Q113 are nice,but little acceptance by commercial dept. in industry”.

- There seemsto be adlight preference for either IPR vested with a neutral body or akind of
Community Open Source arrangement.

@ esa 16th European Thermal and ECLS Software Workshop
=T ENIIECSmEED

22-23 October 2002

Mechanical Engineering Deparfment - Thermal and Structures Division Sheet 18




Main conclusions from vuser survey (4)

* 12. Thereisagreement that if the IPR should be vested with a neutral body it
should be with ESA.

* 13. Maintenance should be the responsibility of the developer of the individual
tools.

* 14. A large majority (over 70%) iswilling to use Open Source Software tools.
Conditionsfor its use are good validation, maintenance and configuration
control.

* 15. About half the respondents would participate in the maintenance of Open
Source Software, the other half would not.

* 16. The range between 1 and 10 kEuro per seat per year is considered an
appropriate fee for athermal or space environment anaysistool.
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What nex#?

* Harmonisation roadmap is devel oped by ESA for presentation /
approval December 2002 Harmonisation Meeting with the national
delegations

* Roadmap will focus on harmonised devel opment approach

- (1) Open standards for model / data exchange and software components to
implement interfaces (without dependence on COTS third party software)

- (2) Generic “Toolkit” of OSS software components plus supporting organisational
structure

- (3) Time, schedule and funding
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Appendix O: Useof TSS asa neutral format for geometry model
conversions. an alternativeto STEP-TAS

Useof TSS
asa neutral format for
geometry model conversions:
an alternativeto STEP-TAS

H. Peabody
Swales Aerospace
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USE OF TSS AS A NEUTRAL FORMAT FOR GEOMETRY
MODEL CONVERSIONS: AN ALTERNATIVE TO STEP-
TAS

Hume Peabody
Swales Aerospace

TSS as Neutral Format 1

Outline SWALES

 Background and Introduction
e Common Thermal Radiation Analysis Codes
« Geometry Conversion Characteristics

«Examples of Model Conversions performed by
Swales

e Details of obstacles overcome

e Conclusions and Future Plans

TSS as Neutral Format 2




Background SWALES

AEROSPACE

» Many thermal radiation analysis codes available in U.S.

* Not all companies use the same analysis codes
* International organizations may use additional codes

* May require model conversion between formats
* All thermal subsystems must be analyzed together using one
analysis code
« Two neutral formats proposed for geometric radiation model
conversion
* SET-ATS and STEP-TAS

* Little acceptance in U.S
* U.S. codes import/export TRASYS

* Neutral format generally agreed to the best approach for model
conversion

» Specific format to use for neutral format not well established

TSS as Neutral Format

Introduction SWALES
AEROSPACE

« STEP-TAS under development by NASA/ESA as a neutral format

o After number of years, not reached maturity
* No industry standard exists

* A neutral format (in general) should support the characteristics
and features of a majority of similar codes.

« Thermal Radiation Analysis Codes require the following
defining characteristics:

* Base set of Primitive Shapes

» Sizes and locations in 3D space
» Optical Property Representation
* Nodal Representation

* TSS can replicate surfaces from most other codes
« TSS is a viable neutral format

TSS as Neutral Format




Available Radiation Analysis Codes

« Common thermal radiation analyzers include:

Code Developed By Distributed By Output | Comments
Format
TSS NASA SpaceDesign ASCII
ESARAD Alstom Alstom ASCII ESA standard
Thermica | Matra Marconi | Astrium ASCII Network Analysis is U.S.
(now Astrium) Network Analysis distributor for Thermica
Thermal Cullimore & Cullimore & Compr, | Unable to access surface
Desktop Ring Ring Binary | datain AutoCad DWG
TMG MAYA HTT MAYA HTT ASCII Revolved surfaces not yet
supported
TRASYS NASA NASA ASCII Declining usage
TSS as Neutral Format 5
Available Converters SWALES
AEROSPACE
* Import/Export Capabilities of codes
Code Imports Exports Primary User
TSS TRASYS TRASYS United States
ESARAD SET-ATS, STEP-TAS SET-ATS, STEP-TAS Europe
Thermica SET-ATS, STEP-TAS SET-ATS, STEP-TAS Europe
Thermal TSS, TRASYS, STEP-TAS TSS, TRASYS, STEP-TAS United States
Desktop
T™MG TSS TSS, TRASYS United States
TRASYS None None United States

TSS as Neutral Format




Geometry Conversion SWALES

AEROSPACE

 No simple way to convert between U.S. and European based codes

e Three major aspects must be considered for geometry model
conversion

» Geometric Representations and Shapes
» Optical Property Representation
* Nodalization and Active Sides for Thermal Math Models

« Swales Aerospace developed computer routines in Visual Basic to
convert between TSS and (Thermica or ESARAD)

 These routines used with great success on the MetOp, SECCHI,
EOS-Aura, and EIS projects

TSS as Neutral Format 7

Geometry Representation SWALES
AEROSPACE
TSS Definition of a Cone ESARAD Definition of a Cone Thermica Definition of a Cone
(Parameters Only) (Points Only) (Points and Parameters)
z
P3
/ P2
Rmax
P4
H
- Gmin
Gmax P
Rmin v
H, Rmin, Rmax, Gmin, Gmax P1, P2, P3, P4, PS5 P1, P2, P3, DIAM1, DIAM2,
ANGLE1, ANGLE2
P1

» Each code has its own method for defining objects.

» Series of parameters (e.g. trx, rotl, xmin)

» Series of specific points (e.g. 4 corners of a quadrilateral)

* Hybrid of the above two methods, using 3 points to define an orientation
and parameters to define dimensions and sizes

TSS as Neutral Format 8




Geometric Shapes

Not all codes include the same base set of primitive shapes

SWALES

AEROSPACE

The table below provides a listing of some of the more common shapes,
which codes support them, and how they are represented

Type TSS ESARAD Thermica Thermal Desktop T™MG
Rectangles Params Pts or Params Pts Pts and Params Pts
Triangle Pts Pts Pts Not Available* Pts
Disc Params Pts or Params Pts and Params Pts and Params Not Available
Cylinder Params Pts or Params Pts and Params Pts and Params Not Available
Cone Params Pts or Params Pts and Params Pts and Params Not Available
Quad Pts Pts or Params Pts Not Available* Pts
Polygon Pts Not Available Not Available Pts Not Available
Ellipse Params Not Available Pts and Params Pts and Params Not Available
Paraboloid Params Pts or Params Pts and Params Pts and Params Not Available
Sphere Params Pts or Params Pts and Params Pts and Params Not Available
Box Params Pts or Params Params Not Available Pts
TSS as Neutral Format 9
Optical Properties and Nodalization SWALES

* Specular optical properties
» Simulate the physical behavior of radiation

e Active sides — only active surfaces participate in radiation exchange
* May be front, back or both sides of surface

» Each radiating surface referenced by thermal node number

« Each active side may be further subdivided into smaller sub-sufaces,
which in turn may have different nodes

» Exceptions

e Thermica and TRASYS do not allow different nodes on the front and back
sides of a surface.

» TRASYS requires MODPR command to implement different properties on
opposite sides of surface

« TRASYS does not perform specular radiation analysis
 Node Numbering of subdivide surface

 Thermica and ESARAD follow (Starting Number, Increment) pattern

o TSS full control over subdivision node numbers, single submodel

» TRASYS uses the Correspondence Data block for node numbers

TSS as Neutral Format
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Examples SWALES

* Routines were developed for several Projects.
* MetOp
o SECCHI
« EOS-Aura
 EIS
 Each of the aforementioned projects has required partnership with a
foreign company or organization and using software not commonly
found in the United States
* For each of these, Swales developed algorithms in Visual Basic to
convert the model to or from the foreign software
 These routines were written to be useful beyond the scope of the
project for which they were developed
* A number of inconsistencies between the European software
(ESARAD and Thermica) and TSS were encountered and
resolved. These are discussed with respect to the project to
which they pertain

TSS as Neutral Format 11

MetOp SWALES

AEROSPACE

MetOp is a European Meteorological satellite with seven instruments
supplied by NOAA/NASA. The contract required all model deliveries be
in ESARAD. Given the number of models and the predicted frequency
of updates, it was considered worthwhile to automate this process.

* The detailed AMSU-A2 instrument i
depicted to the right to show the
relative complexity of the models.

* A routine was first developed to
process a TSS file and transform an
create the ESARAD points in the
global coordinate system.

* A number of inconsistencies
between ESARAD and TSS were
solved to make the final conversion
possible.

TSS as Neutral Format




MetOp SWALES

AEROSPACE

e The table below lists some of the discrepancies encountered
between the two formats.

« The routine automatically handles these inconsistencies with the
exception of splitting an ellipse. (This option must be specified by
the user.)

Feature TSS | ESARAD Workaround
Ellipse Entity Type Yes No Polar Array of triangles
Non-sequential node Yes No Creation of separate entities
numbering
Non-uniform nodalization Yes No Creation of separate entities
Optical Properties defined in No Yes Create optics within output file
same file as geometry
Variable length units Yes No Convert all sizes to user defined units
Box Entity is one node Yes No Assign node increment of zero
Node Label as surface No Yes Uses TSS entity name
property
TSS as Neutral Format 13
MetOp SWALES

AEROSPACE

« The ESARAD visualization tool was temporarily not functional.

e A converter was written to convert the ESARAD spacecraft model
to TSS in order to view the model.

* Again, discrepancies were encountered and resolved.

Feature ESARAD TSS Workaround
Cutting operations supported Yes No Cutting entities created for
reference
Copy operations supported Yes No Create new entity by copying base
entity
Update of entity properties after Yes No Search through model tree and
entity definition modify property
External submodels and/or files Yes No Insert entities from submodel at
may be included in top level proper location
model
Extensive use of variables Yes No Storage of variables and values
allowed and evaluation of expressions

TSS as Neutral Format 14




SECCHI and EOS-Aura SWALES

AEROSPACE

The SECCHI and EOS-Aura projects both had models submitted in
Thermica that needed to be converted to TSS for further submission to
the spacecraft contractor and internal use. The SECCHI model is
depicted below.

TSS as Neutral Format 15

SECCHI and EOS-Aura SWALES

AEROSPACE

» Discrepancies were again encountered and resolved.

* It was difficult to verify the conversion since Swales does not have a
copy of Thermica and could not view the original model.

» A verified model was produced in conjunction with help from the US
distributor of Thermica

Feature Thermica | TSS Workaround
Non hierarchical order of entity Yes No Re-sort entities by object identifier
input
Multiple surfaces assigned to Yes No Create assembly containing surfaces
single entity
ANGLE1 allowed to be greater Yes No Add 360° to ANGLE2
than ANGLE2 (i.e. Min > Max)
Node numbering may be Yes No Define node_ids appropriately
clockwise or counterclock-wise (not yet implemented)
for revolved surfaces
Extensive use of variables Yes No Storage of variables and values and
allowed evaluation of expressions
Optical Properties defined in Yes & No No Both methods of property definition
geometry file read and output to single optics file

TSS as Neutral Format 16




EIS SWALES

AEROSPACE

The Clamshell Door model (depicted below) was created in TSS. Delivery
of the model to the University of Birmingham was required in Thermica,
requiring conversion from TSS to Thermica.

TSS as Neutral Format 17

EIS SWALES

AEROSPACE

» This conversion presented a unique challenge

 Swales does not have a method of previewing the converted file, since
Thermica is not available at Swales

* To verify the conversion, the converted Thermica file was reconverted and
viewed in TSS to judge the conversion success

A valid Thermica model was produced after subsequent iterations with
University of Birmingham. The discrepancies encountered are listed below

Feature TSS | Thermica Workaround
Non-sequential node Yes No Creation of separate entities
numbering
Non-uniform nodalization Yes No Creation of separate entities
Optical Properties defined in No Yes & No All properties written to geometry
same file as geometry file
Variable length units Yes No Convert all dimensions to user
specified units
Double Sided surfaces Yes No Creation of two surfaces with small
(2 nodes) gap

TSS as Neutral Format 18




Conclusions SWALES
AEROSPACE

*Less time spent converting models means quicker delivery of models
to contractors.

*Future model conversions will benefit from the effort already expended
to develop these routines.

*Time spent to develop the routines is judged to be less than estimated
manual efforts.

*The necessity of model conversion is growing with the introduction of
more analysis codes and more frequent international cooperative
projects.

*Smaller models could be converted manually with a minimum time
impact.

*Models will continue to grow in size and complexity making manual
conversion impractical.

*Development of a new neutral format is unnecessary, since TSS
provides all the flexibility needed to handle models from the majority of
codes.

TSS as Neutral Format 19

Future Plans SwWALES

AEROSPACE

*These routines were recently developed and will continue to grow

*Eventually, any format could be loaded and stored as if it were a TSS
model

«Data can be written to any desired output format

*These capabilities can also be broadened to develop utilities to

interface with geometry models. Swales has already developed tools
to:

*Modify optical property names and remove unused properties
*Output useful property information for each entity to a table

*Add instrument specific prefixes to entity names to prevent
conflicts when integrating multiple instruments

*These routines will continue to evolve in order to improve our
efficiency and provide the best service to our customers

TSS as Neutral Format 20
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Appendix P. CIGAL2: An open source pre/post-processing tool for
CORATHERM and other software activities

CIGALZ2: an open source
pre/post-processing tool
for CORATHERM
and
other software activities

JP. Dudon
Alcatel
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CIGALZ2 : AN OPEN SOURCE PRE/POST-PROCESSING
TOOL FOR CORATHERM
&
OTHER SOFTWARE ACTIVITIES

T. Basset, JP Dudon, JL Salancon

1/14

NS IEED

SPACE

About CORATHERM Software
A new pre-post processing : CIGALZ2
3D Conduction Modeling

16th Workshop on ECLSS & Thermal Software 214




ALCATEL

SPACE

History
- Since 30 years
- Today : 40 users
Used for
- Analysis and sizing tool for the Thermal Control:
Platforms, payloads, scientific and Telecom programs
Interface with main European software (to be improved)

2000 : ASPI decision for updating its software (30th ICES -

2000)

2002 : European Community for Standardization for Space
- Rather standard data exchange format than a standard tool for all
- Possibility of Marketing Conductive Module

16th Workshop on ECLSS & Thermal Software 3/14

ALCATEL

ACE

Main parts :

- Radiative & 2D Conductive Modeling, Model
condensing/Recalculation, Thermal solver

Specific thermal modules :

- Calc. of thermal inputs for Thermo-Elastic analysis (315t ICES-2001)
- 3D Modeling of Thermal Conduction (in progress)
- LHP modeling at system level

New Pre/Post Processing :
— TO development : 09/2001
— Currently used by Thermal analists (phase 1)

16th Workshop on ECLSS & Thermal Software 414




ALCATEL

PACE

Built-in or dedicated solution ?
- Specific development fit better specific technical requirements
Availability of source code

- Longevity and evolution of the software

- Facilitates porting issues
The right to redistribute derived software

Low cost for large utilization

16th Workshop on ECLSS & Thermal Software 5/14

ALCATEL

CE

" CATIA models \‘\

(AL ). Output Files to
S "/ Read CORATHERM
“““ r S CIGAL1
I
I
| e e M. P Fehmn e ame e i e e e i e =
T e > Radiative 2D :
| Material Model Conductive 2D Plot and . | CORATHERM
I Database Model mathematical | | computation chain
! 3D View operations 1 | (Radiative, conductive
I with 2D View with 1 | and solver)
1 cartography cartography 1
I CIGALZ2 1 4 :
Results from CORATHERM L
(Power, Temp) J
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ALCATEL

