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Abstract
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Day 1

Tuesday 16th November 2010

1.1 Welcome and introduction
H. Rooijackers (ESA/ESTEC) welcomed everyone to the workshop and outlined its main aims:

1. To promote the exchange of views and experiences amongst the users of European thermal
and ECLS engineering analysis tools and related methodologies;

2. To provide a forum for contact between end users and software developers;

3. To present the status of thermal and ECLS engineering analysis tools and to solicit feedback
for development;

4. To present new methodologies, standardisation activities, etc.

H. Rooijackers also introduced B. Laine (ESA/ESTEC). He explained that he was the new
head of the Thermal Analysis and Verification section at ESA, and had taken over from O. Pin
(ESA/ESTEC) at the start of September 2010. (See appendix A)

1.2 Presentation, demonstration of new TAS thermal software
e-Therm and associated strategy

P. Hugonnot (Thales Alenia Space) presented a brief overview of the development of e-Therm
as a replacement for CORATHERM, and described the long term strategy to extend the tool to cover
the complete analysis process and possibly link to other disciplines. (See appendix B)

L. Tentoni (Thales Alenia Space) commented that the demonstrations had shown how to import
models from ESARAD and CAD, and asked whether it was possible to build such models from
zero. F. Brunetti (DOREA) said that the user could build models using e-Therm because it was
a complete modeller, but said that it was also important to have an import facility from CAD. The
demonstration had shown the import from CATIA-v5.

L. Tentoni asked whether there had been any cutting operations in the model shown in the
demonstration. F. Brunetti said that the model had included cutting operations because this was
a capability of the CAD tool. It was possible to click to select points in the CAD model, and
that e-Therm would try to recognize geometric primitives and transfer them into the thermal
model. L. Tentoni asked whether it was possible to use cutting operations when building the model
yourself using e-Therm. F. Brunetti said that CAD models could be imported into e~Therm,
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but e-Therm also provided primitives. The user could also create surfaces from 2D polylines and
then mesh them using the GMSH mesher.

P. Ferreira (Max Planck Institute) commented that the video had shown many warnings during the
import of the ESARAD model, and wondered what these errors were. F. Brunetti said that the
warnings related to matching materials. The materials used by the existing internal model were
already known, but those being imported from the external model were not yet known, and needed
to be created in the reference database. This was the reason for the error messages.

B. Benthem (Dutch Space) observed that the video had shown a picture of 3D calculation on solid
elements, and asked how to do this in ESARAD. F. Brunetti explained that the two videos were
not linked: the first showed how to import a model from ESARAD; and the second showed how
to import a model from PATRAN. The 3D calculation on solid elements related to the PATRAN
model. F. Brunetti added that it was also possible to perform 3D meshing using the GMSH mesher,
but then the user would need to use the e-~Therm solver rather than ESATAN.

B. Benthem asked whether e-Therm also calculated radiative couplings. F. Brunetti said that it
did, but only on the 2D thin shells that made up the skin of the model, and not on 3D solids.
B. Benthem asked how the software took the radiative couplings into account. P. Hugonnot said
that e-~Therm made use of the EQUIVALE method that had been applied to 2D panels on telecom
satellites for many years, and which had now been developed further for 3D.

B. Laine (ESA/ESTEC) had understood that the tool had already been released last year, and
wondered whether there had been any feedback, and whether there were still plans to distribute
the tool for free. F. Brunetti said that last year’s release had been of the previous version, and
what had been distributed had basically offered CIGAL2 pre- and post-processing. Thales now
had e—Therm-1.0, and the next versions would contain full solvers because the CIGAL2 solvers
could not perform all of the analysis chain. It would offer users simple import/export model
capabilities and various calculations, but it didn’t include the other analysis tools themselves.
If users had already ESARAD or THERMICA then e-Therm could use them, but if users were
missing these applications they would only be able to exchange models via STEP-TAS. He said
that users needed the full integration of the analysis chain with STEP-TAS, and that this was now
possible with e-Therm.

P. Hugonnot said that Thales would perform "corrective maintenance", so if users found and
reported bugs then they would try to solve them. They were willing to look at adding new features
as part of "evolutive maintenance" if needed, but they would need feedback from users. At the
moment the tool addressed general user needs, and would be available on the market for a small
distribution cost, and they hoped that they would receive community support.

B. Laine asked about the possibility of hot-line support: was there a telephone number that users
could call? P. Hugonnot said that they would try to offer support as long as it didn’t become too
heavy. F. Brunetti added T. Basset (Thales Alenia Space) was happy for people to contact him
with questions.

1.3 Exchange of Thermal Model Algorithms via STEP-TAS

A. Fagot (DOREA) presented some of the design considerations needed in TMMverter to handle
the different features of ESATAN and SINDA/Fluint thermal mathematical models, and how
these could be mapped via the STEP-TAS protocol. (See appendix C)

M. Bernard (Astrium) asked about the import of ESATAN models. He wondered whether they had
considered creating a node export function that could be called from within ESATAN, rather than
designing a new ESATAN model parser. A. Fagot said that one of the aims of TASverter was
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to be independent of the software tools, and it was important to be able to import the tool formats
without needing to have the tools themselves, although this raised problems because the tools were
evolving. The ESATAN node export facility did not output any of the user logic, and TMMverter
was a test to see if it would be possible to capture and exchange the user logic too. TMMverter
was looking at importing ASCII models in order to simplify testing, because it was easier to read
user logic in FORTRAN than trying to decode tool specific data files.

TMMverter was also trying to deal with the high-level concepts such as being able to convert
a node definition loop into STEP-TAS rather than the specific ESATAN node definition loop.
M. Bernard said that the FORTRAN syntax was more strict than ESATAN. A. Fagot agreed that the
node definition was not easy to achieve in pure FORTRAN, but said that to handle user models,
it was a question of parsing user code, and then applying the "visitor" design pattern to convert
them.

1.4 Exchange of TMG thermal models via STEP-TAS

M. Bourbel (MAYA) described the implementation of STEP-TAS import/export facilities in
IDEAS/TMG and NX Space Systems Thermal using the software development toolkit
provided by the IITAS project sponsored by ESA. (See appendix D)

S. Leroy (DOREA) asked how they had tested the thermal node numbering on the node faces
imported from STEP-TAS. M. Bourbel said that they had tested converting from IDEAS / TMG to
other tools and back again to NX-SST, and compared the result. It was possible to compare the
two models side by side.

S. Leroy wondered whether it was now possible to show the node numbering and shell meshing in
BagheraView. M. Bourbel said that they had done the comparison in NX-SST: each primitive
in STEP-TAS had a number, and during import they applied the same number in NX-SST and
could then visualise it, but he admitted that it wasn’t a convenient way to check the numbering.

S. Leroy said that their version of BagheraView did not show node numbering, so they
had found it very difficult to check. M. Bourbel noted that the list of primitives shown in
BagheraView also contained the element number that came from NX-SST.

S. Leroy noted that there could be cases where it was possible to modelize entities but still
have errors in the conversion. M. Bourbel admitted that NX-SST did not support non-planar
quadrilaterals, and that these had to be split into two triangles, and would result in a change in the
model during conversion, but NX-SST did give a warning to the user that the nodal breakdown
could change.

H. Brouquet (ITP Engines UK) asked whether there was any plan to make the STEP-TAS files
available to allow testing of the European thermal tools. M. Bourbel said that all of the models
were available from the IITAS repository. O. Svensson (ECAPS) asked whether users had access
to these models. O. Pin (ESA/ESTEC) explained that there was a central repository available
to the IITAS developers, and that although the models themselves were publicly available, the
repository itself was only available to IITAS developers, and not to general users. The repository
had been created for the IITAS partners in order to support the validation of the tools. H. Brouquet
remarked that ITP had not been notified that the IDEAS/TMG models were now available in the
repository.

A. Fagot (DOREA) asked about project continuity once the IITAS funding and development
finished, and whether MAYA had also tested exchange with the other IITAS software such as
THERMICA and ESARAD. M. Bourbel said that they had used the publicly available models,
but had not had direct feedback from the other IITAS developers. As far as future work on
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STEP-TAS was concerned, Maya had several TSS and ESARAD customers who were interested
in exchanging models, and he expected to hear from them once they became aware of the release
of the STEP-TAS interface.

1.5 Genetic algorithm shape optimisation of radiant heaters

B. Shaughnessy (RAL) presented high-level details of an old study into using genetic algorithms
to calculate the shape of heating elements in electric cookers. He felt it important to highlight such
alternative techniques. (See appendix E)

JP. Dudon (Thales Alenia Space) asked about the relative time taken in the preparation of the
model, and how to choose the "best" solutions for input to the next generation of calculations,
compared to the actual computation time. B. Shaughnessy said that when he had done the study,
the preparation time had been mainly constrained by his own C++ capabilities, although the
coding of the program had been straightforward. JP. Dudon explained that he had really meant
the question from the user point of view. B. Shaughnessy admitted that the model had been very
specific to the particular application. It had been relatively easy and quick to tune the parameters,
but it had taken a few days of playing around in order to decide which parameters were needed,
and their constraints. Once that had been decided, the run-time was then a few hours. He said that
the main difficulty was choosing the parameters and the range of variation.

J. Persson (ESA/ESTEC) remarked that he didn’t know whether the technique would be suitable
for furnaces, but he saw that it could be interesting for thermal testing, especially for infra-red
lamp analysis. B. Shaughnessy admitted that he had not tried this, but he had heard anecdotal
evidence about thermal test problems due to heat gradients where he thought that this method
might be useful.

B. Benthem (Dutch Space) noted that the example shown probably only had 8-10 degrees of
freedom, and wondered whether it had really been necessary to try to optimise it using genetic
algorithms. B. Shaughnessy answered that he could have used other techniques for the problem,
but that this work had been part of a case study into using genetic algorithms. B. Benthem asked
whether 8-10 parameters were typical for such a problem. B. Shaughnessy said that most systems
using genetic algorithms needed to be developed with the particular problem and set of parameters
in mind, as this would determine whether to use some sort of binary encoding for two-value
parameters, or a floating point representation for parameters with a range of possible values. The
combination and mutation of parameters to be passed to the next generation also needed to be
tailored to the problem.

M. Gorlani (Blue Engineering) wanted to make the remark that this was interesting work, but also
to remind everyone that Blue Engineering had done a study into stochastic algorithms for ESA in
2003, and that the results were available on the ESA site!. He said that for the last ten years he
had been trying to take these methods further. B. Shaughnessy admitted that he was aware of the
Stochastic study.

J. Etchells (ESA/ESTEC) asked whether the end result was sensitive to the choice of the mutation
or crossover algorithm being used, and whether this could explain the differences between the
triangle- and step-heating cases shown. B. Shaughnessy said that he remembered making some
trials, and that it was difficult to optimise the mutation parameters. After making some initial
trials, he had simply stuck with the same values. He had not looked into how to optimise it further.
B. Laine (ESA/ESTEC) said that he was aware that genetic algorithms were also being

I https://exchange.esa.int/stochastic/

24th European Workshop on Thermal and ECLS Software 16-17 November 2010


https://exchange.esa.int/stochastic/

11

investigated by Astrium Toulouse. F. Jouffroy (EADS Astrium) confirmed that they were looking
at using genetic algorithms to correlate thermal models. At the moment they were only using
the TMM scalar parameters, but the method showed that to improve the correlation there was a
need for consistency between the test results and the prediction model. The prediction model had
to be reasonably good otherwise the genetic algorithms would take too long to reach a solution.
On the Astrium Toulouse side, all of the parameterization aspects of genetic algorithms had been
performed in a previous study, and that they now no longer needed to consider the propagation
and crossover aspects.

B. Shaughnessy said that he saw genetic algorithms as part of a separate tool for simple algorithms,
such as how to determine the best heater position on a plate, but to then use the results from this
separate tool in the main TMM. F. Jouffroy said it was clear that genetic algorithms had been
shown to be a heavy method for optimisation. The Astrium Toulouse experience had been that the
genetic algorithm approach always found the optimum solution in the end, and although their aim
was always to find the best solution, in reality they were limited to using just 6 or 7 parameters in
the correlation studies because of the computation time required.

1.6 Development of numerical tools for design and verification of
ablative thermal protection systems

M. Giardino (Politecnico di Torino) gave a brief overview of the physical processes involved in
ablation, and described the development of two tools to analyse models of 1D and 3D ablative
decomposition. (See appendix F)

M. Komarek (L.K. Engineering) asked whether the models also included the external gas flow.
M. Giardino said that they did not. The 1D code was based on a simple model from a 1969 NASA
report for the Apollo missions, where the mass reduction was directly proportional to the gas
ejection. The 3D code did not contain any reduction modelling, and only considered atmospheric
pressure over time as an influence on the gas flux within the material.

1.7 ESATAN2SS tool — from ESATAN to Space State

D. Pietrafesa (Sofiter System Engineering) presented details of the ESATAN2SS tool for
converting non-linear ESATAN thermal networks into linear State Space models. (See appendix G)
B. Benthem (Dutch Space) asked whether the method also handled radiative couplings, as these
were non-linear with respect to temperature. Conductive couplings between nodes, GLs, were
linear, but radiative couplings, GRs, were non-linear. D. Pietrafesa replied that the tool would also
handle GRs, and that the software had been validated on both linear and non-linear models. It had
been used on the Galileo models, which were non-linear.

M. Gorlani (Blue Engineering) assumed that the model was linearized at the beginning so that the
tool could then handle it, and D. Pietrafesa confirmed this.

J. Etchells (ESA/ESTEC) commented that arithmetic nodes could not be added to the state vector,
and wondered how the tool was able to handle their effect. D. Pietrafesa said that she did not
know, and would need to ask colleagues.

B. Laine (ESA/ESTEC) asked about the linearization process, and whether there was a warning
about being too far from the local state, and whether the temperatures would still be calculated
correctly. D. Pietrafesa admitted that she did not know as she had not developed the tool.
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1.8 ESATAN Thermal Modelling Suite — Product Developments &
Demonstrations

C. Kirtley (ITP Engines UK) summarized the recent releases of ESATAN-TMS and described how
the features that had been introduced were part of a roadmap defining the tool strategy, based
on both feedback from users, and ITP’s vision for an integrated modelling tool. He described
some of the new features of ESATAN-TMS-r3, which was currently planned for release at the
end of the month. H. Brouquet (ITP Engines UK) gave demonstrations of both the new features
in the ESATAN-TMS Workbench, showing the import of finite element models, and the latest
improvements to ThermNV. (See appendix H)

L. Tentoni (Thales Alenia Space) commented that there had been mention of the finite element
mesh, and wondered whether this meant a particular mesh for use with the lumped parameter
model. He was also concerned about lumped parameter nodes connected to finite element nodes
and wondered whether they continued to be finite element nodes once values were assigned in
the Workbench. H. Brouquet assured him that if they had been imported as finite element nodes
then they would continue to be finite element nodes. C. Kirtley said that they continued to be finite
element nodes but the usual Workbench calculations were available on them so the user could
post-process them.

H. Kneistler (Astrium Space Transportation) asked about the availability on 64-bit Windows
platforms. H. Brouquet said that this was a major item on their "to do" list, but the problem
was the availability of the GNU FORTRAN compiler on 64-bit Windows. ITP had been looking
at another compiler, but they still favoured using the open source GNU compiler in order to keep
the cost down for the users He assured people that the 32-bit version would still work on 64-bit
Windows machines. C. Kirtley said that I'TP were doing their development on 64-bit machines.
H. Brouquet said that they were not aware of any problems as long as the correct versions of Java,
etc. were installed on the machine.

G. Sieber (Jena-Optronik) asked whether ITP had any test or experience of changing a lumped
parameter model into a finite element model. H. Brouquet admitted that it would be possible to
change the shell attributes from finite element to lumped parameter versions. He did not see any
inherent problems as far as the software was concerned, but noted that the results would depend
on whether the boundary conditions were applied to the corners of the mesh rather than the centre.
He said that leaving the model as a finite element model would be much faster because there would
be no need to run the automatic conductor generation as all of the node mesh would be congruent.
H. Rathjen (Astrium GmbH) asked whether the new combined finite element model capability was
related to ESATAN/TMG or the ESATAN export facility provided by IDEAS/TMG. H. Brouquet
replied that there was no connection at all, and that using the new finite element capability did not
require having IDEAS/ TMG.

A. Jarrier (DOREA) asked how the user could import the CAD STEP file and then display the
baseline geometry without the mesh. H. Brouquet said that in the demonstration he had shown
how to import the model using the CADconverter. He stressed that the CADconverter was
not a CAD viewer. The shapes were imported into ESATAN-TMS, and if the converter recognised
a collection of shapes as equivalent to a primitive geometry shape, then those shapes could be
converted.

S. Leroy (DOREA) asked whether to display the CAD model they had added polyline or b-spline
element handling. C. Kirtley said that when the CADconverter recognised such a surface it
would bring it in and re-mesh it as triangles. S. Leroy asked whether the CADconverter would
handle high-level shapes such as a thick cylinder. H. Brouquet said that a thick cylinder would be
imported as a cylinder and two disks, but that these would be thin shells.
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P. Ferreira (Max Planck Institute) asked how the node numbering was handled during model
import. What happened if the node numbers were already used? H. Brouquet said that the numbers
would not conflict because the nodes were only given numbers when the model was assigned, or
when the user redefined a shell and set or changed the node number explicitly. C. Kirtley said that
the import process involved importing the CAD geometry and applying a mesh, not importing the
node. P. Ferreira asked what happened if he needed a different node number per triangle: would
he need to go through them one-by-one? H. Brouquet admitted that if the user wanted to impose
a specific node number then they would have to do this manually.

H. Rathjen asked whether there was a limit to the size of CAD model that could be imported.
H. Brouquet said that some CAD models were very large, and that was the reason for trying to
display the model hierarchy, so that the user could import the CAD model bit-by-bit, and then
simplify or impose the mesh for each submodel. He admitted that if the CAD model was made up
of 500,000 triangles in a flat hierarchy then maybe it would be too big to import.

B. Laine (ESA/ESTEC) wondered about being able to go back to the original finite element model
and apply the results calculated by ESATAN-TMS. What happened if the user simplified the mesh?
Would there still be some traceability? H. Brouquet said that the NASTRAN converter would
keep a mapping file so that when the results were sent to the mechanical engineer, they would
still see the same node number. H. Brouquet said that if the model had been imported using the
CADconverter, the user would need to turn off the shape recognition option in order to avoid
simplification and to retain the original mapping. If the model had been imported from NASTRAN
then the node numbers were retained. The software would keep a record of the state of the model
when it had been imported, and the state of the model now, and so would output the original node
numbers where possible.

M. Komarek (L.K. Engineering) asked how the radiative couplings where handled for the finite
element mesh. H. Brouquet said that the radiative calculations were done on the shell, regardless
of whether that shell had a finite element or a lumped parameter mesh. However, with a finite
element mesh, the GR would be associated with the corners of the mesh, and with a lumped
parameter mesh the GR would be associated with the centre. The radiative calculations were done
on the geometry, not the mesh if the shape recognition was enabled. C. Kirtley said that the user
could create user-defined conductive interfaces if conductors were not created automatically as a
result of non-congruent meshes between shells.

1.9 SYSTEMA 4.3.4

M. Baucher (EADS Astrium) presented recent developments of the SYSTEMA framework, which
now allowed thermal calculations to be run on CAD as well as thermal models, import and
export of STEP-TAS, and extended simulation facilities for all planets in the Solar System. (See
appendix I)

H. de Wolf (Dutch Space) asked whether the moon calculations mentioned in the presentation
were related to the Earth’s moon, or any moon in the solar system. M. Baucher said that for the
moment SYSTEMA provided details for the Earth’s moon and the planets in the Solar System, but
not for the moons of the planets. T. Soriano (EADS Astrium) added that simulation capabilities
for specific moons could be made available to users on demand. He said that a recent study had
needed details of one of the moons of Jupiter in order to handle the orientation of solar panels for
a spacecraft in orbit, and that it had been possible to add this capability to SYSTEMA. There was
one major problem: the moons of Jupiter did not have nice fixed Keplerian parameters because
of the interactions with all of the other moons, and therefore it was necessary to update the orbit
parameters for each analysis scenario.

24th European Workshop on Thermal and ECLS Software 16-17 November 2010



14

1.10 THERMICA-THERMISOL 4.3.4

T. Soriano (EADS Astrium) described the new features in the latest release of THERMICA and
THERMISOL, including multi-threading support for the ray-tracing, visualisation of the ray-
tracing, a new approach to conductor generation, and changes to the multiple time-step algorithms.
(See appendix J)

M. Bernard (Astrium) wanted to know more about the management of the multiple time-steps,
and asked when the $VARIABLES?2 block was run and therefore when the user had control of the
execution again. T. Soriano said that the sub-timesteps were managed in exactly the same way as
the main timesteps. Some nodes would not need recalculating for the sub-timesteps, and although
they were really diffusive nodes, could be considered boundary nodes in the sub-timesteps. The
same logic applied as usual, $VARIABLES1 would be called at the start of the timestep, and
SVARIABLES? at the end.

M. Bernard wanted more clarification. If he had a main timestep of 10s and sub-timesteps of 0.5s
when would output be produced? T. Soriano said that SVARIABLES2 could be written to produce
output at the times chosen by the user. M. Bernard asked when the output was done: was it at the
end of the main timestep or the sub-timestep? T. Soriano said that if the user specified to have
output every 500s or 1000s then the output would be called at those times. There would always
be synchronisation so that the main timestep coincided with the desired output times. M. Bernard
wondered what would happen if he had some post-processing in $VARIABLES2: would this be
run every 10s or every 0.5s. T. Soriano answered that SVARIABLES2 would be run every 0.5s,
but it was possible to add a control variable so that parts of SVARIABLES2 would only be handled
as part of the main timestep.

J. Etchells (ESA/ESTEC) wondered about the ray-tracing on the CAD geometry, and asked
whether this worked on NURBS or B-REP surfaces. T. Soriano said that the CAD geometry
was imported "as-is" into SYSTEMA. He wasn’t aware of any software system that displayed true
curves and instead broke down such curves into small triangles for display. So THERMICA already
had all of these small facets for the display of these shapes, and because of the improvements in
the ray-tracing speed, could just use these small discretizations directly. J. Etchells commented
that care would be required for specular surfaces. T. Soriano said that to handle specular surfaces
the user should really change the CAD shape into one of the analytical shapes. This would give a
better result, but there would still be a small error due to the stochastic nature of the ray-tracing.
B. Laine (ESA/ESTEC) asked whether THERMICA offered the new conductive coupling
calculations by default, or whether the user could choose. T. Soriano said that the new conductive
coupling calculation technique was the only method provided in SYSTEMA-v4. He said that it
was very efficient, and was the only method he was aware of that had a mathematical proof
and was consistent with the radiative calculations. He said that it also handled calculations on
a non-compliant mesh without problems. The conductive couplings with a non-conformant mesh
were well behaved, and mathematically proven. However, the new method was not yet fully
implemented for all of the cutting surfaces at the moment.

1.11 TMRT

M. Bernard (Astrium) presented a tour of the Thermal Model Reduction Tool aimed at the user
level. He explained that the TMRT provided a harmonisation of methods used in Astrium Toulouse
and Thales Alenia Space in Cannes. (See appendix K)
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P. Zevenbergen (Dutch Space) asked whether the tool also included a means of renumbering nodes
within a model. M. Bernard said that the user could specify a node-to-node reduction, and so the
TMRT could be used for node renumbering, but it would be very inefficient. It would be far easier
to simply edit the model, or use shell scripts. He said that the TMRT was used in e-Therm to
provide a route from CORATHERM to ESATAN, so it was used in a non-reduction mode there.

M. Gorlani (Blue Engineering) asked whether it would be possible to have a trial version of the
TMRT to understand how it worked and whether it could be used as part of existing tool chains.
He was interested in looking at the compliance between temperatures and powers within detailed
and reduced models. M. Bernard said that it might be possible, but would need to be discussed.
T. Soriano (EADS Astrium) explained that there would only be a small fee (probably about € 500)
to cover the costs of distribution, compiling, and basic support, but he thought that it would be
possible to have it for a short term for free.

M. Gorlani said he did not think that it would be possible to use the TMRT as a black box tool,
and that the user would need some understanding of the method before using it. M. Bernard said
that not all of the users in Astrium where experts who understood the full mathematical details.
He said that sometimes the reduced model produced was not as good as expected, and the user did
not always know why, even though they knew that they should be able to do better. So M. Bernard
agreed that it was better to know the theory behind the tool. He said a possible second phase of
the project would be to produce guidelines on how to use the method, but he thought that it would
take at least a year before there would be any progress in such an activity.

B. Benthem (Dutch Space) asked whether the TMRT was able to handle temperature dependent
conduction. M. Bernard said that, no, unfortunately it could not. The tool took the set of
conductances as a whole, and was only able to extract fixed literal values. So if the TMM needed
temperature dependent couplings there would be a problem extracting them from the model.
M. Bernard suggested that it might be possible to work round this by limiting the analysis to
specific temperature cases, and then generating reduced models for each of the temperature cases.
P. Zevenbergen asked about the use of the TMRT to determine the worst analysis cases. M. Bernard
said that the TMRT could not know which steady state case it should use as the basis for the
reduction. He suggested to use one reduced model for the expected hot case and another for the
cold case. P. Zevenbergen wondered whether it would be possible to specify a temperature at the
beginning and then let the tool choose accordingly.

B. Benthem asked what was required as input to the TMRT: a *.d file? MB replied that the
TMRT required a *.d file, but with restrictions. The model could not make use of SCONSTANTS
parameters within the data blocks. Everything was extracted as literal values or expressions, so
temperature or time dependent conductors and capacitances were not handled. The user might
need to make a snapshot at given fixed values so that the TMRT could extract them from the
model.

P. Ferreira (Max Planck Institute) asked how it was possible to guarantee temperatures and fluxes
in the reduced model were within 10% of those of the detailed model. Or could this only be
achieved by a process of trial and error? M. Bernard said that there was no easy way of predicting
the quality of the reduced model, hence the need for guidelines. If you looked at the theory, there
were ways of treating the differences between the detailed and reduced models. It was necessary
to consider the hypothesis of proportionality. If you reduced an isothermal plate and one with
gradients, then the reduced isothermal plate would radiate more and so you would need to raise
the temperature of the average node to compensate. If you had both hot and cold zones in the
node, you would need to transport more power into the hot zone. If there were groups where the
gradient was limited, then the problem would be limited and the difference between the detailed
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and reduced models would be minimized. He said it was important to have a detailed thermal map
in order to decide how to group nodes for the reduction process.

O. Pin (ESA/ESTEC) said that the TMRT was an interesting tool. He recalled that last year there
had been discussion with Astrium UK about providing TMRT training in Stevenage. He wondered
whether T. Soriano could talk to S. Price (Astrium UK) whether that would still be possible, or
even whether it would be possible to have such a training in ESTEC.

M. Bernard said that the TMRT was available on Solaris, on 32-bit Linux and Windows platforms,
and also on 64-bit Linux. He advised people that it was better to have the 64-bit version when
trying to reduce complex models.

O. Pin wondered whether M. Bernard could say anything about the testing of the TMRT, and give
an idea about the time taken for model reduction. M. Bernard said that the TMRT validation had
just ended, and had raised an issue requiring a late bug correction in the last few weeks. There
had been a lot of validation on simple test cases, and some more complex industrial test cases had
been used to measure CPU time. In Astrium, where they had models of telecom payload panels
with more than 40000 nodes, the old in-house tools had needed more than 4 hours to produce
the reduced model. With TMRT, Dorea and Thales had improved efficiency and memory usage,
a 43000 node model could be reduced in 2.5 hours, although this was on a machine with a lot of
memory and a large disk. The time to perform the model reduction on simpler models of 3000
nodes was about 20s.
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Day 2

Wednesday 17th November 2010

2.1 LHP module for ESATAN & THERMICA thermal solvers,
dedicated to system level thermal analyses

F. Jouffroy (EADS Astrium) described the results of a partnership between the agencies, Astrium
and Thales to produce a validated module for modelling loop heat pipes that could be included in
both ESATAN and THERMICA. (See appendix L)

G. Sieber (Jena-Optronik) had understood that the test bed model had originally used a series of
tabulated values, and that these had been replaced by the loop heat pipe module. He wanted to
know whether there were any differences in results and computation time when using 12 loop heat
pipes. F.Jouffroy said that for the Inmarsat model they had obtained a 2°C difference, but the
reduced tabulated values didn’t let the user see what happened within the condenser. They had
found that they needed the loop heat pipe module to be able to understand the physical behaviour.

2.2 Use of ThermXL & THERMICA in THERMAL CONTROL
ENGINEERING for CNES BALLOONS VEHICLES

G. Parot (CNES) presented an overview of the various sorts of balloon systems that CNES had
developed for use in atmospheric monitoring, and the differences in the thermal environment
compared to space. She described the analysis of the thermal control systems within the payload
gondola, and the results of a recent balloon flight campaign in Antarctica. (See appendix M)

T. Tirolien (ESA/ESTEC) wondered about the coupling with the power and accumulator model
and asked whether the goal had been to model the behaviour depending on temperature, or to
predict the temperature. G. Parot said that there was a power model and the thermal network and
that they were coupled together. The main interest had been to know the charge on the batteries
and accumulators for the predicted flight trajectory and duration. T. Tirolien asked whether the
model had been provided by an external company, and was told that G. Parot had built it herself.
P. Ferreira (Max Planck Institute) said that the radiative environment was not the same as that of
spacecraft in orbit and calculated by the space thermal tools. He asked how these additional non-
orbital factors were handled. G. Parot said that it was necessary to calculate the factors based in
the predicted trajectory. She used an Excel sheet for calculating various trajectory and related
parameters such as the direct and diffuse solar flux, and other fluxes due to the different layers
within the atmosphere. She felt that a proper tool needed to be developed for the calculation of the
parameters relating to a given trajectory.
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P. Ferreira noted that only one temperature had been used to describe the environment. G. Parot
said that one temperature was used for the air temperature, and that the solar flux and view factors
were taken into account.

