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Objectives of the Therm-OSS Project 2

N To assess how OSS can be used to build applications

N To provide to developers a useful source of reference for their
developments

N To assess whether the OSS approach could be useful as a distributed
model for end-users
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Introduction

N Therm-OSS

N Statement of work

N The system to be developed, will be able to perform the
complete thermal analysis of a spacecraft, or part thereof. This includes:

N the definition or modification of a model of
N the spacecraft or component (Primitives)
N the environment
N the mission and scenario

N the definition and execution of the analysis (lumped parameter approach)
N the evaluation or assessment of the results

N Use of Open Source Software (OSS) as far as possible

N Approach
N Survey of suitable OSS
N Development of the general architecture
N Implementation, test and ...
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Architecture

N Proposed Design
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Architecture

N Engineering Infrastructure
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Architectural Components 6

N i fl s uses for Implementation
and Scripting

N Pyt hon
Object-orientiented scripting

language contains elements of
traditional languages

N Nice, simple syntax

N Modular structure

DN Great number of books

N Unix, Windows, ... very stable
N\ Scientific computing
N Increasing acceptance

class Myd ass:
"A sinple exanpl e cl ass”
i =123
def f(x):
if x > 0
return 1
el se:
return O

Standard packages of Pyt hon
. Tkinter:
Widgets from Tk for GUI's
. Nuneri cal / nunpy:
Vector / matrix objects
. Scientific Python:
Scientific tools, MPI, NetCDF, Optimization, ...

Interface generators
. pyfort: Fortran

. SW g: C C++
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Architectural Components

N i fl s extents the vt k pipeline

N DataObijects
represent information

N ProcessObjects

operates on input data to

generate output data

N Pipeline Execution

causes processObjects to

operate

New approach of solving problems with

software components

Reader = SourceObject ()

Dat albj 1 = Reader. Get Qut put ()
Filter = ProcessObject ()
Filter. Setlnput( DataCbj1l )
Dat aCbj 2 = Filter. Get Qut put ()

Dat aObj 2. Updat e()

ut k connects vt k and pure Pyt hon classes to
maintain pipeline mechanisms
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Architectural Components
N Components of Therm-OSS

N Flexibility
N Replaceability
N Reuseability
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Graphicallserinterface

N Infrastructure

Reposiioryinierface
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STEP TAS/NRF

«DataObjects
StepTasComposite | 7

I i StepTasPart21Reader

N ProcessObjects

1 .ProcessObject»

vatsotiects |/ ] = —
‘ g / 7 / ExternalModelier
' .-
O 5: === *_:f:::::\, > «Process0 bjects
i DataOb el E::if::7:_:5:_:\%\\ /7 NodeBuikder
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Repository | StepTasFormatted Writer
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Architectural Components 9
N STEP TAS/NRF integration

N STEP TAS/NRF data model
N Geometry, Material
N Mission, Results

N PyExpress
generates

ExpressEntity
NRF_observable_item

Pyt hon classes : ;\3

‘ NRF_submadel_usage | ‘ NRF_any_netwark_nade |

| NRF_network_node_relationship |

\/\

| TAS_thermal_lumped_parameter_node_relationship ‘

NRF_network_maodel
oy

TAS_bounded_face_set_model |

| TAS_bounded_face_set_submedel_usage

/

| TAS_thermal_lumped_parameter_submodel_usage |

l

‘ TAS_thermal_lumped_| _madel |

|NHF_ bmodel_node_ref |

NRF_netwark_node

| TAS_thermal_lumped_| | _node_! |

| TAS_thermal_lumped_parameter_node

TAS_boolean_difference_face_sat

| TAS_primitive_bounded_face_set

I\ Class diagramm of STEP TAS/NRF [ 7AS_sompaund_bounded_face_ast
observable item (Umbrello)