* 1 conductive model = 1 panel

*Specially adapted to the 2D
conductive module (DF method)

*Possibility to create directly a
conductive model from a part of

radiative model
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CIGAL?2

SPACE

Prospects Round about CIGAL2
¢ Satisfaction of users

¢ A base for future developments (ECSS and ASP)
— 3D modeling of Thermal Conduction (in progress)
- STEP-TAS interface (2003)
- Orbital visualisation module

16th Workshop on ECLSS & Thermal Software 13/14

3D Conduction

SPACE

About 3D conduction modeling activities
¢ Current progress
- User needs assessment
Lot of time lost with hand-made conW
» 2 types of solutions required :
e “2.5D”: Adaptation of EQUIVALE

» “Real 3D” : Pure conduction
- EF methods are promising

¢ ASP’s in-house development
- On the base of a tool developed in Valence (Micro-electronics)

— 3D Thermal analysis software
» Conduction, Radiation, Convection
* FE, FD and lumped parameter methods
Integrated pre/post processing for Cartesian meshing + interfaces
* Model condensing and re-calculation
16th Workshop on ECLSS & Thermal Software
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Appendix Q: TMG: New Technologies and Modelling Approaches

TMG:

New Technologies
and
Modelling Approaches

C. Rue
MayaHTT
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TMG: New Technologies
and Modeling Approaches
Sixteenth European Thermal
& ECLS Software Workshop
22-23 October 2002
MAIIN
J)
Introduction to TMG <

Comprehensive thermal simulation software package

Integrated with I-DEAS and FEMAP
» advanced FE modeling packages

Finite volume method
e accurate, efficient

Complete, integrated radiation simulation
* radiosity, ray-tracing, orbital heating

Fluid flow simulation
» comprehensive CFD, duct flow capabilities
» free and forced convection

State-of-the-art solvers

» powerful iterative solver (bi-conjugate gradient stabilized technique)
 implicit, explicit transient integration scheme

Open, modular architecture
 fully documented
* user subroutines

<




Modeling technologies 4

Geometry-based modeling
* consistent mesh for conduction, radiation
¢ extensive CAD abstraction tools
e associativity, assemblies

Meshing
« free, mapped, manual

Conduction
« finite volume method
e accurately handles arbitrary element shapes
« orthotropic materials, multilayer shells
» compatible with finite difference solvers (SINDA / ESATAI

Thermal couplings
¢ modeling assemblies
« enables geometry abstraction
 sliding contact

Graphical post-processing, results visualization
* model validation and correlation

Conduction formulation ¢

Finite volume formulation
» elements used directly as control volumes
* local, global conservation of energy
« vyields accurate conductive conductances for arbitrary element shapes
* retains “physicality” of finite difference approach

Calculation points (network “nodes”) established at the boundaries of the
element and the centroid

Capacitance, surface heat transfer (radiation, convection) “lumped” at the
centroidal point

Efficient handling of temperature-dependent thermal conductivity
 all terms are associated with a single element

Compatible with SINDA / ESATAN
* TMG’s solution matrix can be solved using SINDA / ESATAN

Supports direct entry or modification of conductances and capacitances

e “non-geometric” modeling
MAIIN
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Radiation <

TMG radiation simulation:
 full modeling of radiative interchange
 orbital environmental heating
 arbitrary radiative sources
- diffuse/specular/transmissive surfaces
 articulating, spinning assemblies
» angle-dependent specularity, transmissivity
* temperature-dependent emissivity
 refraction

Solution technology:
view factors using hemicube or analytical methods
deterministic ray-tracing for specular reflections (two-pass method)
iterative correction of view factors to extinguish residual
radiosity methods for radiative interchange calculations
conjugate gradient solver technology to handle very large models

MATYN
2
View factor calculation <

Hemi-cube algorithm
e uses graphics hardware
* implementation based on OGL

« very fast, especially for large
models

e error detection and correction

Analytical algorithm

e exact contour integral technique for
unshadowed surface pairs

e Nusselt sphere method for
obstructed views

e control over subdivision, including
error-based scheme

e shadowing surface algorithm
minimizes shadowing checks




Ray tracing <

Two-pass method:
« specular reflections and transmissions are ray traced
» view factor matrix is adjusted

Ray distribution is deterministic

* based on view factors to specular, transmissive elements

» elements are subdivided, rays launched between sub-elements
 user controls subdivision level (ray density)

 ray density can be proportional to view factor magnitude
 rays traced until extinguished

Accurate and efficient solution of large models

» generally much less sensitive to ray density, sampling issues than Monte Carlo
« exploits efficient solution of radiosity equations using iterative solvers

Supports curved surfaces

e parabolic elements capture surface curvature
« enables accurate modeling of focussing effects (e.g. parabolic reflectors)

Directional surface properties
» specular reflectivity, transmissivity versus angle, direction of incidence

Radiative exchange matrix “

Iterative adjustment algorithm to extinguish residual
view factors

» handles internal or external enclosures
« preferentially corrects shadowed view factors
 effective correction of view factors to space

Gebhardt’s formulation
« vyields element-to-element conductance matrix
« inefficient for large models

Oppenhelm s method (radiosity)
« exploits advanced iterative solver
* bypasses matrix inversion
« generally yields smaller radiation matrix

* handles temperature-dependent emissivities accurately,
efficiently

* have observed order-of-magnitude reductions in solution time
versus Gebhardt's

 very efficient for articulating models




Orbit and attitude modeling Y

i =———— - Orbital modeling/heating for

Wi i o ey . | spacecraft

A s | e « select planet, orbit type

Rl e e el et E « planet and sun data is pre-loaded

- S =8 « solar flux calculated from date

obitType e — * vector-based attitude modeling

© s shedonnal i e 2 « arbitrary rotations, maneuvers
e M RIS » control over orbital calculation points
o A ] ot o] '  option to enter sun, earth vectors

* orbit chaining

Orbit Visualizer
« Animated view of model in orbit
» Dynamically rotate while animating

 Viewer updates dynamically with parameter
changes in forms

2

=1

Orbital heating <

Computes orbital environmental heat loads

 direct solar, albedo, planet IR
» computes view factors to environmental sources
* eclipses modeled automatically

. ra>|/ tracing of specular reflections, transmissions of collimated
solar

« radiosity formulation of radiative exchange equations (extendec '
Oppenheim’s method)

« efficient solution using iterative conjugate gradient solver

Heat loads automatically loaded for solver
Articulating spacecraft

« efficient algorithms to recompute view factors
 visualize results on displaced geometry

Spinning spacecraft
* heat flux averaging

Orbital averaged heat loads




Thermal solver technology

Steady state: conjugate gradient solver

« powerful iterative solver (bi-conjugate gradient
stabilized technique)

* pre-conditioning matrix (ILU factorization)
* Newton-Raphson method for non-linear terms

« very high performance for large, ill-conditioned
systems

* handles negative terms

Transient solver
» explicit schemes: forward, exponential forward
* implicit methods: arbitrary degree of implicitness
« also exploit CG solver

Radiation for large models

Strong trend towards larger models for
spacecraft thermal analysis

* modern finite element modeling tools enable meshing
of complex systems

e greater processing power available
* geometric fidelity
* minimize discretization errors

Challenges:
e computing the radiative exchange terms
 storing, manipulating the terms
* solving the model
e post-processing and diagnostics




Radiation for large models L

Hemicube method for view factor calculation
» enabling technology for large FE-based radiation models
e calculation time nearly linear with element count

» uses OGL-based rendering - exploits high  performance
graphics hardware

How it works:
* pixelized half-cube constructed around radiating element

- all other radiating elements are graphically projects onto the
faces of the cube, using OGL

 each pixel is associated with a precomputed view factor
« Algorithm collects rendering data, and computes view factors

Accuracy:

* view factor resolution limited by pixel size: user controlled
tradeoff between accuracy and calculation time

« algorithm detects closely-spaced elements, and performs
multiple renderings from distributed positions on the emitter

 excellent overall accuracy observed for all classes of models

Radiation for large models L

“Patching” algorithm
 densely meshed models can yield a very large number of radiative terms (up to n?)

 conjugate gradient solver technology can effectively handle very large models, but:
- memory requirements and disk space can become a problem
- transient model solve time can still be an issue

* A new algorithm was developed in TMG to which exploits the radiosity formulation to
condense the radiative exchange matrix

How it works:
» automatically identifies “patches” - sets of adjacent elements with identical thermo-optical
properties
* merges the Oppenheim nodes (radiosity potential) for all elements in a patch
* includes new terms to correct for false diffusion between the patch elements
 with the default settings, generally reduces the radiation matrix by an order of magnitude

<
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Patching algorithm Iy
Results of Patching Algorithm for Different Complexity M odels
1000%
800%
Q.
.§ 600%
3 a00%
o —
3 200% - /‘//
0% * = ~» —&
10 100 1000 10000
-200%
Number of Elements in M odel
—+— 1 CYLINDER —=—2CYLINDERS 4 CYLINDERS
—*— 16 CYLINDERS —— BOX
MATIN
P
. . « 3
Patching algorithm Iy
Model # elements patched ? Max. Temp.
Error (deg.C)
1 cylinder 1064 no reference
1 cylinder 1064 yes 0.007
1 cylinder 412 no 1.44
1 cylinder 412 yes 1.49
1 cylinder 90 no 5.780
1 cylinder 90 yes 5.88
MATIN




Radiation for large models

Advanced data structures

» designed to accelerate ray tracing procedure for large models

» Octree data structure for spatial sorting and searching

e Pluecker coordinates:

— six dimensional coordinates for representing line segments in space
— test of ray-polygon intersection requires only a few operations with Pluecker coordinates

* View factor storage/retrieval data structure

- efficient scheme for tallying up the view factors as the ray tracing proceeds

Advanced data structures

New ray-tracing engine designed based on these data structures

Model # of Elements Time without
advanced data
structures
3 Cylinders 834 29.6 minutes
16 Cylinders 1446 2.06 hours
16 Cylinders 6598 17.2 hours

Time with
advanced data
structures

17.6 minutes

15 minutes

8.3 hours




Thermal model reduction <

Computing heat flow between groups

 itis impractical to directly incorporate large, high-fidelity thermal models into a
system-level model - model reduction technology is necessary (like Craig-Bampton
method for structures)

 to provide engineering insight into large thermal models, it is necessary to enable
users to evaluate heat flows between model segments (not just elements)

* Both of these requirements are addressed in TMG using an algorithm to compute
heat flows between arbitrary groups of elements

How it works

» For radiative heat flows:
— Set temperature of all secondary elements to OK (i.e. no emission)
- solve the full matrix to compute net heat radiative flow to all elements (exploits CG solver).
- collect results for secondary group

e conductive heat flows extracted directly
* net conductances between groups computed from heat flows and temperatures
» For thermal model reduction, model is simply partitioned into hon-overlapping groups.

Thermal Optical Mechanical Testbed )

Proposed designs for space-based interferometers require optical element
stability at picometer level

« corresponds to temperature disturbances at mK level

» thermally induced deformations are typically the major barrier to diffraction-limited
performance

Verification by ground test of end-to-end optical performance is not practical
« analysis will play a major role in instrument validation

Project undertaken by Lockheed Martin ATC in collaboration with JPL:

« validate specific design requirements of the NASA/JPL Space Interferometry Mission
(SIM)

« validate thermal-optical-mechanical models at disturbance levels for which thermally-
induced wavefront errors are estimated to be significant for the SIM instrument: temporal
changes in through-thickness gradient to the order of £ 1 mK

MATIN




Test configuration « >

Cylindrical copper shroud mounted on four fiberglass supports inside the
vacuum chamber

Shroud covered with 20 layer blanket, painted black on interior

Calibrated miniature Platinum Resistance Thermometers used for
measurement

* high accuracy readout system: + 1 mK relative accuracy following calibration

Feedthrough
Plate

Multiplexer
Board

MLI-Blanketed \ Vacuum
Copper Shroud G-10 Fiberglass Chamber
(~91kg) Insulating Leg (4)
MATIN
=
. % 9
Test article -

Test Article was pyrex plano mirror:
e 33.5cm by 5 cm thick
e suspended in shroud via kevlar twine
» kapton heater bonded on back surface
« offset aluminum heater plate for radiative heating
* 40 layer MLI on sides and back
* instrumented with 18 PRT’s

Embedded
Sensor

Sensor/
heater
cables




Thermal model )

Number of Elements: 4888
Number of Nodes: 4621

Numerical thermal model constructed using I-DEAS TMG

Boundary conditions:
* Fixed, constant shroud temperature
» Fixed temperature at Kevlar line ends (same as shroud)
* Fixed temperature at cable bundle end (same as shroud)
» Fixed heat load on heater or heater plate

Mirror Face: 258

Mirror MLI / Elements

12 Layers Solid Elements through
thickness

3 Layers Shell Elements (front, back
side faces)

Separate Layer Shell Elements for
Heater

Mirror MLI

Separate Layer Shell Elements for mli

e S

T |
MADR

Results comparison <

Axial Gradient at Mirror Centerline, K

0.140

0.130

0.120

0.110

Transient behaviour of the predicted gradients was found to match the
measured values very well

* agreement of approximately £1 mK

Absolute gradients matched to within 25-50 mK

T T T T 0.100

i 4 Centerline Gradient, Measured
| ——Predicted Gradient, +49 mK offset

—— Predicted Gradient, -25 mK offset
o Edge (23-12), Measured

0.090
i Baman s |
XL AN

M@ N

s et R N

Axial Gradient at Mirror Edge, K

0.080 j
el

0.070
1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8

Time, hours Time, hours




TPS modeling <

Multilayer shell elements

» multiple layers of TPS represented by single /—

shell element

 user specifies number of layers; TMG
subdivides the element at solve time

» conductive couplings are automatically \ —
computed between layers, based on thickness \
and conductivity —

» Thermal Couplings connected to top or bottom

layer according to geometry shells in model

 supports orthotropic and temperature TPS layers
dependent material properties

» post-processing of layer results

2
Temperature Profile Through TPS « o9
d,
S\ g

1000 - 2

500

T T
] 200 400 600 800 1000
Time




Other new TMG technology

Diurnal Solar Heating
e computes solar radiative heating on planet surface
e accounts for atmospheric attenuation

e computes solar flux from time/date and planet
location, ground surface reflectance, diffuse sky
radiation and cloud cover and altitude

e solar vectors can be fixed or time varying

Sliding Contact

e TMG's Thermal Couplings feature now supports
articulation

e time-dependent conductances will be computed
based on the translation or rotation of the
elements with respect to each other

Diurnal Heating 1

Illuminated Elements | Selected Elements

Element Selection

Front of Visible Select

Reverse of | None

Planet Earth
Latitude 80 degrees
Solar Vector(s)
Constant at Local Solar Time
Time Varying | Specify Vectors...
Include Shadowing Checks

Error Criterion 0.05

oK Apply Reset Cancel

Other new TMG technology

TMG now supports modeling of refraction
through transparent materials

Explicit earth model

e option to use a meshed model of the planet for
computing orbital fluxes

e provides more accurate calculation of planetary
heat fluxes through narrow apertures

* element density under user control
« element distribution on the planet is optimised

Binary files

« Option to store view factors, conductances in
binary format

* Reduces disk space, solution time (up to 2X)
 Utility proved to convert back to ascii




Primitives-based Modeling Y

Complementary modeling system based
on shape primitives

Primitive and Group Hame  Fuel Tank

* ESARAD/THERMICA approach Prinitive Type Soiore
« creates element-based models for TMG Greation Mothod | By Parameters
» can be exported as true primitives Semsemen D sy Front Stae s lnward
e enables the import of primitives-based models Trj,,'ui =
Parameter and point methods E:' S
» Distances and points can be picked from graphics or gl Foare
keyed in e e

Longhax [360] opt

Properties: color, material, thickness

HTML online help S o

¢ Primitive Properties

) . . Color GREEHN
 Detailed bitmap image _
Material TMG_STEEL
GUI |S drlven from ASC” f||e Physical Property  ONE MM THICK SHELL
 can easily be modified by user to support new type of Flement Order Lt
pl’lmltlveS Element Type Quadrilateral

Tools to move and rotate primitives oK

Primitives-based Modeling

Import / Export

* Tss
* Esarad
* Thermica
. . ¢ Export Radiation Model
Includes all material properties Ay
Export File Type ESARAD
Thenmica
TeSti n g . Specify Fle Mame

* Component and large
(7,000 primitives) system
models have been
imported / exported.