P. Ferreira wondered about the worst case values that could be applied to all flights. Were there
generic hot and cold cases, or did the worst cases differ for each trajectory? G. Parot said that
it was difficult to define hot and cold cases, but she tried to define temperature margins for each
trajectory by considering the solar fluxes, both direct and diffuse.

G. Sieber (Jena-Optronik) asked what inputs would be required for a thermal tool to calculate the
boundary conditions. G. Parot said that the inputs would be elevation, latitude, time, and various
things relating to clouds, such as the amount of cloud cover, altitude, type of cloud, and emissivity.
The main outputs per trajectory would be the solar direct flux, and the diffuse flux, etc.

2.3 Thermal Concept Design Tool — 4th Year

M. Gorlani (Blue Engineering) described recent developments of the TCDT based on four years of
use and feedback. The latest features include a material database, improved attitude handling
and visualisation, better 3D viewer interactivity, and through-conductor calculations. (See
appendix N)

B. Benthem (Dutch Space) asked about the post-processing of results that had been shown. Were
these results imported from another tool, or did the TCDT have its own solver? M. Gorlani
explained that the TCDT simulation manager provided the means for geometry definition, mission
definition, and thermal network definition, and then to run the analysis. The radiative and thermal
analysis could be run using ESARAD and ESATAN if they were available. TCDT could generate
the models, launch the software, and then import the results for post-processing within TCDT. For
example, it was possible to show the temperatures and fluxes in both steady state and transient.
The user could follow all of the procedures of the thermal analysis from within TCDT, but the user
first needed to provide the configuration needed to run the external tools.

P. Ferreira (Max Planck Institute) asked about the requirements of the Windows and Excel
versions, because he had tried to install the TCDT and had encountered some problems. M. Gorlani
said that the TCDT had been designed to work with Office 2003.

2.4 Advances in Frequency Domain Thermal Analysis Based On
Linearized Thermal Networks

J. Burkhardt (EADS Astrium) gave a brief overview of the requirements and mathematical
background for frequency domain thermal analysis and the linearization of thermal networks, and
presented screenshots showing the user interface to the TransFAST software. (See appendix O)
B. Benthem (Dutch Space) asked what was the advantage of using TransFAST to extend the
analysis into the time domain compared with standard ESATAN. J. Burkhardt said that the only
advantage was the linearized system, so the solution should be faster. He noted that using
analytical models made it easier to linearize the system and improve the speed. B. Benthem asked
whether the main advantage was the CPU time required. J. Burkhardt said that there was a big
improvement in CPU time.
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2.5 Validation of the Martian Thermal Environment Modelling
Method using Flight Data

S. Lapensée (ESA/ESTEC) described some of the challenges involved with modelling the Martian
thermal environment, and how flight data from previous missions could be used to validate some
of the model assumptions. (See appendix P)

M. Bernard (Astrium) asked whether S. Lapensée had found many correlation parameters on the
model that could be improved, or was it more related to the environment. S. Lapensée said that
for this mission, they had taken the environment and applied it to the spacecraft. They had needed
to add variations to the surface finish due to the different levels of dust during the mission. They
had assumed a fixed wind speed of 4m/s and had imposed the wind effect on the model. They had
tried not to tweak the model.

M. Bernard said that they appeared to have achieved comparable results to the previous mission
data. S. Lapensée said that some of the results were close to what had been achieved in the ground
tests. The problem with the ground correlation was the lack of vacuum correlation because the
lidar was not qualified to work in a total vacuum. The model predicted a temperature gradient
across the structure, but the ground test did not show this due to convection effects. They had been
reduced to hand calculations to confirm the results.

J. Etchells (ESA/ESTEC) commented on the lidar test and the effect of natural convection. He
recalled the presentation by A. Quinn (Astrium UK)' at a previous workshop that had highlighted
the Grashof number. S. Lapensée said that he was aware of that work, and said that it had not been
possible to re-orient the lidar during the test because of the need for shooting through the chamber
window. In the hand calculation for natural convection it is possible to show that it should occur
under 1G on Earth, but the 0.3G of Mars was the threshold value of whether there would be natural
convection or not.

2.6 Adaptation of LSS Thermal Radiative Models for
Bepi-Colombo 10 Solar Constants Tests

J. Etchells (ESA/ESTEC) described the Large Solar Simulator test chamber at ESTEC and the
requirements for the Bepi-Colombo testing. The mirror and lamp system of the LSS had been
modified to produce a convergent light beam, giving 10 solar constants at the centre of the chamber.
Innovative changes had been introduced to the ESARAD model of the chamber to produce the
correct beam characteristics. (See appendix Q)

P. Ferreira (Max Planck Institute) wondered why there was such a noticeable asymmetry in the
solar beam calculated in the model when this was not shown in the actual measurements from
the LSS. J. Etchells said that the real LSS had a number of discrete lamps shining on a mirror
consisting of approximately 50 petals, so the variations in the measured beam intensity were due
to individual lamp and petal alignment effects. The ESARAD model of the LSS used real geometric
shapes, but the rotation of the chamber relative to the axis of the parabola introduced an asymmetry.

Umplementation of a Mars thermal environment model using standard spacecraft analysis tools, Andy Quinn, 20nd
European Workshop on Thermal and ECLS Software, 2008.
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2.7 Workshop Close

H. Rooijackers (ESA/ESTEC) thanked everyone for coming, and gave special thanks to all of the
people who had given presentations. He hoped to see everyone again at the next workshop.
Before finally closing the workshop, H. Rooijackers asked whether anybody had any comments
about what they would like to see in the future.

e B. Shaughnessy (RAL) wanted to encourage more general presentations on thermal design.
He felt that the workshop was currently biased too far towards presentations about specific
tools. He wanted more papers of general interest that would raise awareness of work in
progress.

e O. Pin (ESA/ESTEC) said that content of the presentations varied from year to year. Last
year there had been lots of papers on analysis and design. It all depended on the users to
contribute abstracts in time. He suggested that B. Laine (ESA/ESTEC), as his successor as
head of section, could rename the workshop to reflect thermal analysis rather than thermal
software.

e B. Laine wondered whether it would be possible to move the focus of the workshop to
include more on engineering and testing.
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Appendix A

Welcome and introduction

Harrie Rooijackers
(ESA/ESTEC, The Netherlands)
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Workshop objectives

. To promote the exchange of views and experiences
amongst the users of European thermal/ECLS
engineering analysis tools and related methodologies

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

. To present (new versions of) thermal/ECLS engineering
analysis tools and to solicit feedback for development

. To present new methodologies, standardisation
activities, etc.

European Space Agency
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S

ESA Team \\\Q&%esa

Benoit Laine Head of Section
James Etchells

Harrie Rooijackers = Workshop Organiser
Duncan Gibson Workshop Secretary

Workshop organised by the Thermal Analysis and
Verification Section TEC-MTV with help from
the ESA Conference Bureau

24th European Workshop on Thermal and ECLS Software 3/12

Programme

. Two-day programme

« Presentations of 30 min, including 5 minutes for
questions and discussions

. Cocktails today after the workshop in the Foyer
. Dinner (optional) tonight in Noordwijk

. ESATAP training session 2"? day after lunch, approval
ESA required
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Practical information Q&iéesa

. Presenters:
If not done already please leave your presentation
(PowerPoint or Impress and PDF file) with Duncan or
Harrie before the end of Workshop.

« No copyrights, please!

. Workshop Minutes will be supplied to participants
afterwards, on CD-ROM and on the Web.

European Space Agency
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Practical information

« Lunch: 13:00 - 14:00
. Cocktail today at 17:30 in the Foyer

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

. Taxi service and Shuttle service to Schiphol Airport
contact ESTEC Reception & ext. 54000, ESTEC.Reception@esa.int
or Taxi Brouwer & +31(0)71 361 1000, info@brouwers-tours.nl

« Workshop dinner tonight!

European Space Agency
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S

Workshop diner \\g%esa

. in “La Galleria", Koningin Wilhelmina Boulevard 18,
2202 GT Noordwijk, & +31(0)1719 17196

. fixed menu with choice of main course (fish, meat or
vegetarian) for €33,50 p.p. incl. 2 drinks
additional drinks are charged individually.

. Restaurant booked today for 19:30
. Please arrange your own transport
« "Dutch" dinner == to be paid by yourself @

. If you would like to join, then fill in the form on the last page
of your hand-outs and drop it at the registration desk today
before 13:00, to let the restaurant know what to expect e s oo
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Restaurant “La Galleria”

drijventerrein ' —Graﬁndijck

I
European Space Agency
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{cesa

ICES 2011

« The 41st International Conference on Environmental
Systems (ICES) will be held 17-21 July, 2011, Portland,
Oregon, USA.

. Deadline for submitting abstracts:
Monday 15 November, 2010

. Abstracts must include paper title, author(s) name(s),
mailing and e-mail addresses, phone and fax numbers

e Abstracts may be submitted online at
www.aiaa.org/events/ices

European Space Agency
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Appendix B

Presentation, demonstration of new TAS thermal software
e-Therm and associated strategy

Thierry Basset Jean-Paul Dudon Patrick Hugonnot
(Thales Alenia Space, France)

Frangois Brunetti
(DOREA, France)
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Abstract

In Thales Alenia Space - Cannes, we have a long experience and expertise, in the thermal software
development. Concerning this point, we work with external companies like DOREA. The subject
concerns the presentation, the demonstration of a new thermal software in TAS Cannes (= e-Therm)
and its associated strategy. This tool is funded entirely by Thales Alenia Space - Cannes and it should
not have to be commercialised but freely distributed.

This presentation is an overview of e-Therm including videos - sequence of file operations on a
science / observation case, a 3D conductive module case (pump) - listing of evolutions and functions
created and defining the modularity and compatibility of e-Therm using market tools by directly plug in
or data standard exchange STEP-TAS.

Then, we will talk about industrialization strategy especially based on using our thermal software and on
the integration of expert tools (2D-3D conductive module, Thermal model reduction tool, friendly pre
pro for telecom applications, CORAFILE , modelling / meshing) in order to improve and standardize
the analysis process, in order to gain in cost and quality and for better input/output traceability. In the
near future, we are going to integrate all other modules (radiative module, solver and all the pre and
post-processing modules developed initially for CORATHERM).

In parallel with this industrialization strategy, we develop a strategy of openness of e-Therm by
distributing software free of charge to TAS-Toulouse for antenna applications and TAS-Turin for
infrastructures and instruments and more generally to TAS-Group and a lot of companies.

Moreover, it is possibly planned to extend e-Therm to other fields in physics: using in the electronic board
calculation, using for simulating ESD on geostationary satellite, based on plasma / satellite interaction
modelling ...
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ThalesAlenia
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Presentation, Demonstration of new TAS
thermal software e-Therm and associated
strategy

BRRRE GALRLEC S e
W 0008000000068

THALES ALENIA SPACE
CANNES
T. BASSET,
J-P. DUDON,
P. HUGONNOT,
F. BRUNETTI (DOREA)

Thales Alenia Space

),
ThalesAIenla Schedule

~Space

1. Introduction & objectives: industrialization strategy for expert tools

2. List of evolutions and function creation between reference release and e-Therm

3. Videos of the e-Therm 2010 release : sequence of file operations on a science /
observation case and 3D conductive case (pump)

4. Modularity of e-Therm with market tools

5. Presentation of e-Therm : Final release (2.0)

6. Conclusion
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)
Tha|ESA|Seﬂia 1. Objectives : industrialization strategy

¢ Thermal software strategy focused on CORATHERM using and its industrialisation via e-
Therm :

U Improvement of efficiency and performance / Competitiveness

= To improve and to standardize the analyse process in order to reduce the cost
= Reactivity in term of user support and development control

O Improvement of quality process : Industrialisation by implementation of expert tools

= 2010 : Implementation of conductive tool (PLATEAU 2D-3D/EQUIVALE), TMRT, new post-pro functionalities
into CIGAL2 = e-Therm V1.0

= 2012 : integrate everything into e-Therm : radiative module, solver, all remaining pre and post-processing

=> Better reliability,input / output files traceability and modularity

24th European Workshop on Thermal and ECLS Software
- 16, 17/11/ 2010

)
ThalesAlenia 1. Objectives : strategy of openness of e-Therm

== Space

¢ Presentation and free distribution of several of our modules (CIGAL2 pre and post-
processing, 2D/3D conductive module), internally and externally (European community) :

U Openness of e-Therm

= Investment in the data standard exchange (STEP-TAS)
= External distribution (workshop 2008 —2009)

= TAS Internal demonstrations : TAS - Toulouse for antenna applications, TAS - Turin for infrastructures and
instruments, Thales Group : Electronic board applications division and electron tubes division, TAS Thermal
Software Workshop 2010

O Principles :

= TAS owns the sources with maintenance ensured & funded (as agreed with the NESTA group) by :
« TAS Cannes for corrective maintenance
« Different customers for specific needs (adaptive and evolutive maintenance)
« The agencies for more general needs (evolutive maintenance) : e.g. STEP standard exchange

4
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P 2. List of evolutions between initial release
Th I AI ni '
ales Sepcrcg and e-Therm V1.0 (2010)

¢ New functions of the model/mesh generator :

Harmonization of primitives

Harmonization of material files (conductive)

Cross-section axes and planes in the model tree

Added the selection mode (cross-section plane and cross-section plane + mesh)

Radiative model management aids

In conductive session, distance calculation between elements, rotation function, rule implementation
Integrated heat pipe processing

oooo0o0ooo

¢ Integration of thermal model reduction tool (TMRT) into e-Therm

¢ Integration of friendly pre pro for telecom applications into e-Therm
U Graphic construction of fully interactive model
O Reading inputs issued from CAD (equipment, heat pipe)

¢ Integration of 2D/3D conductive module into e-Therm
U Implementation of volumic mesh generator
O Finite elements / TLP hybrid method processing for 3D conductive

¢ Integration of interfaces with the market tools using the new exchange standard STEP-TAS V.6.0
(ESA funding via lITAS)

24th European Workshop on Thermal and ECLS Software
- 16, 17/11/ 2010
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ThalesAIenla 2. Overview of e-Therm 1.0
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),
ThalesAlenia

3. Video of e-Therm (2010): sequence of file operations on a science & observation
case & 3D conductive case (pump)

24th European Workshop on Thermal and ECLS Software
- 16, 17/11/ 2010

)
ThalesAlenia 4. Modularity of e-Therm with market tools

== Space

¢ Modularity & compatibility

O with ESATAN (via plug-in) : presented during Workshop 2009, the video showed the
substitution of the internal TAS solver by ESATAN

O with ESARAD (via plug-in) : see previous video on science & observation case

O  with THERMICA : to be done

24th European Workshop on Thermal and ECLS Software
- 16, 17/11/ 2010
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)
Tha|ESA|S€I;g£g 5. Presentation of e-Therm : Final release (2.0)

CATIA V4 -5/ PATRAN
CDF DATA BASE
Conductive geometry

Thermo-physical properties

Orbitographic data
Radiative geometry
Thermo- optlcal properties

ESARAD
THERMICA

ond. 2D/3D
TMRT

Radiative tool (—) GENASSIST

Radiative exchanges | :Conductive exchanges '

External fluxes ] / --------------------------

24th European Workshop on Thermal and ECLS Software
- 16, 17/11/ 2010

)
ThalesAIenla 6. Conclusion :

~Space

¢ New e-Therm software available for free distribution :

U contact = thierry.basset@thalesaleniaspace.com

¢ Principles : recall
O TAS owns the sources with maintenance ensured & funded (as agreed with the NESTA group) by :
= TAS Cannes for corrective maintenance
=>» Different customers for specific needs (adaptive and evolutive maintenance)
= The agencies for more general needs (evolutive maintenance) : e.g. STEP standard exchange

¢ Final release of e-Therm will be available on 2012

¢ Extension to other fields in physics

¢ ESA solicited for follow-on of STEP-TAS activities (GMM & TMM) : to be discussed during
NESTA meeting ?

10
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Appendix C

Exchange of Thermal Model Algorithms via STEP-TAS

Alain Fagot
(DOREA, France)

Hans Peter de Koning Harrie Rooijackers
(ESA/ESTEC, The Netherlands)
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Abstract

In this presentation the next evolution of the exchange of thermal analysis models for space via STEP-
TAS will be explained.

Apart from representing the pure passive thermal behaviour, space thermal analysis models have from
the beginning (in the 60’s) supported modeling of active behaviour, e.g.:

e thermostat or PID controlled heaters
e fluid lines

e Peltier elements

e thermal switches

and complex non-linear behaviour like temperature or pressure dependent material properties, interaction
with hydraulic system elements and phase change in materials.

This was implemented in tools like ESATAN and SINDA through so-called user-defined logic blocks in
a dedicated language called "MORTRAN", an extension of FORTRAN77. In order to fully exchange
such thermal models TMMyverter is developed, where TMM stands for Thermal Mathematical Model,
the common name used for ESATAN and SINDA like thermal models. TMMyverter is an extension of
the existing TASverter tool. The first version will address the full exchange of thermal models between
ESATAN and SINDA.

In order to achieve this complex task, a number of different data processing technologies and data
exchange standards are combined:

e The ESATAN and SINDA model definition files are parsed using the ANTLR lexer/parser open
source software.

e The structural parts of the models are converted into traditional STEP-TAS EXPRESS based data
structures and .stp files, using a Python SDK generated with the Expressik tool.

e The user-defined logic (i.e. algorithmic) parts of the models are converted to a prefix mathematical
language expressed in JSON (JavaScript Object Notation) and embedded into EXPRESS instances
in the STEP-TAS .stp file.

This allows mapping from and back to the FORTRAN-based ESATAN and SINDA languages with
minimal loss of information. The presentation will show how this approach could be beneficially used in
many other applications.

24th European Workshop on Thermal and ECLS Software 16-17 November 2010
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Mechanical Engineering Department
Thermal and Structures Division

DJVREA Cesa.......

| TECHNOI

24th European Workshop on Thermal & ECLS Software
ESA/ESTEC, 16-17 November 2010

TMMverter
Exchange of Thermal Model Algorithms via
STEP-TAS

Alain Fagot Hans Peter de Koning Harrie Rooijackers
(DOREA France) (ESA / ESTEC, Noordwijk, (ESA / ESTEC, Noordwijk,
DOREA alain.fagot@dorea.fr The Netherlands) The Netherlands)
http://www.dorea.fr (ESA/ESTEC D/TEC-MCV) (ESA/ESTEC D/TEC-MCV)
info@dorea.fr hans-peter.de.koning@esa.int harrie@thermal.esa.int

Tel: +33 493 6907 48
Fax: +33 6 64 69 17 00

DIJR

moMECSFNLNIE-@SEIEO

= Introduction to TMMverter

DOREA
http://www.dorea.fr
info@dorea.fr

Tel: +33 493 6907 48
Fax: +33 6 64 69 17 00

24th European Workshop on Thermal & ECLS Software ESA/ESTEC, 16-17 November 2010

24th European Workshop on Thermal and ECLS Software 16-17 November 2010



40 Exchange of Thermal Model Algorithms via STEP-TAS

DR Introduction to TMMverter

WmOoMEZS¥FNLUNIRE-@SsEEO

= Next evolution of space thermal analysis model exchange via STEP-TAS
= STEP-TAS Conformance Classes 1 to 8 address static (passive) part of
thermal models
= However, space thermal analysis models also capture active behaviour
« Thermostat or PID controlled heaters
o Fluid lines
o Peltier elements
o Thermal switches

Non-linear temperature or pressure dependent material properties
Interaction with hydraulic system elements
« Phase change in materials
= Was implemented in tools like ESATAN and SINDA through so-called
user-defined logic blocks in dedicated language called "MORTRAN", an
extension of FORTRAN77
= Therefore development of "TMMverter" - extension of TASverter
Sy o TMM stands for Thermal Mathematical Model
e «  Will become part of TASverter when mature

Tel: +33 4 93 69 0748 = Version 1 will address full exchange between ESATAN and SINDAfluint
Fax: +33 6 64 69 17 00

DOREA

24th European Workshop on Thermal & ECLS Software ESA/ESTEC, 16-17 November 2010

DIR.

m Introduction to TMMverter
= Thermal Mathematical Models

DOREA
http://www.dorea.fr
info@dorea.fr

Tel: +33 493 6907 48
Fax: +33 6 64 69 17 00
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Thermal Ma’rhema’rlcal Models

DIREA

moNMEZFNMLUNIRE-D@sEIEO

= Thermal Mathematical Models in ESATAN and SINDAfluint
are mainly divided in two categories:
« Data Blocks
Definition of sub models, nodes and conductors

Assignment of TMM software CONTROL values (variables
defined in the software)

Definition and assignment of user variables and arrays
« Operation Blocks
Definition of specific Algorithms for execution and output in
FORTRAN or MORTRAN language
Instructions to be performed prior to the program solution, at the
beginning or the end of each time step iteration
DOREA

Kexo /v aorea e = It can be observed similarities, but also differences
[nfi-Schorea fe between ESATAN and SINDAfluint blocks

Tel: +33 493 6907 48
Fax: +33 6 64 69 17 00
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D‘Rﬂ SINDAqumT Thermal Mathematical #\odel
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0.1 0.n piobal_dzta_bideks Iodel_data_blocks
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Mortran_statement ‘

i —— 1.

Tel: +33 493 6907 48
Fax: +33 6 64 69 17 00
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ESATAN Thermal Ma

DR thematical Model
2

| TECHNOLO 3 2
[Mortran_Statemant |
e

1.n n| n

1. 1.0 1.0
HIMITIALS $VARIABLES1 $VARIABLES2 $EXECUTION $OUTPUTS
== o | o | |

[ | | [ | | [ | | [ | | [
0.1 0.1 0.1 0.1 0.1 el 04

[
Yalicl in Main Model only

S
Before $NODES if present

A I 1 y 0.1 l 0.1 l 0.n 0.n 0.n

$ALIAS suonssl [scompucTors | [$LocaLs]  [$consTANTS|  [$ARRAYS [$EvENTS |
[ 1 [ | I I |
L

[t}

DOREA

http://www.dorea.fr Data_Block
info@dorea.fr Iﬁd
Tel: +33 493 6907 48

Fax: +33 6 64 69 17 00
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Introduction to TMMverter
Thermal Mathematical Models
= User Defined Logic

DOREA
http://www.dorea.fr
info@dorea.fr

Tel: +33 493 6907 48
Fax: +33 6 64 69 17 00
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DR, User

b

efined Logic

WmOoNEZTFNLINIEZ@SEEO

= User-defined logic blocks is defined in a dedicated
language called "MORTRAN", an extension of FORTRAN77

= User-defined logic is mainly used in Operations Blocks,
but also in some Data Blocks:
« Loop for Node or Conductor Definition
« Use of expressions in quantities assignments

= The MORTRAN extension syntax is specific to each
TMM software

DOREA
http://www.dorea.fr
info@dorea.fr

Tel: +33 493 6907 48
Fax: +33 6 64 69 17 00
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DIJR

User Defined Logic - Example in Data Block

" &

S

moMECSFNLNIE-@SEIEO

= Nodes or Conductors definition using loop
. ESATAN

#
$NODES
#
#
FOR KL1 = 1 TO 20 DO
FOR KL2 = KL1 TO 20 STEP 2 DO
KL4 = 10;
KL3 = KL2 + 1;
END DO
KL2 = KL1 + 1 ;
DKL1 = *PCB node®, T = 5.0*KL2, C = 0.0;

Temperature defined
using algorithmic
expression

END DO
B999, T =1.;
« SINDAfluint
HEADER NODE DATA,SPACE
DORES HEADE%BZzI;J:b;ZR;i'gI-BgY $ SPACE SN
hﬁp.//www‘dorm.fr GEN 1,5,1,70.0,-1.0 $ CARGO BAY PANELS

info@dorea.fr
Tel: +33 493 6907 48
Fax: +33 6 64 69 17 00
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WmOoNEZTFNLINIEZ@SEEO

= ESATAN

#
$EXECUTION
#
HEADER = "Simple Parameterised PCB Model*”
CALL SOLVFM
#
#
$OUTPUTS
#
FORMAT = =**
CALL PRNCSV(" ", "GL, GR, GV, GF, GP, M, G", CURRENT, "NODE", "conductors.csv")
CALL DMPGFF(* ", "NODES, CONDUCTORS, CONSTANTS®,
& CURRENT, *groupl®)
CALL PRNDTB(® ", "L, T, QI, C", CURRENT)
CALL PRQNOD("PCB node®, CURRENT)
CALL PRNDBL(" ", "GL", CURRENT)
= SINDAfluint
C
HEADER OPERATIONS
c

BUILD WHOLE,SATT,CBAY,SPACE
UCA1 = "ORBITAL AVERAGE IN CARGO BAY*
CALL STEADY

DOREA c
http://www.dorea.fr HEADER OUTPUT CALLS,SATT

info@dorea f ¢

MO Conense IF(NSOL .LE. 1 .AND. LOOPCT .EQ. O)RETURN
Tel: +33 4 93 69 07 48 CALL TPRINT("ALL")

Fax: +33 6 64 69 17 00

24th European Workshop on Thermal & ECLS Software ESA/ESTEC, 16-17 November 2010

DIJR

moMECSFNLNIE-@SEIEO

= ESATAN

$MODEL mod0_35
$MODEL sub_modO_35
$MODEL subsub_35
$NODES

D3 = "PCB node®, T = 0.0, C = 0.5;
$ENDMODEL subsub_35

$ENDMODEL sub_mod0_35

$NODES

D1 = “Arythmetic node", T = 0.0, C = 0.0;
B99999, T=100.;
$CONDUCTORS

GL(1, subsub_35:3) = .5;
GL(1, 99999) = 1.;
$ENDMODEL modO_35

= SINDAfluint

HEADER NODE DATA, SUB0O0001 $ modO_35
1,0.0,-1.0 $ Arythmetic node
-99999,100.0,0.0

Reference to Node
3 in sub-model
subsub_35

One sub-model level
=> Model is flatten

HEADER CONDUCTOR DATA, SUB00001 $ modO_35
1, 1, SUB00002.3, 0.5
DOREA 2, 1, 99999, 1.0
http://www.dorea.fr HEADER NODE DATA, SUB00003 $ modO_35/sub_mod0_3
info@dorea fr 2,0.0,0.7 $ PCB node
Tel: +33 493 69 07 48 HEADER NODE DATA, SUB00002 $ modO_35/sub_mod0O_35/subsub_35

3,0.0,0.5 $ PCB node
Fax: +33 6 64 69 17 00

Reference to Node
3 in sub-model
SUB0002
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= Introduction to TMMverter

m Thermal Mathematical Models
m User Defined Logic

= TMMverter operating mode

DOREA
http://www.dorea.fr
info@dorea.fr

Tel: +33 493 6907 48
Fax: +33 6 64 69 17 00

24th European Workshop on Thermal & ECLS Software ESA/ESTEC, 16-17 November 2010

. WmOopESFNINEC-oas:zEOo

= TMMverter

« Reads Thermal Mathematical Models including Model content
and User Logic

« Translates TMM content in STEP-TAS v6 format
» Reads back TMM content from STEP-TAS dataset
« Writes back Thermal Mathematical Models

ISINDAfluin ESATAN
Dataset
dataset
I
ESATAN S'g‘;:g:t'”J
DOREA dataset
http://www.dorea.fr
info@dorea fr I

Tel: +33 493 6907 48
Fax: +33 6 64 69 17 00
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m Introduction to TMMverter

m Thermal Mathematical Models
m User Defined Logic

m  TMMverter operating mode

= TMMverter Implementation

DOREA
http://www.dorea.fr
info@dorea.fr

Tel: +33 493 6907 48
Fax: +33 6 64 69 17 00
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DIJR

moMECSFNLNIE-@SEIEO

= Implementation Language
« Python Language has been selected in the continuity of TASverter
(www.python.org )
= Parsing of Thermal Mathematical Models
« Antlr V3 (ANother Tool for Language Recognition) http://www.antlr.org/
« Antlr lexical and semantic analyser code generated in Python
» Use of ANTLRWorks — ANTLR grammar development environment
= Standard Repository Format

« STEP-TAS V6 Application Protocol
http://www.esa.int/thermal control , click “Standards”

» STEP-TAS Python Software Development Kit generated with
Expressik — this SDK handles both Part21 and HDF5 formats

= Algorithm representation

DOREA « JSON, Javascript Object Notation (http://www.json.orq)
sl « Simplejson — Python JSON encoder/decoder module
Tel: +33 4 93 69 07 48 » JSON encoded string representation is stored in STEP-TAS dataset

Fax: +33 6 64 69 17 00
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DJREA General Archl‘rec’rure

= TMMuverter architecture is organised around an Abstract
Syntax Tree Model (AST)
« The AST contains Class definitions of a common
representation of TMM content (Blocks, Models, Nodes,
Conductors, Mortran Statements, ...).

« The AST is a Run-time memory representation
= Thermal Mathematical Models are parsed with Antlr (Iexical
and semantic analysis)
« The Antlr grammars populate the AST Model
= A Set of Visitor Design Patterns have been implemented on
AST Model
« TAS writer visitor
« ESATAN writer visitor
. « SINDAfluint visitor

http://www.dorea.fr « JSON visitor (generates JSON encoded string to write in
info@dorea.fr STEP_TAS)

Tel: +33 493 6907 48
Fax: +33 6 64 69 17 00

24th European Workshop on Thermal & ECLS Software ESA/ESTEC, 16-17 November 2010

SindaFluint Esatan TMM to STEP-TAS
model

-

STEP- TAS STEP- TAj

AST
populatlon

Esatan
model
I
DOREA SindaFluint
http://www.dorea.fr model
info@dorea fr

I
Tel: +33 493 6907 48
Fax: +33 6 64 69 17 00

Model.p21 || Model.h5

I /

STEP-TAS to TMM
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» Introduction to TMMverter
m Thermal Mathematical Models
m User Defined Logic
m  TMMverter operating mode
= TMMverter Implementation
« Antlr Parsing

DOREA
http://www.dorea.fr
info@dorea.fr

Tel: +33 493 6907 48
Fax: +33 6 64 69 17 00
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DIJR

moMECSFNLNIE-@SEIEO

= TMM models are pre-processed before parsing

« A flat intermediate model is created
Insertion of all “INCLUDE” statements contents
Reorganisation of Blocks to simplify Antlr grammars definition

= Antlr grammars (.g) are created with AntlrWorks

= TMM parsing is done in two steps (two grammars):
« lexical and semantic analysis definition
Generate Tokens, Lexer and Parser
Populate an Antlr intermediate ast more compact.