| TAS_bounded_face_set_by_submadel

_primitive_| _face_set

| TAS_

2 Z1
Institut fur Flugzeugbau und Leichtbau, TU Braunschweig IFL

Architectural Components 10
N STEP TAS/NRF integration

utkBazeObject

utkObject

utkDataObject

——1

ExpressObject
;gg:{x‘n}ti:i:pﬁtaanhtnn : ExprassGaomatry ExprazsBecmety
. . +object | Expres=Object
+gagaom:mz'ap“a"ﬂmt“‘;.Exf_m?Ga::"y try) : void +CreateRepeseantation (assambly - object, source : object) : void
Tl me MEREEl: EopEssa famEly) v + CreatePolyDataappendFitter : object, source : object) : void
Y
ExpressEntity | ExpressDataSet | + mapper : object

I ] +actor: object

PrintS= 1) : vokl
[ESRntSarEvaE| + CrealeRepresantaton @=sambly - objact soume : objct) : voil
+ CreatePolyDataiappendFilar : object, soures : objsct) : void

+ PriniSall]) - vod |

¥

+ polyData : object
+CreatsRepresantationjazsa mbly © object, sourcs : object) ; void
+Creale PolyData(appendFilier : object, source : object) : void
+ GatTmnsformationhatrix() : objsct

[ DiscGeometry SphereGeometry |
]
i+Gatcoo i - object) : abject [Foekes “objech: object |
B |nher|tance ConeGeometry QuadrilateralGeometry
. [FGekoor object) - object [+ Gaoor object] objecl
N Deriving Expr essDat aset

from ut kDat aa)] ect i CylinderGeomeiry ParaboloidGeometry

N Deriving ExpressEntity
from ut kCbj ect

+ GatCoori : object) : object +Ge|c00 i object) : object

. . N Class diagramm of STEP TAS/NRF
N Adding attribute nodel UTK integration

N._Representation / physics %A
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N Components of Therm-OSS _
. N DataObjects _
N Flexibility STEP TAS/NRF N ProcessObjects

N Replaceability i* (——
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Architectural Components 1
B GraphiCal Editor | ifls - Network Shell and Editor o e ———_ 15 ¢,y

File Edit Optiohs Project View ﬂe|p|

Ofl f l S Module: f Gragh | Tree ‘

Classes I tasDataset |

Y

services

tasLabelActor
tasLumpedParameterSolver
tasLumpedParameterSolverCld L) L)
tashiaterialPropertiesDatacube 3_;'j-Iaﬁ_l:_l{mpm_eﬂ_ﬂ_aj_rfagmgt_g_rﬁ_nI_;ger:_:-;.l -
lysisFilter []

CI ass | | brary %agaﬁnnﬁher

tasPrimitive

tazPrimitive CapacityFilter tasDataSet | vtkAssembly |

DGeometryFilter

tasPrimitiveConductanceFilter

tasPrimitiveRadiat]

t i wsisFilter
ExpressDataSet

L]
L]
heToNumarray - tasDatacubeToMumarray
gl’aph canvas utkExpressohject J e s | e e | vikOpenGLRenderer |

ol Eemms st e | - =] T

»»» WRF_roott = dataSeth. GetRoot()

>»> HRF_rootT = solverDataSet. GetRoot()

Warning: In tasRadiation&nalysisFilter (0x4433e82c): Mumber of spin positions must be greater than zero

arning: In tasRadiationfnalysisFilter (0x4433e8lc): Only TAS =xis placement is suppported

arning: In tasRadiation&nalysisFilter (0x4433e82c): Only TAS_asxis_placement is suppported

¥+ # Warning: In tasRadiationAnalysisFilter (0x4433e82Zc): Only TAS_awis_placement is suppported

333 L

console

Status: |She|l of ifls 0.6 - Sponsored by ESA/ESTEC - a pyShell clone.