Export View Messages ...

Dismiss




Thermal results reporter

New capability, under development

Will let users query the solution
results for detailed data

« steady state
* transient

* compare solutions

* time history

orbital fluxes and view factors

e group to group heat flows

* heat maps

Heat:

w Post Processor [

Flle GQuery Groups Options Help

Reference Soltion

=10l

Biawse

i~ Listof Gueried Solut

Jusersthermal/caseT

D Study Directory Step  Elems

Fiel | Studyl JuserisAheimal/case] 24 (25400 -
2 BOL Case Jugersithermal/casel 12 |26,500

3 EOLCase  |/usersitheimal/cass3 24 |21.300

Data is automatically loaded into
Excel spreadsheets

* macros to plot and sort

Antenna - up
Compare hot

 List of Queries —

Description

=18l

Query name

Evesl Dutput File

[Guen_1

Browse

i~ Element Select

Gioup 1

Gioup2

3 Groups selected [Z]
GroupT ota =l

I~ Compare data

~ Output Optio

W Temperatures
™ Applied Loads
I Applied fuses
I~ Radiative Loads
T Radiative Huses
™ Heat Maps

Group to Group Data

Transient Options
@ Al Times

€ Selected Times

5 BB MG | cFD

Data on Fluid
™ Physical Propstties ™ Velacity
T Duct Flow Dats I Pressiie

[~ Rad. Heating View factors: [ Energy Balance

I Forces
I~ Shear

I View Factors + Radk's

Select..

I Mass Balance

™ Heat Flow

 Time Averaged

Sketch

Filter Yalues..
Process
Excsl

aK Apply | Cancel | Help
A Microsoft Excel - GroupSummary.xls I
|@)tie ot vew isert Famat Took Dsta Window i
NEEIEGRY|[$ BB (&= £ 83 [ o - @[ =i ==z
B =l =[ Group
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Appendix R: SYSTEMA/THERMICA version 4: Overview of the new
capabilities

SYSTEMA/THERMICA

version 4:
Overview of the
new capabilities

M. Jacquiau
Astrium SAS
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astrium

SYSTEMA / THERMICA version 4
Overview of the new capabilities

"1 Prepared by Marc Jacquiau, Astrium SAS

16" European Workshop on Thermal and ECLS Software, 22-23 October 2002

AUVOSMZ>T

SYSTEMA / THERMICA current status (1/3)

e SYSTEMA is acommon framework

for several spacecraft applications :
SYSTEMA
Computing tech. Orbit
Input/Ouput Pointing
User Interface A Mass
Display 2D 3D P Radiation dose
Modeler 3D P Debris
Pre-processing L Oxygen atom
Post-processing l Plume
. C .
Ray Tracing A Elect. propulsion
Schematic T Chem.Propulsion
| Qutgassing
0 Power
N Antenna patterns
S Radiative
Conduction

Link to solvers

THERMICA




bYSTEMA /| THERMICA current status (2/3)

THERMICA is an integrated thermal chain for the design of
spacecraft thermal control :

- In feasibility studies

- For technological choices (passive or active controls)

- During correlation with test predictions

Allows thermal considerations to have an impact on the system
design, mission planning and the concept of operations

THERMICA computes :
- Thermal radiation exchanges with space and between surfaces } Monte Carlo
- External fluxes : Sun, Planet albedo, Planet IR emission Ray Tracing
- Thermal conduction in structures
- Temperatures by means of other commercial packages (Esatan, Sinda/G)

THERMICA takes advantage of common developments with the
other applications : framework + mission tools

- Reduced cost for users

- Better synergy for evolutions

o 16th European Workshop on Thermal and ECLS Software, 22-23 october 2002 Astrium

SYSTEMA / THERMICA current status (3/3)

e Our development philosophy :
- To be close to users (internal & external) to fit their needs
- Users meetings
- Analysis also performed by software development team
- To use up-to-date computing technologies : less Fortran, more C/C++, use of OSS
- To perform enhancements without increasing maintenance cost for users
- The goal for Astrium isn’t to make profit with software but to improve engineering tools

e User feed-back permits to identify the development priorities
- Model generation :

- Requirement for CAD-like tools

- Interface with CAD tools

- Combination of sub-models
Thermal model exchange
Enhancements for planetary missions
Up-to-date user interface : ergonomy, interactivity, link to office tools

* New capabilities of Thermica version 4

° 16th European Workshop on Thermal and ECLS Software, 22-23 october 2002 Astrium




umport of CAD models

» After a survey phase between Astrium and partners,
a tool for CAD model import will be developped in 2003

* Major characteristics :

- Use of STEP format Ej N R @
- Automatic creation of supported shapes

STEP SYSBAS
- Show / No Show capabilities of objects
- Pick of construction points for shape creation
o 16th European Workshop on Thermal and ECLS Software, 22-23 october 2002 Astrium

QZRAMEWORK of version 4 : main features

» New GUI based on Open Source Software, available on :
SUN, HP, DEC, SGI, Windows, Linux

(no need for external GUI packages such as Java or Exceed)

* Modern look & feel
based on standard PC tools ergonomy

* Improvement of interactive 3D graphics
(fully OpenGL)

» Better integration into PC office tools
- Copy/Paste from Thermica to PC clipboard
- Insert of figures in Office documents
- Results available in Excel format

Management of submodels

o 16th European Workshop on Thermal and ECLS Software, 22-23 october 2002 Astrium




MODELER

Current capabilities (v3.2) :

- Interactive objects/shapes creation

- Interactive pre-post-processing,
with animations versus time

- Pick of points/surfaces/objects/nodes
and information feed-back

- Interactive motions ($AXIS)

- Material database management

New features :

- Management of submodels
Easy use of construction points
Improvement of interactive motions

Management of cutting operations

Plot Select

Ak B Ve

Type Quadrangle E| Activity Positive

g

3D Positions : [mm.]

| i e |
7 s o
[P s e
Reference [J System [ Object [J Shay
Meshing T Specific Values

Management of textures for nice displays of coatings

[
—
—

flala e

ORBIT module

 New Kepler + J2 propagator

« Management of orbits around any planet of the solar system
* Modelisation of interplanetary missions

 New arc connexion by AV impulse

« Easy import of externally computed orbits (orbit = ASCII file)

e Interactive visualisation

View

x| | >> 3D View (shape selection)




POINTING module

e Synchronisation with orbital arcs is no more necessary

« In addition to the 14 existing pre-defined pointing directions :
Pointing towards any planet of the solar system...
... from any planet of the solar system

» Easy definition of general kinematic sequences :

- Translations and rotations
given versus time

- Movement from a given attitude
to another in a given time

- Movement with a given translation & rotation
in a given time

e Easy import of externally computed kinematics
(kinematics = ASCII file)

e Interactive definition of mobile parts
by picking in the 3D view

16th European Workshop on Thermal and ECLS Software, 22-23 october 2002 Astrium

RADIATIVE module (1/3)

* Planetary albedo and IR fluxes :

- Ability to take into account user-defined tables
giving IR & albedo fluxes
versus latitude, longitude and time

- Useful for scientific missions (still used in Astrium) - o g
& LEO satellites with small inertia N N L R

- Interactive display of tables

* Natural enhancement of the existing algorithm :
- Integration of IR & albedo fluxes evaluated
for each solid angle :

Or=0T* Z Fsa Xa

(I)a = CSUN P planet Z FS,aX‘a

16th European Workshop on Thermal and ECLS Software, 22-23 october 2002 Astrium




M?ADIATIVE module (2/3)

» Comparison with the classical modelisation :

- Albedo & IR fluxes for a cube (a=0.4 €=0.75) on a 1000 km heliosynchronous orbit with a 13.5 H
solar time of the ascending node, at spring equinox

(Albedo & IR tables extracted from ‘Satellite Thermal Control Handbook’, D.G.Gilmore)

Earth pointing face

Velocity pointing face
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@ 16th European Workshop on Thermal and ECLS Software, 22-23 october 2002

Astrium

RADIATIVE module (3/3)

* Improved thermo-optical properties :

absorption, reflexion and transmission coefficients depending on the light incidence angle

(with respect to the surface normal)
- Modelisation of some kind of BRDF
- Tabulated thermo-optical properties
- Properties re-evaluated for each incident ray

- The outgoing direction remains lambertian or specular by

Statistical accuracy control : improvement of large models management

- how much rays to emit to reach a given accuracy on REFs and fluxes

Memory management for REF reciprocity law enforcement :

— No more entire (nxn) matrix in Memory (n=number of radiative nodes)

— no more size limit for radiative nodes

* Improved ray tracing : adaptive size of voxels
- Better memory management
- Faster computations for large models

@ 16th European Workshop on Thermal and ECLS Software, 22-23 october 2002

Astrium




KCONDUCTION module

* Current capabilities (v3.2) :
- Automatic computation of couplings inside shapes

- Automatic detection of contacts between shapes :
- Edge contact

- Surface on top of another surface ‘

- Modelisation of contact resistance ~

* New features :
- Interactive display / selection / definition of couplings in the 3D display

e
. QHNWBB\IEPN 1003;

@ 16th European Workshop on Thermal and ECLS Software, 22-23 october 2002 Astrium

KDeveIopment status / availability

* Version 3.2.19 : december 2002
- Statistical accuracy control enhancement
- REF reciprocity law enforcement :
no more limit on the nb of radiative nodes
- Avalilability of the modeler

e Version 4 : june 2003
- Orbit / Pointing / Radiative / Conductive modules
- Batch algorithms performed, validation phase ending
- User interface + interactive plotting : under development

- Framework, Modeler : still under development

e Delay due to harmonisation effort :
- Generic environment for all SYSTEMA modules
- Ability to plug any new module / application in a modern interactive framework

@ 16th European Workshop on Thermal and ECLS Software, 22-23 october 2002 Astrium
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Appendix S: ESATAN/FHTSand ESARAD: a View on the Near Future

ESATAN/FHTS and ESARAD:
aView on the Near Future

J. Thomas
Alstom
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ESATAN/FHTS & ESARAD:
A View on the Near Future.

Julian Thomas
Frédéric du Laurens d’Oiselay

ALSTOM

)) ESARAD V5.2 (5.3 release) ALSTOM

* Improved Assembly & mission pointing method

* New calculate “Lumped Parameter” conductance
* New Msc/Nastran -> ESARAD “erg” converter

* New interactive hierarchy building

* New recursive attribute editing

* New platform independent data store

* New user defined utility menu

- The Next Step -




ESARAD Next Version

ALSTOM

e Automatic Conductor
Generation

e

* Pointing Module

ESARAD 5.2

ALSWﬁM

& 2002 ALSTOM Pow

- Summary -

ESARAD Next Version

e Automatic Conductor
Generation

ESARAD 5.2

ALSWﬁM

& 2002 ALSTOM Pow

- Summary -




* First phase in next version
— Internal conductances calculated
— Inter-shell conductances identified
— Limited to uncut shells

ESARAD 5.2

* Second phase
— Internal conductances calculated
— Inter-shell conductances calculated
— Unlimited to uncut shells

- Plan -

B AcTIvE
IMACTIYE

o — = = p= - E%
]
i g ,j;
I o £l =
e g
H il <
i B =
; £
b E R E B EDa - 1
gregee ey 7 E
A T S RN il
LI BN - ? B PR R e e e i e e g = 3
ol o o la o o i T H
i

g

4

Shell Mame i £, pdps, 1,0, pd, pE, T Face Area
4 Uz _7 1.00,.000,.000,.000,1.00,000,.000,000  [NA
ESARAD 5.2 & tri_22 1.00,.000,.000,000,1.00,000,000 000 kA
tri_14 (R

- Model TriQuad -




ALSTOM

=0l x|

Fie Tree Ecit liodel
(=l B Elox
_ 4 Model

E‘ﬂ Geometny
 E-¥ Thiguad

i quad_1
quad_10
quad_11
quad_12
quad_2

Operations

Shell...
Shell Properties...

o = # 2% %

“isualization |

b &

Reporting

Kernel ESATAN Lifarars!

Ihefmo-o’pﬁcal 'Pmpe_r_‘ty-.\
Eu_lk’.:.. .

Pairt...

Coordinate...