DOREA g
i Aaesete « Parsing of antlr ast

info@dorea fr - Antlr execution instructions populate the TMMverter AST

Tel: +33 493 6907 48
Fax: +33 6 64 69 17 00
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IS +FnmnnuE-ms:En

= Process implemented twice:
« For ESATAN
o For SINDAfluint
= 2x2 grammars, 2 pre-processors

TMMAst.tokens

TMM.tokens

Preprocessed
TMM
dataset

TMMLexer.py || TMMParser.py TMMAst.py

DOREA
http://www.dorea.fr
info@dorea.fr

Tel: +33 4 93 69 07 48
Fax: +33 6 64 69 17 00

DR,

: ; a}‘ a-=ll===+llllll-=-‘“n
-

= TMM models syntaxes combine:
« Fortran Syntax
« TMM specific Mortran statements
« TMM pure syntax (nodes, conductors, ... definition)
= This does not make easy the definition of an Antlr grammar
= A support module has been implemented to help Antlr adapting the
syntax recognition depending on statement location in the model

« “node_def” rule is different if we are in a NODES block or in a
MORTRAN Block ({python boolean expression}?=>rule)
Differs on the ending semicolon

» Note the unique creation of an Antlr AST node for second grammar
->~(NODE t_node STRING? t_node_attr+)

{EPM.isInElock | 'HODES')}2=>
{t_mode (EQUAL STRING)? t_node_att,r eol->*(HODE t node STRING? t node attr+)
(it

| t_fluidnode (EQUAL STRING)? t fluwidnode_attr+ SEMICOL eol >+ (HODE t fluwidnode STRING? t_ fluidnode attr+))
{EPM.isInMortranBlock ()} 7=>

{t_node (EQUAL STRING)? t_node attr+ eol->*(HODE t_node STRIHG? t_node_attr+)

t_fluidnode (EQUAL STRIHG)? t fluidnode attr+ eol->*(HODE t fluidnode STRING? t fluidnode attr+])

24th European Workshop on Thermal & ECLS Software ESA/ESTEC, 16-17 November 2010
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= Introduction to TMMverter

m Thermal Mathematical Models
m User Defined Logic

m  TMMverter operating mode

= TMMverter Implementation
o Antlr Parsing
« STEP-TAS mapping

DOREA
http://www.dorea.fr
info@dorea.fr

Tel: +33 493 6907 48
Fax: +33 6 64 69 17 00
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DIJR

STEP-TAS mapping

moMECSFNLNIE-@SEIEO

= TMM (sub)-models, nodes and conductors are mapped to:
« Nrf_network_model,
» Nrf_network_node,
« Nrf_network_node_relationship
= Nodes and conductors defined in “Loops”
« The loop definition is converted to a python script
« The python script is executed on the fly by the parser
« All nodes (or conductors) defined in the loop are created in the STEP-TAS dataset
= Nodes and conductor initial quantities
« Literal values are stored in Nrf_datacube
« Expression values are stored using
Nrf_quantity_value_prescription_for_item
Nrf_string_quantity_value_expression (the expression is converted to an
encoded JSON string)
= Controls, User constants and variables, execution blocks are stored
in Nrf_model_function(s)

DOREA
http://www.dorea fr « Mortran statements and expressions are stored as JSON encoded
info@dorea.fr strings

Tel: +33 493 6907 48

Fax: +33 6 64 69 17 00
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STEP-TAS mapping

ST¥FENMUNIE-@EIEO $NODES

#
# PCB nodes
#

FOR KL1 = 100 TO (n_width * 100) STEP 100 DO
FOR KL2 = 1 TO n_length DO
KL3 = KL1 + KL2;
DKL3 = "PCB node~”,
T 1.0.
= ((pch_length /7 n_length) * (pch_width / n_width)
? P * t_copper * n_layers * rho_copper * cp_copper)
+ ((pch_length /7 n_length) * (pch_width / n_width)
* (pcb_thick - (n_layers * t_copper)) * rho_pcb * cp_pch),
QI = pcb_power / (n_length * n_width);
END DO
END DO

#508=NRF_QUANTITY_TYPE_LIST("thermalNodeQuantities”, "thermalNodeQuantities”, "thermal node quantities”,(#299,#442,#389

#524=NRF_NETWORK_NODE("101", *PCB node", "~ ,#493,%);

#525=NRF_NETWORK_NODE("102", *PCB node"”, "~ ,#493,%);

#526=NRF_NETWORK_NODE("103", "PCB node", "~ ,#493,%);

#545=NRF_OBSERVABLE_ITEM_LIST("thermal_network_nodelnitialvalues~, "thermal_network_nodelni Ivalues™,"",$, (#524,#525,
#526,#527 ,#528,#529,#530,#531,#532,#533,#534, #535,#536 , #537 ,#538,#539, #540, #541 ,#542 ,#543 ,#544) ) ;

#546=NRF_STATE_LIST(#455,%,(0.0),0);

#547=NRF_DATACUBE( " thermal_network_nodelnitialvalues”,$, .STATES_ITEMS_QUANTITIES. ,#508,#545,#546,
(1.0,%$,$,%,$,$,$,$,$,$,$,$,$,1.0,$,$,$,$ . . .,$),(1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,2));

#548=NRF_ALGORITHMIC_LANGUAGE("simplejson®,*2.0.9%, "Python JSON interface”, "http://pypi python org/pypi/simplej son/ )
#549=NRF_REAL_QUANTITY_VALUE_EXPRESSION(#389, (775),$,#548,"{"plus": [{"parenthesis": {"times": [{"times": [{"ti
[{"times": [{"parenthesi {"divide": [{"var_ref": "PCB_LENGTH" ‘var_ref": "N LENGTH"}]}} {"parenthesns"' {
[{"var_ref": "PCB_WIDTH"}, {“var_ref": “N_WIDTH"}]1}}1}, {"var_ref": “T_COPPER"}]}, {"var_ref": "N_LAYERS . . .}".$
#550=NRF_QUANT ITY_VALUE_PRESCRIPTION_FOR_ITEM(#524,#549) ;

[{"times":
ide":

24th European Workshop on Thermal & ECLS Software ESA/ESTEC, 16-17 November 2010

#
$CONSTANTS
=N FNLNEDQ #
$CONTROL
RELXCA = 0.001; # Convergence criterion
NLOOP = 100; # Maximum number of iterations
WIDTH = 90; # Page width of output file
HEHHRHBHHH
# Operations Blocks #
MR
$EXECUTION
HEADER = "Simple Parametrised PCB Model*
CALL SOLVFM
#
$OUTPUTS
#
FORMAT = =**
CALL PRNCSV(®™ *, “A, ALP, C, CMP, EPS, FT, FD, FF, FE, FL, FLA, FH, FM, FQ,
& FR, FRG, FST, FW, FX, FY, FZ, L, P, PHI, QA, QAl, QE, QEI, QI, QR, QS,
& QSI, T, VDT, VOL, VQ", CURRENT, “NODE", "nodes.csv™)
CALL PRNCSV(" *, "GL, GR, GV, GF, GP, M, G, CURRENT, "NODE", *conductors.csv")
CALL DMPGFF(" ", "NODES, CONDUCTORS, CONSTANTS®,
& CURRENT, “groupl®)

#522=NRF_TOOL_OR_FACILITY("TMMverter™, "ESATAN vs STEP-TAS converter®,#1);#749=NRF_MODEL_FUNCTION("CONSTANTS", "CONSTANTS
initialisations”,$,$,#548, ("{"global_var": [{"type": "REAL"}, {"name": "EXPR0O000"}, {"dims": [1}., {"plus": [{"parenthesis™: . .
-37),#522);
#750=NRF_MODEL_FUNCT ION(*CONTROLS", "CONTROLS initialisations®,$,$,#548, ("{"global_var": [{"type": "REAL"}, {"name": “RELXCA"},
{dims": [1}, 0.0011}",*{"global_var": [{"type INTEGER"}, {"name™: “NLOOP"}, {"dims": []}, 1001}", . . .).#522);
#751=NRF_MODEL_FUNCTION(*LOCALS", "LOCALS initialisations®,$,$,#548, ("{"global_var": [{"type": "REAL"}, {'name": "K_COPPER"},
Mol {dins": [1}. 304.013",. . .).#522);

#752=NRF_MODEL_FUNCT ION(*EXECUTION" , "EXECUTION block",$,$,#548,("{" assign": [{"name": "HEADER"}, {"literal_string": “Simple
Sl parametrised PCB Model"}1}", "{"call": {"function_call”: {"arguments™: [], "routine_name'": "SOLVFM"}}}"),#522);
114 #753=NRF_MODEL_FUNCTION(*OUTPUT", *OUTPUT block",$,$,#548,("{"assign": [{ nam "FORMAT"}, {"literal_string”: "*"}]}","{"call":
Tel: {""function_cal : {"arguments”: [{"literal_string”: " "}, {"literal_string": , ALP, C, CMP, EPS, FT, FD, FF, FE, FL, FLA, FH, FM,

F FQ, FR, FRG, FST, FW, FX, FY, FZ, L, P, PHI, QA, QAI, QE, QEI, QI, QR, QS, QSI, T, VDT, VOL, VQ"}, . . .),#522);
ax:
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m Introduction to TMMverter
m Thermal Mathematical Models
m User Defined Logic
m  TMMverter operating mode
= TMMverter Implementation
o Antlr Parsing
e STEP-TAS mapping
« User Logic encoding in JSON

DOREA
http://www.dorea.fr
info@dorea.fr

Tel: +33 493 6907 48
Fax: +33 6 64 69 17 00
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oY 7.7 @ Yser Logic encoding in JSON

a

. WmOopESFNINEC-oas:zEOo

4*73; = The JSON (Javascript Object Notation) format has been selected for encoding the Mortran/Fortran
user logic embedded in ESATAN and SINDAfluint .

= JSON is built on two structures:

«  Acollection of name/value pairs. In various languages, this is realized as an object, record, struct, dictionary, hash table,
keyed list, or associative array.
. An ordered list of values. In most languages, this is realized as an array, vector, list, or sequence.

= Python implementation of JSON
«  JSON objects are defined with Python Dictionaries
«  JSON ordered list of values are defined with Python Lists
« encode and decode methods convert JSON Python objects to Strings and vice versa
= The most suitable approach to capture user-defined logic in a neutral was found to be so called
“prefix notation”, as it is also used in MathML and a number of other mathematical interchange
formats as well as e.g. the Lisp programming language.

«  The following simple mathematical expression:
3+4*5
could be written in prefix notation as:
(plus 3 times(4 5))

DOREA
http://www.dorea.fr and in JSON format:

info@dorea fr {"plus" : [3, {"times" : [4, 5]}]}
Tel: +33 493 6907 48

Fax: +33 6 64 69 17 00
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= Introduction to TMMverter

» Thermal Mathematical Models
s User Defined Logic

m  TMMverter operating mode

= TMMverter Implementation
e Antlr Parsing
e STEP-TAS mapping
e User Logic encoding in JSON
« Control Variables and subroutine libraries

DOREA
http://www.dorea.fr
info@dorea.fr

Tel: +33 493 6907 48
Fax: +33 6 64 69 17 00
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DIJR

Control variables and subroutine libraries

moMECSFNLNIE-@SEIEO

= ESATAN and SINDAfluint own specific Control variables and
Subroutines
= These variables and subroutines have to be converted from the
emitting to the destination TMM syntax
« DTMIN <-> DTIMEL
« DTMAX <-> DTIMEH
» NLOOP <-> NLOOPT, NLOOPS
« RELXCA <-> DRLXCA
« For library subroutines, not only subroutines name has to be translated
but also name, number, order and value of parameters.
= Information about the emitting TMModel is stored in STEP-TAS as to

perform necessary conversion.
DOREA «  #522=NRF_TOOL_OR_FACILITY("TMMverter","ESATAN vs STEP-TAS converter®,#1);
http://www.doreafr o #522=NRF_TOOL_OR_FACILITY("TMMverter~, "SINDAfluint vs STEP-TAS converter”,#1);

info@dorea.fr
Tel: +33 493 6907 48
Fax: +33 6 64 69 17 00
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= Introduction to TMMverter
m Thermal Mathematical Models
s User Defined Logic

m  TMMverter operating mode

= TMMverter Implementation

o Antlr Parsing

e STEP-TAS mapping

o User Logic encoding in JSON

o Control Variables and subroutine libraries
Conclusion

DOREA
http://www.dorea.fr
info@dorea.fr

Tel: +33 493 6907 48
Fax: +33 6 64 69 17 00
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= First Bi-directional exchange between ESATAN and
SINDA are possible since summer 2010 (TMMverter /
TASverter)

= Second development phase has started to extend
automatic conversion of TMM software subroutines and
Mortran syntax

= General / programming language indepedent mechanism to
transfer expressions and algorithms available in JSON

= Can be easily integrated into existing data exchange
DOREA formats like XML and ISO 10303-21 (as annotated string)

http://www.dorea.fr
info@dorea.fr

Tel: +33 493 6907 48
Fax: +33 6 64 69 17 00
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Appendix D

Exchange of TMG thermal models via STEP-TAS

Mouloud Bourbel
(Maya, Canada)
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Abstract

In the late 90’s, the European Space Agency "ESA" started the development of an information exchange
standard for space thermal analysis models. This standard was based on ISO 10303, which is informally
known as STEP "Standard for the Exchange of Product model data". The new standard was named
STEP-TAS "Thermal Analysis for Space". Since then, STEP-TAS development has been completed.
The standard has been documented and extensively tested

Recently, STEP-TAS has been implemented into Maya’s TMG family of products, which includes NX
I-deas TMG, Femap TMG and NX Space Systems Thermal. This new capability greatly simplifies
thermal model exchange between Maya’s TMG family of products and other thermal analysis packages.
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TASTMG project:
Exchange of TMG Thermal Models via STEP-TAS

Mouloud Bourbel
Maya Heat Transfer Technologies Ltd.
Mouloud.Bourbel@mayahtt.com

24th European Workshop on Thermal and ECLS Software

Agenda

» Description and Implementation of TASTMG project
» Validation & Testing of TASTMG Implementation

~ Demo of TASTMG Integration in NX Space Systems Thermal
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1AV IO B @)J

Al

-

INNOVATE MORE

History of STEP-TAS /Thermal Model Exchange in TMG

- Initial ideas for STEP standard for exchange of thermal models ‘

1995
Development of STEP-NRF & STEP-TAS
1997
1998 STEP-TAS v1 and implementation prototypes ‘
2000 Industrial Implementation of STEP-TAS. ‘
STEP-TAS interface for TMG
Not successful: Complex, performance and memory issues
2002 Development interface to TSS, ESARAD &THERMICA
Successful, but painful: 6 interfaces, different solver languages

Simplification of STEP-NRF & STEP-TAS
pyExpress compiler, code generator, TasVerter
Open source STEP development toolkit
Formalization under 1ISO

Full Industrial implementation

Industrial Implementation of STEP-TAS.
TASTMG project

24th European Workshop on Thermal and ECLS Software 16-17 November 2010
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~ Objectives of TASTMG project

» Implement STEP-TAS Import / export Facility with in TMG
family of products.

»~ Validate & Test the implementation.

~ Create TMG part of the public STEP-TAS acceptance testsuite.

Getting Started

» Learning the STEP-TAS Standard.
~ Evaluating STEP-TAS tools.

~ ldentifying the best implementation approach:

- No brainer: Implement using C++ language / STEP-TAS C++ SDK.

24th European Workshop on Thermal and ECLS Software 16-17 November 2010
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- STEP-TAS C++ SDK

» Developed by CSTB under ESA contract.

» We used version 1.0 RC4. “

~ STEP-TAS C++ SDK

» Developed by CSTB under ESA contract.

~ We used version 1.0 RC4. b e ot
ot ‘ bk ke
LightCpp STEP-TAS SDK = = o crder e

TAS ARM
SUPPORT
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| TASTMG Architecture

TASTMG IEF

17

. N

‘ Data Validator I

~ Supported Items: FE Models

Ideal Part

24th European Workshop on Thermal and ECLS Software

16—-17 November 2010



62

Exchange of TMG thermal models via STEP-TAS

a

Supported Items: Primitive-based Models

<3

Cylin

der

» Mass Density
» Specific Heat
» Thermal Conductivity

» IR Emissivity / Solar Absorbtivity
»~ IR & Solar Reflectivity

~ IR & Solar Transmissivity

24th European Workshop on Thermal and ECLS Software
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NX SPACE SY'STEMS THERMAL
File Type

Radiation Model Type

NX Space Systems Thermal — User Interface

,T Import Simulation W

Input File
——————|ESARAD

Radiation Model ol NX SPACE SYSTEMS THERMAL
Step-Tas Eva File Type Radiaticn Model W
158 Radiation Model Type Step-Tas Fv]

Output File nanolat.stp ;ZSR,\-\D
ARA

Thermica
TRASYS

Thermica
f

LIl Bl Gl Bl Gl PR

i
WACALIV L | O% s*a..lw_.ﬁn..sniu.,

-~

\\% ,f
—
—
-

INNOVATE MORE
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~ In-house Validation & Testing

Round-Tripping Validation

TasValidate STEP-TAS BagheraView
Textual Validation lI Visual Validation

TasVerter

]
|

Some of Testing Models

69098095 67 ow-=
“rcv-u-8-. BEED. s SF ZPEERKAYD XA,
s er AN, addEIIQBOOUNTTRTGS,

[FE e e ICIE NS TR T
! H
i
e
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~ More Testing Models

A E e G IS TR T T =
3 ve s M

A

~ More testing models
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~ Off-site Validation & Testing ’

Hosted by EADS Astrium

Environment
» |-deas TMG version 12m1/ TASTMG beta rev.100225
BagheraView-422
TasValidate-v6
TasVerter r2008-07-08
ESATAN-TMS r2 (including Esarad)

V V VY

Textual Validation Visual Validation

[ TasValidate H STEP-TAS H BagheraView ]

~ Validation — Exchange of different geometries

e 2-dimensional geometry models

. Triangle 002, 003, 004, 005
L Disc 102,103, 104, 105
L Rectangle 112,113, 114, 115, 900
* 3-dimensional geometry models
- Box 400, 401, 800
L] Cylinder 202,203
L] Discus 300
. Cone 500, 501
- Sphere 620
? . Paraboloid 700
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Validation — Exchange of different Meshes

» Element Family

. Lumped Mass UpperStage
L] Beam UpperStage
. Thin Shell All modeles
. Solid UpperStage
* Element Order (Thin Shell)
. Linear 002,004, 102, 104, 112, 114, 202, 300, 400, 401, 500,
501,620, 700, 800, 900, UpperStage, PCB
- Parabolic 003,005, 103, 105, 113, 115, 203, 800, 900, UpperStage
* Element Topology (Thin Shell)
- Tria 002,003, 102, 103, 112, 113, 202, 203, 300, 401, 500,
501,620, 700, UpperStage
. Quad 004, 005, 104, 105, 114, 115, 400, 500, 620, 700, 800,
900, UpperStage, PCB
* Free Meshing 002,003, 004, 005, 102, 103, 104, 105, 202, 203, 401,
804, UpperStage
* Mapped Meshing 112,113, 114, 115, 300, 400, 500, 501, 620, 700, 800,

801, 804, 900, UpperStage, PCB

Validation — Materials & Physical Properties

e Material Type

. Isotropic All models
. Anisotropic 800
. Orthotropic 800, UpperStage
e Material Property Types
. Null Property UpperStage
. Constant 800, UpperStage, PCB, all others
= Table 800, UpperStage
. Functions 800
e Physical Properties 800, 801, 804, UpperStage, PCB
e Active and Passive Side definition 900
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TasTmgRoundTrip.swf
Media File (application/x-shockwave-flash)


HessiSatExport.swf
Media File (application/x-shockwave-flash)
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Exchange of TMG thermal models via STEP-TAS

Eie

Use Open of ew in File Menu
-

Slow Normal Fast Play/Pause Stop

SIEMENS . f

Tools Prefeesces Winagw Hew

0]
ﬂ Seloction: To select an cbiect, move the cursor over the obisct and click the lek mousa button (ME1)
- Repest this to select additional obiects. YWhan multiple objects & close logethas, use the CuidkPick
s dialing ben b0 5edact the object you want
QuickPick: Hold the cursor motmrieas over the bbiect you want to 7
welect, or elick and hold the le mouse butbon (ME) over the: s = F32 3
shgect. Whan thice dots appéar nexd 10 the cursor, releass the
mouse button to open the QuickPick dialog box, which lists
olgicts under the cursor. Highlight an object in the k=2, and click to
o

Slow Normal Fast Play/Pause Stop
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IISImport.swf
Media File (application/x-shockwave-flash)


SojournerExport.swf
Media File (application/x-shockwave-flash)
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Appendix E

Genetic algorithm shape optimisation of radiant heaters

Bryan Shaughnessy
(RAL, United Kingdom)
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Abstract

The shape of radiant heaters can influence significantly the radiation distribution and therefore the
effectiveness of heating processes. I will present an automated shape optimisation technique for tubular
radiant heaters. A Genetic Algorithm was developed that optimises parameters describing the heater
shape with respect to a user-specified radiation distribution over a work-piece. Three sample cases are
presented that show the developed GA to be successful.
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Genetic Algorithm Shape
Optimisation of Radiant Heaters

Bryan Shaughnessy

RAL spézﬁ

RAL Space

Background

* Present previous research on shape optimisation of
radiant heaters

* Is there an opportunity to include this or a similar
approach in a thermal analysis tool?
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G o
RAL Space%

Applications

* Fluids loop routing
» Heater placement
 Thermal shield geometry

—
RAL Spaceﬁ

Genetic Algorithms (GAs)

« Evolve a population of candidate solutions
 Candidate solutions encoded as chromosomes

 Mathematical operations on chromosomes simulate
evolution

— Based on probability functions
— GA parameters/probabilities may require tuning
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—
RAL Spaceﬁ

Genetic Algorithms

T~
RAL Space%

Brief Definitions

« Evaluation
— Decode all chromosomes, solve, and rank
« Selection
— Chromosomes selected for new population.
e Crossover
— Promote exchange of information to produce
‘offspring’ solutions
e Mutation
— Introduce variability into the population
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oy
RAL Space"ﬁ

Shape Representation

* Not practical to represent shapes in terms of
coordinates
» B-Spline representation used
— Complex shapes defined using small number of
control points
— Chromosome is the vector of control points:
[X1, Y11 X2) You - Xns Ynl
« Constraints (end-points, range of ordinates)

T~
RAL Space"\s

Geometry defined by B-Spline

1

= Heater
—— Control Points
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-
RAL Space"ﬁ

Radiative Model

Ledod 7
Work-piece

T~
RAL Space"\s

Performance Measure

« Compare view-factor distribution with a user-defined
distribution

» Distributions normalised and average difference
calculated

» Average difference — O for better heaters
» Population selection

— Random selection using a cumulative density
function

— ‘Elitist’ approach
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G o
RAL Space%

Initialisation of first Population

 Random initialisation of control points could give
shapes with self-intersections

 To avoid this:
— x-ordinates distributed evenly
— y-ordinates allocated randomly

—
RAL Spaceﬁ

Crossover

» Select pairs of chromosomes according to
probability P,
» Swap the coordinates of each pair at a random point

 Example:
Before Crossover
[ A T 8 [ c [ o | € [ F ]
[+ [ 2 [ 3 [ a4 [ s [ & |
After Crossover
[ A [ 8 [ 3 ] a5 [ 6 |
[ T 201 ¢ T o T €71 F]
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Mutation

» Ordinates selected according to probability P,

» Selected ordinates modified by a random amount
within a maximum allowable deviation

* Important because generates new control-points

— With the floating-point representation, crossover
does not generate new control-points

GA Simulation — Uniform

Generation 0 Generation 5 Generation 15 Generation 50 Generation 250

X X X X X
Generation 250

Generation 0

-3
x 10

-

AT

<

0“‘\"‘"{' LT

AT
A N

&
O

Nodal view-factor
Nodal view-factor

o
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€5
RAL Spaceﬁ

GA Simulation — Step

08 5 b
8075
06 e
> >
04 T0.25
o
€ 9
0.2 0

—
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GA Simulation — Step

08 s b
Sors
06 5 o5
> >
0.4 T0.25
o
c 8
0.2 0
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G o
RAL Space%

Conclusions

« Effective method of optimising radiant heater shapes
« Wider application?
— Requires fast solvers

— Requires effective methods of
constraining/avoiding unrealistic geometry

—
RAL Spaceﬁ
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Appendix F

Development of numerical tools for design and verification of
ablative thermal protection systems

Marco Giardino Elena Campagnoli
(Politecnico of Turin, Italy)
Gianni Pippia
(Sofiter System Engineering, Italy)

Massimo Antonacci
(Thales Alenia Space, Italy)
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Abstract

In recent years there has been a great collaborative work between Thales Alenia Space Italia and the
Energetic Department of Politecnico of Turin devoted to the study of ablative heat shields. Two different
numerical tools for the analysis of the behaviour of charring ablative materials have been developed
within the frame of a co-founded internal research program.

The first of these tools, called Ablatherm, is a Matlab®)-based code that can be used during the initial
design phase: it implements a simple model (that uses a very reduced set of material properties), it has
a short case settings time and execution time and it is very flexible (it can be used both through a script
file or a Graphical User Interface). This tool was tested using analytical benchmarks and real test cases
and is now used by TAS-I for heat shield design.

The second tool, still under development, uses the state of the art both for the model and for the tool
implementation, in order to perform rapid, full 3D simulations. This tool, developed on OpenFoam
platform, implementing a more complex model and requiring higher test case setup time and a huge
amount of material data that must be provided for a full run, is mainly intended for final verification of
the full system configuration. For an intermediate design phase, it is also possible to use this second tool
with a reduced set of parameters.
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Validation vs. “AblaTherm”
* Future works
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or shock layer
convective _
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* Not reusable.

porous char

* Light weight. surtace

recession

« Adaptable to mission constraints. ompost | Fyrolysiszone

virgin material

* Heat insulation properties enhanced
through material degradation.

backup material

* Suitable for entry vehicle and SRCs.
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Characteristic of the used models -3
pace

1D MODEL “ABLATHERM” 3D MODEL

* Local 1D assumption. * Full 3D Cartesian solver.

* Simple model. * State of the art model.

* Reduced set of parameters. * High number of parameters

- Multi layer capability. (possible use of a reduced set).

«  Extremely low set up time and * Multiple material within the domain

execution time. * Is not too much user friendly.
* Ideal during initial design phase. * Relatively long set up and run time.

* To be used for final, full body
simulation.
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1D Model — Analytical model 3
i SOOI

* One equation model (energy conservation)+BC:

(PCp(P1T))%+—%(/1(p,T)%j+H(T)a—'ozo

0 ot
T(t=0)=T,(x)
oT
//i,&(x :O,t)z qc(t)
oT

ﬂg(x=s(t),t)=qw(t)

* Charring material (Arrhenius equation).
* Internal heat flux g (t): adiabatic, convective and/or radiative heat flux.
» Surface heat flux boundary condition:

Qw :L y qconv0 + qrad0 ] ~ Orag _Qrece Pearb As
- —

-~ /
Net wall Blowing Surface Recession heat
heat flux radiative
External flux heat flux

24th European Workshop on Thermal and ECLS Software — ESTEC, 16-17 November 2010

1D Model — Necessary data

* Material properties:
— Virgin and charred densities.
— Arrhenius coefficients.
— Pyrolysis reaction and surface recession enthalpy.

— Temperature dependence of specific heat, thermal conductivity,
surface emissivity, both for virgin and charred material.

* Heat flux data (as function of surface temperature, cold wall evaluation,
net values).
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1D Model - Implementation 5
9 e SpaAce

* Finite Element Method (FEM) discretisation.

* Non linear Newton-Raphson method for fast and accurate non linearity
resolution (surface radiation).

* Automatic grid generation, with linear plus logarithmic spacing; for multi
layer cases, the number of elements per layer calculated through mean
conductivity.

* Blowing evaluation at run time.
* |Initial steady state temperature distribution evaluation.
* Implemented using Matlab© environment .

* Usable as command line function or through a Graphical User Interface
(GUI).

24th European Workshop on Thermal and ECLS Software — ESTEC, 16-17 November 2010

1D Model - Validation vs. CMA

* Performed by means of comparison with commercial 1D software (CMA):

— Test cases — sizing of a silicon based ablator on different areas of the
external surface of a re-entry vehicle.

— Available thermal-ablative properties have been implemented in
both codes.

— Thermal simulation extended in the 1D simplified code to the
reproduction of the convective and radiative heat exchange inside
the vehicle.

— The pyrolysis heat behaviour as function of material temperature has
been introduced in AblaTherm.

*  W.r.t. CMA, AblaTherm does not account for:
— Surface transport of chemical energy.