N Interactive manipulation and visual programming of networks/dataflow
N Analyses and visualizes the programmed object interactions/networks ( tree / graph )
N Pyt hon codes are executable without the graphical editor in batch mode
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Architectural Components 13
N Graphical Editor | ifls - Network Shell and Eitor o e —————— =3 =1 £+

File Edit Options Project View ﬂe|p|

fifl T

0 S Mociule: tas — |7 Graph | Tree
ltasDataSet sofvertiataser &

Classes: | = INRF_rool Va8 wat?

mltasmMaterialPropertiesDatacube MatferaiProperties Datacube T
mdnrfsimpleDatacube Sinpiedatacibe Capacity
nisimpleDatacube Simpielatacibe Condictance
mednsimpleDatacuhe Sinpielatacube_Constraint
nitSimpleDatacube Simpielialacibe RadiationFacior
mINRF_date_and_time ARF aate and finet
L INRF_organizational_project ThelidnownFrgiectName
el TAS_hounded_face_set_model TAS sounakd fce_se? models
=l TAS_compound_hounded_face_set TAS compound bounded_ice_sel None
ailtasPrimitive Arimidives
el TAS_compound_bounded_face_set TAS compound_bounded_fee_set_Mone

tasLabelActar H
tasLumpedParameterSolver
tasLumpedP arameterSolverOld
tashdaterialPropertiesDatacube
tazOrhitanalysisFilter
tasOrbitPropagationFilter
tasPrimitive

tazPrimitive CapacityFilter
tasPrimitiveConductanceFilter
tasPrimitiveRadiat

: ExpressDataSZfISFmer pltasPrimitive Primiives =
| el TAS_thermal_lumped_parameter_model TAS fermmal_tumped_parameter_model Nome
tree Ca’nvas HIEESHIBE S RIET] i TAS_space_mission_case TAS space mission casel
p PR I !
| R | - W S B

»r» TAS_space_missilon_svent with running timed47 = TAS_space_mission_casel. GetEvents () [47]
>»»> TAS_space mission _event with running timed? = TAS space mission casel. GetEvents () [48]
»»» TAS_keplerian orbit_arcl = TAS_space_mission_casel. GetAspectsi) [E]

»»» TAS keplerian orbit arcl = TAS space mission casel. Getaspects() [3]

>»» TAS_keplerian orbit_arc3 = TAS_space_mission_casel. Gethspects() [4]

»y» TAS_hovnded_face_set meshing?2 = PrimitiweZ. GetMeshings () [0]

333

Status: |She|l of ifls 0.6 - Sponsored by ESA/ESTEC - a pyShell clone.

N Interactive manipulation and visual programming of networks/dataflow
N Analyses and visualizes the programmed object interactions/networks ( tree / graph )
N Pyt hon codes are executable without the graphical editor in batch mode
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AN GraphiCal Editor 1.~ Nertwinrkk Svel 1 arach I L. 3 L5

File Edit Options Project  Wiew Help |
ofifls T
Module: tas P [ S | s ‘
=
Classes: tasDataset |
tasLabelActar 2
tasLumpedParameterSolver
tasLumpedParameterSolverCld L) L)
tashaterialProperiesDatacube
tasOrhitanalysisFilter =1 =
tasOhitPropagationFilter Mame: salver Address:  0x4434d66c
tasPrimitive Classhlame: tasLumpedParametersalver
tasPrimitiveCapacityFiter fai Classes:  tasLumpedParameterSolver —i | ManPage| DoxPage|
tasPrimitiveConductanceFilter
tasPrimitiveRadiationToSpaceFil L | ol |Gemddﬂ9m°ve‘ gae | O”Oﬁ| R J
H tasRadiation&nalysisFilter GetSet Methods
eneric
9 e, i = Sef| BreakPaints [0.0, 1000.0] - Gelm
Ob] ect editor : m Sef| CaseSpecification 0 - Gefjm——"
HM InitialDefaultstate 100.0 J@!
»»» NRF_rootf = dataSetS. GetRoot() TR e
>»> HRF_rootT = solverDataSet. GetRoot() (LIRS R 107 M!
»»» # Warning: In tasRadiationfnalysisFilter (0x443 JE Inpu - Get| |
> # Warning: In tasRadiation&nalysisFilter (0443 . . T
»»» # Warning: In tasRadiation&nalysisFilter (0x443 !M MaximumNumberOfTine Steps [200 M!
»ry # Warning: In tasRadiationfinalysisFilter (0x443 JM Output 2 Get
(e g@ PvodedhsoluteTolerance 0.1 a@! B
Status: [Shell of ifls 0.8 - Sponsored hy ESA/ESTEC - a pyShel = Sef PvodeRelativeTolerance  [1e-05 - Gefm
m| Set| RefarenceCount - Get|ml
!M RunDescription Mone 4@2
. . . . . = Set Runld None - Get|m
N Interactive manipulation and visual programming of netw m 501 RunName W ol
N Analyses and visualizes the programmed object interacti = 8¢t Temandodeispecification [0 < Gellm