Connect Line...

quad_3
quad_g
quad_5
quad_§f
quad_7
quad_g
quad_9
i 13
tri_14
tri_15
ti_16
tri_17
ti_18
tri_19
tri_z0

EEXAEEEEEEEEEEEEE R RN NN

Error Report

l- RadCaze

- Operation -

Automatic Conductor Generation ALSTOM

I =]

Process Connect Lines

Connect-Line Shell & Shell B Start Point End Point Connect Type Contact Conductance
cl_1 o _1 cuad_2 [-0.80343,1.25726, 0..[-0.80343 1 25726, ... |MOT_PROCESSED 0.0 -I
cl_10 quad_2 quad_3 [014621, 0687385, . [0.14621, 0697385, ... [NOT_PROCESSED oo
cl_11 ouac_2 cuac_5 [-0.80543000000000... |[0.14620599939399595 _ |MOT_PROCESSED 0.0 J
ol 12 quad_3 quad_E [0.146209999999999...{[1.0, 185600000033, .. [MOT_PROCESSED 0.0
cl 13 quad_4 quad_S [-0.80%43, 1 25726, - [-0.60343, 1 25726, ... |NOT_PROCESSED oo
ERE quad_4 quad_7 [-1.62699, 1 6BGGE, - [-0.60343000000000 . [NOT_PROCESSED )
cl_15 quad_4 tri 18 [-1.82699, 1 BEEES, -... |[-1.82609, 1 666ES, ... [NOT_PROCESSED 0.0
16 quad_S quad_& 044621, 0697385, ... |NOT_PROCESSED 0o
cl_17 ouac_5 cuac_& [0.146210000000000... MOT_PROCESSED 0.0
cl_18 quad_E quad_3 [0.146209999999999...{[1.0, 185600000033, .. [MOT_PROCEZSED 0.0
19 quad_7 quad_g [-0.80%43,1 25726, - [-0.60343, 1 25726, - |NOT_PROCESSED oo -|

“Apply Change to Selection

3 E:_;ad_Q -|=
H Euad_Z et

Fuim_ﬁ "'I C
Folm_i*. *I ]

Primary Sort Key:

Secondary Sort Key

~Sorting Criteria

IConnac‘t-L\ne "I

lConnact-L\ne "i

& Ascending

Sort

~Searching Criteria

 Fitter:

 Descending

" Deacending

% Ascencing

+ Dizplay &I Connect Lines

- Connect Lines Definition -




Process Connect Lines P ] |

Shell &

Connect-Line

Shell B Start Point End Paint Connect Type Contact Conductance

(0.8034:3000000000

|[-0.80343, 1 25726, -... [-0.50343, 1.25726, ... |NOT_PROCESSED
|[-1.82689, 1 68667, -... [-0.80343000000000.... |NOT_PROCESSED

[[-0.80343, 1.25726,

“&pply Change to Selection

vl <A Pt ! '] Connect Type: ;FUSE '1
] .,I Eridl Pfiat: I V; Cortaet Gonductance i Apply Change

Sorting Criteria Searching Criteria
Primaty Sort Key: ;Cnnned-Line vi & Ascending Sort = Display &I Connect Lines
€ Fitter:

" Descending

Secondary Sort Hey: ;Cnnnect-Line 'i 1 Ascending
" Descending Sie 1] I il =] |

&Vuasan & ualisation
Tt T4
S[ol+]+] SEIEIES
+ |+ Es
@ |a|s|E R|2 & &
e IR EIES
pifh ey IR
& #]+z|-z [@ m|+z]-z
LA LA
CIERESEY HEAT

> 1‘3 L4
J_

Display | Undisplay

Display | Undisplay

Resat Refresh Reset Refresh

[ #xer [ Modes [ mwes [ Nodes

[ Assembly fxes

Clear Table Clear Takle

[V Asembly fues

Face Hade crt. | SheliMame | Type At £, pot, P2, T, 0, pol, P, T Fece Area Face Mode | crit. | Sheimame| Type | Act. | & pd, ps, 1,0, pd, ps, T Face Area
a5 7 | T, 43 7 | ad 7 |@UAD  [¥ 1.00,.000,.000,.000,1 00,000, 000,000 [Mia,
172 23 [hasa, 172 {tri_22

B 14

- Visualisation -




Process Connect Lines

Connect-Line Shell &, ShellB Start Pairt End Point Connect Type Contact Conductan..
B L L (255760, 19230, -1 .03079] [T E259, T o0y, 2 00554] JEI Ton |«
ol 26 tri 15 tri 22 [-3.14755, 1.94871, -213891] [-2.95168, 1 9238, -1.03079] = oo
i ri_16 firi_17 [-2 95166, 1 4738, -1 03079] ; =0 oo
ol_28 tri_17 tri_1s [-2.80475, 1.01525, 0.36422] [-1.52609, 1 BEEES, -0 62332] = oo
c_23 tri_17 ftri_24 [-2.95166, 1.9238, -1 .03079] [-2.89475, 1 91525, 0.36423] =) oo
o3 uad_1 tri19 [-1 52689, 1 66668, 0.33531] F2699, 1 G668, 0.99958] IS i)

ol 30 i 15 tri 19 [-2.59475, 1.91525, 0.36422] = ]

T | 5]

ol 32 tri_21 tri =2 [-4.05198, 1.99951, -1 52831 : : ; = o0

c_33 tri_21 ftri_25 [-4.05158, 1.99851, -1 52531 [-4.0,20,-275] = ]

ol_34 tri_zz tri_z3 [-4.05158, 1.99861, -1 52631 [-2.95166, 1 9238, -1 .00 =0 i) =]

-tpply Change to Selection:

Shell & i‘tri_QD '! Start Point: i—4 0,20,-2.759] = | Connect Type: IJOIN -
Shell B: ftri_21 VI End Paint: E 1.94971,-213891] =| Contact Conductance: 10.0 Apply Change

~Sarting Criterizs- | =earching Criteria
Primary Sort Key iConnec‘t—Llne vi A cont (+ Display &l Connect Lines
€ Fitter:

" Descending

Zecondary Sort Key: !Connec‘t—une 'i (+ Ascending

 Dezcending

- Processing Single Connect Line -

ALSTOM

Display | Undisplay

* Connect lines
— Fuse = perfect contact e

Iv fesembly fwes

— Join = contact |
Conductance reqUIred Face | Mode | crit. | Sheliteme | Type | Aot | & pd, ps, 7,0 pd, ps, T Face Area

— Not required = ignored =

172 23 il [tri_22 TRI
I 4

- Types of Connect Lines -




ALSTOM

Ha e f-Ea

TIRETIL

ti_22
ti_23

ti_26
ti_27
L @ 28
<M Materials
E'“.‘ﬂ Opticals
4 bb
1= Bulks
L@ bulk

@
@
@ tri_z5
@
@

RadCase

_ 4 Variables

EI _ 4 Integers

tri_24

<4 Radiative Cases

_ 4 Analysis Cases

=t ‘ AnalysisCase

@ Template File
Lo @ Analysis File
- 3] Thermal Madels

El+_ 4 Coordinates
i L@ wvis_orbit_position

@ orbit_index
@ vis_orbit_index _I
—arbit_ -

Merge Modes..,
Merge Al Mades...

Analysis Case  Help

=10l =]

Error Report:

Visualization Kernel

Reparting

ESATAM

f& thirmel

ALSTOM

Qutput Esatan
[ Steady State

[V Transient

Minimum REF cut off
REF minitnum dexvistion
Include nodes

Exclude nodes
Tfrirmtarn: S cut ot

HF output formst

REF muttiplying factor
HF muttilying factor
Ares multiplying factor:

Model name

[w! Output Gls

[ Cutput REF=

[v Output HE=

[ Output Yievy Factors

O_ 0050

0_00z0

JILE

TriQuad_ AnalysisCase

Deep space node number: ISSSSS

Inactive node number

|99998

[ Externally INCLUDE radistive result data

Cancel | Ok | Help |

F Esarod version § 2.7, run date 20 28 Sun 20 Oot 2002
# Model name: TriQuad Analysis case: &nalysisCase
# template fils: Templats.tpl
# Esarad version 5. 2 7, run date 2028 Sun 20 Ost 2002
# Model name: TriOuad Analysis case: AnalysisCase
SMODEL TriQusd_inalysisCase
$LOCALS
3HODES
Di
e = 1.000000, EPS = 1.000000;
Dz
L& = 1.000000, EPS = 1.000000;
D3 |
& - 1.000000, EPS - 1.000000;
ol = 1.000000, EPS = 1.000000;
DS
A= = 1.000000. EPS = 1.000000:
D&
& - 1.000000, EPS - 1.000000;
e = 1.000000, EPS = 1.000000;
Dg .
A= 1.000000, EPS = 1.000000:
GR(29. 1.17991;
GR{30. 0.683219;
GR(31. 0.513277;
GLi14.2
GL{1.3) 1k % 0.0829264;
GL{1.20
GL(2.2]
GL{2,3] = k_bulk = 0.0301475;
GL{2.4] = k_bulk = 0.0829255;
GL{3.3} = U
GL{3.4) = U
GL{3.5] = k_bulk = 0.0829265;
GL{2,19) = U
GL{3.20) = U
GL{4.4) = U
GL{4.5) = U
GL{4.6] = k_bulk % D 0574988,
GLi4.19) -
GL{5.5) - U
GL({5.6) = U
GL{5.7} = k_bulk % 0. 0574973,
GL{E.6) = T
GL{E.7) = U
GL{E.8] = k_bulk = 0.0574379;
GL{E.18) = U
GL(7.7) = U
GL{7.8) = U
GL(7.9) = k_bulk = 0.0398667;

- Qutputing GLS -




ESARAD Next Version

ALSTOM

e Automatic Conductor
Generation

e

* Pointing Module

ESARAD 5.2
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- Summary -

ESARAD Next Version

- a

* Pointing Module

ESARAD 5.2

ALSWﬁM
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- Summary -




Radiative Case Definition

ALSTOM

# Define orhit and positions (3 of 6)

—SunPlanet System

% Planst Centred

Flanet Radius|s . 37814 E+08

Gravitationsl Consianiisl .BO08EE

Sun/Planet Distance|l. 4953787E+11

Solar Declina{ionlo o)

" Sun Certred

Sun Radiuss . 952E+08

artfe74- nzes1

—Ellipze

Aftitude of Apogeeis _0E+E

Altitucle of Perigeeis _0E+E

Inc:linaﬁonlo .a

~Orrhit Postions

Right Ascensionlo ]

Argument of Periapsisio .o

o

Time &t first posi‘tionID .

Rumber of Posttiors|s

I|_ Eclipze Ertry and Exit Points

Initial True Anomalylo .0

Anigle Gap!so .o

Cancel | =Prey | Mest=

- New Layout -

Radiative Case Definition

ALSTOM

# Define orbit and positions (3 of 6)

—Sun'Planet System -

* Planst Centred

Planet Radius|s . 378 14E+06

Gravitational Cons‘tanilsi _BOEEE

Sun/Planet Distance|1 . 4959787E+11

Salar Declina{ionlo )

" Sun Centred

Sun Radius)s . 958E+08

mstantfz 74 05651

ravitatioms] o

~Ellipze

Alttude of ApogeeISDDDDD .0

Altitude of PerigeeiSDDDDDD ]

Inclina{ionlo )

# ESARAD Error

~Crbit Positions-
Time &t first po
Mumber of Pos

[ Eclipze Ertry and |

Right Ascensionla .0

Argument of Periapsisio ]

- Interactive Input Checking -




Pointing Module

ALSTOM

# Define orbit and positions (3 of 6)

—Sun'Planet System -
(&' Planet Certred (™ Sun Certred
Planet Radius|s . 378 14E+06 Sun Radius)s . 958E+08

Gravitational Cons‘tanilsi _BOEEE

Sl Constantle 74 03851

Sun/Planet Distance|1 . 4959787E+11

Salar Declina{ionlo )

~Ellipze

Alttude of ApogeeISDDDDD .0 Right Ascensionla .0

Inclinaﬁonllsa .0

I e The Inclination must be hetween 0 and 180 inclusive

~Crbit Positions

Time &t first pos'rtionltl ]

Altitude of PerigeeiSDDDDD .o # ESARAD Error _X_]

Mumber of Positionsls Angle Gapiso ]

[ Eclipze Ertry and Exit Points

Cancel | =Prewv | Mexd= I

1
3
3
W
7]

o
=
@

=

- Interactive Input Checking -

Pointing Module

ALSTOM

# Define Attitude (4 of 6)

" Painting %ectors and Directions  (* LOCS Orientation and User Defined Movement

LOCS Orientation and Liser Defined kovement

(% Planet Orierted Initial Phijo - 0 Phi Ratation Retejo o
" Sun Oriented Initial Psijn . 0 Psi Rotation Rate|o. o
7 True Sun Criented Iriitiz! Ornegalo ] Omega Rotation Rate!o ]
€ Transter Cricnted

Application Orderlphi, psi, omega

[ Spacecraft Movement

[ Spin Spin Aa';k.l ;I Fotation Rate!lj .0

Snin PaEs iE:f.-l':_'!d

Initial angular offsetio i

o

Cancel | =Prey | Mext=

- Classical LOCS Orientation -




Pointing Module ALSTOM

# Define Attitude (4 of 6)

+ Painting Yectors and Directions  LOCS Orientation and User Defined Movement

—Poirting vectors and Directions ‘

Primanry Secondany
Pointing Yector[0.0,0.0,1.0] |  Pointing ¥ector|0.0,1.0,0.0] =l
.
|
Pointing Direction| ZENTH | Pointing Direction|NORMAL_TO_ORBIT =l

sral Direct at—.—'ail 0, 00,001 'l General i :?::%_-:us'-.llj 0, -1.0,00 'I

Spacecratt Movement- |

| Spin Spin J%EHEI _'J Rotation Rate!o .0

Intisl angulsr offset!D .o

Cancel | =Prew | Mext= | (Rl |

- Primary and Secondary Pointing -

Pointing Module ALSTOM

# Define Attitude (4 of 6)

* Painting %ectors and Directions & LOCS Orientation and User Defined Movement

~Poirting wectors and Directions =
Primany Secondary ‘

Pointing Yector{0.0, 0.0, 1.0 =l Pointing Wector{0.0, 1.0, 0.0] =]

Pointing Direction|NORMAL_TO_CREIT =l

0.0,-1.0,00] "I

eralili

Spacecraft Movemert

| spin =l Rotation Ratefo . o

Initial angular fosetio .o

Cancel | =Pres | Mexd= |

- Pointing Vectors -




Pointing Module ALSTOM

# Define Attitude (4 of 6)

* Painting %ectors and Directions & LOCS Orientation and User Defined Movement

~Pointing Wectors and Direction

Primany Secondary ‘

Pointing Wector[0.0, 0.0, 1.0] = Pointing Wector{0.0, 1.0, 0.0] =] |

Pointing Direction|ZENTH _»| Pointing Direction|NORMAL_TO_ORBIT =l
MADIR = |

=l f.‘ii‘::c:%-er- General i.lir.-?s:ir’u;sl 00, -1.0,00] _—l

TRUE_SUM

AMTI_TRUE_SUM

WELCCITY
AMTI_WELOCITY

[ Spin HORMAL_TO_ORBIT el ﬁ Fatation Rate!o .0

AMTI_MORMAL_TO_ORBIT -

o h

“Spacecraft Movement

Initial angular fosetio .o

Cancel | =Pres | hlet= | FEmmst | Execule | Help |

- Pointing Directions -

Calculations ALSTOM

# Define accuracy (5 of 6)
“Sun/Planet Specific-

i

Flanet TemperatureIZST .0 Sun Temperatureis’.-"?o .o |

|

Albedo Reflectance Coef.lD .3 Solar Constant Overrideiu .0 |

|

[ Paraliel Rays Sun Distarce Override!o .0 |
|

—Accuracy Parameters

IUse fixed number of rays per face ;I

Mon-critical Mormal Critical ‘

Rays Pet Face (VEREF)|1000 JLoooo j1oooo0 |
E |
|roo00 JLooooo JLoooooo |

|

e Jo-om |

|

095 |o-ss |

|

Rays Per Face (HF)|Looo JLoooo J1oooo0 |

rRavtracing Parameter

SeedIlDDD thivID EnindionThresholdlo .00l |
|

Cancel | =Presy | Mest= |

- Accuracy Parameters -




Calculations ALSTOM

# Define anahysis (6 of 6)

—Capling —Solar Fluxe: Planet and Alkedo Fluxes
[ %F - Geometric [ Direct [ birect

[¥| REF - MCRT [V Absorbed - MCRT [ Absorbed - MCRT

[ REF - Matrix [ Abzorbed - Matrix [T Absorbed - Matrix

I walidation Run

Cancel | =Pres fdests | Firnizh | Execute Help |

- Classical Options -

Import from MSc/Nastran ALSTOM

Process View

Hierarchy i \

Analysis
Data

- “Round Trip” Convertion in Planning -




New “Combine” Dialog

ALSTOM

Combine Shells
Target Shells
Piccy
lowver _part

Source Shells

;quad_QS
fquad_24

Combine List
loquac_1
|quad_2

|quacd_23
lloweer_part

équad_S
équad_ﬁl
|uac_5
|quad_10
Equad_g
équad_s
|uac_&
equadd_11
Equad_1 2
équad_1 3
|quac_7
|equad_14
Equad_1 )
équad_QD
lguad_19
|quad_18
équad_1 T

- Rapid Model Structuring -

New “Combine” Dialog ALSTOM

Combine List
£l loquac_1 =
b el e |quad_2
ghalits guad_3
G‘ll 2 I & Eil iquad_ﬁl

5 [gquac_S
. el |quad_10
Pl he | w¥ | =Y Equad_g
& Bi-z|=Z iquad_S
S| ® —= lquad_B
&l | 3 _j_ :quad_11
. L. s _12
L S LYY Interactive picking [
L |quac_7
Display | Undisplay fquad_1 4
Reset Refresh ;quad_1 =
¥ axes [ Nodes iqUSd_QU |
¥ Assembly fues jouad_19
|quad_18
quad_17
Face Shell Name | Type Act. z,pd, ps, 1,9, pd, p5, T Face Area
52 guad_15  |QUAD ¥ 1.0-1.0,-10,-1.0-1.0-1.0-1.0-1.0 A, |
54 guad_17  |QUAD ¥ -1.0-1.0,10,-1.0-1.0-1.0-1.0-1.0 1A,
quad_16 v -1.0,-1.0,- 1A,
U _21 \d

- Rapid Model Structuring -




I:—j ?_\j Geometry
E}& dummy

El-dp ope
Ik Redefing

panels

; d
| L @t
14 Materialz
&3 Optic:
(5] Bl n" Transtorm (Rel) Mode Mumbering
+__| Radiative Display

| Analysis © Active: ECTI\-"E Vl Active: 'NACTI\-"E V’

] Thermal b Undisplay
Report Submodel !Payload Submodel I
¢ Expand from selected Mode Mumber ig_ Moce Mumber I-u_.