. . aT 8T oAl dp) m, oh
- . = Am— e+ —H| - |42
Convective transfer by pyrolysis gases: ¢, " > ( j i

» Difference in sizing results lower than <10%.
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less than 10%. AblaTherm simulation
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1D Model - Validation vs. SAMCEF Amaryllis S
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Comparison with simulation results of a Mars entry vehicle frontshield:
SHIELD SURFACE

1600 80

1400 40 -
1200 \ oo 7 A
/ \ 2 .90 ¢ 50 1oou 150 200 25 |—9)
=
1000 <40+ 5)
/ \ —1) -60 | |
800 —2) 80 1
600 4) -120
time [s]
400 ‘

200 Amaryllis simulation results
/ Empty
0
-200

Trcal

AblaTherm results, with prescribed heat fluxes correction
AblaTherm, with ABLAT heat fluxes correction

5) AblaTherm, with foam conductivity as function of
time [s] atmospheric pressure

50 100 150 200 2!?0
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Comparison with simulation results of a Mars entry vehicle frontshield:
ABLATIVE/COLD STRUCTURE INTERFACE

80
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O o —32)
e —3)
5% 4)
-40 5
—1) -60
—2) -80
3) -100
—4 120 time [s]
_ 5)
1) Amaryllis simulation results
2) Empty
3) AblaTherm results, with prescribed heat fluxes correction
4) AblaTherm, with ABLAT heat fluxes correction
50 5) AblaTherm, with foam conductivity as function of atmospheric
time [s] pressure
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Comparison with simulation results of a Mars entry vehicle frontshield:
COLD STRUCTURE/INTERNAL FOAM INTERFACE

150 —2)
3
4)

5

100
o 50
=
50 time [s]
1) Amaryllis simulation results
0 2) Empty
3) AblaTherm results, with prescribed heat fluxes correction
4) AblaTherm, with ABLAT heat fluxes correction
5) AblaTherm, with foam conductivity as function of atmospheric
-50 time [s] pressure
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3D Model — Analitical model

* 3 equation model (energy, solid mass and gas mass conservation equations) +
closure equations (Ideal gas law, Darcy law) + BC (Amar, A. J. “Modeling of
One-Dimensional Ablation with Porous Flow Using Finite Control Volume

Procedure”, North Carolina State University, 2006 ).
ijpedv + §dp,h¥, -idS — fkVT -fidS — § phv, -1idS =0
dt \ v v v

ijpidv = § P -idS = AV for i=1..n

dt \ oV v

% [ 80,0V + §p ¥, -1dS — $#p, V., - idS = [ 10y dV
\ oV v \

v, =—£Vp
Pu
D= RT
Py M,

* Pyrolysis gas in local thermal equilibrium.

* Pyrolysis energy absorption through mixture internal energy evaluation.

* Charring material (Arrhenius equation).

* Surface BC under development.

24th European Workshop on Thermal and ECLS Software — ESTEC, 16-17 November 2010

3D Model — Necessary data

* Material and gas properties:

— Virgin and charred sub-densities and Arrhenius coefficients for each
decomposition reaction, material composition coefficients.

— Solid: temperature dependence of specific heat, thermal conductivity,
surface emissivity, both for virgin and charred material. Extent of

reactions dependence of porosity and gas permeability.

— Gas: temperature dependence of specific heat, gas molecular mass

and viscosity.

— Formation enthalpy and reference temperature for virgin, char and

gas.

* BC: different standard conditions, some specific under development.
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3D Model - Implementation ThaleSAlsema
pace
* Finite Volume Method (FVM) discretization.
* Implemented using the open source OpenFOAM suite. Advantages:
— parallel run in both shared and distributed memory machines (MPI
protocol, on workstation or clusters).
— Based on open source platform (Linux) and open source suite.
* Use unstructured grid (complex geometric shapes, different cell shapes).
* Grid importation capabilities.
* Simplified model wich can run neglecting the gas effects (non gas data
needed)
24th European Workshop on Thermal and ECLS Software — ESTEC, 16-17 November 2010
=
3D Model test case ThaleSAl%zﬂcg

*  Geometry and grid: 10x10 cm, 100x400 cells.
* Boundary conditions:
— North side: time variable, uniform external heat flux :

q(t)= ((t <100)~11e6~(sin ﬂ%oo)z +(t 2100)1000) Mz]

with surface reradiation; time variable uniform pressure:

plt)=o ot [Pal

— South and East side: adiabatic and impermeable.
— West side: impermeable, time variable uniform temperature:

T(t)= 2500-(sin[%n2 +300[K]

* Material data: PICA15 - NASA TM 110440 (1997).
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3D Model Results — 1 ‘ ThaIeSAlﬁma
: Space
* Performances: solution time on a 8-core workstation - 1400 s.
* Following movie description:
— Background color: material density (red - max, blue = min).
— Colored lines: isotemperature lines, colored with temperature scale;
lines at [ (300:20:400) (600:200:3800)] K.
— Vectors: oriented using pyrolysis gas velocity and colored using
pyrolysis gas velocity magnitude.
24th European Workshop on Thermal and ECLS Software — ESTEC, 16-17 November 2010
ThaIesAIema
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3D Model Validation vs. AblaTherm m' ThalesAIema

-Space

* The solutions obtained using the two codes are compared. To perform the
comparison, the following steps were performed:

— Ablatherm run was performed neglecting surface recession and
applying the same profile for the heat flux (without the blowing
correction).

— 3D code run: temperature solution extracted on the East side of the
domain (negligible 2D effects).
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* Finalization of the 3D code:
— surface recession models implementation.
— Different surface heat flux Boundary Conditions implementation.

* Studies for integration with ESATAN.
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ANY QUESTIONS?

THANKS FOR YOUR ATTENTION.
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Appendix G

ESATAN?2SS tool
from ESATAN to Space State

Savino De Palo
(Thales Alenia Space, Italy)

Donata Pietrafesa
(Sofiter System Engineering, Italy)
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Abstract

ESATAN2SS tool, developed and working in MATLAB, is a fast means to compute Linear Time-
Invariant (LTT) models directly from ESATAN TMMs: in other words it translates ESATAN (non-linear)
thermal networks into (linear) Space State models by computing matrixes A, B, C, D.

X =Ax+Bu
y=Cx+Du

Its main field of application is the design of control systems, such as the design of heaters with PID
control laws, based on GOCE and HERSCHEL heritage.

To speed up the design of such systems it is useful to apply the (linear) Control System theory. For this
purpose, it is usually required to have a model in the form of Space State (SS) or equivalent Laplace
Transfer Functions (LTF). ESATAN2SS provides a simple and user-friendly way to derive the SS form
by linearization of heat balance equations. In turn, the equivalent LTF can be derived with the simple
formula G(s) = C(sI —A)~'B+D.

The tool has been verified for several models: in all these cases the LTI models provides the same
response as the original TMMs, showing that the ESATAN2SS linearisation correctly represents the
thermal network. To make its utilization easier for first-time users, it is available in-house with simple
run test cases documented as tutorials.

The navigation spacecraft Galileo is the first application of ESATAN2SS on a complex model, with
significant analysis time savings. From now on, it is planned to use ESATAN2SS on all future
applications where the use of Control System theory could have a positive impact both on design
optimization and analysis time.
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ESATAN2SS

mm Savino De Palo — TAS-I Turin

Donata Pietrafesa — SSE Turin
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ESATAN2SS tool — from ESATAN to Space State

ThalesAlenia
m..,.,,pmmm”{sepgc-e ‘
P
* What does it do?
— from tate Space
ESATAN - TMM State Space
X=AX+Bu
T=1(Q,GL,GR,C..) { R -
y=CXx+Du
state matrix
input matrix
output matrix
feedthrough matrix
m 24rd European Workshop THALES
Noordwijk - 16/11/2010 on Thermal Tools and ECLS Software 2010, Thales Alenia Space

Introduction i

ThalesAlenia

T Permricn oy § pace

X
(state vector)

u
(input vector)

y

(output vector)

.
Noordwijk - 16/11/2010

—>

Introduction i

ey
Proe 4

Temperatures array for nodes with C#0

Temperature boundaries array
+

Heat Loads array (over all non-boundary nodes)

Temperatures array (also for C=0)

24rd European Workshop THALES

on Thermal Tools and ECLS Software 2010, Thales Alenia Space
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e e rir SO

Why develop it ?

—>

B (linear) Control System theory

Why State Space form?

B Control designer requires a model as

—

Introduction i

s
Pages

Speed up

heaters active control
systems design

State Space

Transfer Function

SS
LTF

by linearization of heat balance equations

G(s)=C(sl-A)'B+D

|
Noordwijk - 16/11/2010

24rd European Workshop
on Thermal Tools and ECLS Software

THALES

2010, Thales Alenia Space

ThalesAlenia

Y pace

ESATANZ2SS 2.6 main features:

MATLAB script —  Pre-parsed version

Introduction i

+ Automatic recognition of Arithmetical Nodes —

‘s
e e

R

esatan2ss.p  esatan2sshelp.m

TNODES with c=0 & X

No GUI

—>

>>[A B C D] = ESATAN2SS (‘(MODELNAME?)

» Tested only on Windows XP 32-bit with Matlab R2009b

[
Noordwijk - 16/11/2010

24rd European Workshop
on Thermal Tools and ECLS Software

THALES

2010, Thales Alenia Space
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e Esatan Data ==
ThalesAlenia Satan Fad

1Y) [ ey
;——"’// ng7

*  Run ESATAN TMM
(version 10.2 or later)

— Steady State Conditions

. Perform CALL DMPTHM  __ X[ .csv files

|

ESATAN2SS working directory

to be
moved

(see Esatan User Manual)

m MODELNAME.nl.csy ~ —> Type, Number, Label, Model
» MODELNAME.nd.csv ~—> T,CQ
m MODELNAME.gl.csy ~— —> GL
m MODELNAME.gr.csv ~ —> GR
m MODELNAME.gfcsv ~— —> NOT REQUIRED
- 24rd European Workshop THALES
Noordwijk - 16/11/2010 on Thermal Tools and ECLS Software 2010, Thales Alenia Space
) Input / Output options =
ThalesAlenia
A Thates 7 P acomsii Ciriany Space ‘s
Proes
>>[A B C D] = ESATAN2SS ((MODELNAME")
B =
= (2,1)  2.0000
Overall 2 A (3,1)  1.0000
LTI SS model F e BB — 12 o2
of Esatan Model MODELNAME R C 0 02000
- (2,4)  0.5000
D (35)  0.5000
>>[A B C D Model] = ESATAN2SS (‘MODELNAME)
.name — Esatan model name uo —~ full u, data
.date = file data damping date ullist - full u, list
.solver — Esatan version ) — fully, data
X0 - X, data yolist  —  fully, list
XOlist  — X, list
_— 24rd European Workshop THALES
Noordwijk - 16/11/2010 on Thermal Tools and ECLS Software

2010, Thales Alenia Space
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Input / Output options -
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>>[A B C D] = ESATAN2SS (‘(MODELNAME’, ULIST, YLIST)

ULIST: Cell Array defining the Input parameters (u variable)

QR1
1 = Boundary node (B type) - Tnobe
o > 0 = Diffusive node (D type) > Quope
D1=ULIST GL D2=YLIST = No arguments (i.e. ULIST={}) — All Inputs
YLIST: Cell Array defining the Output parameters (y variable)
ot o = Only diffusive nodes (D type)
» No arguments (i.e. YLIST={}) — All Outputs
B999
ULIST
& —— same format of MODELNAME.nl.csv
YLIST
[ 24rd European Workshop THALES
Noordwijk - 16/11/2010 on Thermal Tools and ECLS Software 2010, Thales Alenia Space

Input / Output options =

s
PeRee 10

ThalesA /ema

manssssrses SEICOR

>>[A B C D] = ESATAN2SS (‘MODELNAME’, ULIST, YLIST, TUNIT,
UFLAG, YFLAG)

TUNIT: Character defining Temperature Unit
»‘C’ —> Celsius (default)

= ‘K" = Kelvin

UFLAG: Boolean defining Single Weighted Input (default FALSE)

Qs
— Q,
Qs

YFLAG: Boolean defining Single Weighted Output (default FALSE)

—
“ Tave -

24rd European Workshop THALES

NoordWIJk 16/11/2010 on Thermal Tools and ECLS Software 2010, Thales Alenia Space
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Software Validation i
ThalesAl

vmmww/%jce .y
v//// %1 g

Software Validation Method:

Example 2: TWONODES Thermal Model

ESATAN
esatan2ss

* Matlab step function responses
vs. ESATAN transients

Dl=yList; GL D2=yList,

T1¢C)

GL GL

T999  B999=ulList
21

73.2 . . . . . . . . .
[ 5 10 15 20 25 30 35 40 45 50
time (s)

20

Documented with validation / training cases:
» Linear and Non-linear models
= Model complexity increasing

[ 24rd European Workshop THALES

Noordwijk - 16/11/2010 on Thermal Tools and ECLS Software 2010, Thales Alenia Space

Galileo Experience i
ThalesAl P

mew{sepgce .y
v/'//' ng1 .

LTI (blue) vs ESATAN (red) - H1ON

GALILEO heaters chains:

» Used to compute SS and then LTF

temperature (K)

* Reduced TMM model (~400 nodes)
due to RAM issues

» Gain differences up to 5%:
= TMM non-linearity: GL = f(T)
» False steady state conditions

Megritude (cB)
T

° o
(<0.01°C) B

Frequency (rad/sec)
[ 24rd European Workshop THALES
Noordwijk - 16/11/2010 on Thermal Tools and ECLS Software

2010, Thales Alenia Space
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) Lessons Learnt —
ThalesAlenia
A Thales / Finmeccanica Mpw}.s;g Ce ‘s
s

To account for Heater Chains

ON/OFF controlled —  Qgq before DMPTHM call

Esatan subroutine DMPTHM

. . Sparse form would save space
always dumps matrices in full form

To avoid False Zero Output . Set FORMAT before DMPTHM call

(in particular in the GR matrix) (i.e. FORMAT='E14.6")
Can handle large models but Linux 64-bit machines to be tested
( > 4000 nodes) memory crash on 32-bit machines
(SS matrices into full form)
[ 24rd European Workshop THALES
Noordwijk - 16/11/2010 on Thermal Tools and ECLS Software 2010, Thales Alenia Space
Tha|eS/°\/|éﬁi>a Conclusions =
T Pl acsaiin S pace ‘s
PPooe 14
Main features:
* Fast — computes LTI models directly from Esatan TMM
* Verified —— available in house with simple run test cases
* Time-saving — complex models (e.g. Galileo)
[ 24rd European Workshop THALES
Noordwijk - 16/11/2010 on Thermal Tools and ECLS Software 2010, Thales Alenia Space
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Appendix H

ESATAN Thermal Modelling Suite

Product Developments & Demonstrations

Chris Kirtley Henri Brouquet
(ITP Engines UK, United Kingdom)
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Abstract

The presentation presents the overall status of the product, outlining the developments going into the
next release.

Two demonstrations will be shown, running through the process of building and post-processing a model,
demonstrating all the new functionality. The first demonstration focuses on building and running the
model in Workbench, the second post-processing the data within Workbench and ThermNV.

24th European Workshop on Thermal and ECLS Software 16-17 November 2010
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@Tp 24" European Thermal & ECLS Software Workshop
e ESA/Estec, Noordwijk, the Netherlands

An ITP Group Company

ESATAN Thermal Modelling Suite
Product Status

Author: Chris J Kirtley & Henri Brouquet
Date: 16" November 2010

ITP Engines UK

An ITP Group Company

Introduction

Current developments
¢ Demonstration

Conclusion

24™ European Thermal & ECLS Software Workshop @Tﬂ
P ngines

24th European Workshop on Thermal and ECLS Software 16-17 November 2010
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Jire - rodi

An ITP Group Company ITP EnglneS UK

e Our vision remains unchanged,
— Provide a complete and efficient thermal
modelling environment

» Functionality to meet your current & future
modelling requirements

* Provide a high-quality and fully validated product

— Efficient end-to-end integration within a multi-
disciplinary engineering environment

— Backing this up with professional customer
support services

M 24" European Thermal & ECLS Software Workshop @TP

Engines UK

An ITP Group Company ITP Engines UK
20|09 20|10 20|11
' —
rl

* Time & temperature dependency
» Time dependent steering

e Shell assignment

* Non-orbital analysis

» Extension of picking

» Coordinate output

* Binary Results Database

» ESATAN Double Precision

» Transient solver improvements
* Performance & scalability

* Maintenance

24" European Thermal & ECLS Software Workshop @Tp

ngines UK

24th European Workshop on Thermal and ECLS Software 16-17 November 2010



ESATAN Thermal Modelling Suite — Product Developments Demonstrations 115

Jire - oo

An ITP Group Company ITP EnglneS UK
20|09 2010 2011
. =
r2

» Support for Groups

» Extension of Nastran Import
» Performance & scalability

« Maintenance

24 European Thermal & ECLS Software Workshop @Tﬂ
! ngines

e ~ nioduction|
An ITP Group Company ITP Engines UK
20|09 20|10 20|11
. —
r3
In final release preparation
™ 24" European Thermal & ECLS Software Workshop @Eﬂ
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An ITP Group Company ITP EnglneS UK

« ESATAN-TMS r3
— Import of CAD Geometry
— Enhanced Model Tree
Combined Finite Element / Lumped Parameter
Enhanced Model Rotation
New Thermal Steady State Solver

demonstration
_ 24" European Thermal & ECLS Software Workshop @Tﬂ
e mport of CAD Geomety|
An ITP Group Company ITP Engines UK

* Detailed assessment of
the modelling process

— lterative process

— Re-import geometry

* Mesh refinement == Courtesy of OHB
* Remove features « Mesh
« Shape recognition * De-feature

» Shape recognition

— Modify imported model

— Core product requirements
* Interactive geometry build
» Performance & scalability
» Extension of CAD import

. 24" European Thermal & ECLS Software Workshop @Tp

ngines UK
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e

An ITP Group Company

/ ESATAN-TMS CADConverter -1ol x|
Input
Imput File: [ e eorrremter S rree e tetrerrt=2

Select part ta convert

Output
ESATAM-TMS Output File:
i oy

- Meshing Parameters

1% Parameters per shape Tolerance: | 11 = mm
" Global Parameters [¥ Deflaction 76 4371 o
Caleuiats| ¥ Deviator:  [no490es
¥ Minimal Siag:  [7B4371  mm
IV Maimal See: 191083 mm

- Simplification Options
I~ Shape Recoanition
™ Remave Fillsts

™ Removes Small Facss: Madmumaes:[ mof

I Remove Holes Masimum Area: i
Charactenisic Length Percertage: [5 %

I™ Remove Small Elements Maimum Volime : o
Masinum Volume Percertage :[5 %

Starting ComputeGlobalParameters. .terminated.
Resulted options : 436 0.349066 436 1090

Convert Exit

24 European Thermal & ECLS Software Workshop

ITP Engines UK

Extension of interface

Visualise CAD model
hierarchy
Select & extract sub-

hierarchy
Include empty hierarchy

Direct include of geometry

=R Geometny

@ Solarf B3 Copy

| Broups ]
| Materials Delete
_| Froperties Fbriame.
(- | Radiative caz==

[ | User Defined Conductors

Jim

An ITP Group Company

e Aims,

— Speed up model creation

— Handle large models

* Model tree now supports

— Cut, copy & paste
— Drag & drop

— Highlight selected shells

Multiple select
— Rename
Recursive delete

» Performance significantly improved

24™ European Thermal & ECLS Software Workshop

ITP Engines UK

E|'-‘$ FPanel_Sides
i i~ @ PZ_Panel

Recursive Properies...
O"‘ Transfarm (Rel.)...
Display

Unddisplay
Report
& cut
Capy
Delete

Unassign...

Jim

24th European Workshop on Thermal and ECLS Software
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@Iﬂ Combined Finite Element / Lu_

An ITP Group Company ITP Engines UK
Aims,

— Extend analysis capability by combining strengths

— Reduce overall modelling time

Response to user survey feedback

Option to generate FE or LP mesh

— New shell property
analysis_type = "FINITE_ELEMENT*

Thermal nodes at face vertices

’ I 24™ European Thermal & ECLS Software Workshop @Iﬂ
@ﬂ, Combined Finite EIement/Lu_

An ITP Group Company ITP Engines UK

» Radiative analysis performed on true geometry
— Maintain accuracy
— Face based calculation
— REFs mapped from faces to thermal node

» Connectivity,
— Assumed where FE mesh
congruent

e Cls can be used to introduce
contact conductance

— Cls defined between FE — LP

* ACG supports LP —LP &
FE — LP connections

— Visualise “Free Edges”

Engines UK

. 24" European Thermal & ECLS Software Workshop @Tp
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@Tp Combined Finite Element / Lun-

ITP Engines UK

An ITP Group Company

e Supported by,
— Boundary Conditions
— User-defined Conductors
— Groups

Extended pre- & post-
processing

— Shell side

— Analysis Type

— Mesh Displacement
— Free Edges

8 24" European Thermal & ECLS Software Workshop @Tﬂ

@Tp Combined Finite Element / Lun-

Engines UK
An ITP Group Company ITP Engines UK
[ T | =l o Import from Nastran
File Hame: I-DDST.bdf | Erovwse |
Conductive Iterfaces: | -conect — Select Analysis Type
Analysis Type: W it ) )
Scale Factor: g:00 — Conversion of units
Tolerance: 1.0E-4
Output File: ariss. ery Browvze |
e e u * Export temperature map
Rur  Cancel | ) L
E}__“j Result Files
- @ GSG_SAT_.out
- @ GS5G_SAT_POWER-Export. TMD
- @ GSG_SAT_POW =
@ GSG_SAT_POW Post-Process.. :
B ] Warking Files Pozt-Process (Thermhiy)
Boundan Conditions |
:J Initial Temperature Export FE Tempetatures...
,:;l Temperature Delete...
] Heat Load/Unit Area :
;:_] Heat LoadiFace | |
24" European Thermal & ECLS Software Workshop @Tﬂ
L ngines
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An ITP Group Company ITP EnglneS UK

 Enhanced model orientation

— Rotation about centre of
displayed model

— Fit to view via “Reset”
— Display of orientation axis

Engines UK

I 24" European Thermal & ECLS Software Workshop @TP

@Iﬂ NeW Thermal Ste-
An ITP Group Company — Engines UK

* New thermal steady state solver SOLVCG
— Conjugate gradient iterative method

— Low memory requirements
— Good convergence properties

e Convergence on nodal energy imbalance (RSS)

Moddel Tree  Define Analysis Case |

» Optional convergence on srsss Co. [ =]
global energy imbalance cowam o | s
$CONSTANTS .
$CONTROL e 1
INBNDM = 1.0E-3; . -
INBALR = 1.08-2; |20 B
@ sssaryme.
24" European Thermal & ECLS Software Workshop @Iﬁ
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121

e

An ITP Group Company

« ESATAN-TMS r3

demonstration

; 24 European Thermal & ECLS Software Workshop

ITP Engines UK

Jim

An ITP Group Company

e Visualise CAD hierarchy

e Import CAD hierarchy only /
undefined shells

« Rename shell

e Extract sub-component of
CAD model

e Include Geometry option
¢ Model rotation

* Orientation axis

* Recursive delete

« Cut, copy & paste in model
tree

e Multiple select in model tree
» Drag & drop in model tree
* Highlight selected shells

| 24" European Thermal & ECLS Software Workshop

ITP Engines UK

FE analysis option on shells
Visualisation of “Free Edges”
Right-click menu
Mesh/geometry refinement
Shell side overlay

Display of boundary conditions
on FE shells / Nodes

New thermal steady state
solver SOLVCG

Contour plotting
Remove mesh outline

Jim

24th European Workshop on Thermal and ECLS Software
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Jire curcent DoV

An ITP Group Company ITP EnglneS UK

« ESATAN-TMS r3
— Import of CAD Geometry
Enhanced Model Tree
Combined Finite Element / Lumped Parameter
Enhanced Model Rotation
— New Thermal Steady State Solver
demonstration
Extension of Post-processing Capability

demonstration
™ 24" European Thermal & ECLS Software Workshop @Lﬂ
@Iﬁ Exten I Post-pro_
An ITP Group Company ITP Engines UK

« Direct response to user requests
Export data file

— Limits chart extended for Group attributes
— Extended chart control

— Display connected nodes

— User-defined Constants

General updates

ngines UK

24" European Thermal & ECLS Software Workshop @Tp
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@Iﬁ Extension of Post-proces_

An ITP Group Company ITP Engines UK
* Export data file,

— Aim: Ability to calculate derived parameters and
post-process in Workbench.

File Edit Schematic Report Chart o

— Export Data File ST
option x

Filename: [ DELZ_ACASEQLimport,

— Select,
* TMD export file
» Derived attributes
e Time step(s)

* Node data only
option

[¥ Mode Data Only

— Post-process data within Workbench.

Engines UK

I 24" European Thermal & ECLS Software Workshop @TP

@Iﬁ Extension of Post-proces_
An ITP Group Company ITP Englnes UK

* Request to plot overall min and max
temperature of a Group

— Limits chart extended for Group attributes

— Allows range of an attribute to be displayed
Payload Limits

a0 75 100 128 150 175 200 225 250
Payload - Average Temperature [K] I
Mode:Payload:0000 - Temperature I
Node:Payload:0002 - Temperature I
Mode:Paylead:9003 - Temperature I
rovess reosere [ |

|
R B 24" European Thermal & ECLS Software Workshop @Iﬁ
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e

An ITP Group Company

Extension of Post-proce_

Extended chart control,

— Chart title
— Series

* Name

* Line style

* Line colour

» Marker style/font

— Markers On/Off

I

ITP Engines UK

Payload temperature Response

40 475 -
40450
40425
a0 400
0375
40350
40,325 -
40,300
40275
40250
0225
40 200
40.175
40,150
40,125
40.100
40,075
20050

48 Unit2
= Unit1

E

2000 3,000
Time [s]

4,000 5000 8,000

» 24 European Thermal & ECLS Software Workshop

Jim

An ITP Group Company

Extension of Post-proce_

Extended chart control,

— Chart title

— Series
* Name

* Line style

* Line colour

* Marker style/font

— Markers On/Off

I

ITP Engines UK

Payload temperature Response

40475 -
0,450
40426
40,400
40375
40,350
40325
an.300
40276
40.250
40,225
40.200
40175
40,150
0125
40.100
40075
40,050

= Unit2
= Unit1

o 1,000 2,000 3,000

Time [s1

N 24 European Thermal & ECLS Software Workshop

4,000 £.000 8,000

Jim

24th European Workshop on Thermal and ECLS Software
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@Iﬁ Extension of Post-proce33|-

An ITP Group Company ITP EnglneS UK
» Display connected nodes,
— Ability to display nodes connect to given node(s)
» Controlled by conductor filter
 Display all OR only directly connected nodes
2523 3522
Display Connected %2 Display Al 2521 ] o
981 a0c 900 9
L [ Mew Delka Report
[ Hew Dela Repart Display All Connected Modes
Display All Connected Modes Display Connected Nodes
Display Connected Modes
I Group...
& Group... .
. 24 European Thermal & ECLS Software Workshop @Iﬁ
@Iﬁ Extension of Post-proceSS|-
An ITP Group Company ITP Engines UK

» User-defined Constants

— Calculators extended to allow definition of
Constants

» Used in expressions defining further attributes

o | Tools Help Calculator Editor
- IModel Yalidation. .. Node(s)] (Sub)ModeI,l’Group(s_)l Conductor(sy  Constants I
= Customise Toolb._ars_. - Marne
Calculator Editor...
= Gravity
Unit Labels Editor, ., Cpwater |
2= Preferences...

Calculator Editor

N'oda(s)'l {5ubiModslGroupis) C'on_duétnr(s).l Co_nstantsl
Operatar
Tultiply Walue

Argurment 1 Argument 2
CpiWater

Conductor Heat Flow

Engines UK

N
24™ European Thermal & ECLS Software Workshop %Tp
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An ITP Group Company ITP EnglneS UK

* General updates
— Direct removal of node(s) from Group

— Update to control of colour scale

» Access via toolbar

» Option to display single legend for Nodes / Groups
— Improved menu layout

Saving of all chart settings

Display of value for composite conductors

24 European Thermal & ECLS Software Workshop @Tﬂ
! ngines

e Current Developments|
An ITP Group Company ITP Engines UK

« ESATAN-TMS r3

Import of CAD Geometry

Enhanced Model Tree

Combined Finite Element / Lumped Parameter

Enhanced Model Rotation

— New Thermal Steady State Solver
demonstration

— Extension of Post-processing Capability
demonstration

24" European Thermal & ECLS Software Workshop @Tp

Engines UK
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Jire  oemoni

An ITP Group Company ITP EnglneS UK

» Display connected nodes
» Colour scale
 Remove node(s) from Group

» Extended chart control
« Limits chart extended for Group attributes

» Export data file
» Post-process derived attributes in Workbench

24 European Thermal & ECLS Software Workshop @Tﬂ
! ngines

e Current Developments|
An ITP Group Company ITP Engines UK

« ESATAN-TMS r3

— Import of CAD Geometry

— Enhanced Model Tree

— Combined Finite Element / Lumped Parameter

— Enhanced Model Rotation
demonstration

— New Thermal Steady State Solver

— Extension of Post-processing Capability
demonstration

— Import / Export STEP-TAS

— Ray Visualisation

— Maintenance

24" European Thermal & ECLS Software Workshop @Tp

Engines UK
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Jire mport/ Exp

An ITP Group Company ITP EnglneS UK

* Import/export geometry from/to STEP-TAS
o OQutput from ESA IITAS project

e Import STEP-TAS definition into Workbench

[ tities Help
i Mastran Converter
Thermal Run-time Monitor ...
B e x|
ESATAMN-TMS to SINDA Converter .. =
SINDA, to ESATAN-TMS Converter . S P AL I
PCESATAN Madel Directary Import.. Mews Process ? T8
ESATAM Madel Impott..