N Pyt hon codes are executable without the graphical editormroarcrrmoue
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15

N Composite Classes ... to hid

e the aggregation ... for easy use.

| NRF_security_classification_level

- - - - security_class

Methods of class tasPrimi

Y emmm—

L

N\ Collaboration diagramm of
TAS primtive_bounded_face_set

security_class
-

.
.

- ta nsformation

L1,
Mame: Primitive1 Address:  Ox43elbdad
ClassMame: tasPrimitive
Classes tasPrimitive — \ ManPage| anPage|
User | GetSet | Get ‘ Set | GettddRemove | State ‘ onoff | Repr
User Gui
— ldentification
Id I --
Name --- Primitives name ---
Description: | --- Description ---
— Surface
Type of Surface:  Cylindar — | Bulk Matarial: Ia\u ll
Point 1: [i0.0, 0.0, 0.0 Foint 2: (100, 0.0, 0.0y
Puoint 3: (0.0, 1.0, 0.0) Fuoint 4: |- not required -
Radius: 1.0
Start Angle: (0.0 End Angle: |360.0
art Angle nd Angle I CUSI
— Sides =
Thickness  Material by name RGE-Color ObJ €
1: W [0.0005 alu ¥||700, 0700, 0.70m)
Z: | |0.0005 alu ll (0.700, 0.700, 0.000)
— Meshing
Modes Parameters
Dir 1: |14 [0.0, D.071428571428571425, 0.142857T14285714255, 0.214,
Dir 2: |14 [0.0, D.OF14E8571428571425, 0.14285714285714285, 0.214

side1_colour
side2_colour

TAS_colour_rgh N

side1_surface_material

i
J

. bulk_material
Oml Zed side2_surface_material ,
-
. e !
't editor - !
- J
aclive_side [
- - - J
- /
meshings ”
-
-