E'—l Contract to selected
o @ vis_orbit_indes Optical Properties: Optical Properties:

| Logicals
N moila Cogting: EIackJaaint VI Coating:
Criticality: FJORMAL VI Criticality:

~Bulk Properties -
Material; T I

Thickness: Hel |

~Sicle 2+

Copy
A Transtorm [k

Color:

Mode Mumbering

- Rapid Analysis Model Development -

MSc/Nastran Derived Models ALSTOM

Nacelle Modelling at Technology Centre

[lexss [ Hodes
17 pzambly sz

[ wss [ Nodes

[0 Assembly Aces

Clear Table

Face | Mode | crit. | ShelMame | Type | act. | £, pd, ps, 1,8, P, ps, T | Face trea Face | Mode | crt. | SheMame| Type | Aot |

Clear Table

2. pdips, 1, @ pd, ps T | Facs Avea|

ke




“HDF” Model Store ALSTOM

Platform Independent Data Store
* Build anywhere / analyse anywhere / post-process anywhere.

— Example:
Linux
11| Cluster
PC
' HP
Run
Analysis
Create View results
model

EsaradModels

- Flexible Modelling Environment -

Utility Menu ALSTOM

Application Mame StepTAS_export

Title [Export Model o zTER/TAS

Program Mame btas_rel _exe tostep Browese
Wiewe Output in separate window [ -

el e SGE .
Mumber of arguments 3 ZI

Outpart File ESADALD ESTEP. stp Browveze

# Export Model to STEP/TAS

Thermal Model |
Argumert 1 ] Argument 2 | Argument 3 |
‘ Mewy Process 7 [
Close |

Optional [

Argument Mame Eodel

Type model type -

Save | Cancel | Help |

- Flexible Modelling Environment -




)) Into next year... ALSTOM

STEP/AP203 (v5.37)

Further major releases planned of ESARAD &
ESATAN under project “POLYTAN”"

ESATAN and FHTS enhancements
OpenGL Visualisation
ThermXL v3

www.techcentreuk.power.alstom.com

- Commitment to Continuous Improvement -

ALSTOM

www.alstom.com
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Appendix T: TASverter: Thermal Analysisfor Space model converter

TASverter:
Thermal Analysisfor Space
model converter

S. Appsl
ESTEC/TOS-MCV
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TASverfer

Thermal Analysis for Space
model converfter

Hans Peter de Koning and Simon Appel

(Hans-Peter.de.Koning@esa.int)  (simon@thermal .esa.int)

(ESA/ESTEC D/TOS-MCV, The Netherlands)

16th European Workshop on Thermal and ECL S Software

ESA/ESTEC, Noordwijk (ZH), The Netherlands
22-23 October 2002

Cesa..........c....

Mechanical Engineering Deparfment - Thermal and Structures Division

Topics

* Why TASverter ?

* Purpose of TASverter

* Supported formats

* Approach

* Current status

* How to get it?

* Further STEP-TAS developments

@ esa 16th European Thermal and ECLS Software Workshop
=T ENIIECSmEED

22-23 October 2002

Mechanical Engineering Deparfment - Thermal and Structures Division Sheet 2




Why TASverfter ?

* STEP-TAS converters did not deliver industrial solution up to now

* TASverter isaninitiative of ESA/ESTEC D/TOS-MV C to:
- Offer usersfinally aworking solution for
exchange of thermal models between major analysis tools
- Remove complicated dependency on (at least) 3 developers
« STEP-TASIibrary developer
* Analysistool A developer
* Analysistool B developer
- Produce afully functional tool and basis for future industrial versions

- Produce aframework for verification of data exchange standard(s) and
implementations

@ esa 16th European Thermal and ECLS Software Workshop
=G TEINNIINIED@EIER

22-23 October 2002

Mechanical Engineering Deparfment - Thermal and Structures Division Sheet 3

Purpose of TASverfer

Convert thermal analysis models
from format of software code A to format for software code B

@ esa 16th European Thermal and ECLS Software Workshop
=G TEINNIINIED@EIER

22-23 October 2002

Mechanical Engineering Deparfment - Thermal and Structures Division Sheet 4




Supporied formais

* Before end of 2002

— Thermica SYSBAS

— ThermicaVIF

- ESARAD .erg

. STEP-TAS .stp (1SO 10303 Part 21, version STEP-TAS-ARM/2)
* Beginning of next year

— TRASYS.inp
* Possible further extensions

~. MSC/PATRAN, TSS, ...

— User requests

@ esa 16th European Thermal and ECLS Software Workshop
=T ENIIECSmEED

22-23 October 2002

Mechanical Engineering Deparfment - Thermal and Structures Division Sheet 5

Approach(1)

* For each format areader and awriter is created

* Internal data storageis based on STEP-TAS data structure
—. STEP-TAS DataSetHandler,
automatically generated with pyExpress (STEP-EXPRESS compiler)
* Fine-tuning and simplification of the STEP-TAS standard

— Support all model features. more shapes, mirroring, user-defined coordinate
transformations, full assembly tree

- Goal isto be able to recreate a thermal model which is as much as possible
understandable and editable by humans

- Updated STEP-TAS standard will be released for inclusion in ECSS and
| SO TC184/SC4 (STEP committee)

@ esa 16th European Thermal and ECLS Software Workshop
=T ENIIECSmEED

22-23 October 2002

Mechanical Engineering Deparfment - Thermal and Structures Division Sheet 6




Approach(2)

THERMICA Phase 1
SYSBAS-to-VIF-export

ESARAD
THERMICA

.erg

VIF

temporary route via
.VIF for quick

THERMICA
development and

.SYSBAS verification

thermica_VIF_reader

esarad_erg_reader ‘

‘ thermica_VIF_writer

‘ esarad_erg_writer

thermica_SYSBAS_reader
thermica_SYSBAS_writer }1\ /
STEP-TAS DataSetHandler

TRASYS. reader STEP_TAS_p21_reader

STEP_TAS_p21_writer
TRASYS

TRASYS_writer

.inp

Phase 2

STEP-TAS
part21
.stp

@ esa 16th European Thermal and ECLS Software Workshop
=T ENIIECSmEED

Mechanical Engineering Deparfment - Thermal and Structures Division

22-23 October 2002

Sheet 7

Current status (7)

* pyExpress STEP-TAS DataSetHandler is almost complete
* ThermicaVIF _reader and VIF_writer are in testing phase
* Thermica SY SBAS reader isin testing phase

* ESARAD erg_writer isin testing phase

* ESARAD erg_reader and Thermica SY SBAS writer are under

construction

22-23 October 2002

@ esa 16th European Thermal and ECLS Software Workshop
=T ENIIECSmEED

Mechanical Engineering Deparfment - Thermal and Structures Division

Sheet 8




Current status (2)

ESARAD model

Thermica model
VIF-format

S~

c;. esa 16th European Thermal and ECLS Software Workshop
=T ENIIE S @ EIED

22-23 October 2002

Mechanical Engineering Deparfment - Thermal and Structures Division Sheet 9

How can you get it?

As soon asit is available the Windows executabl e can be downloaded
freely from:

http://www.estec.esa.int/thermal /tools

Please send an E-mail to: Hans-Peter.de.Koning@esa.int
And we let you know when the software is available.

c;. esa 16th European Thermal and ECLS Software Workshop
=T ENIIE S @ EIED

22-23 October 2002

Mechanical Engineering Deparfment - Thermal and Structures Division Sheet 10




Further STEP-TAS developmenis

* Formal standardisation in frame of ECSS/ SO

* C++ STEP-TASIibrary developed by Simulog (ready 2003-Q1)
— No more dependency on third party software
— C-API migration path from current STEP-TAS library will be provided
— Pure ANSI C++

- Will be distributed in source code, so tool vendor can compile/link on any
platform/compiler

- High performance: processes ~50000 STEP instances per minute on typical
PC

* TASverter with SINDA / ESATAN exchange
- SINDAS8S -> ESATAN converter already available
— With full user-definable unit conversion
— AP203 import

@ esa 16th European Thermal and ECLS Software Workshop
=T ENIIECSmEED

22-23 October 2002

Mechanical Engineering Deparfment - Thermal and Structures Division Sheet 11
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ThermXL v2 & Beyond

Julian Thomas

ALSTOM

)) Spreadsheet Thermal Analysis ALSTOM

e QOverview of ThermXL

* New features of v2 (released June 2002)

* Upcoming developments




ALSTOM

Create a new ThermXL

model with 3 nodes...

”E\l | | Steady State T

% 5|
e I8 & i ThermsL Enable|

<\
L\

[

N[ L [ wm [ H

Murnber of nodes:

Conductor basis: | R adiative "I
Stefan Bolkzmant constant: |D_DDDDDDDEB?051

Create Model I Cancel |

- SCREENSHOT FROM LIVE DEMO -

ALSTOM

> Microsoft Excel - Book 1 =10] x|

38 Ble ot yew Jrsot Fomat ook Deta Window bl Themmsl : =18 |

DeHSRY|(§ DR (- - A€ 5 A8l 3 S o -3 (28 (KB steadstate -

|| aris co s BrulES=E9 %, WaeeE - -»-A-
i.vL.JI':lll|:!_|DIE|FIG|H|I|J|K!L!5¢__IN|O|a

l]Tnmrn}(Llludm | STHI.I]\"| 1
;:WLM Type me [ & Area Qs QA [ o Tojc) T[C] RCTime imbalance]

& [10 =] 0.00

£S5 20 o 000

5 |30 =] 0.00

|

i1

T

10 |

ThermXL structure created

(Node worksheet shown).

20

72|

23]

£ %

TiRID [P} Thermil Proferences h ThesmL Nodes ( Thermil Gs { Theritl GRs /| Themil G _Therrol Andfysiz | Thewol Resuls /| Thermd User ezl | 4 # [
Resdy 1 )] I 0T [ 77
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> Microsoft Excel - Book1

=101
|38 sl £ wow lneet Formet Tooks Data window belp Themy. N N =loix)
D=l @Ry sBT o-—- A€ =A% B8 (@ (B (B P stz -
|| aria - |B U | EE=E %, WY FIEL-S-A
— = = ol
oA 8 e = | & [ ¢ | @ H ] ] 3 L 2] ] =] Fal
1 ThermL Modes
2|
3 MumbeiLabel Type me I E Area oS ) OF o Tejc] T[C] RCiime Imbalance]
5 | 3 640
8 |3 o 000
il
8| Solar Flux (2 Watts) -
o | Planet Flux (1 Watt) Environment {Space]
10 Albedo Flux {1 Watt)
:;— Radiative heat exchange

Annotate using Excel . =—~Radiator
drawing tools UNIT

Power disipation = § Watts I‘Fl
il
l;% | PAMEL Boundaryat Zodegc_] ﬁ

pﬁéibini,{ Thermiil Preferences ) ThermL Nodes ¢ Themmil Gis { Thermdl GRs { Thermil GFs { Thermd Analysis { Thermid Results ¢ Theemsil User Resuts |« [
[omame Iy & | awcshepes - S " OO EH A &-Z-A-=SF=0g
Ready

el

A

- SCREENSHOT FROM LIVE DEMO -

> Microsoft Excel - Book1

=loix
|38 e et vew leet Foma Toos Dats windas telp Themd . N =lmix]
(DR SAY | iR T o- - &% = 235 S0 -8 B (K P seayaee =
|nrl.§ - 1o —|RIE|E¥|§_ o, MAFE _-S-A-
e = 5 = B
oA 8 e = | & [ ¢ | @ H ] ] 3 L 2] ] =] Fal
1 ThermXL Modes
2
|3 Jeberrabel Typo me 3 £ Area oS OR OF 7]
4 |10 Panel 7]
5 |20 Liret Bone =) 5.00e+00
< 8|30 Linit Resdistor o] 2002400 1002400 1.00e+10 000
2 (9533 Space B -269.00
8| Solar Flux (2 Watts) <
= Planet Flux (1 Wath) Environment (Space)
10| Albedo Flux {1 Watt)
- Radiative heat exchange
Add Node data and | » /

=~~Radiator

new node for Space —

UNIT &
bou nd ary Power disipation = § Watts
|‘22§ | PANEL Boundaryat Z0degC | g
p

|4 [ [#f TheemiL Preferences ) ThermxL Modes { Fhermid Gis / Thermbil GRs { Themml GFs £ Thermid Analysis { Thermid Results /¢ Thesmil User Resuts | «fi o[
[omame Iy & | awcshepes - S " OO EH A &-Z-A-=SF=0g
Ready

=== =
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ThermXL Overview ALSTOM

* Micros =10l x|
|38 e e vew mnsst Fymat Took Das window el Them N =l®ix)
(R SAF|iRnd - @@ > L0 e -8 (B8 | b seayzse -
|.nn& 0 -|B s o|EE=EH T %, LN FECD-SA

£5 ~| =] o

L A ] B | [ D E [ENE=
1 ThermXL GLs

5

3 Label First Node Second Node Value Heat Flow|

4 Panelto Unit 10 20 2.00e-01
iJUnit to Radiator 20 30 1‘00&D1| o |

6
=

Add L_irTéar Conductors (GLS)
to link up the model.

12

13 |

144 [p [MI{ Thermil Preferences f Thermil Nodes ) ThermxL GLs { Thermil GRs 4 Theml GFs { Thermid Anslysis { Themid Resuts f Thermiil eer Resits | «f o[

|..n,-_aw~ kc—_, Autoshapes = . w [0 ] Al Q-ﬁ-L-E%ﬁ.ﬁ': :
Resdy =i [ e | [ i

- SCREENSHOT FROM LIVE DEMO -

ThermXL Overview ALSTOM

= Microsoft Excel - Workshop_THL_pt1.xis =101 x|
|38 e EX oo et Fomk Todkk Dsta Window e Thémis _ _ =l®ix)
(el SAY iR o- @ =A% S 08 (8 | [ B sz -
|| 2ria o x| B s u|EE=EPx, LN FEC-H-A-
[ ~| =|005 .
A B [ c D [ E [ F |

1 ThermXL GRs {GRs are directly defined as values)

2

3 Label First Node Second Node Value Heat Flow  \iew Factor|
|4 |Radiator to Space 30 9999 [ 5.00e-02]

5
B |

T

Add Radiative Conductor (GR)
from Unit radiator to Space.