Thermhy
CADConverter Run | Cancel |

Customize. .. 3

M 24" European Thermal & ECLS Software Workshop @TP

Engines UK

An ITP Group Company ITP Engines UK

* Import/export geometry from/to STEP-TAS
e Output from ESA IITAS project

Export from Workbench to STEP-TAS

X
Model Edit Define Geo Model List
O e E| _
Dﬂ Qpen... pEES =
r, . it
I Ciose aigyml 0
| s CiTest
[ » FE_LP_Mesh
a 5 = FELP&cvectiveFECalculated
CRAELY. FELPadvectiveFELPCalculsted
(Remen) D adistive... FELPadactivaLPCalculatsd
Furge Image. . FELP&chvectiveLPFECalculstec -
m Preferences... FELPConductiveFECalculated ,ﬂ
--- hi |
ol Export  Cangel | i Help |

N 24" European Thermal & ECLS Software Workshop @Tp

Engines UK
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@TP Import / Export 5-

An ITP Group Company ITP EnglneS UK

24™ European Thermal & ECLS Software Workshop !Tﬂ
ngines
.a:‘”‘
Ray Visu
ngines

An ITP Group Company ITP Engines UK
e Customer driven requirement

— Critical to control solar rays
— Ability to visualise any solar ray hitting a face
— Tracking solar ray from other surface

146

1098.9173 o
7326115 —

Courtesy of Astrium UK

— Define Group of faces
b 24™ European Thermal & ECLS Software Workshop @TP

Engines UK
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Jire ey vl

ITP Engines UK

An ITP Group Company

* Record rays on selected faces during analysis

_—
-] Groups
B Materials
| Properties

14 Radiative Cases

E‘. solo_L

LR

B HF
[ User Defin
B | variables
[+ Library

Solar Direct Flux

Solar Absaorbed MCRT
Solar Absaorbed Matrix
Planet & Albedo Direct Flux
Planet & Slbedo Abs MCRT
Planet & Albedo Abs Matrix

— ==
“alickation run

Solar Ray Propagation Reference

» Select face or Group

24 European Thermal & ECLS Software Workshop @!T‘w
ngines
@rp _
Engines UK

ITP Engines UK

An ITP Group Company

 Post-process results

Display

Solar Ravy to Face: ,_

Solar Rayto Face 2330

™

gines UK

241 Eun
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ITP Engines UK

An ITP Group Company

e Post-process results
hodel Tree  Post-Process Radistive Results |

BlZRa] — [ e

Post-Process: ISoIar Rary to Face: LI

Face: |2330

Green dot denotes
incident ray

Jim
T -

ITP Engines UK

An ITP Group Company

» Performance & scalability improvements

» Port to 64-bit Linux
— Built as a 64-bit application
— Requires update of the licence manager, FLEXnet

* Improved Conductive Interface detection

% 24" European Thermal & ECLS Software Workshop @Tﬂ
- ngines
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Jire - concilill

An ITP Group Company ITP EnglneS UK

« ESATAN-TMS r3 being finalised for release
— Significant development of the product
— Major developments include,
* Interactive geometry build capabilities
» Enhanced process of working with CAD models
* Combined FE / LP analysis
* Enhanced post-processing

. 8 24" European Thermal & ECLS Software Workshop @Tﬂ
b - ngines

An ITP Group Company ITP Engines UK

* User survey
— Thank you for input
— Analysis of input underway
— Use your input to steer our development

 Congratulations to our competltlon winner

== -

Engines UK

. 24" European Thermal & ECLS Software Workshop @Tp
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Jire -

An ITP Group Company ITP EnglneS UK

www.esatan-tms.com

24 European Thermal & ECLS Software Workshop @Tﬂ
! ngines
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Appendix I

SYSTEMA 4.3.4

Marc Baucher
(EADS Astrium, France)
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Abstract

Thermal computation on mechanical and CAD models

SYSTEMA 4.3.4 introduces even more flexibility in geometrical modeling. Mechanical or CAD models
can be imported from NASTRAN or [-DEAS (BLK BDF), CATIA (Step AP-203) or other tools (VRML).
The THERMICA/THERMISOL tool chain can then be executed on these models without any shape
modification or with partial modifications (for example to suppress some details, simplify some elements
or create analytical shapes to replace discretized curved geometries).

Furthermore, SYSTEMA offers a large panel of intuitive tools to simplify geometry and easily assemble,
compare and modify mechanical and thermal models. The version 4.3.4 now also allows saving within
the model all the help items such as grids, lines or points which have been used to interactively create
shapes).

STEP-TAS interface

For the last two years, we have been working with ESA and CSTB to get a complete STEP-TAS interface.
It is now possible to directly import from SYSTEMA this format which will be converted to a v4 model,
meshing and material databases.

Thanks to the v4 upgrades, this conversion is compliant with most of the STEP-TAS features. Boolean
cuts are handled for prism and cylinder truncations and will also include the cutting plane next year.
Distinct sides numbering are also available from version 4.3.4. The list of restrictions between the
STEP-TAS capabilities and the SYTEMA ones have then been decreased to only a few elements such as
the cutting plane, grid spacing (but they will both be implemented next year) and the sub-grid.

This import/export options have already been successfully tested on many cases, including industrial
ones from the IITAS test plan but also additional cases.

This interface can already be activated in version 4.3.3 and will be fully available in version 4.3.4.

Wide Mission simulation

SYSTEMA v4 has been developed with the concern of managing the complete solar system in order to
simulate any mission. The localization of all planets is known with an accuracy of a hundred kilometers
at any time. In addition, rotational frames of the Earth, the Moon and other planets are also available and
allow the definition of landed missions.

The mission viewers have been extended with predefined camera positions (from/to the Sun, Velocity,
a planet ... ) and the possibility to represent the kinematics frames animated with the spacecraft.
This realistic rendering is particularly helpful to understand the behavior of the implemented mission,
especially when complex kinematics have been used. In addition to the analytical definition, it is now
possible to study specific configurations thanks to 2 new options. The "Fix Sun" option can be used to
freeze the relative movement of the planets and Sun to their positions at the beginning of the simulation.
Also a "search" function is available to find the next date of a given Sun declination.

24th European Workshop on Thermal and ECLS Software 16-17 November 2010
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SYSTEMA v4.3.4

24th European Workshop on Thermal and ECLS Software
Marc Baucher — EADS Astrium, France

SYSTEM.A

ERVIEA= TR ERMVISOL

Versions

SYSTEMA :
Mechanical model import

i Integrated material edition
= Version 4.3.3 Meshing on both sides

= December 2009 Step-Tas interface
Presented at the Ray paths display in 3D view

STK ephemerid and attitude import

2009 ECLS Workshop Advanced mission 3D view
Mission report
= Version 4.3.4 THERMICA :
= December 2010 Gebhart factor computation on CAD & mecha models
Next release High performances ray-tracing
THERMISOL :

New ESATAN features implemented
Improvement of convergence
New post-processing features

Multi time-step transient algorithm
Thermisol working station on Windows

EADS

- askErium

24th European Workshop on Thermal and ECLS Software 16—-17 November 2010
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Contents

. SYSE i

= Focus on:

= Thermal computation on CAD and mechanical models
Import models from various software and run the THERMICA/THERMISOL toolchain

= Step-Tas interface
Compliance of Systema with ESA exchange format

= Wide mission simulation
Analytic and realistic simulation

EADS

- SsEriom

Mechanical & CAD
Interfaces

EADS

- SsEriom
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CAD & mechanical models

» SYSTEMA is compatible with :

= |-Deas & Nastran
BDF (BLK) : geometry organized by MID & PID with mechanical identifier

= Catia models
Step AP203 : geometry in a tree structure

= Other tools
VRML v2 : geometry

EADS

- sskErium

» Importing features

» Imported shapes are ready to work
= Triangles & quadrangles
= Coordinate systems taken in account

» |tems are organized
= Shapes are sorted by mechanical material and property (MID/PID)
= Mechanical numbering is imported

= SYSTEMA manages complete mechanical models
= High detailed models can be imported

EADS

- SsErium
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AD & mechanical models

I-Deas & Nastran BLK interface

* Numbering

» Building the thermal numbering from the mechanical numbering
» Thanks to the sorting by MID & PID, shapes are grouped by components
» Nodes can be quickly condensed or gathered in sub-models
= Numbering comparison : thermal and mechanical meshing on the same geometry

[ 5ystema 4.3.4dev12
Systema Fle Edt Toos View Modsler

 ros
& @ sz26001)
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I-Deas & Nastran BLK interface

» Thermal properties

= Material
= Thermal materials can be easily assigned to all the shapes, thanks to inheritance
properties and the built hierarchy based on MID and PID

= Shapes orientation management
= SYSTEMA allows to visualize shape orientation
= By one action, reverse the orientation of selected shapes

1 action
on selection
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CAD & mechanical models

I-Deas & Nastran BLK interface

* THERMICA works on high detailed models

= Imported mechanical models are handled by THERMICA
like native SYSTEMA models

» Thanks to performance improvements on version 4.3.4,
THERMICA allows its execution directly on mechanical meshes

Gebhart radiative exchange factors
are computed with the
full ray-tracing method

Catia STEP-AP203 interface

» Importing features

= Geometry is imported without modification
= Surfaces are imported using a fine facetization
= THERMICA analysis could be run on a default meshing

= CAD models are not always suitable for direct analysis
= Overlayed shapes shall be cleaned
= Shapes orientation need to be modified
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CAD & mechanical models

Catia STEP-AP203 interface

» Geometry modifications

= Volumes with small thickness are modelled
where it would be preferred to use a plane surface
= Shape orientation shall be reversed to be homogeneous
= Activity shall be turned off in the inner

= Two ways to deal with detailed geometry
= Geometry can be used as it (with possible condensation)
= Otherwise, SYSTEMA offers advanced tools to simplify the model

EADS

sskErium

CAD & mechanical models

Catia STEP-AP203 interface

» Geometry simplification

» Help items
A~Bra-L-D-@~&-~

= Points, lines and planes creation gro-@-@®-9-o-
B 1y T e N B &

= Middle, curve and sphere centers

= |[ntersection line / plane and line / line
= Help items are stored with the model

= Large choice of shapes definition
= +60 shape types : interactive and static creation
= Contextual documentation

EADS

- askErium
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CAD & mechanical models

P <

Catia STEP-AP203 interface

= How to work with CAD model

= Import the whole CAD model
= Simplify some parts, where it is rentable
= Use as it the rest of the geometry without modification

» Integrate CAD component in an existing thermal model
= Use copy/paste feature and frame transformation to integrate
the CAD submodel in a existing thermal model

= Conclusion

= New versions of SYSTEMA & THERMICA provide tools to
easily perform full ray-tracing analysis on
mechanical, CAD and VRML models

= |f the imported model is already built for a physical analysis,
it just requires to set thermal materials and numbering

= Otherwise, ergonomic tools help user to simplify the interesting
geometry, orientate shapes and assemble models.

[ The simplification of the whole model is no longer required J
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STEP-TAS
Interface

EADS

- SsEriom

STEP-TAS

» STEP-TAS exchange format

= Thanks to a collaboration with ESA and CSTB,
SYSTEMA is compliant with STEP-TAS format :
geometry, materials, meshing rules and thermal network nodes

= Tested on industrial case

» Integrated in SYSTEMA :
= Can be activated in v4.3.3
» Fully available in coming v4.3.4

EADS

- SsEriom
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STEP-TAS

» STEP-TAS detailed compliance

Shapes Compliant for all common shape types.
SYSTEMA Antenna and revolved shapes not exported

Frame transformations | Compliant

Boolean cutter Triangle prism and cylinder cutters are supported.
SYSTEMA Generic prism is not exported.

STEP-TAS infinite half-space is not supported but will be
integrated in next releases

Thermal materials Compliant with the SYSTEMA material database.
Meshing rules Supported except of grid spacing (will be integrated in
next releases) and sub-grid
Thermal numbering Compliant thanks to management of both sides in
SYSTEMA v4.3.4
_ EAQSSIZI—H_A'FH
Wide Mission Simulation
_ EAQSSIZI—H_[FH
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Wide mission simulation

» Analytic and realistic simulation

= Realistic space mission
= Ephemerids of solar system planets are computed by SYSTEMA :
Mission is configured by giving dates of interest

= Analytic parameters to define
a worth case configuration
= Dates of interests can be defined by:
= Solar declination, Beta angle
= Longitude and lattitude

= Season dates (solstices and equinoxes)

mulation

= Mars Rovers and Ground Stations

= SYSTEMA provide an easy way to define ground objects
= Just longitude and latitude on the planet are required

= Solar flux variations for THERMICA analysis
= Daily variations due to the Mars rotational frame
= Season variations due to the Mars orbit

= Earth and Sun pointing laws
= Beta angle and pointing misalignment
can be displayed in real time

EADS

- askErium
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Slow Normal Fast Play/Pause Stop

Wide mission simulation

= Mars Rovers and Ground Stations

= SYSTEMA provide an easy way to define ground objects
= Just longitude and latitude on the planet are required

» Solar flux variations for THERMICA analysis
= Daily variations due to the Mars rotational frame
= Season variations due to the Mars orbit

= Earth and Sun pointing laws
= Beta angle and pointing misalignment
can be displayed in real time

EADS

SErium
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Wide mission simulation

= Moon orbiter

= Realistic Moon behaviour for
solar and Moon albedo & IR fluxes
= Daily and season rotations of Earth
= Moon orbit and its rotational frame

» Dynamic follower camera
= Camera Fixed in local orbital frame
= View from / to Sun, the Earth or the Moon
= Locking in planet rotational or inertial frame

EADS

sskErium

Wide mission simulation

= STK and CSV interfaces

= Both STK and CSV format are supported in import
= STK: ephemerid .e format and attitude .a format
= CSV :simple text files exported from Excel or other tools

= Trajectory satellite orbits
= Position (and velocity in option) can be provided in cartesian or longitude /
lattitude / altitude in rotational or inertial reference
= Keplerian propagator or quadratic interpolation

= Kinematics attitude and behaviour
= Attitude can be provided in quaternion or rotation matrix
= Attitude are defined on a local orbital frame, a inertial frame or any pointing
direction available in SYSTEMA

EADS

- aEsErium
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s ! You are here

SYSTEMA
THERMICA

« Thermisol

| THERMISOL - Applications

E special features
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Overview H
Tachnical detail: H
I H E R M I S O L Anplications. -} THERMISOL has been used, validated and optimized on many projects. Thanks to § years of intense

use in Astrium. convergence optimizations were finely tunes. Here are examples of the THERMISOL

About us; SCRANKAUTO provides an automatic time-

VISit Our Web Site : .Comm\.lmty i i step based on minimum and maximum error

+ specifications m
Distributors i timated by

17!

—/

During the n. the ermor is

Contact i the Taylor development and the time-step is UMHV I“K/\{J = |

www.systema.astrium.eads.net

otte ereatter  shows e evolulion

¢

Tt i control variables have been added in the paragraph SCONTROLS -

ERRMIN = 0.01; ERRMAX = 0.01;

The new solution is plotted in the following graph

i temperature for 3 nodes : 1000 (central body). 2000 (antenna), and 3000 (solar panel)

; ! The oscillations can be drastically reduced by the use of an automatic time stepping. In the previous
> i input file, the call to SLFWBK has been replaced by a call to the subroutine SCRAMKAUTO, and two

e

ustment

Contact : 5

timothee.soriano@astrium.eads.net

marc.baucher@astrium.eads.net

Automatic time-step sgjustment
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Appendix J

THERMICA-THERMISOL 4.3.4

Timothée Soriano
(EADS Astrium, France)
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Abstract

THERMICA Performances

For its latest version 4.3.4, one major concern was the computation performance. The ray-tracing
algorithm has been reviewed in order to speed-up its execution. Besides, THERMICA is now multi-
threaded which allows to take benefit of the computer performance. Results and CPU time will be
compared on significant cases, demonstrating that not only the accuracy of the v4 has been improved but
the execution time has also become one of the strengths of THERMICA.

Ray-tracing visualization

Another major feature of the 4.3.4 version is the ray-tracing display in 3D view. In order to understand
THERMICA results, ray paths can be displayed around the spacecraft visualization in the realistic
mission render. User is free to navigate around rays and geometry, to filter by bouncing or emitting
meshes, and to display in a same view results as shape color or textual value.

THERMISOL Evolutions

Performance issues have also been raised for complex models such as satellite systems including biphasic
fluid loops. This kind of models requires small time-steps in order to converge. Therefore we decided
to investigate on the multi time-steps algorithm already studied a few years ago. The principle of this
algorithm is to adjust the main time-step so a certain percentage of the nodes (usually about 95%) have
a good accuracy. For the other nodes, an adequate sub-step is used in order to get a full convergence of
the system.
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24th European Workshop on Thermal and ECLS Software
Timothée Soriano — EADS Astrium, France
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Content

* THERMICA Ray-Tracing Performances

» THERMICA Ray-Tracing Visualization

» THERMICA Conductive aspects

» THERMISOL Multi Time-Steps

EADS
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Content

THERMICA

Ray-Tracing Performances

EADS

- SsEriom

THERMICA

Ray-Tracing Performances

*» THERMICA 4.3.4
» Double Precision Multi-threaded software
» Uses a wide voxels discretization optimized for better performances

= Accuracy problems are avoided thanks to error controls in the ray-
tracing process

= Performs computation directly on thermal nodes, then symmetries
the results

= Write compressed hdf5 files (rad.h5 and optional box.h5)

= Uses dynamic memory allowing more complex models

EADS

- SsEriom
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THERMICA

Ray-Tracing Performances

= Execution Time Comparison

= Machine used:

» Red Hat Linux 64bits with 2 quad core processors

* Model description:
» Telecommunication External model composed of 3500 meshes

» Geo-stationary orbit with 16 orbital positions and kinematics body

= Execution Time Summary:

Versions 3.2.32 4.3.4

Number of threads 1 1 4 8

Radiation 83 min 28 min 11 min 10 min

Solar Flux 5 min 2 min 1 min 1 min

Total Time 88 min 30 min 12 min 11 min

Ratio vs 3.2.32 C 293) 7.33 s
Ray-Tracing Improvements + Multi-threading

_ EADS

askErium

THERMICA

Ray-Tracing Performances

» Ray-Tracing Performances: Conclusion

THERMICA v4.3.4 is a high-performance ray-tracing algorithm
» The performances mainly depend on the number of rays.
» The complexity of the model has a limited impact on the CPU time
but increases the amount of necessary RAM

This improvements allow to:

» Decrease the execution time (by about 7 on a quad core machine)
> Increase the model complexity

» Use directly CAD geometries on a thermal model

The v4 has now a performance level never reached in thermal analysis software

It is optimized for accuracy, fast execution and lower hard-drive memory usage

_ EADS

astErium
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Content

THERMICA

Ray-Tracing Visualization

EADS

- SsEriom

THERMICA

Ray-Tracing Visualization

» Ray-Tracing Visualization

= |tis now possible to store all the computed rays in a hdf5 file

= The rays can then be easily viewed in SYSTEMA with filtering options
» By emission node
» By impacted node with multi-selection is available

> Between nodes

= SYSTEMA can handle an incredible amount of rays without a lost of 3D
performances

EADS

- SsEriom
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SVSREN A THERMICA

Ray-Tracing Visualization

Wide Ray Display
with
High performance 3D rendering

EADS
=25

Eriam

THERMICA

Ray-Tracing Visualization
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THERMICA

“ Ray-Tracing Visualization

5 Rays impacting the Reflector & SunShield

(computation performed on CAD geometry)

SYSEEMIA Content
THERMICA
Conductive Aspects
) EADS
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THERMICA

Conductive Couplings

= Conduction Principle

= Generality
> The conduction is driven by the Fourierslaw Q= L —div(4.gradT) dV = L— AVT.ndC

» The power exchanged by conduction between 2 shapes depends on the

temperature gradient at their common frontier

Q= nggez.VT.n 0S cige

» The temperature gradient between 2 shapes cannot be determined only with the
knowledge of their average temperatures

EADS

askErium

THERMICA

Conductive Couplings

= Conductive Couplings topologies

= Shape-to-Shape couplings (without edge nodes)
» This topology usually requires the following hypothesis:
- The average temperature of a shape is located at its center
= implies linearity of the temperature profile inside each shape
- The temperature gradient at the frontier is more or less AT / length

= implies linearity of the temperature profile across the 2 shapes

» Limitations:
- A linear temperature profile is equivalent to have only conductive fluxes
= the mesh size shall be decreased to minimize the surface fluxes
- There is no mathematical evidence of the couplings solving equations

= it is not possible to quantify the error made

_ EADS

astErium
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THERMICA

Conductive Couplings

» Conductive Couplings topologies

= Necessity of the Edge Nodes
» They are used to compute the temperature gradients on their dimension

» This information is required to compute accurately the conductive flux

» Possible couplings using a “edge node” topology raliative Fluxes
> It can be demonstrated that it exists an infinite

. . . Ingérnal / External Fluxes
set of couplings on a shape which are linearly exact

» Among all those possibilities, it is also possible
to demonstrate that it exists one and only one A /4 )
solution consistent with the radiative mesh e e
> This solution lays on only one hypothesis: ’
The surface flux shall be uniform on the surface

Conductive Fluxes =

EADS
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THERMICA

Conductive Couplings

=» The Reduced Conductive Network method is now
mathematically demonstrated

= Key points of the demonstration

» Definition of all linear solutions in a triangle (6 parameters to be defined)
A set of 5 equations can be written to define them

A 6th coefficient can be of any value (Vg e R™)

» Introduction of a tiny power on the triangle surface Qs = &
Then the 6th equation becomes3a / 'FS =Tg +a.cg +0(5§)
Meaning that not all solutions of the linear case are solutions of this problem
But it exists at least one solution among them (which we don’t know...)

The error made on the temperature is proportional to the power &g

EADS

SsEriom
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THERMICA

Conductive Couplings

= Key points of the demonstration

» The Detailed Conductive Network: Study of a shape with significant surface powers

If we discretize the shape into small triangles, the surface power (supposed uniform)

is distributed to the submesh. Each submesh triangle is then conform to the previous case.
We write a detailed conductive network on the submesh.

This detailed conductive network is written with unknown values of the a coefficients.

» Reduction of the detailed network: creation of the reduced network
It can also be demonstrated that there is an exact reduction of the detailed

network under the only hypothesis of a uniform surface flux.

This reduction do not sum the error made on each triangle but average those errors !!!!

EADS
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THERMICA

Conductive Couplings

= Demonstration conclusion

Even if the analytical description of the couplings is not known, and even if the detailed
network is written using only a linear solution (and not the solution of the real problem),
The reduction of such network tends to the exact solution of the problem as the submesh

size decreases.

-~

\/
N/

Detailed Conductive Network Reduced Conductive Network EADS

- astErium
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THERMICA

Conductive Couplings

= The RCN method

= Disadvantages
» Creates an edge nodes structure

» The conductive flux is given by a few couplings contributions

= Advantages
» The conductive fluxes are accurately computed
» It lays on the same hypothesis than the radiative couplings and external fluxes
» The mesh size is dimensioned according to the radiative constraints
= reducing the mesh for conductive aspects is not necessary and even meaningless
= the nodal network can be composed with less surface nodes

The RCN is the only 2"d order known method which is
Mathematically consistent with our thermal analysis

_ EADS

SsEriom

Content
THERMISOL
Multi Time-Steps
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THERMISOL

Multi Time-Step

= Problematic

The integration of complex elements in a thermal model may
implies a need of a reduced time-step for converging
the numerically sensitive sub-part of the model...

... even if the majority of the nodes has a less constraint thermal
environment and could be solved with a much greater time-step.

Recent examples are given by the integration of LHP fluid loops
in the THERMISOL models

EADS
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THERMISOL

Multi Time-Steps

= The Multi Time-Step: A possible Solution

= Needs to find a compromise
» On one hand, a converged solution can only be obtained with small time-steps

» On the other hand, we want to save CPU Time (so increase the time-steps)

= Not an easy task
» Obviously, the integration of a numerically sensitive element such as a LHP sub-model
has globally an impact on the entire model, even if the temperature variations are
smoother on the majority of the model

» The use of a sub-time shall be carefully studied

EADS

- astErium

24th European Workshop on Thermal and ECLS Software 16-17 November 2010



164 THERMICA-THERMISOL 4.3.4

THERMISOL

Multi Time-Steps

* Principles

» THERMISOL computes a 2" order solution and a good error estimation at the 3rd order

» Nodes are divided into 2 categories: with an acceptable error / with too much error

» A sub time-step may be used for the rejected nodes group

» The other nodes are interpolated according to their quadratic temperature profiles

» All node’s temperatures are recomputed at the rendez-vous. The solutions are compared and

the entire time-step (prime+subs) is validated or rejected

» No mathematical evidence of the convergence
» The errors are only estimations and the interdependences of the nodes do not allow a
mathematical justification of the re-computation of a sub-group only.
» The complex interactions in a thermal model makes it difficult to pre-define groups of sensitive
nodes
» Precautions shall be taken: the multi time-steps algorithm needs to verify that the subdivision of

the thermal model in 2 groups is valid

EADS
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THERMISOL

Multi Time-Steps

» Example: a telecommunication satellite including 12 LHP
» Fixed Time-Step of 1s :
Converaence: Excellent / Execution Time: 160 minutes

3520
3087
26.46
2205
1764

1343 /—\

2.821

Temperature (Celsius)

4.411

0 1.077e+04 2.15d4e+04 3.231e+04 4.308e404 5.385e+04 6.462e+04 7.530e+04 E.61be+04d

Seconds EADS
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THERMISOL

Multi Time-Steps

= Fixed Time-Step of 10s:
Convergence: Very bad / Execution Time: 55 minutes

Temperature (Celsius)

0 1.077e+04 2.154e+04 3.231e+04 4308e+04 5385e+04 6 462e+04 T.530e+04 Bhldet+ld

Seconds EADS
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THERMISOL

Multi Time-Steps

= Multi Time-Step of 10s/0.5s :
Convergence: Acceptable / Execution Time: 75 minutes

3520

3087

26 .44

2205

1764

13.23 w\

8.821

Temperature (Celsius)

4.411

[ 1.077e+04 2.154e+04 3.231e+04 4.308:+04 5.385¢+04 64626404 7.539e+04 8 616e+04

Seconds EADS
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THERMISOL

Multi Time-Steps

= Multi Time-Steps conclusions

= This algorithm has a completely automatic behavior
» The prime time-step may be fixed or automatically adjusted
» The sub-division of nodes is automatically computed

» The sub-step is automatically computed

= The accuracy is well managed
» Errors are systematically double-checked before and after any sub-step establishment

» Users constraints (time-steps limitations) are taken into account

= Convergence / CPU Time : a good compromise
» See the previous slides

EADS
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THERMISOL

Multi Time-Steps

= Next step: consolidation of the algorithm

= Minimize rejected computations

» Automatic prime-step leads to a lot of rejected computations (which increases CPU time)

= Minimize the number of nodes to re-compute

» All arithmetic nodes are systematically recomputed — need to find an alternative

= Validation of the convergence vs time compromise

» More cases shall be studied to identify rules and possible improvements of the algorithm

EADS
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SYSTEMA
THERMICA =

& Thermica Suite
« Thermica

« Tharmiso!
T H E I e M I S O L Overview THERMISOL - Applications

Technical details

e i THERMISOL has been used, validated and optimized on many projects. Thanks to & years of intense
use in Astrium, convergence optimizations were finely tunes. Here are examples of the THERMISOL
special features

supr
VISIt Our Web Slte : s I SCRANKAUTO provides an automatic time-
step based on minimum and maximum eror =
Commualy specifications. et
IestiEnsors Ducioo il Sioatod Lo m /\ | /\

WWW.systema.astrium.eads.net

ing. In the previous
ANKAUTO, and two

: control variables have been added in the paragraph SCONTROLS -
ERRMIN = 0.01; ERRMAX = 0.01;:

The new solution is plotted in the following graph

Contact :

timothee.soriano@astrium.eads.net
marc.baucher@astrium.eads.net

Automatic time-step adjustment
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Appendix K

TMRT

Mathieu Bernard
(EADS Astrium, France)

Thierry Basset
(Thales Alenia Space, France)

James Etchells
(ESA/ESTEC, The Netherlands)
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Abstract

The presentation will start with the introduction of the need to perform a thermal model reduction and
present TMRT as one solution for the task.

Then the general working principles of TMRT and the way of using the toll will be presented. In
conclusion, the availability of the tool will be announced.

The presentation will be user oriented and aim at convincing people to try TMRT.
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Thermal Model Reductlon TooI

TMRT
* 24th European. Workshop on Therrr,}al & ECLS Software ;

Mathieu BERNARD — ASTRIUM -

Thierly BASSET — THALES ALENIA SPACE
Frangois BRUNETTI - DOREA

‘James ET'CHELL.S -ESA

16/11/2010

DJREA ThalesAIema . ASTRIUM

All the space you need =z e §

Overview

= Thermal Model Reduction Needs

= TMRT Origins

= TMRT Reduction Working Principle
= TMRT Other Functionalities

= TMRT User Interface

All'the space you need

Date - 2

DJREA Thq_l_esAlema @ASTRIUM
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Thermal Model Reduction Needs

= To cope with contract:

= Delivering a sub-system reduced thermal model is often
contractual with a specified maximum number of nodes and a
specified accuracy.

= With a little number of nodes, a sub-system reduced thermal

model is easier to integrate at system level and easier to
understand.

= To improve complex element modelling process:

= The modelling of complex element can be performed using a
great number of thermal nodes and simple coupling
definitions.

= Then, it can be reduced to cope with thermal analysis needs.
, -
DIREA ThalesAIe—ma € ASTRIUM

All the space you need nrmmrmeres SPAC

Date - 3

TMRT Origins

= The will to harmonize reduction methods (CNES,
ESA, THALES ALENIA SPACE & ASTRIUM)

= Existing tools in THALES ALENIA SPACE and

ASTRIUM based on the same methodology:

= EQUIVAL in THALES ALENIA SPACE
* THERMIRED in ASTRIUM

= Methodology efficiency proven

= Either tool could not be commercialized. as is.

DJREA ThalesAlﬁma QASTRIUM

All the space you need o SPAC

Date - 4
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TMRT Reduction Working Principle

= A reduction is defined by making groups of nodes:
= Each group defines a reduced model node: T, = axTe
G

= The groups should be made considering the hypothesis of
proportionality of the non-conductive powers: P, =ag,P,

= The reduced model is valld as long as the
hypothesis above is well respected.