‘TASibnundeditaceisetimesmng |‘t -

Z1
VIR
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N Composite Classes

N TAS material properties_datacube

Methods of class tasMaterialPr &

Methods of class nrfSimpleDatacube 7 : ; 2
Mame: MaterialPropertiesDatacubel Address:  Ox45a7Z
MName GisTranCube Addrass:  Dx44d29e3c : 4
GlassHame: ASIMplEDAtacUbS Classhame: tashaterialPropertiesDatacube
Classes nifsimpleDatacube — | ManPage| DoxPage| Classes: tasMaterialProperiesDatacube — \ ManPage| DoxPag
User | Getset ‘ Get | Set ‘ GetAddRemove | State | OnOTy ame GRTranCube Addiress. DwAde19200 User | GetSet| Get | Set |GemddRemDVE| State ‘ OnOfr| Repr
User Gui ClassName: nriSimpleDatacube User Gui
— ldentification Classes: niSimpleDatacube —i | ManPage} DoxF'age|
— hdaterial
Id: [FluxCubenz User | Getset | Get | Set ‘ GetAddRemove ‘ ata R
Material by name Box_Materia 1'
— Data cube slice User Gui
5 - - Y default
Slice for: Quantity — |[heat_load ll |fldent\ﬂcat|nn
i ahsorptance solar
tine00 tine01 Tinmoz || 1:GrCubetd p Dl
transmittance solar direct
Row:  lter _.I 101001 0,0237 0,02323 0,02a17 || Data cube slice oo
101002 |0.0237 0,02328 0.02817 i i
101003 |0.00688 000ETS Olooala ||| Slicefor: Guantty — I radiative_coupling | transmitiance solar diffuse  |0.0
101004 |0,03137 0,03082 0,03729
101005 |0,00245 0,00275 0,00243 £ime00 tims01 et ey 0.0
18133? 8:88&3? 8:885?? 8;88&3& Row: fem — | |401009-101538 | 0,0004755713 0, 00046 refraction_index solar 10
101008 |6.00137 406154 560136 400211-102950 . 0,0001368379  0,00014; : :
101009 | 000137 0.00154 000135 401009-101536 |B,646751e-05 8,88295 emittance infra_red 0.62
01010 | GlooL3r 00154 olo0Lze 401009-101537 | 0,0004755713  0,00048 : : :
101011 000033 000037 0.000%3 401003-101535 | 0,0004020739  0,00041] || transmittance infra_red direct ||0.0
o101z |oloo2ez 0’6058 5 O0EL 400804-101718 | 0,0004176006  0,00041; : | :
101015 001351 001593 5 01450 400804-101719 | 0,002025363  0,002004 || transmittance infra_red diffuse ||g.0
Toioid  |Gooizal o 6iEes e 401009-101539 | B8,6467510-05  B,68298
> - : 400207-102429 | 0.0003520038. 0,00035 specularity infra_red 0.0
101015 |0.00363 0.00397 0.00386 - | Sl i
LI | oted Hliias oloidii |lCLIStOMIZ 4-101713 | 0.001600803 refraction_index infra_red |10
101017 |0,01324 0,0145 0,01411 ANttt |asiear
igigig gogfg? g~gfgg; g'g?ggg Ly - - 400804-101715 | 00004176006  0.00041 mass_density 2000.0
101020 [0.01632 0,01853 0.01805 (. bJ ect edi t‘%g il faiesliny gl
101921 [0l00032 0,00101 0700108 e [T Do e et SR H0L L specific_heat_capacity  {|300.0
Toloee | 6oooses 5 00224 & o0EET 400603-101939 | 0.001583534  0.00156
101022 |0 0056E . ooeed 5. 00e6T 400509-101938 | 0.0087094d  0.00862 thermal_conductivity 2370
e el G e 410811-201748 | 0,006006885  0,00611 = :
pitee hhenes e s 400211-102550 | 0,0004707227  0,00043
e |t St R 400609-101935 | 0,007363435 10,0072 =] .-
% - s 400609-101937 |0,00870944  0,00862
IR 000t REHOLIT e 400609101536 | 0,001583534 0, 00156
=) T 411011-201544 |0,004641968  0,004747474  0,004809686  0,004836815  0,004833034
411011-201545 |0,004641968  0,004747474  0,004809686 0,004836815  0,004833034
411011-201546 | 0,0007427143 0,0007595968 0,0007635498 0,0007738304 0,0007828951
411011-201547 |0,002226145  0,002278787 0,002308649  0,002321671  0,002348685
: ’ . 411009-201637 |0,001219493  0,001243946  0,001259793  0,001263113  0,001261398
N NRF_si npl e_dat acube’ s with !
— — ] T
heatfluxes and radiative couplings