14

15

[ T4 Tr [M¥ TheemiL Preferences / Thermdl Nodes 4 Fhermid Gis ) ThermXL GRs / Themmal GFs £ Thermil Analysis { Thermial Results / Thesmol User Resuts | «ff o[
s b & mmoshepes s N W COOE Ml 2-£-A-SFE0
Resdy =i

F wml T T
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[Z0]
22 | @ || o | |_’J Steady State =
- A . by
i Play Sakver (\
E | E WG

<

ThermXL: Sol¥ing...

[ ] ]

To pause solution, press "Pause/Braak' key)

L

- SCREENSHOT FROM LIVE DEMO -

ThermXL Overview ALSTOM

3 =loix
BE Bl £t vew Dt Foest Tooks Dabs Window Help Themid SRS
DEESRAY s RBRT -~ A®(Z A4 BSS -8 (B |  p Bsteoyse -
|r|az w0+ B 7T U EEEHEPx, WY EEC-H-A-

€8 | a] -
A | B L & [ B E | F | 5
1 ThermXL Results
2
3 Temperature For Node Numbers [C]
4 Time PANEL UNIT BOX UNIT RADIATOR Space
5 10 20 30 9999
6 88 20.00 18.66 -34.03  -269.00
7
q | | & |
View Temperature Results.
1 |

4[4 b (W[4 Thermil Praferences { Thermiil Nodes 4 Thermiil 6ls { Thermil GRs  Theemitl GFs J Thermd énalyss ), ThermXL Results { Thermil User fesuts |« 'I:
[oawe fs & pposhapes- S~ W OO E 4l 2-Z-A-=E== 0@
Raady [ | e | O L

= TR | v
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Define some simple groups...

[=5=] :l et B i L =
& B | [FEE [
S I t d | | ThermXL Hodes t
: h
elect noaes... —rm-—— e en ... | %] » W steaty e -
£ 10 PAMNEL B Lg
s 20 [AIEoR D —
150 |mmm+| D St o
;_9999 Space B L [ 7] I [ 5]
3 Sc

Create group named ‘Unit
then...

Add groups for ‘Space’
and ‘Panel’

- SCREENSHOT FROM LIVE DEMO -

ALSTOM

P =10 %|
|55 le gdr wew Lest Formst Tools Dabs Window Help Thermil =18 x|
Edeély|(imfd« - a® s ed -3 n | b B SteadyState =
|| ans w0 =B 7 U SESEHTx, B8 EE CC-D-A-

B34 ~| =
I R .. ] B |_C 4l 5] E Al E G Al H LI dJ 3 L 1=

1 ThermXl Group Unit
-8
3 Number Label Type mC o " Area 0s oA QE al 0 [C]

4 120 UIMIT BOX D 000e+I0 0.00 000 0.00e+00 O000e+00 000e+00 0002400 & 00e+00 000
5_ 30 UNIT RADIATOR 0 000400 0.00 000  0.00e400 200400 1 .00e+00  1.00e+00 0.00e+00 .00
(5]
| 7 Group Properties
B
SCH| Label Type mC [ = Area as QA QE Q|
10 Unit 0 00Je+I0 #Ovi H#WOT OD0e+00  200e+00 1 D0e+00 1 00e+00 5 D0e-+00|
11
-‘i.i-'G[nup Temperatures
13
14 T Asith, Mean -7 B3
|16 T mC Weighted #DIVID! )

16 T Area Weighted #0lva
17 Min. T -34.03

i — = View results for groups
20 Heat Flows

21 (need to re-run solution).

22 Panel Space Unit |

23 S8 0265 0. J6E9 1 456 -

24

s — o L T — e Y — = —— x|
1[4 [p [m{ Thermoa nodes | Theemil 6ls f Therml GRs { Thermil GFs [ Thermid Analyss / Thermid Resuks ¢ Thesmil User Resuls ) Unit  Panel f Space // [+ r’_l
[ogmn- s & asstaps- . OO E A4 &2-Z-A-==204

Ready N e e e
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ALSTOM

Set-up for transient case...

” i | * | [ | Eteadv State |+
Skeady State

Define heat capacity

Remove power

| = B o E e [ H | ! [ ! T MmN [ e
Thermxl Nodes STEADY
_Wwmbe: Label Type |\ mC o Arca as QA QF L] T €] T[C] RCTime imbalance|
PANEL ] 2000 2000 000edD 26501
i LNIT B 008404 000 1866 0002400 -1 12008
= LT RADIATOR A1 noevc3 200ee00] 1002400, 1 .00es0l 000 3403 00000 -1 9%.06
| 93 Space B -269.00 -268.00 0.00=+00 9 2Fe+00

- SCREENSHOT FROM LIVE DEMO -

ALSTOM

=101
/3% fle Edr ew Incert Format Tools Dats Window Help Thermil ==
D8Ry iBBT v - A® T4 0L 0SS - @|n |
| st s - B r U EEEE TP %, HREE :'Q:-A,v|
cib ~| =
e s T [ 2 [ - i [ =l [
| 1 [ ThermXl Analysis {The Transient solver will be used for the next analysis) 'l
2
_.;3_._‘)'.9 ady State Parameiers heration Status
1
__5___il.ﬂax. Ne: kerations x Heration Count 5
E |Coivergence Critetion 4 Conwergence 6 12e-04
¥ _|Damping Factor 8 HMin. Thermal Response Time
| 10 Transient Parameters Transient Calculation Status
1"
12 Start Time 2 0, Time_s
| 13 End Time Y 1240000 Time_m
14 Output Interval 7200.0 Time_e
15 Initial Timestep E00.0 Currant Timestep g
16 |Min. Timestep 500,0[] 1
17 Max. Timestep 600.0
19 Max. No. herations A\ Set control values for
19 |Convergence Criterion g [0 e
|20 Mayx. Delta T [C] per Timestep 1.00=+10 .
21 Damping Factor I m transient run.
72| -
410 [ M Theimit Nodes { ThesmiL 65 Theimst s Theri GFs \ Thesmt Analysis { Thami Resuks /( Thamit1|-:1[

[oawe 5 & apshaess-  x OOE 4 ,@,-.ﬂ-&-EEE.ii

Ready

WowmlT

_R_ =
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ThermXL Overview ALSTOM

1 EEE— £l
1. Select data in results - ) e
. . & x6tlilmele e - @ B P W ser =
o= co - RyU EEWE®R, WA FET BA.

s cere=rterT = % 2 Run chart wizard...

Thma

o e e s

Scaltm esth dale ports Cornected by
emonthed Lnes,

| Fressondmakita

W4 b Wl Themvi Modes | Thermil Gle f Theswol Gis f Themitl GFs f Ttermiil fnakysis ) Thermil Results [ Thermdil Use Beaks ok [ Farel f Space [ |4|_-j""
|fommes b G | mammrmes- S WO HA M- Z-A-==20a
Faady Eum=1511801 5 o T

- SCREENSHOT FROM LIVE DEMO -

) G e | J K L ] ™ N A

1
2

3 Temperature For Node Numbers [C]
4 Time PANEL UNIT BOXRADIATOR  Space

5 10 20 30 9949
6 5SS 2000 1566 3403 26000

% 1] 20.00 18.66 -3409]  -269.00 "

E 7200 2000 15.40 3474 28800 90.00
(G| 14400 2000 1271 3681 28900

10 21600 2000 10,48 3678 26900 N2 B P O PPN

11 28800 20.00 8862 -37.E0 -263.00 -

12 36000 20.00 7.08 -368.30)  -269.00 10.00 =

13 43200 20.00 5.80 -36.68 -2B5 .00 ‘-"-n.
14 50400 20.00 473 39.36 -268.00 0.0 - LEpe -

15 7600 20.00 383 -39.77)  -269.00 1 50000 \OO0D0 150000 2oonng | Seriesd
16 64800 20.00 3.08 ~40.11 -288.00 = 000 & Sanes? |u
17 72000 20,00 248 -40.39)  -269.00 Seriesd
16 79200 20.00 1.96 -40.52 -2E8 00 -20.00
19| Be400 20.00 1.53 -40.682 -268.00

20 93600 20.00 118 -4099  -263.00 -30.00

2 100800 20.00 0.88 -41.12 -2E8.00

2 108000 20.00 063 -41.24 -268.00 -40.00 L s

23 115200 20.00 0.43 -41 33 -268 00

24 122400 20.00 028 -41.41 -263.00 -50.00 -

25 129600 2000 0.11 -41.48| 26900 =

26 136800 20.00 -0.01 -41 83 -2E8.00

i 144000, 20.00 0.11 -41 58 ~268.00

ap
WL GLs J Theml GRs [ Thermiil GEs /[ Thermid Analysis ) Therm¥L Results { Theemil User Resdts Lok Panel /[ Space /|4 v [
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New for v2 ALSTOM

* User Defined Transient Results

* Macro access to ThermXL functions
* ESATAN & SINDA/G network export
* Node Heat Balance

* “Tidy up”
— reformatting
— commented control const.

- s pre ] -
[ C Bl L E F G | H J K L [ M =
1
—
) Results of cell references
4| Time Unit Power  Ext. flux
5 REF > 0 00015327
B S8 5 0 a7E0nas
El |1| ] o F
B T200 0]10.1563550 1.2
9 1.u|mi 0|0 3085855 i |
10 1600 0|0.4537776
11| 28800 0|0 5675275 06 f T\
12| 35000 0|0 7088252 i e B i
13| 43200 0|0B087361| | f \ e oened] e
14 maun‘ 0|0 8207533 04
15|  s7600 0|0 9508585 N X |
16 e.mnr 0| nos7ETe 02 < |
17 ?znunr 0|0 999957 o : : 3 |
18] 79200 0] 0987625 ] 50000 100000 150000 200000
19| es00 009513514
20| 93600 0| oeola7e| ™ = I h
21| 100800 0|0 8096718 o
= ojoeusers R User result sheet:
3 115200 0]10.5658156 -
2| w2 o]0 ss1ee3 track any data in the
25| 129600] 003103799
26 136800 0|0.16792a7
21 oo olooosez; spreadsheet through a
28 .
£ transient run
A 1
o (4 [0 [ Thermid Modes 4 Thenmil 6Ls { ThesmiL GRs { Thennil 6Fs { Thermid Analysis { Thermid ok { Panel {5pace /|40 T |
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# ThermXIL Export File for Vorkshopl (17-10F2002 17:34:37)

T *
— Therm=L Enable. .. 2 U v # Czlls containing formulas are exported as value only
& |§ I G Sl g g ‘g! 100% # and the content iz provided as a comment.
GEferate GRS

E
SMODEL JustInCase
x

= = E& Group Modes, .. SHODES
=E=E 3
’ I Bl0 = 'Pan=l". T = 20.00,
Blay D20 = 'Box' . T = 0.00, C = 1.00+d, OI = & 00m+0:
Stan D30 = 'Radiator'., T = 0,00, C = 1 00s+3. S = 2 00e+0. Q& = 1 00=+40. QE = 1. 00e+0;
=210p B3399, T = —269 00;

®
Salver Steady State N | S CONDUCTORS
#
Export {20, 9999) = § 00=-2,
GLi10, 20) = 2 00e-1
; To SINDAJG. .. GL{20, 30) = 1 00e-1;
: User Guide. .. 2
Hl4 SCONSTANTS
3 7
License, ., I SCOMTROL
x
T # Steady-state psransters
About Therrmxl. .. NLOGE = 100

RELICA = 1 0De+0;
DAHPT = 1 00e+0:
# Preferences
ThES = 2 .731500e+2,
STEFAN = 5. £70510=-8
&
SEXECUTION
x
CALL SOLVIT
SOUTPUTS
®
FORMAT = 'E10.2'
CALL FROBAL({' '. CURREHT)
CALL FRRDTE(' '. 'T.C.0S5.QA.QE QI". CURRENT)

&
SENDHODEL JustInCase

- SCREENSHOT FROM LIVE DEMO -

In Development for v3 ALSTOM

* Sensitivity Analysis
* Import of ESARAD data
* Built-in interpolation routines.

* Performance Improvements

- Ongoing Development -




£3)  summary ALSTOM

* Very easy to learn
Rapid model development

Well suited as a basis for ‘what-if’ analyses & concept
development

ThermXL v2 : Download free 60 day trial from:
www.techcentreuk.power.alstom.com

- Simple, Fast Spreadsheet Analysis Tool -

ALSTOM

www.alstom.com
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ALTAN application
for
Bepi-Colombo
thermal analysis

V. Perotto
Alenia Spazio
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ALTAN application to Bepi-Colombo thermal analysis

AL TAN application to Bepi-Colombo thermal analysis

V. MARESCHI, V. PEROTTO

ALENIA AEROSPAZIO - DIVISIONE SPAZIO, Thermo-Fluid-Dynamic System Department
Strada Antica di Collegno 253, 10146 TORINO (ITALY)
Tel.: +39 011 7180215 Fax : +39 011 7180239

E-mail: vperotto@to.alespazio.it
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E Alenia

SPAZIO
A FINMECCANICA COMPANY

ALTAN application to Bepi-Colombo thermal analysis

* The Bepi-Colombo mission to Mercury consists of at least two
orbiters, the Mercury Magnetospheric Orbiter (MMO) and the Mercury
Planetary Orbiter, alander was also considered.

* In Mercury orbit the solar constant is from 4.5 to 9 times that on
Earth, the albedo alone may correspond to a solar constant on Earth, the
infrared emission of the planet is up to 10000 [W/m2]. The illuminated
side of the planet may reach 700 [K], while the dark side remains at
about 100 [K].

* This scenario is not easily modelled with the available radiative
software, as ESARAD, THERMICA, TRASYS, THERMAL
DESKTOP.

» Scope of this presentation is to identify the limits of the present
thermal software, and to present a thermal software developed in
ALENIA which overcomes these limits.

ESTEC, 22nd,23rd Oct. 2002 16" THERMAL AND ECL SS SOFTWARE WORK SHOP Page 2 of 20
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= Alenia A TAN application to Bepi-Colombo thermal analysis

AAAAAAAAAAAAAAAAAAAA

DIRECTIONAL REFLECTIVITY

DIFFUSE ANGULAR
REFLECTION REFLECTION The radiative software in not able to
model the directional reflectivity of
1 the planet surface, which presents a
peak in the direction of the incident
L light; the software assumes diffuse
h=L/2 reflectivity, as a consequence the

solar fluxes reflected on surfaces
opposed to the sun are
underestimated (typically 30 — 50 %

INCIDENT

PLANET SURFACE 100 .