DIREA Thaleshlenia ) ASTRIUM

All'the space you need

Date - 5

TMRT Reduction Working Principle

= Equivalent Reduction: linear conductors of the reduced
model must be considered as a whole, not individually.

Physics Mathematics

= \Works with ESATAN/THERMISOL format and
CORATHERM format.

DIREA Thaleshlenia () ASTRIUM

All the space you need il

Date - 6
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TMRT Reduction Current Applications

= |[n THALES ALENIA SPACE and ASTRIUM, the
model reduction based on this methodology is

used to reduce:
= Telecom payload panels.
= Antenna assemblies.
= Electronic units.
= |nstruments.
= Spacecraft models for launcher analyses.
= Brackets.

—

DSREA Thaleshlenia () ASTRIUM

All'the space you need s SPAC

Date - 7

TMRT Other Functionalities

= Temperature Recovery (Secondary Functionality):

= Advanced Functionalities:
= Node suppression
= Power distribution
= Post-processing nodes
= Reduced model filtering

DIREA Thaleshlenia () ASTRIUM

All the space you need I

Date - 8
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TMRT User Interface

" TMRT User Interface consists in a series of
menus:

» For specifying the TMRT use case.
= For specifying the input and output files.

Choice of the TMRT Inputs/Output files:

*/ \s
*1 [kl - For Inputs and Outputs in CORATHERM format, enter: (€H)
*| TMRT Batch interface ™ B For | npu ts and Outputs in ESATAN/THERMISOL format, enter: @
*1 1 - Inputs in CORATHERM format and
*\ Outp uts i n ESATAN/THERMISOL format, enter: (©)
- For Inputs in ESATAN/THERMISOL format and
Outputs in CORATHERM format, enter: (O]
Version 1.0
- To quit, enter (@)
il L0 AL R (e L Nanie of the Detailed Therrall Model ESATAW/THERVISOL irput file?
- To perform a Reduction, enter (1) Name of the TMRT Calculation input file (type <+° for default filename
- perform a Filtering, ente| (2) BAsICL. CASTMRT)
- To perform a Temperature Recovery enter: (6)) . p
- To perform a whole Name of the Collective Node Definition Input file (type "+" for default filename
(Re on/Solver/Temperature Recovery),enter (4 BASICL. CNF)

the Reduced Thermal Model THERMISOL/ESATAN output file (type °+* for
- To quit, enter: © default Filenam e BASICIR.d)?

Name of the TMRT Model (type "+° for default filename BASIC1)?
Save the answers to file (Y/N)?

= TMRT can be launched without goingithrough the

—__menus bx Erowdlggwwer file.

DUREA ThalesAl ema 9 ASTRIUM

All'the space you need e SDAC

Date - 9

TMRT Availability

= TMRT is a now available.
= |t is license protected.

= Licenses can be obtained by contacting
ASTRIUM THERMICA service (fee covering
maintenance & distribution costs)

= Documentation is available:
= User Manual
= Theoretical Manual

DJREA ThaIesAﬁma QASTRIUM

All the space you need o SPAC

Date - 10
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Conclusion

= TMRT is a powerful thermal model reduction tool
now available to the community.

= |t can be used to perform very simple reductions
or complex ones.

= Reduction definition is performed manually by the
user. Modules on thermal modelling tool could be
developed in order make it more user friendly.

= Such modules could also be used to_perform the

geometrical reduction. .

All the space you need EA TDEI.E,SA/%I% 9 ASTRIUM
Annexes

= TMRT Reduction Example

= TMRT Theory

s ‘ .

DIREA ThalesAﬁl% © ASTRIUM
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TMRT Reduction Example

Thermal Properties
Thermal Node Number

.1I]l]

DJREA ThalesAIe—ma OASTRIUM
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TMRT Reduction Example

Thermal Properties

$ SUPPRESSED Thermal Node Number
1 100
$Q
27100 1
3
$HNREC
3
4
#
$AVERAGE
CAPACITANCES
$101
31
41
$102
11
12 1
13 1 .1[!]
14 1
#

.1uu

z

L%

T — System
DIREA ThaIesAlema Q ASTRIUM
All the space you need o SPAC

Date - 14
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= | inear Constraints: &=4T

= L agrangian Multipliers:

woar [ i)

ese —

All the space you need

Date - 16

DJREA ThalesAl 9% € ASTRIUM

TMRT
TMRT Theory
= Thermal System: CT+M%=q+p=q'
= Projection Method: 7=&? R”[cth%]:ﬁ’[q'w]
crrie L g
EY
¢=R'CR, M=R'MR, §'=R¢
= Guyan-lrons Reduction:
, T, .
Sl
Coa Cpe || T 9g £
I
R=| = | R=r=[1, -cuc
[_CJ;C}“:I _ad
All the space you need EA TDQEESA%Z?&] 9AASTRIUM
TMRT Theory

24th European Workshop on Thermal and ECLS Software

16—-17 November 2010



TMRT 179
TMRT Theory
] i .
* TMRT Equation: - T, = ay, T = AT,
Cow Cre Cpe O 0 |7 qx “ ieG, 4
Ca Cgy Cg O 0 |7 s
14 t TG TG
Cox Cos Cop 0 AfiTor=1q61 2= Au [T 47 =0
0 0 0 0 A,ll7T] |4y . .
i 0 0 AAG AM 0 __/1‘ MOJ A,M:—!_g
o Cs Csp O
Cora =[ gx 0]’ Cp =|Cos Coe Aue
0 A, O
Cp C 0
= pn [ 0 0 Ayl
DJREA
All'the space you need TbaESAI%Z% QASTRIUM
TMRT Theory
= TMRT Reduced Equations:
C=C,. - CuCiC,,
M=M_+CCaM,ChC,,
§'=a.-CyCra,
Ty ==CCa T, +Cpa
DJR A
All the space you need = TD%!ESﬁJ%‘I?& GASTRIUM
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Appendix L

LHP module for ESATAN & THERMICA thermal solvers,
dedicated to system level thermal analyses

Frédéric Jouffroy
(EADS Astrium, France)

Anne-Sophie Merino
(Thales Alenia Space, France)

Amaury Larue de Tournemine
(CNES, France)
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Abstract

A Loop Heat Pipe (LHP) is a key two-phase technology for reaching, at low mass and cost, the heat
transportation capability needed by recent advanced space missions, either in terms of large amounts of
heat to be transferred (more than 10 kW) or of reduced temperature gradients between dissipative units
and the corresponding radiator area.

Although LHP technology is now available to be included in future systems, its practical use for industrial
projects is in practice related to the possibility of predicting the thermal behaviour and mutual thermal
interactions between LHPs and a space system. The objective of a LHP software module is to provide a
sufficient LHP model for system analyses that can be easily plugged into usual thermal models developed
by European space industry (ie based on Esatan and Thermica thermal solvers).

A LHP Module has been developed through a partnership including ESA and CNES agencies, and EADS
Astrium and Thales Alenia Space (TAS) industrial companies. EADS Astrium was mainly in charge of
the software development while TAS efforts were focused on validation.

The LHP Module is based on the use of the standard ESATAN $ELEMENT feature such that it can
be directly interfaced as a submodel with any existing model. A standard simple evaporator model
is used, involving 3 or 5 thermal nodes depending on data provided by the LHP supplier. Tubing
(vapour line, condenser and liquid line) modelling developed includes thermal and hydraulic aspects.
The meshing is to be defined by the thermal engineer according to and consistent with the one existing
in the corresponding system model (radiators and panels). Several different tubing sections can be set
for liquid and vapour lines in order to take into account for instance the different flexible sections for a
deployable radiator; it is also possible to model multi-condensers with up to 5 parallel branches.

The LHP software module is mainly dedicated to transient problems, allowing to predict LHP stop and
start events. Steady-state situations can in practice be handled by running stabilized transient cases. In
order to ease integration of LHPs within system models, the different LHP components (fluid used and
hardware parts: evaporator, condenser, vapour and liquid line hardware) and assembly are defined in
separate external files to be referenced in the system model; this reduces the changes to be applied to the
system model as much as possible and enables the construction of libraries of component files for future
reuse.

Validation of the LHP module has been performed through comparison of temperature predictions
with measurements for different hardware and configurations, including flight measurements, such as
Inmarsat-IV, Delphrad and Com2plex. Correlation less than 5° could be obtained in many cases.

The LHP module is available for the European thermal space community as a “black box” tool
compatible with available Thermisol v4.3.3 and the next version of Esatan planned to be released by
end 2010.
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LHP Module for ESATAN & THERMICA
thermal solvers, dedicated to system level
thermal analyses

Frédéric JOUFFROY, EADS Astrium
Anne-Sophie MERINO  Thales Alenia Space
Amaury LARUE DE TOURNEMINE cnes

24th European Workshop on
Thermal and ECLS Software
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Agenda

= |[ntroduction

» Software presentation
= Software validation

= Availability
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Agenda

= [ntroduction

» Software presentation
= Software validation

= Availability

3 O ASTRIUM Thalestlenia € cnes (- esa

£ NATIONAL DIETUBES SPATIALES.

Context

= LHP : An emerging technology for heat transfer

» Need for a tool able to predict system-LHP thermal
interactions and behaviour by using European usual

space thermal software
» Esatan solver
» Thermica solver

» Involvement of agencies & prime contractors

» CNES

- ESA

= ASTRIUM

- TAS

4 © ASTRIUM Thalestlenia @ cnes (- esa
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Modelling capabilities

= _LHP behaviour
= Thermo-hydraulic heat transfer
= Tubing nodes+fluid nodes modelling, mass flow prediction
= All heat transfer configurations managed (cooling & heating)
= Vapour & liquid 1-phase heat transfer

= 2-phases vapour/liquid heat transfer.
= LHP start & stop prediction (unit switch on/off)
= Minimum/maximum acceptable transferred power
= Evaporator-reservoir gradient

» L HP configurations

= Vapour line: Different tubing sections (flexible, rigid)
= Condenser: Multiple branches
= Liquid line: Different tubing sections

= Evaporator: designs supported through generic simplified modelling

5 C ASTRIUM ThaIesAIgn% é cnes ¢«
A e SPACE CENTE NATIOAL DETUBES SPATALES

= Several LHPs can be used within a system model
= Any radiative/conductive interface can be modelled

according to system model need

1 Dissip. E
Lounit T T
S
<« vapor line
Hvaporator JTTTTT !
g 3 l
< | AP = < » radiator |
module 3 ' '
. & [l l
< »|  Liquid line ‘\\':"_
System model

Interaction with system model

= Tubing meshing (vapour line, condenser, liquid line) to be defined

Interface modelling has a strong influence on results !

6
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Implementation concept

» Esatan & Thermica solver compatibility:
» LHP designed as a SELEMENT submodel to be plugged into
system model
— No limitation on number of LHPs used but impact on CPU time
— No limitation on interface definitions (couplings LHP-model)

= Generic tool adaptable to various LHP designs
= LHP HW and fluid definition done through external files

= ‘Blackbox version’ for delivery to subco & partners
= Compiled version protects confidential source code
» Reduces source code length
=cuts pre-processing & compilation duration when many LHPs
are plugged into system model

7 C ASTRIUM ThaIesAISer% é cnes (:esa
A e e S PACE T TinR T

Agenda

= |[ntroduction

» Software presentation
= Software validation

= Availability

>
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Evaporator modelling

= Evaporator
» Built-in reduced definition : 3 nodes/couplings only used for

computation
puta 0 ’
» Reservoir (D)
= Evaporator body (D)
» Fluid saturation temperature (B) _

Eva Sad
C SAD SAT
ISar Vapor ling

1 g |:|1.1I|i|:| 1™ at es aAporalor input )

C_SAD Kl

Liguid line
» Possible 5 nodes/couplings definition: internal conversion to 3 nodes

9 C ASTRIUM ThaIesAISerf?a é cnes (:-esa
diey rena
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LHP definition & use

» Hardware components
= One file per LHP item (Evaporator, vapour line,

condenser, liquid line, fluid)
= Geometrical & physical properties

= Component assembly:
» LHP configuration integration file
= Calls for Hardware component files
= Defines meshing for condenser &lines: nb of nodes, regular or not
= Global parameters: total fluid mass
= |nitial conditions: temperature & heating

= Use in system model: SELEMENT

» Default parameter values can be superseded $MODEL LMAIN

($substitutions)
= Data structure dimensions $MODEL LHP1
= Debug mode for file read $ELEMENT LHP
LI $SUBSTITUTIONS
y, P
10 © ASTRIUM Thalestlenia @ cnes (= esa
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Tool execution

= Transient conditions
» Time step must be compatible with LHP time constant ~ a few
seconds
—=Potential critical computation duration for large system models
= Need for improving TMM computation speed
» Thermica solver spatial time step variation (Multi-step capability)

» Steady-state conditions
= Intrinsic LHP model instability
= Cyclic convergence (repetitive min & max TSAT value for LHP
node) is automatically detected when occurring = Warning +
early stop of execution.

= run the model in ‘stabilized’ transient mode

11 C ASTRIUM ThaIesAISerf?a é cnes (:-esa
b ososs _
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LHP Operation reporting in .out file:

MODEL CONTROL PARAMETERS

. .. \

| PhyS|Ca| CharaCte“SthS & | CURRENT INSTANT (TIMEM) : 89956.00
‘ CURRENT TIME STEP (DTIMEU) H 2.00

- - ‘ NUMBER OF ITERATIONS (LOOPCT) H 4

SW operation reporting | CONVERGENCE CRITERIA (RELXCO) . -0.404g-05

‘ NUMBER OF LHP OPERATION EMITTED WARNINGS : 11

| NUMBER OF LHP START/STOP EVENTS : 3

= to be done in system model:
CALL LHP1:OUTPUTLHP

LHP THERMAL CHARACTERISTICS

} HEAT INPUT (W) 3 1.195
| HEAT TRANSPORT (W) : 1.482
| FLUID SATURATION TEMPERATURE (°) : 23.20
| EFFECTIVE SUBCOOLING (°) : 10.32
| EVAPORATOR CONDUCTANCE saddle-fluid (W/K): 10.22
H g CONDENSER CONDUCTANCE fluid-saddle (W/K) : 0.08
= All changes in condition | ToTAL Lib CONDUCTANGE saddle-caddre (47K .
status are output
—Start/Stop events tracked
*** LHP INITIAL OPERATION STATUS AT TIME = 5.0 **%*
LHP defined in submodel LHP1 should OPERATE
Power at evaporator= 194.1 >= [min op] specified power= 0.0
Power at evaporator= 194.1 <= [max op] specified power= 500.0
A (saddle,reservoir)= 57.05 - 43.6 = 13.4 >= Min. op. A =1.0E-02
Total pressure head in loop= 5134.5 <= Max.sustainable evaporator
pressure head= 50000.0
*** LHP OPERATION EVENT ***
LHP defined in submodel LHP1 should STOP around TIME= 20.0
Insatisfied conditions :
Power at evaporator= -14.002 < [min op] specified power= 0.0
12 € ASTRIUM ThalesAlenia é cnes (-esa
srirrmen Space P —
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Agenda

= |Introduction

» Software presentation
» Software validation

= Availability

13 © ASTRIUM Tba!f?ﬁf\';ggé Ccnes esa

ATIONAL D'ETUDES SPATIALES

LHP2 radiator test case

» Ground vacuum test
» LHPZ? evaporator hardware
» Condenser tubing embedded in radiator panel
» Radiator facing temperature controlled cold plate

MODEL

14 © ASTRIUM Tha‘!gﬁﬁlgy?g Ccnes ¢esa

24th European Workshop on Thermal and ECLS Software 16-17 November 2010



LHP module for ESATAN THERMICA thermal solvers, dedicated to system level thermal
190 analyses

LHP2 radiator test case

= Correlation to test results performed
= Constant power source 50W, cold plate: -10—-55—-10 °C
» Good simulation of specimen behaviour
= Correlation < 5°C

TEST MODEL

1]

5 - f -
O ‘ ‘ ‘ ‘ ‘ o 0. 20000 Bom. Ao Soo0. 0. o0 . 0000 100000, 110D 120000
5 20000 40000 60000 80000 100000 120000 Seconds
15 © ASTRIUM ThaIesAlSer% é cnes (:-esa
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INMARSAT 4
= Use of 12 LHPs to cool 2 highly dissipative units

INMARSAT 4 LHP configuration

2 hot sourcas with
& gvaporators aach

2 Hotrh & South
CONOSNSET areas
for gach equipment

16 B A e
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INMARSAT 4

= Interfacing LHP module with S/L model
= Evaporator-condenser power tabulated conductances replaced by
12 LHP modules instances
= Discrepancies to flight measures < 8°C
» Time step reduction needed = Computation duration ~x 10

Initial time step Reduced time step
T I .. 1= P Y
a II’ h\ﬁ' \\‘!' W e AL f é\—‘"-""q , = R‘_—/ i
0 il ! :l I g T 51 I
.‘!Iﬂ g \‘/
‘ii ‘._l I I!‘j :‘I I._[ || i\I % .
P AL
] ‘['|’J ‘I'“i!, Il } U'[ﬂlli ll," }\H vil |
] { rﬁl‘\:‘u_l‘j WI‘} \III ] L||:.p o woe mew | wes e s::‘,s v wew | wew. | owe. e
'] vl 7 _ TLHPT UF _
). o). 00000 oo 000 Sl;ll:lnds 400, 150000 o000, 1700 1800 :f:‘—:- 31}7'_‘7;"« ':'2:: ::: :: 1‘:;. - — - - o
TLHP7 IF —
7 Q ASTRIUM ThaIesAISenfa Ccnes (:esa
e opace TR WTORAL U seTAS
= DEployable Lightweight High Performance RADiator EM

= 2LHPs

» Condenser embedded in radiator
» 3//branches per condenser
» Each condenser connected to
one side of the radiator

» Liquid lines:
» 3 parts: fixed on Spacecraft wall,
flexible, fixed embedded in the radiator
» Conductive & radiative exchanges

»= Vapor lines:
» 2 parts: fixed on Spacecraft wall, flexi
» Conductive & radiative exchange with

&

CENTRE NATIONAL D'ETUDES SPATIALES
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DELPHRAD

» Thermal gradient vs Power with stabilised results

Thermal gradient
20,0
15,0
=]
s
% ——a— Module DR low er face
3 10,0
E - -m- - Tests DRlower face
5,0 A ——e—— Module DR upper face
- -~ - Tests DR Upper face
0,0 T T T T T -
100 200 300 400 500 600 700
Power W

Transition @ 300W observed for test and simulation results

» Good simulation of Start Up & Shut Down

= temperature level

= stabilisation duration
19 © ASTRIUM Thalesalenia € cnes
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@BUS Prospective activity

= DPR with 4 LHPs added to @BUS CDR model
In order to:

» Validate the use of the LHP module in a large system model
» Evaluate the impact in terms of CPU time

= No evaluation of the thermal DPR performance
= Power added to maintain the same temperature level on HP crossing

344

\‘L
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@BUS conclusion

» LHP module can be coupled to Spacecraft system
model (system simulations of EQ and SS performed with
success)

» Overall time step had to be decreased from 50 s to 1 or

2s
=CPU time multiplied by 24 (8 days wrt 8 hours) wrt @BUS model
without LHPs

21 ) \J s
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Agenda

= |[ntroduction

= Software presentation
» Software validation

= Availability
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Software availability

= Black box version
= Confidential code put in object library, to be used as other user-
defined libraries
= Availability for last version v2.6.2
» Thermica solver: OK, for version >=v4.3
» Esatan : planned 01-2011 for new version delivered November 2010

» Available for free to the community
= Black box version + Software User Manual + Installation manual
= On-line support : organisation still to be defined (limited support
during guarantee period)
= Contacts:
= Astrium: frederic.jouffroy@astrium.eads.net
= TAS: anne.sophie.merino@thalesaleniaspace.com
= CNES: Amaury.Laruedetournemine@cnes.fr

23 © ASTRIUM Thalesaleni2 € cnes
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LHP MODULE : CONCLUSION

= Ability for European industry to use standard thermal software
to predict thermal behaviour of space systems including LHPs

» Modular component approach
— Creation of libraries of components for re-use
= Evaporators
= Fluids
= condensers

» Validated through many test cases

= Computation time consuming:
— Requires thermal solver performance improvement to deal with
large models
— Use of LHP module may be restricted to a few start/stop
verification & sizing cases.

» Perspectives : New functionalities to be implemented (by-
pass, Peltier, isolator, ...)

24 © ASTRIUM Tb?l??’ﬁ'g%”ﬁ Ccne
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APPENDIXES

25 © ASTRIUM Thalesaleni2 € cnes
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Lines modelling

» Tubing nodes (D type)
» Vapour line:
= up to 99 nodes & 5 sections to define flexible & rigid parts
= Condenser OK

= Up to 398 nodes E

= Up to 5 fully parallel branches

Note: No intermediate topology applicable NOK
for computation

» Liquid line
= Up tol199 nodes & 5 sections
Possible use of standard homogeneous tubing heating

» Fluid nodes mapped to tubing nodes (B type)

26 © ASTRIUM Thalesalena € cnes
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LHP definition: hardware components

= On file per LHP item

= Evaporator (mini-LHP, LHP?,...) * EVAPHW

= Vapour line (config specific) *VAPLHW

= Condenser (generic or specific) * CONDHW
= Liquid line (config specific) * LIQLHW

» Fluid (NH3,Water) *PPTY

» Example: condenser
= Number of branches
» Length for each branch
» Tubing
= Hydraulic & thermal diameters
= Linear conductance & capacitance

Files can be shared/reused for multiple LHP use &
different applications (fluids, evaporators, condensers)

27 © ASTRIUM Thalesalenia @ cnes = esa

Interface definition

» Couplings to be added in system model
= Exemple GL(LHP1:101;20101)=xxXxXx;
» Must be consistent with tubing meshing definition

» Evaporator I/F
= To power source
» Conductive & radiative heat leaks for body & reservoir

» Condenser I/F

» To radiator

» To heat sink (North-south HP for Telecom application)
» Liquid line

» Radiative & conductive heat leaks (through attachement feet)
= Vapour line

» Generally considered as adiabatic (only tubing-fluid exchanges
taken into account)

28 G ASTRIUM ThalesAlgg?g é cnes (-esa
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LHP Operation reporting in .out file:

* Input characteristics check
= All LHP definition data used (content of files)
systematically output at start of run

ok ok e ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ko ok ok ok

LHP MODULE version: 2.6.2
===== LHP SUBMODEL: LHP1 INPUT PARAMETERS =====

LHP ASSEMBLY DEFINITION
| DEFINED BY FILE :DELIV.LHP
| Acceptance delivery case for LHP module

FLUID DEFINITION
| DEFINED BY FILE : NH3.PPTY
| Ammonia NH3 NIST reference

| EVAPORATOR HARDWARE DEFINITION

| DEFINED BY FILE : DELIV.EVAPHW

| LHP module acceptance case

| SADDLE CAPACITANCE (J/K) : 220.000
|

|

|

BODY CAPACITANCE (J/K) B 100.000
RESERVOIR BODY CAPACITANCE (J/K) B 200.000
RESERVOIR VOLUME (m3) B 0.500E-03
[
29 P, »
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Events reporting in .out file

= Numerical warnings

» Table interpolation outside defined limits

» Unconverged cyclic behaviour in steady-state

» Pressure loss balance in condenser branches not reached (in
case of laminar/turbulent transition)

» Inconsistent heat flux transfer between tubing & fluid (due to
sudden condition changes)

= Etc....

* © ASTRIUM Thalestlenia @ cnes (- esa
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» Start up & Shut down simulation
Good simulation of SU & SD in term of N
I . Configuration 1 LHPs shut down est
temperature level & Stabilisation
duration: Test (73 min)/ e LHBLshut
Simulation (67 min) w ‘
% 50 : E§1
SimUIation Shut-down and start-case % ) ; EEQBZ
PNASASANAA, ® - W -
“ Nl L |
2 / //‘ 2300 19:26 20:52 22:19 23:45 o112 ‘ 0238‘ ‘040‘4
£ / """"""" A0 ' Start up Shut Down
a LHP1 Before 7000s 50W on CC
After 7000s 20W on CC
L \_l Before 7000s 50W on CC
" LHP2 After 7000s 965w
-y e ,7 ‘ /i
31 ) ASTRIUM ThaIesAIgma cnes (:-esa
i sSpage
* @BUS DPR Simulation -EQ BOI o ﬁ
t T=0s
s N
Evolution of the temperature during EQBOL for
upper face loops
L 45
o 40 /\
< —— -
£ 35 =SS M Power on LHP1= 779W
2 %9 %m Tres Power on LHP2= 781W
32 Trad Power on LHP3= 773W
5 15 —*—Tiig Power on LHP4= 772W
10 T T T T Y
0 20000 40000 60000 80000 100000 Additional Power rejected by DPR=
Time in's 3100W (HR= 672W/m?)
2
32 G ASTRIUM T_hal_ggﬁlgg‘lcg é cnes (:-esa
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Appendix M

Use of ThermXL & THERMICA in THERMAL CONTROL
ENGINEERING for CNES BALLOONS VEHICLES

Gaél Parot
(CNES, France)
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Abstract

Different kinds of stratospheric & troposheric terrestrial aerostats and planetary balloons are developed
and used by CNES in order to answer the various demands of the international scientific community.
Each type of terrestrial balloon has its own flight domain. It is supposed to fly all over the Earth, to
be launched at any time and from everywhere. Hence the aerostats can see various external thermal
environments.

The thermal aspects are taken into account in the overall design and verification process of the aerostat
(balloon envelope, operational and payload gondolas). The balloon’s thermal environment has also a
significant effect on the aerostat in-flight behaviour (flight physics) and is of first importance for long-
duration flights due to the limited electrical power available. Thus, thermal models are used during
balloon campaigns. The results of the thermal and energy balance (for a predicted trajectory) are one of
the information considered to decide on the feasibility of a flight.