%IFL
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N Version Control commandine o
N File oriented environment
A Python scripts, STEP-TAS files, ... e Cllentinterface
'"mrhi:gmpi Client library
N Subversion e I
N Manages Files (incl. binary) Repasitary access
... and Directories [ow | [ s} [ wal ]
N Central repository
... Similar to CVS i
N Choice of network layer O eoMe |
... (http/svn/ssh) imemet |
N Collection of shared libraries
... Python bindings Apache
mod_DAY ‘
mod_DAV_SVN | SVISERVE
N Extension of the environment with a =
simple client o
.................................................................................. 1 £ﬂfwmszm

pa
~V R

L —

Project name:  [test

Architectural Components

Download project =2

N Version Control = | Flename: [myniepy
Fraject name l | New file name: ||
Revision: | Revision |
URL: |hﬁpﬂiﬂ|in10.iﬂ ing tu-hs.dessvnireposil URL: http:#ifling 0.ifling tu-bs. dessyn/reposil
ifls - Network Shell and Editor S e stination: | Destination: i

Eille Edit Options Em]ectlglew

@ Advanced o Advanced
Module: Wik - W ree
Classes: Load QK | Cancel | OK. | Cancel |

Download
wtk3DSImportar i A
wik3DWidget 2
wikactor
wikéctorzD Remove
wikactorzDCollection————— Froject name: test04 Rename | Message:
vikactorCollection  Download file Project filas: added some files. |
vikamoebahinimizer  Upload file

E - gazgm ‘ add files |

Clean ;

— M35,
Python 2.3.3 (#2, —~rarm T3 zoos, 11:54:34) : .:. e
[Goe 3.3.1 (SuSE Linme)] on linux? 25
Type "help", "copyright", "credits" or "license'|

i tau.grid_frant_2. Metadata |
tau.uutput.pvalj?ﬁ'ﬂﬁ_
Status; [Shell of ifls 0.8 - Sponsored by ESA/ESTEC - a pySH hay output surface.pval 16004 Add

Edit project

Remove

testsvnDownlaad.py URL:  [http:Aiflin1 0. ing fu-hs.de/svnirepos0l
Source: | £
‘ (6116 | Cancel | W Advanced

N Extension of the environment with a simple client
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pyExpr ess/ ut k Topi c Topi ¢ Python ' persc/ sundi al s

K3D
N VTK
o =
= 2 = 2 b= = = w =u 2 G1Up| ot
= = o = — =
I Bl B 1 KX £ L g ( Chaco)
c 2 =T @ n = o o o a
GEM e g 38 EE =& S
= E = oW o
Configurable
Script based
Application Integration Framework
with
YTK Object Behaviour
o Python Interpreter
i A =
— (=]
o8 il B 23
8= el B 52
T m =
N Functional modules y
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N Integration of modules / tools as
ProcessObijects:

Component

C,C++ or
Fortran

N VTK ising makes tool behave like a
ProcessObject.

Input data converter
Output data converter

Pythonised
Component

Data base writer

VTKising

N Data Transforming converts the
input format into the tools format and
N 2 integration variants vice versa if requ"'ed

N Pyt hon- ising tool must talk
Pyt hon.

Component

C, C++
Fortran

C, C++ or
Fortran

Input data
converter
C, C++
Fortran
Output data
converter

Pythonised
Component

)
o
=
‘=
=
L
I
]
=]
i
=
]
=]

VTKising
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N Components of Therm-OSS _
N DataObjects

N Flexibility STEP TAS/NRF N ProcessObjects

N Replaceability i* (——
B Reuseab'“ty £ i 7 stepTasP-rmneader

vatsotiects |/ /)
Ne= == 177/ % e
/ =
O , MO === |
Graphicallserinterface T /fl 7" / / \\ e o0 —
-~/ / e
: L 8 // ! Y >/_ H-!i;::vehmm:::uiuer
| ey of A W T——
| \/\ f / ) i «ProcessObjects
| /‘/ s \i \«ﬁ { e ConductanceBuilder
|

e e
é A _>Pmcessogg:!m£eﬂac . \ “n A - it
Gr@&fnmmcg— sl i LumpedParameterSolver
] AR