ESTEC, 22nd,23rd Oct. 2002 16" THERMAL AND ECL SS SOFTWARE WORK SHOP Page 3 of 20
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= Alenia 5| TAN application to Bepi-Colombo thermal analysis

AAAAAAAAAAAAAAAAAAAA

N

SUN DIMENSIONS

The sun is modelled as a point, while it has
finite apparent dimensions: in earth orbit, the
sun has a half angle 3 = 0.26°, in Mercury orbit

at perihelion it is 0.87°; as a consequence, the Y
solar fluxes at the poles are underestimated by
the radiative software, and in genera the fluxes v A X
on all surfaces of an Orbiter may be affected < D>
by some error. A A v Q
v z Perihelion:
B=atan( 0.696/46. ) = 0.87°
<] l - Average angle Bave = 0.36°
I ncident flux on +Z side:
p Q (14500/2)* sin(0.36°) =46 [W/m?2]
Calculated by radiative w = 0 [W/m2]
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ALTAN application to Bepi-Colombo thermal analysis

PLANET TEMPERATURE

The planet in the available thermal
software is modelled as a sphere at

uniform temperature. In the case of
planet without athmosphere, the surface
temperature and consequently the \\
emitted energy vary with latitude and

longitude.

As a consequence, the IR fluxes on any
surface of a S/C depend on which
portion of the planet is seen by the

satellite surface.

extremely variable during an orbit.

Ea--RI&HE

IR fluxes are then

O

706.460
674.541
642.622
618.763
578.784
546.865
514.916
483.827
451.188
419.189
387.270
355.351
323.432
291.514
259.595
227.676
195.757
163.838
131.919
100.900
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ALTAN application to Bepi-Colombo thermal analysis

Planet directional
reflectivity

Sun dimensions

Planet
temperature

IMPACT ON BEPI-COLOMBO THERMAL SIMULATION ~ SEVERI

Both the orbiters and the lander are affected. However the orbiters

may benefit from the transient conditions, albedo from planet may

be underestimated by the software when flying over the subsolar

point, but may be overestimated in other orbital positions. In the 3
case of alander, the error depends on the configuration, i.e.

radiator position. Several missions have flown on planets with

such type of surface (Mars, the Maon), but on Mercury all

thermal problems are amplified by the proximity with the sun.

All elements are affected, both the orbiters and the lander. Some
Bepi-Colombo elements may have surfaces where the sunlight 2
incidence angle is virtually zero. Design solution isto add some

small shield to protect them.

The orbiters are affected. Impact on the thermal designis 1
important, additional uncertainty if planet temperature is not
modelled accurately.

TY
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E Alenia

- ALTAN application to Bepi-Colombo thermal analysis

ALTAN REQUIREMENTS

To overcome the limits of the available radiative W, ALS has
developed ALTAN, with these main requirements:
* GR calculated with ray-tracing technique;

« Simulation of directional optical properties;

* Non-uniform planet temperature;

» Two degrees of freedom for pointing;

» Complex geometries and limited boolean operations;
» GL calculation;

» Temperature calculation;

* Pre/post processing;

» Graphical User Interface;

* Interface with other thermal software;

* Runson PC
» Based on Visual Fortran + Open GL
ESTEC, 22nd,23rd Oct. 2002 16" THERMAL AND ECL SS SOFTWARE WORKSHOP Page 7 of 20
&= Alenia

. ALTAN application to Bepi-Colombo thermal analysis

ALTAN STRUCTURE

=
Z
|<_E THERMICA
PROPERTIES | Geometry processing
< Node creation
fﬁ?és ESATAN
DISSIPATIONS
Temperature
g . ’ Temp., .
X arlld ::IE.UXE Tsink, Qbalance quxSs Reporting
caicuiation calculation
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E Alenia

.- ALTAN application to Bepi-Colombo thermal analysis

ALTAN BASIC INPUT DATA

CONFIGURATION : identifies a set of thermal elements and associate them
with data to locate them, to create nodes, to apply dissipations and requirements.

THERMAL PRIMITIVES (ELEMENTYS) : identify athermal / structural
components defined by a geometry and properties (thermal / mass).

GEOMETRICAL PRIMITIVES: identify the geometry of a thermal
primitive. They describe a SOLID, with extension and thickness. A geometrical
primitive is described by:

«Shape (e.g. flat, cylinder, sphere...)

«Contour (limitsto the extension defined in alocal surface cordinate system)
*Holes (holes through the thickness defined in alocal surface cordinate system)

ESTEC, 22nd,23rd Oct. 2002 16" THERMAL AND ECL SS SOFTWARE WORK SHOP Page 9 of 20

E Alenia

.- ALTAN application to Bepi-Colombo thermal analysis

THERMAL & GEOMETRICAL PRIMITIVES

CEGETR THERMAL ELEMENT
EQUIPMENT

prmimve | G0 o ] | SR [ R | e
polygon X X X X X

disk X X X X X

cylinder X X X X

cone X X X X

sphere X X X X

paraboloid X X X X

revoll X X X

revol2 X X X

extruded X X X X X
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e Alenia

ALTAN application to Bepi-Colombo thermal analysis

v Fren
K
GEOMETRICAL PRIMITIVES
: O
|,
mh h max
N T
B
bid

ESTEC, 22nd,23rd Oct. 2002
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= Alenia e - -
. ALTAN application to Bepi-Colombo thermal analysis
[P = Pis, b _ Revoll, Revol2  Define:

Extruded

Define:
*A curve C of N points in a local ref. (x,y)
«A line S of M punti in (x,y,z)

*A vector V nello spazio (x,y,z) for each
point M

The surface is defined by transporting the
curve C along the line S, and by rotating C
to keep its local x parallel to V

-V

GEOMETRICAL PRIMITIVES

+A curve C of N points in a local ref. (r,2)
*Bmin, PBmax (Revoll) or N steps (Revol2)

Revoll is defined by rotating C, generating
portions of disk, cylinder and cones

Revol2 is defined by rotating C by N steps
and by joining the vertices of the resulting
curves, generating flat surfaces (pyramid...)

=)

Y a

el
\_

P4

A

P1
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='Alenia \| AN application to Bepi-Colombo thermal analysis

A FINMECCANICA COMPANY

NODES, CONDUCTORS & TEMPERATURES
|

Nodes are generated by applying a
grid to the geometrical primitive

GL are calculated by extension of
typical formula K*area/distance

GR and orbital fluxes are calculated
> with MonteCarlo ray tracing.

Temperatures for steady state and transient
are calculated by traditional methods (as
ESATAN routines SOLVIT and SLFWBK)

ESTEC, 22nd,23rd Oct. 2002 16" THERMAL AND ECL SS SOFTWARE WORK SHOP Page 13 of 20
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A FINMECCANICA COMPANY

VISUALIZATION

Planet Temperature

786. 160

674.541
642.622
6168.703
578.784
546. 865
514.946
483.827
451.168
419.189
387.270
355.351
323.432
291.514
259.585
22?7.676

195.757
163.838
131.919

160. 600
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='Alenia \| AN application to Bepi-Colombo thermal analysis

A FINMECCANICA COMPANY

USER INTERFACE
Radiator Editor =] B3

MAME Ipannellmx

Cancel I

STHERMAL | $MASS $GEOMETRY | gHoLes |

—Wertici Contarig—————————

! Flat = I
ORI RE e et 4 N pur 14 ,.!

b i

200 i Flat Disca | Cilncho_|
RAD_THICKNESS .. |70 £20 155 T

620 -455

Rewval 1 | Rewol 2 | Estuzo |

RAD_AMIM.oo i F=FLT) Y
FAD_RAMAR, .o F

RADHMIN.. . L o5t Jersie asee i
RAD_HMAX .. | i -
= et ke Z HomE RS
RAD_BETA_MIN.
RAD_BETA_M&X. .. [
RAD_TETA_MIN.
RAD TETA Ma. [2
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. ALTAN application to Bepi-Colombo thermal analysis

Geometia | Assembly | Arays | Parametri Obitali || Parametri di Caleola: Plat |

U S E R Selezione Shells:

OrbitasS atelite I
: Premi CTRLAShift per piu' sslezioni
INTERFACE

F'nsizinnersuc:cessival True anomalu: I
B uttornd !

T Lati attivi Drizplag
- Salid + edge: hwiireframe - =
™ Assi L e e e 4 | [ | I LuceOH
T MumeraNada| | | | Salid | Hidden |
I Sole

*iste Pre-definite

| Sole On/Of | Fioro ks
%] -v]  -=]|  Pianeta onoi |

I Colora Proprieta’: iAIfa 'I

I Colora nodi da file

I Attiva Modalita®” Selezione

T = =t = e

Output per Sinda

Outpt peer Esatan Flag Array [0:99] !D sdle
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I Caleole GR I~ Salva geometria su file [*.gec] : itEmP_QED gec Salva temporaneaments |
Calcola Flussi ¥ Salva Arraws su file [ arr] : itemp_a”.alr
I~ Solar ¥ Salva parametiforbita su file %okl [temp_par.orb o
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='Alenia | TAN application to Bepi-Colombo thermal analysis

A FINMECCANICA COMPANY

PLANET SURFACE ANGULAR

REFLECTIVITY INCIDENT SOLAR FLUX [W]
5 Planet
10 reflection
go° & Sid
- radiativeSW  gde1 side2 side3 side4 € dde6
H10 5
15
020"
030° o
7 70 Diffusive
(THERMIGA) 1692 320 14 115 9706 128
1
: Diffusive
. ALTAN) 1691 332 113 113 9703 127
h=1.2
Angular
(ALTAN) 1692 72 20 21 9685 161
e . (FLIRCI M]I:'E‘TT
L j
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='Alenia | TAN application to Bepi-Colombo thermal analysis

A FINMECCANICA COMPANY

SUN DIMENSIONS

INCIDENT SOLAR FLUX [W]
Radiative SW
. +Z +X
‘

. THERMICA 0 14383
. ESARAD 0 14383
’ v ‘ TRASYS 46 14387

ALTAN 47 14381
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= Alenia A TAN application to Bepi-Colombo thermal analysis

PLANET s

TEMPERATURE \ f— /

i /

\ ] I/

T T T T
] a1 1000 18m o LI 11 1] cat| 4000 4910 a0 0

Planetary Flux
Ly T
/

\\\

=<

0

m—— ALTAN THERMICA 600 /100 ° K
=== THERMICA 500/ 100 ° K THERMICA 700 /100 ° K
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= Alenia 5| TAN application to Bepi-Colombo thermal analysis

CONCLUSIONS

MISSIONS AS LEDA-LUNISS AND BEPI-COLOMBO HAVE REVEALED THE LIMITS
OF THE COMMERCIAL RADIATIVE THERMAL S/W;

REQUESTS TO IMPROVE COMMERCIAL RADIATIVE S/W HAVE BEEN
FREQUENTLY RAISED IN THE PAST YEARS BUT PROGRESS HAS BEEN

INSUFFICIENT,

IN-HOUSE DEVELOPED S/W HAS BEEN NECESSARY, DRAWBACKS: COSTS,
PROLIFERATION OF TOOLS, LOSS OF COMMON BASE;

SUGGESTION:
IMPROVEMENT OF COMMERCIAL S/W;
SUPPORT DEVELOPMENT OF INTERFACES TO STEP;
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Appendix W: Last developmentsin and around GAETAN

L ast developments
in and around
GAETAN

C. Marechal
CNES
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LAST DEVELOPMENTS IN AND AROUND
GAETAN

« Global Analysis Environment for Thermal Analysis Network »

Ch. Maréchal

CNES
Thermal Control Department - Bpi 1416
18,avenue Edouard Belin
31401 Toulouse Cedex 4

«||||Mff,m
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I Division Mécanique Thermique Energétique - Octobre 2002

Summary

Introduction

New functions for thermal study management
—Thermal study management principle
—Thermal coupling cases analyses
—Thermal sensitivity analyses

Thermal model configuration management

GAETAN I/F with thermal radiative tools
(CONDOR , ESARAD)

Future developments

«||||Mff,m
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Introduction
e GAETAN V5.2
 Environment for thermal analyses

— Based on lumped parameter method (i.e. ESATAN)
— Based on thermal budget analyses

— Many prepro and postprocessing features

* Developed since 1996

 Harmonized with ESTEC (Use of & I/F with ESATAN -
FHTS (in progress) - ESARAD)

e 5french industrial sites + CNES

e CNES licenses for use and development

* Development & maintenance done by Silogic (F.)

16th European Thermal & ECLS Software Workshop - 22-23 October 2002- Noordwijk, NL
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Thermal study management principle

ETUDE

MODNAME.etude
/4

1 « Study » file
- All options for the study
- Description of each case

(r——

Root] directory |(free name)

/

Case directories

MODNAME.cas

LV

1 case file per directory

- Calls the case to run and

its specific analyses

- Results

16th European Thermal & ECLS Software Workshop - 22-23 October 2002- Noordwijk, NL

MODEL

MODNAME.model

4

Only 1 model
+ included files

«|||M(fm
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Thermal coupling cases analyses
What is the problem ?

« GAETAN principle
— ONE thermal model for ALL load cases
 Difficult to include several values for one
coupling in ESATAN models
—manual edition
—use of ESARAD variable geometry

— ESARAD outputs do not allow several sets of
radiative couplings in one model

 Example

1|||\MM
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Thermal coupling cases analyses
Example of problem

1st case of GEOMETRY 2nd case of GEOMETRY
ESARAD output : ESARAD output :
$CONDUCTORS $CONDUCTORS
GR(6,5) = 0.00002 ; GR(6,5) = 0.00005 :

N\

Direct $INCLUDE in same MODEL = ERROR or bad values !
\_\!/_r

| @ |
= U] =

SOLUTION : CONDITIONNAL INCLUDE AS A FONCTION OF A VARIABLE

1|||\MM
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16th European Thermal & ECLS Software Workshop - 22-23 October 2002- Noordwijk, NL

Thermal coupling cases analyses
Principle

In the Study file

$CHARGE_CASES_DEFI NI TI ONS
@\EW CHARGE_CASE_DEFI NI TI ON
CHARGE_CASE_NAME =
EXTERNAL_FLUXES_CASE
COUPLI NG _CASE =

' CD FORT';
CEQL
'CACOUP = fort';

@\EW CHARGE_CASE_DEFI NI TI ON
CHARGE_CASE_NAME =
EXTERNAL_FLUXES_CASE
COUPLI NG _CASE =

' CD FAI BLE ;
"EQL,
' CACOUP= faible';

In the Model (or included) file
Included only if variable « CACOUP » is equal to ‘ fort’

;. CACOUP = 'fort'
. CACOUP = 'faible’

#READ conductif. 1
#READ conductif. 2

«||||Mff,m
anes
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Thermal sensitivity analyses

Principle
« Each “nominal” case gets sensitivity cases
« Sensitivity cases are automatically :
— Calculated,
— Analysed

— Archived in the comparison database
— Compared to their nominal case

Study

2 Nominal

. omina
g Hot Case Cold Case Stay Alive } Calculations
x Damaged Bad Damaged Higher o+ Sensitivity
m MLI conduction MLI emissivity 10% level

«||||Mff,m
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Thermal sensitivity analyses
Example of input

$CHARGE_CASES_DEFI NI TI ONS
@EW CHARGE_CASE_DEFI NI TI ON
CHARGE_CASE_NAME = " NOM NAL' ;

EXTERNAL_FLUXES_CASE = ' TOTO ;
SENSI TI VI TY_CASE = ' COUPCA = fort';
SENSI TI VI TY_CASE = ' CASRAD = fort"';
EXTERNAL_FLUXES_SENSI TI VI TY_NAME = 'test';
EXTERNAL_FLUXES_ENTI TI ES_LI ST = Qs
EXTERNAL_FLUXES_MULTI PLI CATI VE_FACTORS = ' 0. 5'

[. . .]