The contents of the presentation are as follows:

e Overall presentation of CNES aerostats
e Terrestrial aerostats thermal environment
e Thermal engineering (main concerns)

e An example of thermal analysis / Concordlasi campaign (long duration flight)
Prediction of gondolas autonomy in terms of electrical energy: presentation of the thermal models
(use of THERMICA and ThermXL tools)
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é cnes

CENTRE NATIONAL D'ETULES SPATIALES

CNES BALLOON
VEHICLES

Thermal Control Engineering
Use of ThermXL & THERMICA

Gaél PAROT

Ccnes

CONTENTS

m Overall presentation of CNES’s aerostats
m Aerostat thermal environment on Earth
m Thermal engineering (main concerns)

m An example of thermal analysis / Concordiasi project, McMurdo
2010 campaign (long duration flights)
Prediction of gondolas autonomy in term of electrical energy

Presentation of the thermal models, elaborated with THERMICA and
ThermXL

24rd European Workshop on Thermal and ECLS Software 2
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CNES aerostats

Aerostats are mainly used for scientific missions :

¢ To study the Earth atmosphere (components, motion): troposphere and
stratosphere

¢ For the study of sciences of the universe (astronomy, planets
exploration)

Different kinds of balloons have been developed by CNES in order to
answer the various demands of the scientists
The Earth balloons derive into 4 families:
+ BSO, or “Ballon Stratosphérique Ouvert” / Zero Pressure balloon
+ MIR, or “Montgolfiere InfraRouge” / Infrared montgolfiere
+ BPS, or “Ballon Pressurisé Stratosphérique” / Super Pressure Balloon
+BTT, or “Ballon Traceur Troposphérique”

24rd European Workshop on Thermal and ECLS Software 3

Main characteristi
m The biggest ! _
= Volume is from 3000 to 12

the envelop surface of the bif
BSO is as large as 14 soccer

m Payload up to 2 tones

m Flight duration : ~several hours to
a few days

m Elevation : 20 to 43 km
m Filled with heliu/m
y

24rd European Workshop on Thermal and ECLS Software 4
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MIR (IR montgolfiere)

Main characteristics:

m Hot air balloon

m The upper part is aluminized in
order to capture the IR ascending
heat flux (lower part is translucent
to the IR flux)

m Volume is 45000m3

m Payload is 40 to 60kg

m Flight duration : ~several weeks /
up to some months

m Elevation : 28 to 30km during the
day, 18 to 22km during the night

24rd European Workshop on Thermal and ECLS Software 5
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BPS (Super Pressure Balloon)

—— /s A
= 3 e 4

24rd European Workshop on Thermal and ECLS Software 6
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BTT: BPCL, Nano Balloon and the Aeroclipper

Aeroclipper main characteristics : BPCL main characteristics :

Under development Pressurized balloon

Specificity is the use of a “guiderope” Diameter is 2.5m

Will be used to investigate large oceanic areas (dedicated Gondola located inside the balloon
to measurements in both atmosphere and sea) Flight duration : up to 1 month

Elevation : 1 to 2km

24rd European Workshop on Thermal and ECLS Software 7

é cnes s Direct solar heat flux

Terrestrial external thermal
environment

As aerostats may fly all over the
Earth and for at least a few days,
they would be submitted to
significant variations in term of
thermal environment:

¢ Pressure / temperature profile

¢ Solar radiation: direct and diffuse
heat fluxes (albedo included)

¢ Ascending and descending IR heat
fluxes

They have to be sized in order to be
reliable regarding the significant
thermal environment variations at
the day/night and flight scales

24rd European Workshop on Thermal and ECLS Software 8
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»
L cnes Pressure / temperature profiles

Examples of ATMOSPHERIC PROFILES:
ISO 5878 average temperatures Results of the GGUAS model (NOAA)

km hPa

Exosphere
800

90 104
85 0.1

b 250

24rd European Workshop on Thermal and ECLS Software 9
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H H Examples of SOLAR HEAT FLUXES (clear sky)
Solar radiation _
Direct solar heat flux (Co=1355W/m?2) Albedo (a;=0.8)

—=—Elevation = Okm

—+—Elevation = 10km
—><—Elevation = 15km
—~— Elevation = 20km
~&— Elevation = 30km
~=— Elevation = 40km

—=—Elevation = Okm

—+—Elevation = 10km
——Elevation = 15km
—A—Elevation = 20km
—&—Elevation = 30km
—=—Elevation = 40km
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IR radiation
Examples of ASCENDING IR HEAT FLUXES

V No cloud Total cloud cover

Fluxes at an elevation of 25km

—Y sdz

z
CIRztdz

—&—Tropic

q )
——Midlatitudes - Summer
v == Arctic - Summer
& —A—Midlatitude - Winter
n —O—Arctic - Winter
I @, =¢.cT " (P

Tir 2 O p(2)+(L-1yg )0 T, (z+d2)*
z+dz

Trar

(-8,

TRz

- z

De(2)

®5(0) ~oT*
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Aerostat thermal engineering

Main concerns

¢ Balloon
Thermal balance is taken into account in flight physics models

CNES In-house dedicated flight physics tools are used, which conjugate
thermal behavior of the gas and the envelope within flight physics and gas
motion

¢ Suspended devices (gondolas as an example)

Thermal science is considered in design and verification process whatever the
kind of aerostat and suspended device

Use of commercial space thermal softwares
i.e.: THERMICA for radiative heat exchanges, ThermXL for heat balance

Thermal science plays also an important role for the prediction of gondolas
energy autonomy for long duration flights (BPS) - confer next slides
(Concordiasi project)

24rd European Workshop on Thermal and ECLS Software 12
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CONCORDIASI

-

F 4 -ﬁ
A few words abe h : igjf: 30
It aims at getting'a better nderstanc
~ Antarctic clifia d dz6ne ho
A campaign i§'under progress with BPS lat
from McMurdo (started.in September 2010) "
M . L A"
- - —— -r'll-‘. -

e -
- I

i
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b CONCORDIASI
( cnes (McMurdo 2010)

6 - C X @ (O] Fel % - | [Glz]cooge A -

(21 Les plus visités
Scale = 1:98M
Longhude: -169.24200, Lathud: 068176

FL SERT Code Attitucte: Latituds
&
E ﬂ MED0G 2010-11-04 1400 623 2000 17663m FIEE22°S 140.5784" E
20011001220 |[ear |[z0o0 [i7arom |[seezrs |[mszese |
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CONCORDIASI (McMurdo 2010)

v SRR
24rd European Workshop on Thermal and ECLS Software 15
.
‘ cnes
CONCORDIASI (Mcmurdo 2010): TCS models architecture
Main inputs for the building of ThermXL models:
» Geometry
« Weight and specific heat for transient computation
« Convection heat transfer correlations (inner & outer ones)
« Conduction: heat transfer coefficients & thermal conductivity
« IR & solar thermo-optical properties Main inputs for THERMICA model building:
« Electrical architecture + Geometry
INTERNAL BOUNDARY « Electrical components efficiencies + IR & solar thermo-optical properties
CONDITIONS
« Thermal heating (instantaneous Thermal TOOL: ThermXL Thermal TOOL: THERMICA
dissipated P, T i eshoid ) THERMAL MODEL < RADIATIVE MODEL
— *Electric components Radiati . d duction h f
consumptions adiation, convection an‘ conduction heat transfers EN Computation of radiative heat
are taken into account N
exchanges to be used in the
Excel - Computation of temperatures & the ThermXL model
heating power necessary to meet
EXTERNAL ENVIRONMENT required temperature thresholds
Latitude (°), Time(hh:mm:ss) and l T
Altitude(m)
« Atmosphere profile: Ta, Pa ENERGY MODEL
« IR heat fluxes -
(ascending & descending) - Computation of the accumulator /
« Solar fluxes (direct & diffuse) battery charges
(Balance between consumed power / available
solar power)
16
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CONCORDIASI (mcmurdo 2010): Focus on the electric network

Energy Model

VAY ——— Inside gondola —> (1): Day, solar power is used first to feed the
I~ Hlectroric control equipments and heaters
module of X
os M n renewable ener ——> (2): Day, solar power is then used to charge
o S SP Charger . the accumulators
sD
NN Moy ACCUS <?' —e\p—o/ﬂmTB ————— > (3): Day, energy provided by the
H chargar/7 Pﬂ eating accumulators in case of insufficient sunlight
2} —> (4): Night, electrical energy is provided by
Salar Panels Mps PLC 4’ the accumulators
: Iridiurm M
@ - fidlum Modem --> (5): Day or Night, electrical energy is provided
&< — Aee2 i by the batteries in case accumulators are
e RR.LE, ECBE jr discharged (whatever the sunlight) /
------ (%] accumulators fed with 100% available sun
(@) \ power
L ——— T 0—t E ; Heat dissipating equipments or heaters
M accu T

PHeatin

ACCUS Heating

Example of NSO electric network

24rd European Workshop on Thermal and ECLS Software 17
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CONCORDIASI (Mcmurdo 2010): Focus on the thermal nodal
network (house-keeping gondola)

Thermal model

NCU gondola: 61 thermal nodes
NSO gondola: 27 thermal nodes

GL conductances (conduction & convection)

GR conductances
- IR heat fluxes (ascending and descending)

)y Solar direct heat flux

Solar diffuse heat flux

§ IR emission

Example of NSO thermal network

24rd European Workshop on Thermal and ECLS Software 18
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CONCORDIASI (MCMUI’dO 2010): _/\//\/\/\V\,\ANMg IR radiation (absorbed + emitted)
Thermal balance (payload gondola) O

—\U\/W\>  Solar radiation

Convection

28W -20.6W ow -6.7W
S 111 = 4.5W
I I Cables
-1M -1.4W =\
17.0 L 37w @ L 2;
-1.2 i
@ 2
~
-34.8W

~O0W 2W ~0W

External

airinlet __| S
-0.1W

VA
3w s
| 2684w -8.5W

N - =
W 3.6W 0.9W i 2.8W 0.3W
-22.3W o @ (Radiative losses)
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CONCORDIASI (Mcmurdo 2010): Justification for ThermXL use

ThermXL: interesting tool for different reasons:

+ Low temperature gradient inside gondolas due to good thermal
insulation = nodal network is appropriated

+ Small thermal model (from ~30 to 60 thermal nodes)

¢ Short computation time = allows to treat a large amount of cases,
results are available in a short time (very useful for predictions before
launch)

¢ Elaboration of a conjugated energy/thermal model is easy

24rd European Workshop on Thermal and ECLS Software 20
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CONCORDIASI (McMurdo 2010): THERMICA

model overview

THERMICA model elaborated for
scientific payload gondola:

Thermal Proportios
Epséon
0.93
.D.Sl
|
0.88
0.87
0.82 ” ’
| e ]
0.67 L'dl
e
.us ..’
oo Ay
033
. I
0.9
07
.ﬂ.lﬁ
|
o
0.09
Moo
107
.ﬂ NCU THERMICA model overview (inside NCU)
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Top view of open gondola

o
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CONCORDIASI (McMurdo 2010):
Example of prediction
House-keeping gondola

‘ —— Accumulator — Incident solar heat flux on solar panel ‘

100%

90% -

SN

40% -

Charge (%)

30% A

20% A

10% -

[

0%

24rd European Workshop on Thermal and ECLS Software

=+ 250

= N
wu o
o o

Power (W)

1=}
S

-+ 50

-Google

Conservative assumptions
have been taken regarding
the external environment
(low IR ascending flux &
albedo)

The first 3 days of flying are
the worst because the
sunlight is limited, and there
is not enough solar power to
feed the equipments

It results in a significant
decrease of the accumulator
charge at the flight beginning

22
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100%

Charge (%)
= N w S o [=2} ~ © ©
© o & & © & o © o
X R R R R R R R R

Q
S

CONCORDIASI (McMurdo 2010):
Example of prediction
House-keeping gondola

‘ — Accumulator —— Total consumption ‘
\/\ Increase of electrical
T consumption during the first
3 days of flying, due to a
T greater need for heating
s % It contributes to the decrease
IS of the accumulator charge

' Lo during this period
il s

Day
24rd European Workshop on Thermal and ECLS Software 23
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CONCORDIASI (McMurdo 2010):
Example of prediction
House-keeping gondola

‘ — Temperature 1 — Temperature 2 Temperature 3 —— Accumulator

Température (°C)
=

: i
AN

Heating is enough to

@ ﬂ\\ ﬂ\ ﬂ\\ﬁ \/ 1 so% maintain the equipments at
\ ‘ \\A/ 0% the required temperatures
W -

/\ 100%
f\ 90%

1 60% Computed temperatures
between -25°C and +5°C for
an overall dissipated power
of ~6.9W (heating power of

i

Charge (%)

u 50%

T %% ~3.1W included)
-30 20%
-35 10%
-40 [ 0%
0 1 2 8 4 5 6 7 8 B 10
Day
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CONCORDIASI (McMurdo 2010): Flight PSC15
House-keeping gondola
Restitution of the in-flight behavior

Flight PSC15

100% -
" V\' \/'W-\ |

N
1=}
S

In-flight measurements: air
80% | temperature & pressure

w
@
=}

@
S
o

70% 1 ,\ Aerostat’s trajectory is

60% A\ A A known
" \ \ l\ \ l \ / \ /\ /\ emaining uncertainties:
Y , \ { \ { \ { aRscendinggJ heat le[Jxets, tH;R

30% ~——Computed ACCU charge Albedo

N
133
=}

N
o
o
Power (W)

Charge (%)

40%

a
o

o
=)

« Flight ACCU ch: .
20% N ereree — - To be consolidated

—Incident solar heat flux on Solar Panels 1
0idq L Nevertheless, encouraging
0% results are obtained

@
o

o

"
0 1 2 3 4 5 6 7 8
Day
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CONCLUSION

m CNES offers different kinds of terrestrial aerostats, which are
supposed to fly all over the Earth and to be launched at any time
and from everywhere

- Significant effort must be provided in order to get a better knowledge of external
environment (in-flight measurements) & thermal tool to be developed for
calculating external boundary conditions

mThermal science is considered in design and verification process,
and it concerns both the envelops and gondolas

Balloon activity is very specific
Employing the thermal tools used in Space Industry is under investigation (there
are other applications than BPS gondolas / McMurdo campaign)

m Thermal aspects play an important role in the autonomy of
renewable energy gondolas (cf. Concordiasi project / McMurdo
campaign)

ThermXL tool is appropriated to conjugated thermal / energetic analysis or

relatively small TCS nodal models &THERMICA is also well appropriated for the
computation of radiative exchanges into the gondolas

24rd European Workshop on Thermal and ECLS Software 26
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Appendix N

Thermal Concept Design Tool
4th Year

Andrea Tosetto Matteo Gorlani
(Blue Engineering, Italy)

Harrie Rooijackers
(ESA/ESTEC, The Netherlands)

24th European Workshop on Thermal and ECLS Software 16-17 November 2010



216 Thermal Concept Design Tool — 4th Year

Abstract

The TCDT is in the 4th year of distribution and maintenence. During this period the tool has evolved both
according to the improvements required by the users and the enhancements included in the development
plan in the frame of the maintenance contract.

The first applications of the tool in space projects have been done also in BLUE Engineering where the
TCDT has been used for geometrical, thermal modelling and results postprocessing. Notwithstanding
the TCDT has been designed for pre-phase A and phase A, thanks to its flexibility the tool has been very
useful and efficient also for analysis and design activities in later phases of projects.

The TCDT version 1.4.0, developed within this year, is ready for the delivery to the European Thermal
Community. This last version implements the following new functionalities required by the users:

e the Material DB

e user defined S/C attitudes

e 3DViewer interactivity

e normal thermal conductivity in the geometric nodes definition

The engineers can easily use TCDT models of older versions thanks to the automatic converter provided
by the 1.4.0 version.
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Thermal Concept Design Tool
Distribution & Maintenance

Andrea Tosetto

Matteo Gorlani

Blue Engineering, Torino, Italy

Harrie Rooijackers

European Space Agency, Noordwijk, The Netherlands

24" European Thermal and ECLS Software Workshop
16-17 November 2010, ESA/ESTEC

K
Sheet 1 Eesa.........cce... blue

engineering

Overview

Background
Version 1.4.0 Improvements
Maintenance Activity

®
- Modeling with TCDT

24nd European Thermal and ECLS Software Workshop ;k* *

16-17 N ber 2010, ESA/ESTEC

Sheet 2 ovemRer @esa-=n===+ul nE=aszo benlgilr;legng
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Background

4° YEAR OF DISTRIBUTION & MAINTENANCE
STARTED APRIL 2010

- TCDT is distributed FREE of CHARGE to the European Thermal
Community

- TCDT web pages available for download, PR, FR
- TCDT is regularly maintained by BLUE
- Small developments are regularly implemented to improve operability

- TCDT version 1.4.0 will be available before the end of 2010

24nd European Thermal and ECLS Software Workshop
16-17 November 2010, ESA/ESTEC

o »*
Sheet 3 Cesa blue

mSpESEae —asz=o engineering

Design

5= TCDT 1.4.0 Improvements

- Adding Normal Conductivity to surfaces
- Material Database

- User defined attitudes

- Improved 3D Viewer and Modeltree

- Version Converter

24nd European Thermal and ECLS Software Workshop ;ki" *
16-17 November 2010, ESA/ESTEC
Sheet 4 (@. eésa b ue

mo-pESENLIESaszEa engineering
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TCDT Improvements (1/8)

Adding normal conductivity to GMM surfaces.

Geometric Properties: Bulk Properties Side1 | otar Optical Properties Side
Activity

Dim2 1 Dim3 1 Dim4 1 Dim5 1 Dim6 C | K| | K+ | Density a | T |spec pre
0.3 270 30 0 O T 100 1 Ves 1 0 0
035 180 270 0 1 7 150 100 1 Ves 1 0 0
0.35 a0 180 0 1 1 150 100 1 Ves 1 0 0
0.35 0 %0 0 1 1 150 100 1 Ves 1 0 o
07 270 20 0 1 1 150 100 1 Yes 1 0 o

TCDT 3D Viewer

K normal(Wim K)

Normal conductivity can

‘Geanatrcal parameters

: - =
be displayed as the pre- - ’E
process data in the 3D —
Viewer and it is used to ' >L
calculate the linear S s =
conductor between Sidel | ™™~ =Ll |
and Side2 thermal nodes s = B BN P
G| I | FeGeres [ e | | i =
24nd European Thermal and ECLS Software Workshop f* *
16-17 November 2010, ESA/ESTEC
Sheet 5 c;esa-=n===+u| nE-assa benlgilr'llegng

TCDT Improvements (2/8)

Material Database feature

PATERIAL : Auminium
Tvee ;

PROPER1

Material data can be stored:
e in a xls sheet
e in a human readable ASCII file.

PROPERTY :
PROPERTY :
PROPERTY :
END HATERIAL

It is possible to exchange data
from sheet and the file.

The predefined materials type are: — [=eslomslpomen)

e bulk (density, capacitance etc) o | e ] el | i |
e Coating (optical properties)

END ATERIAL

They are mainly used in the
geometry definition

Material Name Material Type Property Name Property Valve = Property Name | Propsrty Value

:A\ummium Bulk Density 2800 Cp 900

_|BlackPaint Coating IrEps 0.8 IfTau a

|osr Coating IrEps 0.8 ITau 0

| AminiumHoney Bulk Density 2800 Cp 900

* ¥
24nd European Thermal and ECLS Software Workshop x
16-17 November 2010, ESA/ESTEC b
Sheet 6 @esa__ - B Enlue
SHES+nLNESasz=a gineering
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“pom TCDT Improvements (3/8)

Material Database feature

Once the Material data is
stored it can be used:

e |n the TCDT related cells

e In the geometry definition
forms (bulk and coatings)

Properties can be user
defined.

- Material parameters

density (ka/m?)

from DB: IWL’

specific heat (Jfkg °C)
Planar th. cond. (Wjm °c) | [Aluminium
Normal th, cond {jm °C) | [Aluminium

[Aluminiurm
[Aluminiurm

24nd European Thermal and ECLS Software Workshop
16-17 November 2010, ESA/ESTEC
Sheet 7

Eesa,

SnES+unIESasza engineering

X

blue

s TCDT Improvements (4/8)

User Defined Attitudes

Time dependent attitudes
can be defined in the
Mission definition form and
stored in the new relevant
sheet.

To be compatible with the
new ESATAN-TMS R2 these
movements are added to

both the Pointing Vectors TCDT User Defined Atttude
and DI/‘QC[IO/’IS and tO the Orbit Name Point Nr Time Phi Psi Omega
- . Orbit 1 EJU 450 0.0 0.0
LOCS orfentation. oo § e e
Orbit 4 4000 0.0 45.0 0.0
Orbit 5 5000 0.0 80.0 0.0
Orbit B 6000 0.0 45.0 0.0
24nd European Thermal and ECLS Software Workshop ;k* *
16-17 November 2010, ESA/ESTEC '
Sheet 8 @esa-=n===+ul nE=as=za engineering
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“pm TCDT Improvements (5/8)

User Defined attitudes

SunjPlanet System | Orbit Parameters SC Attitude ]sprn;Calculatrnn Parameters |

" Painting vectors and directions ¢ LOCS orientation User Define Attkude ]Angls and Rotation Rate |
Primary Secondary Time Phi Ps Omega
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vector [+ = vector [+ = A B | ¢ | D |-
— General vactor (5€5) ——— | — General vector (565) —— | 1| w0 45 00
nponent [— onent [—‘ 2 2000 90 0 a
- &l 3000 45 0 0
T 3D Viewer iz [ o) e — 000 0 45 0
mponent 0 2 component 0 5 5000 0 90 0
6 6000 0 4 0
pirting drection Pointing direction 7
ENITH | [ vewocrry ] %
ction 10|
11
12
et [ |22
‘ 13
et [ || 14 =

Rét Line
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s TCDT Improvements (6/8)

Improved 3DViewer and ModelTree

¥ surface Data [B=E] E¥ Assembly Data EE®R
ot B o b7 EED pr o
c (kg m2) O oo} Center of Gravity Moments of Inetia (Kg m2)
X 1Y z
%m: » 0000 000 Iy o
00 ¥ 001 o101 0000 D1 1218y
z 0000 |0000 14661 O21#2"B0dy" v [08e5 ]
zm [ 20w
0414750y
5145750y
Element Value siunt 2| EB’ #6Bady” [Assembly
7 1#7 "Body”
B Qermmr e
3 7#3"Body" = Rotatransiations
) Beclande 10/ #10"Body” Rot. around X
L a m D11 1211 B0y Fot. around Y
tlm = L Cl12s#12°B0cy" Aot aroundZ
¥ Min 0 m T dong%
o 2 = o]
Height, H o m e
Thickness 1 mm T dlong2
= Material Parameters Materiak Aluminium
Density 2800 Ka/m3
Speciic Heat a0 1Ka'C
Planar Th. Conductivity 150 Wim T
Nomal Th. Conductivity 150 i ‘T
= Rototranslations
Fot rourdX. 0 o
Rot arourdY 0
Aot aroundZ 0
Tr. dlong X 0 m
Tr. along Y 1 m
Tt dongZ 0 ™
= Side 1 Properies
= Side 1 Activiy Active ] .
vewhrom »
Solct »
Resetvien
Shom CortrolBox
Show Modd Tree:
Reload odel
Eement Data
* X
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TCDT Improvements (7/8)

Improved 3DViewer and ModelTree

: (fif‘\’t\g::,‘ : Selection of surfaces can be
= done directly from the 3D

Viewer by pushing ctrl + left
click. The selection is reflected
to the ModelTree

The 3D Viewer context menu

have now the possibility to — .
select the clicked surface or the o e
relevant parents. S
Hide Model Tree
24nd European Thermal and ECLS Software Workshop 2 * ¥
16-17 November 2010, ESA/ESTEC
Sheet 11 c;esa-znuz ||||||| —mes=o benlgilr'llegng

Zs TCDT Improvements (8/8)

Version Converter

Performs the necessary operations to update
an old model file (created with version 1.3.x)
to the new template, maintaining all the data
present in the model.

TCDT Message

The current file will be converted in the wersion 1.4
A backup copy named "Workshop_Finalres_old.xls_" will be saved.

* ¥
24nd European Thermal and ECLS Software Workshop Bkl
16-17 November 2010, ESA/ESTEC
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Thermal

»w  TCDT Maintenance Activity

Removed Limitations

Usage of spaces in folder names is no longer
a limitation for external tools located in the
user PC.

e Possibility to use spaces in models folder
with external tools.

e Possibility to use spaces in results folder
with external tools.

24nd European Thermal and ECLS Software Workshop Bki" *
16-17 November 2010, ESA/ESTEC
Sheet 13 @esa-=n=+unu-=---- engilrzlegng

Working with the TCDT
EXOMARS Orbiter Payloads
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s TCDT Tips

With the TCDT is possible to :
. Model Visual Check

. Postprocess results
. Model Parameterization
. Parametric Analysis

24nd European Thermal and ECLS Software Workshop 6; *
16-17 November 2010, ESA/ESTEC '
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Qi TCDT Team
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Design
Tool
e DISTRIBUTION & MAINTENANCE

BLUE ENGINEERING S.R.L. ESA - ESTEC

Matteo Gorlani - Project Manager

m.qorlani@blue-group. it Benoit Laine - Head of Thermal Analysis

Andrea Tosetto - Software Development and Verification Section
a.tosetto@blue-group.it Benoit.Laine@esa.int

Support Dr. Harrie Rooijackers - Project Manager
tedtsw@blue-group. it harrie.roojjackers@esa.int

Blue Group - Engineering & Design ESTEC-D/TEC-TEC-MTV

WEB: Attp.//www.blue-group.it WEB: Attp.-//www.esa.int

WEB: www.blue-group.it/TCDT
EMAIL: tedtsw@blue-group.it
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Appendix O

Advances in Frequency Domain Thermal Analysis Based On
Linearized Thermal Networks

Martin Altenburg Johannes Burkhardt
(EADS Astrium Friedrichshafen, Germany)
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Abstract

The presentation will discuss further developments of the software tool TRANSFAST which transfers the
classical thermal network to a standard linear control system followed by solving this linearized system
either in the time domain or in the frequency domain. Application of this type of analysis becomes
more and more important for current & future science missions which require ultra-stable S/C structures,
with extremely demanding thermo-elastic stability requirements during operation. Present examples are
the Gaia and the LISA/LISA Pathfinder missions. For these missions the thermal analysis accuracy has
to be significantly improved because verification by on-ground testing is difficult or even impossible.
The approach promises significant advantages compared to standard methods, delivering more accurate
results with limited numerical effort.

The presentation will present two different numerical methods for solving one key issue, the inversion of
the thermal system matrix, which is mandatory for transferring the system in the frequency domain.
The methods are called Direct Inversion of the Transformed System Matrix (DIT) and Conditioned
Evaluation of the Frequency Response (CEF) and will be compared with respect to numerical effort
and performance.

Furthermore new post-processing features of the S/W tool will be addressed, allowing e.g. easy
requirements breakdown to subsystems from the overall thermal stability requirement in early project
phases, figure O.1.

10 T B 1 B EEREEY T IERERE
|— OB Requirement [KIVHz] l
|~ Gain (QPD 1 on BP) [K/W]
16% —QF'D 1 a;lllo»\;rablein;lmse [VVNHZI%
10°
107
10*
107
107 L VN R
a0 i F e i i iii
10 L P TR S o B L TR T U 1 B i Liiiil L i Ve I i HE Lil
10° 10° 10” 10° 107 10"
frequency [Hz]

Figure O.1: Dissipation stability requirement derivation for photodiodes (QPD) on the LISA optical
bench; SIMO calculation: single input (QPD 1), multiple output (base plate nodes)
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Motivation for S/W tool development

= Current & future science missions require ultra-stable S/C structures
= Extremely demanding thermo-elastic stability requirements during operation
= Present examples: Gaia & LISA/LISA Pathfinder missions

= Thermal analysis accuracy to be significantly improved because verification
by on-ground testing is difficult (high effort) or even impossible

= Linearization approach promises significant advantages compared to
s’#\ndard methods, delivering more accurate results with limited numerical
effort

= S/W tool shall contain all analysis steps including pre- to post-processing
and shall provide a graphical user I/F (GUI) for easy usage by “normal”
users, not familiar with the numerical implementation.

© ASTRIUM
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Methodology (schematic overview)

Linear
control
system

x| ~[A) 0+ (B )
[y]=[c]-[x]+[D][u]

C ASTRIUM
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Inversion of the System Matrix

= Applying the Laplace Transformation
S-X(s)—x(0)=A-X(s)+B-U(s) S=o+iw

= |ntroduction of I(s) and Rearrangement
X(s)=(s-1-A)"(x(0)+B-U(s))
Y(s)=C-(s-1=A)*-B-U(s)+D-U(s)

= Transfer Function G provides relation between output and input

Y6) _c.(s-1-A)*B+D > G(jw)=C-(-A+jo-1)"-B+D
U(s)

I T 7
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Inversion of the System Matrix — Options

1. Gain (singular values) calculation via Eigen values

gain = +/eig(G™*-G)

= Only for square systems and same direction of the Eigen vectors
= Can handle only SISO systems - not suited for our application

2. Singular value decomposition (SVD)

0,(G)=y4-(G"-G) wih G=UDV'

= Fora figed frequency, G is decomposed into input/output rotation U/V and a scaling
matrix

=  Can handle systems from SISO up to MIMO

= In praxis use of MATLAB routines, gain = svd (G) - Direct Inversion of the
Transformed system Matrix (DIT)

3. Linear time-invariant system (LTI)

- - gain =sigma (G) 2> Conditiori@haﬁpn of the Frequency response (CEF)
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' TransFAST - Preprocessing Definition
Command Debug Desktop Window Edit Help

— ESATAN Import

¥ ax

BOB &0

Please Select any ESATAN *.csv file to file processed. Done

import:
Hint: Only one of them has to be selected!

Import

—Pre-process Data

Enter Boundary Vector and press
“Enter"andfor "Generate”

Please proceed with LTI
Definition

Generate

CEF/DIT >> [ Proceed to ODE >>

PLOT tool >>

J

— Report Area

o
identified boundary nodes in the Pre-process Field
and hit Generate to creste the Linear Contral System
Linear System successtully generated ...

Flease proceed to the next step by choosing one of the
"Proceed to ..* buttons:

Preprocessing ... complete

HINT: to change values simply re-co the steps to be changed

Copyright: EADS Astrium GmbH, 2008

One step back...
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TransFAST - Frequency Analysis DIT/CEF

Command Edit Debug Desktop Window Help A%
uN=R=1s]
@or Ccer " ® 6V Oow QG
- Enter Inp: P P r
@ Inputs O outputs |
Availabie Nodes of selected Nodes of selected Input groups
label groups label group input group
CE | T - a A
BP_A 1012 i i
Batfle Ring Struc 11020
cCo_ot 11022
e e
CFRP_COVER 11032
CFRP_COVER_MLI 11040
CFRP_OB_Br_1_A 11042
e e [ <cnemoe |
CFRP_OB_Br_3_A 11046
CON_ER_1_A 11050
(CON_BR_2_A 11052
CON_BR_3_A 11054
Electrode Housing 1 11056
FRONT_TUBE_LAE_A 11080
FR_SEPD_D1 11082
FR_SEPD_02 11084
FR_SEPD_03 ~| [1oss v & | v
[ Add to input groups! ] [ MNew Group ][M(‘:‘m]
{
() Difusive Nodes | Enter Name! \
() Boundary Nodes [ Delete roup |[ clear ]
= range:
From 10% g Hz] To10* 1‘_1 [Hz] Steps: {,m
Copyright: EADS Astrium GmbH, 2009
" PreprocessingDefinkion x| Freausncy Analysis DITICEF x|
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DIT vs. CEF, Exemplary Results
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Gain over Nodes

DIT vs. CEF, Exemplary Results
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Nodes | Inputs | Outputs CEF DIT

675 1 675 408 s 1s
675 2 675 816s 4s
675 5 675 2040 s 6s
1640 1 1640 >3h 15s
1640 2 1640 >3h 45s
1640 5 1640 >3h 90s

DIT vs. CEF, Computation Time for GVN

In case of many outputs:
DIT much faster than CEF

Absolute difference
(CEF-DIT) <109 K/W

© ASTRIUM

DIT vs. CEF, Exemplary Results

Error

— CEF -DIT
19 T TTTTTTTTU TTTTT I I T

10 1 1 I I I I I I I

10° G\:/:N plOt: _ Absolute Error
= Nodes Inputs Outputs CEF DIT
675 1 675 408 s 1s
675 2 675 816 s 4s
675 5 675 2040s 6s
1640 1 1640 >3h 15s
1640 2 1640 >3h 45s
1640 5 1640 >3h 9Ns

Internal Node Number
Input # 53150, frequency 104 Hz
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DIT vs. CEF, Computation Time for GVN

In case of many outputs:
DIT much faster than CEF

Absolute difference
(CEF-DIT) < 10° K/W
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Comparison with ESATAN built-in solver

- GVN plot , absolute difference (DIT-ESATAN)

Case In/Out/Freq. | ESTAN CEF /DIT
GVF 1/1/100 370s 20 s (CEF)
10° | E GVF 1/5/100 370s 96 s (CEF)
GVN 1/1640/1 370s 18 s (DIT)
104 i GVN 5/1640/1 370s 18 s (DIT)
GVFN 1/1640/100 370 s 1900 s (DIT)
GVFN 5/1640/ 100 370 s 1900 s (DIT)
-7
10y
g ESTAN vs. CEF/DIT, Computation Time for GVN
10° L 4 = ESATAN routines
SLFRTF & DMPFR used
10° b 4 = Absolute difference < 105 K/W
= Post processing included in
-10 . .
107 E calculation time for DIT & CEF
. =  ESATAN: No built-in plot feature
10

1 1 1 1 1 1 1 1
0 200 400 600 800 1000 1200 1400 1600
Sequential node number

Input # 53150, frequency 10 Hz ——

S T——
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Post-processing example:
Requirement breakdown to subsystem level

10 r s —

0B Requirement[KiWHzZ] L& * Thermal stability requirement
i i {{—Gain (QPD 1 0n BP) [KiW] Z for LISA Optical Bench
] ) P i i ‘—QPD 1 allowablg noise [WINHz)] -

= GVF plot for QPD 1 noise
input on OB base plate
frofoeieb i (SIMO calculation)
et (QPD mounted on BP)

Allowable QPD 1 noise

= After apportionment of overall
stability requirement to
subsystems and adding of
margins, individual stability
requirements for subsystems
& components can be easily
derived and be used as input
for subsystem specifications

frequency [Hz]
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Summary

= S/W tool development w.r.t frequency domain analysis based on
linearized thermal systems completed

= Powerful and user-friendly GUI incl. post-processing features
» Easy calculation process
» Design and Model check
= Advanced data evaluation (requirement analysis)

= Two methods (DIT & CEF) for solving the key issue, the inversion of
the system matrix implemented and verified

= Method selection depending on specific type of calculation (GVN,
GVF, GVFN)

= Abs. difference to ESATAN built-in solver < 10-° K/W
(significantly larger than between DIT & CEF, < 10-° K/W)

= Extension to time domain analysis (ODE & QA)under development
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VIl. Contact Information
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Appendix P

Validation of the Martian Thermal Environment Modelling
Method using Flight Data

Stéphane Lapensée
(ESA/ESTEC, The Netherlands)
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Abstract

The Martian surface environment is complex to model since it is composed of multiple diurnal flux
inputs and temperature sinks. The Mars environment is similar to Earth’s since it undergoes seasonal
changes in its weather pattern. Through the past Mars missions, the surface environment has been study
extensively. New discoveries are made and scientists are having a deeper understanding of the Martian
surface environment. Several engineering tools and analysis methods have been developed over the
years and are used to predict and model the thermal environment for future missions. However, there are
fundamental questions that are raised regarding the precision of these tools and methods. Therefore, one
solution would be to perform a validation by correlating thermal model results to flight data. However,
the surface environment is very dynamic in terms of wind speed and direction as well as the fluctuation
in the atmospheric dust content. Therefore, it is difficult to accurately determine the exact environmental
condition through one Martian day in order to perform a correlation. Nevertheless, performing such an
exercise will give us a certain level of confidence on the tools and analysis methods.