1 K
b 3 1 > O —@ T\\_ SrepTacParizTWHhsr
B Infrastructu re Performerinterface .

| «ProcessObjects
1 StepTasFormattedWriter

AL =

[ | .processoblect.
= TasToVikFilter

/ LETOMmernieriace
7
(5 — Reposftory
Reposiioryinierface
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N The Network ... from persistence storage, script or via GUI

L
tasDataSetReader |
[ ] ]
tasCrhitPropagationFilter |
L] [ |

tasDataSet | u tasPrimitiveRadiationToSpaceFilter |
[

tasOrbitanalysisFitter |
n (]
S ]
] . . u - - tasPrimitiveCapacityFilter | tas3DGeometyFilter |
tasCoansistencyFiltar | tasRadiationAnalysisFilter I ]

[]
[] [] x !
tasPrimitiveConductanceFilter I U
> vikDataSettdapper |

n | |
tasDatacubeTaMumarray tasLumpedParameterSolver | wtkOpenGLActor |
[] []
[ | [ B | ]
tasDatacubeToNumarray vtkOpenGLRenderer |
[]
. "
numGnhuplotPlat | vikToplevelRendertidget |
[ ]
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N The Network ... from persistence storage, script or via GUI

tasDataSetReader |
[ ] ]
tasCrhitPropagationFilter |
L] [ |

tasDataSet | u tasPrimitiveRadiationToSpaceFilter |
[

tasOrbitanalysisFitter |

n (]
P P L}
] . . - - tasPrimitiveCapacityFilter | tas3DGeometyFilter |
tasCoansistencyFiltar | tasRadiationAnalysisFilter I ] 1
[] [] x !
tasPrimitiveConductanceFilter I o
> vikDataSettdapper |
[ | | n
tasDatacubeTaMumarray tasLumpedParameterSolver | wtkOpenGLActor |
[] []
[ | [ B | ]
tasDatacubeToNumarray vtkOpenGLRenderer |
[]
. "
numGnhuplotPlat | vikToplevelRendertidget |
[ ]

Build your own application

Include your own components y.
~ IFL
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N The Network

N Topic (ESA/ESTEC):
Earth orbits
J2 orbit propagations

[ ] e
tasDataSetReader | Primitives
u Incident fluxes

tasCrhitPropagationFilter
[]

vvvirvy

C-code wrapped with C++
and Pyt hon classes

L
tasOrhitanalysisFilter
[]

tasDataSet |

tasPrimitiveCapacityFilter | X

- : : L — — tasaDGeametryFitter |
tasCoansistencyFiltar | tasRadiationAnalysisFilter ] 1
. . !

n

tasPrimitiveConductanceFilter I
> vikDataSettdapper |

n | |
tasDatacubeTaMumarray tasLumpedParameterSolver | wtkOpenGLActor |
[] []
[ | [ B | ]
tasDatacubeToNumarray vtkOpenGLRenderer |
[]
. "
numGnhuplotPlat | vikToplevelRendertidget |
[ ]
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Application
N The Network

tasDataSetReader |

[ ] ]
tasCrhitPropagationFilter |
[ ]

tasDataSet | |

tasOrbitanalysisFitter |

[ ]
|
tasConsistencyFilter | tasRadiaionAnalysisFilter |
[ ] [ ]

N\ Primitives model
N Lumped Parameter Model

acubeTaMNumarray

tasPrimitiveRadiationToSpaceFilter |

n
tasPrimitiveCapacityFilter |

]
tasPrimitiveConductanceFilter

L
tasLumpedParameterSolver |

(Finite Differences Scheme)

tasDatacubeToNumarray

DN Capacities, conductances, u
simple radiation to space .