$THERVAL_RESULTS COMVPARI SON
@ENERAL_CPTI ONS
NODES_SELECTI ON = ' 140, 160, 200"
THERMVAL_SPECI FI CATI ONS_CASE_NAME = ' noni nal '

@SENSI Tl VI TY_COVPARI SON
CURRENT_CALCULATI ON_CASE
TO _COMPARE_W TH

" NOM NAL'
' COUPCA=fort"'

@NODES_TEMPERATURE_LEVELS
@HEATERS_CONSUMPTI ONS
@BOUNDARY_FLUXES

«||||Mffm

16th European Thermal & ECLS Software Workshop - 22-23 October 2002- Noordwijk, NL ( [ ]%

Division Mécanique Thermique Energétique - Octobre 2002

Thermal sensitivity analyses
Example of model programming

(-]

$CONDUCTORS

GR(10,20) = 0.0002 * VAR ;

#READ conductif.fort :: COUPCA = 'fort ’
[...]
$I N TI AL
IF (CASRAD .EQ ‘fort ') then
VAR = 1.2
ENDI F

«||||Mffm
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Thermal sensitivity analyses
Example of result file

Conparai sons nulti-cas avec |l e cas de specification: nom nal

Cas de cal cul conpares: NOM NAL NOM NAL NOM NAL NOM NAL
Code caractére du cal cul : A B C D
Code de sensibilite: none CASRAD=fort COUPCA=fort EXT_F=test

Edi ti on des tenperatures soum ses a specification avec narge de cal cul

NCEUD LABEL Perf.basse(C) Perf.haute(C) Tmn(C Tmax(C) Ecart/min(C Ecart/nmax(C
SENSI: 140 Diffus froid 6.90 B 57.88 C -80.00 150. 00 86. 90 102. 12
SENSI: 160  Diffus chaud 65.48 A 89.71 C -10.00 75. 48

Editi on des pentes de tenperature soum ses a specification avec nmarge

NCEUD LABEL Perf.haute(C/'s ) Pente max(C's ) Ecart/ max(Cl/'s )
SENSI : 140 Diffus froid -7.56 B 0.09 7.65 HORS MARGES

Edition des flux d'interface soum s a specification avec marge de cal cul

NCEUD LABEL Perf. haute(W) Pui ss. max(W) Ecart/ max(W)
SENSI : 200 Envi ronnenent chaud -6.73 C 3000. 00 3006. 73
MWM
[ 16th European Thermal & ECLS Software Workshop - 22-23 October 2002- Noordwijk, NL anes

Thermal model configuration

] management

15 Ernjeti archive

1
LTSS
—  —

frchivage

Desarchivage
Mise a jour \\\

Drop a new version of the TMM in the archive

Détail des versions

Get back to a previous version of the TMM

Comparaison de wersions

Make the last archived version of the TMM
«up to date »

Get the orginal version number of each files of an
archived version of the model

Compare archived versions

MWM
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Thermal model configuration
management

 Based on CVS (Configuration management
freeware)

 As simple as possible
—Basic functions
—Only through GAETAN IHM
 Each archived version gets

—Anumber (1,2 ...)(n0o 1.1,1.2..)
—An archive date

«||||Mffm
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CONDOR

« Software for efficient evaluation of external orbital
conditions :

— Solar / Albedo / Planetary fluxes chained calculations :
search of thermal dimensionning cases

— Sucess criteria based on any type of CONDOR but also
GAETAN / ESATAN results : fluxes, T°, DT, DT/Dt, min / max,
heating power, a.s.o. ...

* Not part of GAETAN
e CNES internal tool

« CONDOR can drive GAETAN (ESATAN / FHTS) and
ESARAD

«||||Mffm
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CONDOR - Geometry

Cube
Plate 2 sides (Imx1m)
Cylinder
Sphere
Solar panel
— Solar pointing
Any ESARAD Geometry
—if so, CONDOR runs ESARAD

b
T 16th European Thermal & ECLS Software Workshop - 22-23 October 2002- Noordwijk, NL Cr]%
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CONDOR - Orbit

Geostationnary

Heliosynchronous

Polar

Circular

Elliptical

Tabulated (Time and position tabulated)

®
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CONDOR - Attitude

Geocentric reference frame
Inertial reference frame
Solar reference frame

Tabulated (Time vs attitude quaternions in
inertial equatorial reference frame)

«||||Mff,m
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CONDOR - General
e Qutputs

— External fluxes and radiative sink temperatures
» Over any orbit
» Any orbit : Orbital average over a year

* Very easy attitude and orbit definition
—Input parameters depend on type of orbit and attitude

o If the TMM exists
— CONDOR launches the temperature calculations
—On each chosen day of the year

—Launches GAETAN analyses for comparison of the any
results (T°, DT, dT/dt, DT/(t1-t2), min/max, heating power,
fluxes, boundary fluxes, a.s.o. ...)

* Very powerful tool to find dimensionning cases
«||||Mff,m
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CONDOR : Example

ECART MIN / MAX SUR 1 ORBITE

D R
2.0 oo e BEX2
S e, o ew%de . | -¥- BCVDRU
S0Vt tae: VUL I SV L i e Ve R | IRl et
¢ .

Difference between
min and max T° of

X hakaiee VRl 1 node on 1 orbit,
kxkx % || plotted over 1 year
; (37 cycled orbits
calculated and
R, analysed )
.|| 2 attitude changes
| | : | | ; ; during the year
% 30 60 90 120 150 180 210 240 270 300 330 360
TEMPS (j) COROT Project
- PC2 : dpt0_2b
CONTEXTE CHAUD, RECH. CASE ET CU OFF

«|||M(fm
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T (C)
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CONDOR : Example

TEMPERATURE MOYENNE ORBITALE

BEX1
BEX2
B52
BCVDPU
MDPU

- BCVCAM

Average T° of
1 node on 1 orbit,
plotted over 1 year
(37 cycled orbits
calculated and

analysed )
|| 2 attitude changes
u :. : a : g ; : ; : : : during the year
0 30 60 o0 120 150 180 210 240 270 300 330 360
TEMPS (j)

PC2 : dept0_2b _
CONTEXTE CHAUD, RECH. CASE ET CU OFF

COROT Project
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Future developments

« GAETAN compatibility with FHTS (To
10/2002)

— Management of fluidic entities
— Power budget calculations
— Simplified mass and volume budgets

« Semi-automatic thermal model reduction -
Energetic method (mid-2003)

 |[HM and command language for CONDOR

b
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Contacts

Christophe MARECHAL Tél. 05 61 27 37 50
Département thermique Fax 05 61 27 34 46
18, avenue Edouard Belin — Secrétariat : 05 61 27 37 72

Bpi 1416 e-mail : Christophe.Marechal@cnes.fr
31401, Toulouse Cedex 4

To ask for a licence :

Christian THIBAULT Tél. 0561 27 41 30
Département RIF/PR/VP Fax 05 61 27 33 32
18, avenue Edouard Belin — Secrétariat : 0561 28 17 32
Bpi 1010 e-mail : Christian.Thibault@cnes.fr

31401, Toulouse Cedex 4
Technical information :

Nathalie Gerbier Tél. 05 34 61 89 65
Silogic Fax 05 61 57 96 60
6, rue Roger Camboulives e-mail : Nathalie.Gerbier@Silogic.fr
31100 Toulouse

®
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Appendix X: CAD-FE integration using Open Sour ce Software

CAD-FE integration
using
Open Sour ce Software

C. Caillet
OpenCASCADE
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T
CAD-FE integration
using Open Source Software
Christian Caillet

c-caillet@opencascade.com

.opencascade.com

Open CASCADE, open-source services for PLM software solutions
e e
2 OPENCASCADE

Research Center
Pre- .; Post-
Processor Processor
¢ To improve efficiency

- Time request to build data card ?
¢ To simplify multi-physics
- Computation schema ?
¢ To simplify user training
- User friendly ?

To focus R& D on the core competency
Optimize the investment

;OFE.NCASCADE www.opencascade.com

1st need : «multi-physics»
+ Strategic
L L + high level of Innovation
%-j * Lfrge investment
\

OOO

Christian Caillet




2nd need : « more simulation »

DS, UGS, PTC

Industrial
Software editors

=8

\

Processor Processor

Pre- Post-

¢ Specific simulation solution within standard CAD solutions
- Efficient Pre/Post processor
— Mesh for CAD solution
- Simulation data within PDM system

- 3

i
» OPENCASCADE www.opencascade.com
. Christian Caillet

CAD / FE optimized integration

Integration of meshing algorithms and

Availability of standard
formats and expertise in direct
interfaces

CAD / meshing associativity

Data — g _(gn S
CAD Exchange Adaptation o f_<l3
.. wn =5
System — Fixing o (é,_ | Solver
Sppeslile Repairing N S
CAD

Trade-specific solution Post-processing
based on OCC

Direct definition of attributes on the

geometric model. Persistency of the

Shape healing module and attribute / geometry links with OCAF

access to geometric
modeling algorithms

VOPE.NCASCADE www.opencascade.com
Christian Caillet




? CAD-FE INTEGRATION REFERENCES

Industrial projects achieved, based on Open Source Software

ALCATEIL

~

JEADS

N PENCASCADE W W w .openca

o
& 4

i © 0
N &
Y\Q > .\0‘\

o
0?‘6 o°°Q &

CAD CAD
Modeling

@anges Meshing

SOLVERS |&Y

- 6

OPE.NCASCADE www.opencascade.com
Christian Caillet

\

~ SALOME
Open Source CAD-FE integration platform
to build specific simulation solutions




TECHNICAL CHOICES

CAD data interface

=

o

IS ¢ Standards adoption -~ )
E Operating system & ".._.f CORBA
C§> Software architecture " STEP Iges
<

N

¢ Open Source adoption
http://www.opencascade.org
re-use of approval Open Source component :
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DEVELOPMENT CONSTRAINTS

¢ Portable

Portable source code
Support of Linux (development), Windows,

¢ User friendly
Look&Feel

Heavy model
component approach
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2 MAIN FEATURES

¢ CAD-FE Integration
CAD interface and Correction
Idealization of CAD Model
Basic CAD modeling features
CAD-MESH associativity
FE properties assigned on CAD model
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¢ Coupled/Multi-physics problems
Same user interface
Computational schema
Distributed computation
Exchange format (MED)

PENCASGADE W w w .opencascade.com

+ il [ SALOME Desktop - Ship Demonstration - - [Study2:1] -0 X
vl e Ill

-+ Eile Edit ¥iew Tools Preferences Window Help
[osERocllscnror 5-apo9nc ¢||egpawalgadd

L3
o

HI S:hip =




Graphical
2D et 3D

Graphical User Interface

SUPERV

GEOMETRY
MESH
DATA

POST-PRO

STUDY
KERNEL

Mode

i J e 11
“UVtI\I(.AabADI: www.opencascade.com

Christian Caillet

EFFORT ENGAGED

¢ Know-how of 9 partners

EADS ﬁ W OPtNCASCADE  CED) saciay
—
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¢ Resources /2 years (Sept-2000, Sept-2002)
540 man.months
Around 50 people

¢ Has received RNTL label I%H}L

SALOME Project
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TRADITIONAL IT DEVELOPMENT PROCESS

Software vendor

'Y Service provider

R&D .
Proprietary Industrialization | | | iy
_________________________________________________________________________________________ Integration
Incomes
_L_icense, Consulting
training, support Customization

~ -,
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NEW IT DEVELOPMENT PROCESS
Platform
collaborative projects
I\ Software vendor Service provider
OpenSource.org || Industrialization | || fy
| : Integration
Licenses Consulting, training,
support, customization
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SALOME Project

PARTNERS MOTIVATION

u To focus their R&D investment on their core competency

Caractére spécifique

Intensité
technologique
(R&D métier)

Gestion
d‘études

Schémas de

couplage Schémas de

-

Wnnées
Architecture

calcul

Architecture
interne

odeles de

globale

Modéles
Physiques

Schémas
numériques
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v
Caractére générique
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PROJETS

Intensité
technologique
(R&D métier)
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SALOME Project
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SALOME
SALOME BENEFITS
i

¢ Improved CAD / FE integration and process
Geometry ready to be meshed by automatic algorithms
Time reduction for meshing modifications
Openness to any type of physics, and multi-physics

¢ End-user Productivity
Modern technology
Scripting language

¢+ Independence from a software vendor’s policy
Open Source and service approach

No run time fee associated with the use of the technology
Keep control of the development strategy

17
- OPENCASCADE www.opencascade.com
Christian Caillet

EFFORT : 23 partners ,i" ?L

. OPENCASCADE Project Management / Open Source / CAD

GOSET

‘ Numerical Simulation |

(Q\]

L

>

O

i}

< ‘ Standards / STEP ‘
(0))]

—

(b]

(@]

-

o

=) | eaps’ Igc_mm (@ PRINCIPIA| [Ed

CCR

sssss

==l
le fulie tu tonatimction RENAULT

pa N
{IESI GROUP fENSE

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

(o ;
, VE de PAU IRISA XE?:
L N [\V TE p -... .

plE R FbMAI‘IF CURIE PA¥S de ADOUR N\

e ECOLE DES MINES W

.. LEasanR BLUxe ENSAM »
OPENCASCADE w w w . 0pen >m

Christian Caillet

.




16th Thermal & ECLS Software Workshop ESA-WPP-207

334



16th Thermal & ECLS Software Workshop ESA-WPP-207

Appendix Y: ESA Harmonisation, User Survey and Discussion Summary

ESA Harmonisation,
User Survey
and
Discussion
Summary

L.Mares
ESTEC/IMT-THH
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Technology Harmonisation & Strategy Division (IMT-TH)

@esa__,__....

16t European Workshop on Thermal and ECLS S/W
ESTEC 22 - 23 October 2002

ESA Harmonisation & User Survey

1. General consensus was expressed on the role of ESA for
defining standards for data exchange

2. The ageing and the increasing maintenance cost are major
pusher for new development

. Tool kit is funded through ESA TRP/GSTP

4. User shall be involved, but it seems difficult to get feedback
from users. Web site or internet forum may solve this
problem.

w

IMT-THH/4786LM/ap 23 October 2002

Technology Harmonisation & Strategy Division (IMT-TH)

16t European Workshop on Thermal and ECLS S/W
ESTEC 22 - 23 October 2002

5. Tools shall improve productivity. ROI shall be taken into
account when proposing new tools.

6. Itis important to define upfront what “toolkit” will contain

7. Some users prefer turn-key solution. Is this possible with
an OSS approach? -Yes

8. The effort required to move the users from the tools used
daily to a new environment seems to be the major barrier
to overcome

IMT-THH/4786LM/ap 23 October 2002




Technology Harmonisation & Strategy Division (IMT-TH)

@esa__,__....

16t European Workshop on Thermal and ECLS S/W
ESTEC 22 - 23 October 2002

9. The currents ESA funding scheme doesn’t have a
budget line for S/W maintenance. License fees may

help to solve the problem, but an accurate cost analysis
shall be made

10.Development cost shall be assessed
11.Proliferation of “upgraded”versions shall be avoided

IMT-THH/4786LM/ap 23 October 2002
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Appendix Z: List of Participants

List of Participants

16" Eur opean Workshop on
Thermal and ECL S Software

22-23 October 2002
ESTEC, Noordwijk, Netherlands

ESTEC Conference Bureau
P.O.Box 299, 2200AG, Noordwijk, NL

Tel: +31 71 565 5005

Fax: +31 71 565 5658
Email: confburo@esa.int
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