The presentation will give an overview of the tools available to determine the thermal environment and
will explain how such an environment can be modeled using IDEAS/TMG. Furthermore, the tools and
analysis method will be validated by comparing thermal model results with flight data from the Phoenix
Meteorological Instrument.
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-~ Validation of the \
Thermal Environment [
Methods-using Flight D

Stéphane Lapensée
ESA-ESTEC TEC-MTT

» 24 European Workshop on Thermal and ECLS Software European Space Agency
16-17 November 2010

Background Information

Several tools and analysis methods are used in the frame of the Exomars Program

— Basic questions are asked regarding the accuracy of the tools and analysis methods to
predict the Martian Environment

Validation with flight data provides excellent feedback but it is not always possible
or easy to perform
— Few successful surface missions
— Auvailability of flight data and correlated thermal models
— Lack of Knowledge of the surrounding environment
— In case of science instruments, science objective and science data have
priority over engineering data, hence very few monitoring points
— Time and budget allocation for thermal model correlation to flight data is not
always a priority
= No news is good news approach
Any type of comparison with flight data provides confidence in the tools and
methods, which in the end is a validation.

European Space Agency
2
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' ironm dcesa
Martian Environment | S
Seasonal Variations that are repeatable . Viking 1 & 2 pressure data
— Solar Declination due to Mars axis wl | D vews
inclination - v
— Pressure variation caused by CO2 o —
Migration g,
— Atmospheric Dust increases due to ]
storms -
Thermal designs are based on multiple ) .§ ¥
Landing Sites scenarios since the landing site @
is selected very late in the program "
Cope with large temperature extremes ’
due to surface properties and seasons o
— Extremes are scattered across multiple O e Langiuce dearees
landing site scenarios and not within one )
specific landing site MER A & B Atmospheric Data
— Due to different latitudes of landing ’ C T T T 107
sites

— In order to perform correlation, a good )
knowledge of landing site during operations is
required

— Atmospheric Conditions changes daily
— Wind speed and direction
— Surface temperature and pressure

Optical depth

LMD 1D Flux Engineering Tool to
determine the Mars Environment

Based on a global circulation model developed by
Laboratoire de Météorologie Dynamique, through
ESA Contract

— http://www-mars.Imd.jussieu.fr/

Effect of ground temperature
on varying parameters

H

Produces surface temperature and solar flux
profiles to be used in thermal analysis
LMD validated 1D flux tool with Pathfinder and
Viking data,

— higher precision at Latitude -50° to 50° Mars hour Mars hour

g

surface temperature (K)
g

surface temperature (K)

g

Independent comparison with JPL 1D Flux tool O epmeri pressae ooty
output was performed

The input parameters to LMD Flux Tool are:

200 15.0 mbar

surface temperature (K)
surface temperature (K)

0.8 mbar

— Areocentric longitude, Ls

— Landing site latitude o6 ol w o o s 2w u

Mars hour Mars hour

— Ground pressure Ref: Apparent thermal inertia and the surface heterogeneity
— Atmospheric opacity of Mars, Nathaniel E. Putzig and al. 2007

— Local surface Albedo
— Thermal inertia of near-surface ground layer

European Space Agency

.~ Infrared emissivity of bare ground
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LMD 1D Energy Balance Heat

Fluxes Output

Basic Thermal modelling software can
reproduce

— Radiative exchange

[===Atmosphere
L ettty Attt Sttt (==Radiation |-~
7 Sub-Ground | _

— Ground Conductive exchange

What is missing is the Mars
atmospheric turbulent mixing model, j‘;
which can be imported into the
analysis from the LMD Tool

Heat Flux (W/m2)
5

LMD Flux tool can be used as a

reference by extracting the energy
balance data and compared to thermal
simulation

T\ /

123456739101112134151\1713192021222324

Always have a reference horizontal flat
plate in the model in order to cross ime ours)
check results with Environmental

InpUtS European Space Agency
5

s

JMars Public Application {cesa

JMars, Java application, public access to
Mars remote sensing data,
http://jmars.asu.edu/

Excellent tool to extract Albedo, Thermal
inertia and Altitude

— Thermal Emission Spectrometer (TES)
Albedo Maps, Mars Global Surveyor

— TES Thermal Inertia Maps
(Christensen 2001 and Putzig 2007)

— Mars Orbiter Laser Altimeter, (MOLA)
Altitude Maps, Mars Global Surveyor

Export data to Excel for manipulation

02 Ll
Wl L
i
T
! M
! |
A1t 1 \ Generated Albedo vs Thermal Inertia
| | i Plot for specific landing site

European Space Agency

6 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330
Thermal Inertia
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(§
Thermal Analysis Software Tools {cesa

Exomars Industrial team is currently using ESARAD/ESATAN for the thermal analysis of the 2016 and
2018 Exomars missions

— Facilitates the exchange of thermal models

— Mars Surface modeling method has been developed (Presented at previous ECLS Workshops)
ESTEC has separate models of the EDM and Rover in I-DEAS/TMG

— Independent cross checks with industry models

— Allows coupling analyses between CFD and surface thermal

TR - o X
NN NOIASESRIT N 2016 EDM TMG Thermal Model
. Heat Transfer Coefficients calculated with TMG/CFD European pace Agency

I-Deas/TMG Interface

I-Deas/TMG has a built-in
capability for planet body
surface analysis

Direct and diffuse solar
fluxes can be modeled

“Space” Nodes are used to
model the Sky
temperature

Ground is modeled
through dedicated
elements

Wind modeled with fixed
or variable heat transfer
coefficients or coupled
through CFD

| butll 2
=
[ s s e | |

European Space Agency
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s

Diurnal Solar Heating Interface *‘\&\gesa

>~ Diurnal Solar Heating - Modify > Dimrnal Solar Heating - Solar Data
s 2000 =
ISelected Elements | _‘

o 3 2 v | e

forow [ Sfeourrev il - [case 2 coLo oiRe |

pee 5 e, B
|
|
e
|

Frororein =] o5
_ok | awy|  Feset|  Concel|

TMG can model Atmospheric effects
— Models are currently based on Earth Environment and not relevant to Mars
Input time dependant Solar Flux values obtained from LMD Flux tools

— Need to correct direct solar flux since LMD 1D calculates for a horizontal
Plate

9 — Sun Elevation and Azimuth data is generated by LMD Flux Tool

European Space Agency

Diffuse Solar Flux

> Radiation Heating - Modify

Radiation Heating Option is Sketch Al
used to model the Diffuse Solar —_———
Flux 2
Radiation heating has the iore ]

ability to emit in IR or Solar

spectrum [selected Elements 7]

Source elements can be either o ] el

the “Space” Node or a
transparent Dome can be
erected around the model to
emit the Diffuse Solar flux Fe 3

fwine] ]
erse ooy af

5

o B Jroureey |l ke

FuorCrenon oo
European Space Agency

10
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Validation using Phoenix MET
Instrument Flight Data

Electronics,
~ Pressus@é
_Sensor,
L FidaHeater |4
Volidgey, &
‘ _Redulaton 4| m

Ref: Thermal Design and Analysis of the Phoenix Mars Lander Meteorological
Instrument, ICES 2007-01-3240, Canadian Space Agency

11

Thermal Characteristics of the MET
Instrument

Thermal Characteristics of the LIDAR

— Fiberglas thermal blanket with Betacloth as an exterior layer

Thermally isolated from the Spacecraft Deck
— Main heat loss contributor is the Sky
— Temperature sensor located on the LIDAR Chassis
Thermal Characteristics of the Mast Base
— Thermally coupled to the spacecraft deck
— Low emissivity finish
— Sensitive to Solar fluxes
— Main heat loss contributors are natural and forced convection

— Temperature sensor located on the Mast Base

12

24th European Workshop on Thermal and ECLS Software 16-17 November 2010



Validation of the Martian Thermal Environment Modelling Method using Flight Data 245

Albedo and Thermal Inertia Mapping of

Landing Site

Phoenix Landing Coordinates: 68.218830N 234.250778E,

Landing Mars Solar Longitude (Ls)= 76.6. Mars Spring, May 25th 2008
Albedo = 0.21, Thermal Inertia 250

THEMIS mapping of landing region

r Phoenix
+ Landing
site

Regional:
S:
J=25

7Z=45cm

THEMIS:
1=283

0.1
[ 7=6.2cm

]
]
L ]
ek . & 3 |
0 200 400 600

1 I M 2 1

Ref: Martian High latitude permafrost depth

Thermal Inertia (J m* K's") and surface-cover thermal inertia distribution:
Ref: RELATIONSHIPS BETWEEN REMOTE SENSING Josh Bandfield and al., 2008
DATA AND SURFACE PROPERTIES OF MARS European Space Agency

13 LANDING SITES. M. P. Golombek and al, 2009

Phoenix Landing Site Optical Depth

Measurements

CRISM and SSI Dust Optical Depths

0.9

0.8 1

0.7

0.6
'ﬁl + CRISM
3 0.5 BTau_451
E Tau_671
5 0.4 <Tau_886
8. xTau_990
© 03

0.2

0.1

0 - -~ v . - v
75 85 95 105 115 125 135 145
Ls

Ref: PHOENIX AND MRO COORDINATED ATMOSPHERIC SCIENCE. L. K. Tamppari ) Y .
et a|., 2009 European Space Agency

14
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Estimates of the Phoenix Landing Site

Environment Parameters

Time (Hour}

Solar Ground
Optical Depth | Surface Albedo Ls Pressure Thermal Inertia | Declination |Emissivity| Latitude
Description T Pa ( m-2 K-1 5-1/2) (o)
Phoenix Sol 9 0.5 0.24 80.48 835 250 24.8 0.98 68.2
Phoenix Sol 32 0.65 0.24 90.79 801 220 25.2 0.98 65.2
Phoenix Sol 119 0.24 0.24 131.88 733 200 18.6 0.98 68.2
. Phoenix Sol 147 0.5 0.26 145.62 733 210 14.0 0.98 68.2
Sol 9 Atmospheric Temp
Sol 32 Atmospheric Temperature
o - - v v 0
-10 2 10 5 20 _1E|:I.I[D 5.00 10.00 15.00 20.00
20 + Flight Data 0 ’m‘
- e adel —=— hodel
g -30
5 T P e
L] ':':; - % -40 ¥,
g §' - f \
= 3 -B0
2
5,
!/[ ™
-80
Sol 119 Atmospheric Temperature Sol 147 Atmospheric Temperature
° : ' ' ' -10 . . . .
-10 s Lo 1= 20 20 5 10 15 20
E -30 —m—Model s g a0
g 40 - 3 o %
E 50 *;-! 60 4
g 80 - £ 7
= -70 ""' E -20 / ‘k
-80 -90 ‘i.._/ | + Flight Data .
-90 -too | —=—nodel ey
-100 -110

Time (Hours)

400

Calculated Phoenix Boundary Conditions

using LMD 1D Flux Tool

Total Solar Flux

=e=—Fhoenix 301 §

Phoenix Sal 32

100

—s—Phoenix Sol 118

~Phoenix Sol 147
10

Flux Wm2

150

g - M
. \W / \\

——PhoenixSol @

Phoenix o1 32

160

—=—PhoenixSol 119

—PhoenixSol 147

Time (Hour)
Time (Hour}
Ground Temperature AtmosphericTemperature @ 1m
5 10 15 20 5 10 15 20

——PhoenixSol 9
Phoenix Sol 32

—e—Phoenix Sol 119

——PhoenixSol 8

Phoenix Sol 32

—e—PhoenixSol 119

e Phoenix Sol 147

- PhoenixSol 147

Temperature (C)

10

Time (Hour)

10

Time (Hour)
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Phoenix MET Thermal Model s

{cesa

Thermal Model was built by the Canadian Space
Agency
Generated and analyzed using I-DEAS NX12 and
TMG 12
Model Correlated by Ground Testing in a Martian

Thermal Environment

Ref: Thermal Design and Analysis of the Phoenix Mars Lander
17 Meteorological Instrument, ICES 2007-01-3240, Canadian Space Agency

Eurer Space Agency
European Space Agency

MET LIDAR Thermal Testing

Tested in an 8 mBar CO, environment
in order to verify
— Thermal design
— Thermal distortion effect on
alignment
— Performance over temperature

Thermal chamber temperature varied
from 30°C to -100°C
— CO, will condense below -100°C

Natural Convection inside the LIDAR

during testing was significant Ref: Thermal Design and Analysis of the Phoenix Mars
Lander Meteorological Instrument, ICES 2007-01-3240,

— Heat transfer coefficient Canadian Space Agency

correlated to test data and
adjusted for Mars gravity

ELHU'.\(.]H Jpace Agency
18
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Phoenix Measured Wind Speed over the s
mission : \\\&\\%esa

. . N T N
o O N &~ O

Wind Speed, m/s

LTST, Hours

Ref: Phoenix Mars Lander Mission: Thermal and CFD Modeling of the Meteorological
Instrument based on Flight Data, ICES 2010 AIAA 2010-6195, Stéphane Gendron and al.,

19 Canadian Space Agency

12:00

18:00

Calculated Forced Convection Coefficients Q&&iesa

Heat Transfer Coefficients Calculated using CFD

U ) havg hmin hmax
(m;s) (degre | (W/m2/ | (W/m?2/ | (W/m?2/
es) K) K) K)
4.14 0 0.94 0.00 4.30
4.14 45 1.12 0.00 4.40

0.94< h,,<1.18 W/m?/K

avg

Box Shape Empirical Equation for Heat

Transfer Coefficient

hd

f

1

— =0.102-Re**"-Pr,3

h=0.91 W/m2/K for 4 m/sec Wind

20

Ref: Phoenix Mars Lander Mission: Thermal
and CFD Modeling of the Meteorological
Instrument based on Flight Data, ICES 2010
AIAA 2010-6195, Stéphane Gendron and al.,
(anadian Space Agency
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Phoenix Instrument Flight Data Available \\E\‘i
# Phoenix Analyst's Notebook
2 | About | Comments
SOL SUMMARY REPORTS MET-LIDAR - Lidar 632 nm Photon Counting EDR LS 008 ELP _00896999088_11AE M1
Enter sol or select from list. Then select a report to Single product from activity 11AE
access documents and data. (=]
Product Overview LS 009 ELP _00896999088_11AE M1
SoL 4S8 a v o110 B || [produet e
Overview T -
REPORT( Timeline (v €
— PSI Plan
o
S om e e ww we tse e red| O
[ ] A Lidar E)
erature Reporting R
RAT \onitoring . 'b = D
RAC Temperature monitoring e
[Z1(x] [#] s01 9 TECP wind (no RA mave) Data Set
[J[S] opticalvepth Documents Erowse Image - this image iz not the actusl data pradhct
][] TEGA Atmog
. TEGAAtmod | Help Download Product Files
[ Testacquire and durmp Product Data File
[M] 501 9PT data xfer and restart ]
[[S] Optical Depth A Detached Product Label File o4
C—_J(E] ] omousisa 40
|[5] s Fiducials mini
Meta Data Overview
Product Type Description Lidar 32 nm Pheton Counting EDR
CIXI [ soi® Product Type
[I[5] Temale Sol 008
[[E] pm Ops Token 16#1 1AEQ000%#
CE Instrument Host ID PHX
[m[E] Instrument 1D LIDAR
I5] ss UTC Start Time 2008-06-03722:23.39.639
OE UTC Stop Time 2008-06-03T22:53:42.089
Space Craft Clock Start Count BIEIT9087 840
Detached Label File MDS Checksum
31F861DAB0DE7OBBEE2AE4EES FEEETA
Detached Label File SHA-1 Checksum
1968A5C396CICO4EAICO48464957 BSBAEEST16DA
Product Data File MD5 Checksum
4E35921300419BDCOCFOF2A1820B4958
Product Data File SHA-1 Checksum =
. . European Space Agency
2 Ref: http://an.rsl.wustl.edu/phx/solbrowser/default.aspx

LIDAR Simulated and Flight data

Comparison for SOL 32-33

Pressure sensor located on the PEB, which housed the LIDAR electronics
and LIDAR Keep Alive Heater Voltage Regulator
Temperature variations affect the pressure measurements, which provide
information on the duty cycle of the LIDAR heater
0 T T T T T T T T 822
- =
20000 40000 60000 80000 100000 120000 140000 160000
-5
-10
# LIDAR Flight Data
I -15
% % —4— LDIAR Simulated
g -20 3 Data
s S
T s " L - r 812 —=— Pressure
f 111 Measurements
-30 Uﬁ - 810
-35 808
-40 806
Time (sec)
Ref: Phoenix Mars Lander Mission: Thermal and CFD Modeling of the curepean Space Agency
22 Meteorological Instrument based on Flight Data, ICES 2010 AIAA 2010-6195,
Stéphane Gendron and al., Canadian Space Agency
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LIDAR Simulated and Flight data A

-
Comparison for SOL 9 and 119 {sesa

Pressure (Pa)

e Pressure
Measurement

a0q b
* LIDAR Flight Data

s

] W F
a0 = LIDAR Simulated

2 Data

| "

0

9"\ soL119
b
2 " 0 745
Time {sec) 10000 20000 30900 40§00 50400 6000 70000  80Q0O
K3 744
743
10
Ref: Phoenix Mars Lander Mission: Thermal o f\f\‘\ 2 * UDARFight Data

and CFD Modeling of the Meteorological v
Instrument based on Flight Data +- LIDAR imulated

20 Data

Temperature (*C)
Pressure (Pa)

4 Pressure
Measurement

-25

30
W . J
> f':"u'& i'.lh.;.' m'-"\.‘". N‘HN'

Time (sec)

23

MAST Base and TEGA Simulated and

Flight data Comparison

Larger temperature differences when compared to the LIDAR data
Uncertainty in the optical finish, as well as the level of accumulated Dust
Forced Convection uncertainty, wind gust/speed and direction, blockage effects

Large Temperature difference for the TEGA instrument could be related to the
power dissipation during operations since TEGA model used is based on
assumptions

= A

MAST ITB TEGA
Sol # LTST Flight T Model T AT Flight T Model T AT
(hrs:min) o) O O o) (O o)
2:36 -68.1 -82.2 -14.2 -69.9 -72.4 -2.5
? 15:07 -12.9 -26.0 -13.2 -15.1 -23.8 -8.7
1 2:48 -69.4 -78.2 -8.9 -67,8 -69.8 -2,0
14:29 -13.6 -22.7 9.2 -14.9 -23.1 -8.2
119 2:45 -77.8 -89.9 -12.2 -81,5 -80.1 1.4
14:18 -16.5 -27.4 -11.0 -7.3 -32.1 -24.8
3:26 -85.9 -98.2 -12.4 -90.6 -92.1 -1.5
147 14:24 -24.8 -40.8 -16.1 11,0 -43.2 -54.2
Ref: Phoenix Mars Lander Mission: Thermal and CFD Modeling of the Meteorological
Instrument based on Flight Data European Space Agency

24

24th European Workshop on Thermal and ECLS Software 16-17 November 2010



Validation of the Martian Thermal Environment Modelling Method using Flight Data 251

Depending on
the wind
direction, the
MET Mast Base
may experience
significant wind
blockage

Ref: Phoenix Mars
Lander Mission:
Thermal and CFD
Modeling of the
Meteorological
Instrument based on
Flight Data, ICES 2010
AIAA 2010-6195,
Stéphane Gendron and
al., Canadian Space
Agency

European Space Agency
Y

25

Conclusion

Analysis methods is in agreement with flight data even though
the process to determine the environment relies on remote
sensing data and atmospheric models, which have a certain
uncertainties
Model of the LIDAR correlates very well since it is less sensitive
to wind effects
MET Mast predicted temperatures have a 9°C to 16°C difference
with the flight data.
— Mainly due to the optical finish uncertainty and wind
blockage effects
This aspect will be critical for the Exomars 2016 Lander mission
— Further investigation could be performed on the Phoenix

Flight data in order to further explain the temperature
differences, e.g. including variable heat transfer coefficient .. sy sgen

26
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Appendix Q

Adaptation of LSS Thermal Radiative Models for Bepi-Colombo
10 Solar Constants Tests

James Etchells Duncan Gibson Philippe Poinas Giulio Tonellotto
(ESA/ESTEC, The Netherlands)
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Abstract

To enable environmental testing of the Bepi Colobo S/C modules in a representative environment the
Large Space Simulator (LSS) at ESTEC has been adapted to provide 10 solar constants illumination.
This presentation introduces the modifications to the LSS ESATAN-TMS models that were made at
ESTEC to enable test predictions to be made by the Bepi Colombo project team.
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dcesa

Adaptation of LSS Thermal
Radiative Models for Bepi-Colombo
10 Solar Constants Tests

J. Etchells, D. Gibson, P. Poinas, G. Tonellotto
ESA/ESTEC, TEC-MT

24th European Workshop of Thermal and ECLS Software
16t — 17t November 2010

Description of Large Space Simulator (LSS)

LSS is Europe's largest vacuum test facility for S/C

Standard sun simulator can provide >2700 Wm-=2 with 6m diameter
e Main chamber is 15m height and 10m diameter

Mirror

Main chamber

Auxiliary chamber

Lamp housing
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Test Chamber Thermal Models (1)

e ESATAN-TMS Radiative models of the LSS have been available for

some years on exchange portal: https://exchange.esa.int

e Original LSS model produced by P. Poinas
e Model converted to Thermica format in 2005 — no Boolean ops.
e Current models are representative for “standard” S/C thermal tests
e Herschel test highlighted that “warm” items in the chamber
(ports, windows...) must be included in model

e For cryogenic tests improvement are underway

Test Chamber Thermal Models (2)

ACTIVITY

NON_GEOMETRIC
RAD_ACTIVE
W v acTivE

B acTive

B necTive

LSS Model Available on Exchange
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s

Modifications to LSS for Bepi-Colombo (1) &\‘?esa

\

« Initial requirement was to have up to 10 solar constants (up to
13,780 Wm-—2) for the sun simulator with beam diameter 3 metre
e Initial baseline was to replace lamps with 32kW lamps and
adjust collimation mirrors to achieve 10SC
e But, 32kW lamps were not possible so 25kW lamps used and
beam diameter further reduced to 2.7m

e Bepi-Colombo MMO, MOSIF, MTM and MPO will be testing in the
modified LSS

Modifications to LSS for Bepi-Colombo (2)

Mirrors adjusted to
give convergence

Screen

Camera

\ Main chamber

19 x 25kW lamps
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s

\

\

Modifications to LSS for Bepi-Colombo (3) Q\\&\gesa

----- Nominal beam I_#go'[ |
e . W 2T
Modified conical beam § . o
: @ ' pra} IO-
o & | 2 @
i &5~ - o
~ |w
g ;;-‘\
2 : \ )
i ! “i TOPFLOOR
7] 9.!130 ——
rryr-rJr CLEARANCE f
e N bk s
&
SHROUD =
© CHAMBER
S _cchameer | I T -
TESTFLOOR
BLD25/Fg
4300+
SRR
~ TESTFLOOR
+0 BLDZ26/Fh 0+
NN N N RN N N RN N N NN N

AT TR T L. T T T T T S

European Space Agency

Measurement of Beam Intensity (1)

Screen

Puran 2010 64-Bit 10-Nov-10 165201

Camera

19 x 25kW
lamps

opean Space Agency
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Measurement of Beam Intensity (2) Q\\\&\’?esa

+ Heat Flux

Putren 2010 64-Bit 10.Now-10 163201

Section A-A

European Space Agency

Beam Images — three planes

P 2010 65 10 19168505

Front Plane o Middle Plane - Rear Plane

Rear Plane (2.5m
........ back from mid)

Front Plane (2.5m
fOI’e Of mid) European Space Agency
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Modelling of the Beam in ESATAN-TMS *‘\&%esa

Radiative

Requirements
e To correctly model the beam the following characteristics must be
correctly represented
a. Conical shape of the beam with correct convergence angle
b. Correct beam intensity (10 SC close to the centre)

c. Beam edge drop off

Modelling Approach

e Builds on previous work in Astrium (D), ESTEC

e To achieve the requirements above the following methods are used:
a. Parabolic reflector to converge light rays
b. Edge drop off modelled using a semi-transparent filter

c. Flux level tuned using solar flux override European Space Agency

Modelling Beam Convergence with

Parabolic Reflector (1)

/ Parabolic Reflector

Aperture

Suns Rays

2.7m Beam Section
/

———— Simplified Chamber

European Space Agency
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i i (s,
Modelling Beam Convergence with &;esa

Parabolic Reflector (2)

Parabolic Reflector

Aperture N
2.7m Beam Section

Simplified Chamber

Suns Rays

%{% European Space Agency

Modelling Beam Convergence with

Parabolic Reflector (3)

Parabolic Reflector

Aperture

2.7m Beam Section

T Simplified Chamber

Suns Rays

%U\\;]:l? European Space Agency
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=

Implementation in ESATAN-TMS &&‘gesa

Radiative (1)

/

Beam Cone

ACTIVITY

[ NON_GEOMETRIC
RAD_ACTIVE

Wl i _acTive

W acTive

W macTive

Simplified LSS

Implementation in ESATAN-TMS
Radiative (2)

Beam Cone

ACTIVITY

[ WON_GEOMETRIC
RAD_ACTIVE
W rm_scTivE

Simplified LSS

European Space Agency
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i i s,
Implementation in ESATAN-TMS Q&\%GSﬂ

Radiative (3)

Beam Cone

ACTIVITY

[ NON_GEOMETRIC
RAD_ACTIVE

B tHm_acTive

I acive

B necive

Simplified LSS

Implementation in ESATAN-TMS
Radiative (4)

Plan View

Suns Rays

foy

ACTIUITY

[ non_cEomETRIC
RAD_ACTIVE
W n_scve

. ACTIVE
. INACTIVE

European Space Agency
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Implementation in ESATAN-TMS

Radiative (5)

AL
A F7

View from sun direction

ACTIVTY

NON_GEOMETRIC
RAD_ACTIVE

W miscnve

I senve

W necnve

Model Verification Approach

= Model verification using a black “target” inside the main chamber, in
particular:
e Sensitivity of results to number of rays fired (MCRT statistics)
e Effect of reflector distance/size

e Effect of reflector asymmetry

Solar Heat Flus:
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2029124
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Sensitivity to Number of Rays Fired {cesa
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Tuning of Beam Intensity (1)

e Tuning of beam intensity and matching of “drop off” achieved using
semi-transparent filter mask over aperture
e Central disk surrounded by annuli
e Overall flux level tuned using solar flux override

+ Heat Flux
i 5 Annular Disks

5 not-represented

Ty=100% %

Central Disks

ACTNVITY

View from Reflector

Tuning of Beam Intensity (2)

o D2
IDCD@dchD 7 =0

o 4 central

DO Definition — Reference Flux

2
0qu> ZTﬂDdD —099p _ FPi
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D1 Definition — Central Flux
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4
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D2 Definition — Total Power
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Tuning of Beam Intensity (3)
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Tuning of Beam Intensity (4) {cesa

e Using partially transparent annuli the correct beam heat flux can be
tuned for the middle plane
< Image below shows absorbed flux on the target
e correct flux level obtained in centre
e Drop-off effect is captured

SolarHeat Flus: re. 54 F

HF RESULT
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Conclusions and S/W Feature Requests Q\\\&\‘?esa

Conclusions
e Modelling of beam convergence, intensity and drop-off has been
achieved
e Correlation with measurement data is acceptable for middle plane
e Some differences are expected with front/back plane
e Extensive sensitivity analysis was carried out to understand ray tracing
effects
e Model with S/C may be computationally demanding due to large

number of rays required

S/\W Feature Requests
e A lamp or similar entity would be useful — both IR and solar

e Refractive index for lensing could also have been used

European Space Agency
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