D\ Using primitives metric

N Pyt hon implementation of the 'numGnup,mpm |
nodel ]

L
tasiDGeometryFilter |

i
L]
vikDataSettdapper |

wikOpenGLActor |

ECEECEE
vtkOpenGLRenderer |

vikToplevelRendertidget |
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Application
N The Network

tasDataSetReader |

[ ] ]
tasCrhitPropagationFilter |
[ ]

tasDataSet | |

tasOrbitanalysisFitter |

[ ]
|
tasConsistencyFilter | tasRadiaionAnalysisFilier |
[ ]

N PETSc-based solver

tasPrimitiveRadiationToSpaceFilter |

n
tasPrimitiveCapacityFilter |

]
tasPrimitiveConductanceFilter I

tasLumpedParameterSolver

Newton-based methods

Euler, B-Euler, Crank-Nicolsa##
Runge-Kutta

tasDatacubeToNumarray

[
uplotPlot |

PVode of Sundials with
automatic time-step control

Pyt hon wrapper by swi g
General solver class
Functi on and Jacobi an
Robust and fast

vvvyvy Vv VvV

L
tasiDGeometryFilter |

i
L]
vikDataSettdapper |

wikOpenGLActor |

ECEECEE
vtkOpenGLRenderer |

vikToplevelRendertidget |
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L]
# Stdout: Nonlinear solver
Al !l !llc # Stdout: Iteration Resi dual OHB'Example
# Stdout: SNES-Convergence 0 1.38101e+02
# Stdout: SNES- Convergence 1 4.89064e-01
N The Net\ * s dou: SNES- Conver gence 2 4. 98388e- 04
# Stdout: SNES- Convergence 3 7.53985e- 08
# Stdout: SNES Conver gedReason: SNES CONVERGED FNORM RELATIVE (F < F_mintol *F_initial)
# Note: SNES Number of iterations: 3; CPU tine: 3.653200
gl # Stdout: SNES (bject:
# Stdout: type: Is
5l # Stdout: line search variant: SNESCubi cLi neSearch
# Stdout: al pha=0. 0001, naxstep=1e+08, steptol =le-12
# Stdout: mexi mum i terati ons=50, maxi mum function eval uati ons=10000
# Stdout: tol erances: relative=le-08, absol ute=le-50, sol ution=1le-08
# Stdout: total nunber of linear solver iterations=18
1 # stdout: total number of function eval uati ons=4
# Stdout: KSP Obj ect :
x # Stdout: type: gnres
H # St dout : GVRES: restart=30, using O assical (unnodified) Gram Schm dt Othogonalization with n
b # Stdout: GVRES: happy breakdown tol erance le-30
# Stdout: maxi mum iterations=10000, initial guess is zero
# Stdout: tolerances: relative=le-05, absol ute=1le-50, divergence=10000
# Stdout: | eft preconditioning
# Stdout: PC Obj ect:
B PET # Stdout: type: ilu
# Stdout: ILU: 10 levels of fill
B # Stdout: ILU: max fill ratio allocated 1
# Stdout: I LU tolerance for zero pivot le-12
B # Stdout: out-of - pl ace factorization
# Stdout: matrix ordering: nd
B # Stdout: Factored matrix follows
# Stdout: Matri x Object:
# Stdout: type=seqaij, rows=3138, cols=3138
# Stdout: total: nonzeros=256010, allocated nonzer0s=256010
B # Stdout: not using |-node routines
B # Stdout: linear systemmatrix = precond matrix:
# Stdout: Matrix Object:
N # Stdout: type=seqaij, rows=3138, col s=3138
# Stdout: total: nonzeros=21380, allocated nonzeros=56898
B #_St dout : not_using |- i
IFL
. # Std T i Sol
t dout: Transient Solver
Al !l !llc # Stdout: Ti mest ep Ti me OHB'Example
# Stdout: TS 0 0. 00000e+00
# Stdout: TS 1 1.90181e- 03
N The Netv # sidou: Ts 2 1. 90200e+01
# Stdout: TS 129 5.39841e+03
# Stdout: TS 130 5. 45760e+03
gl # Note: TS Nunber of time steps: 130; final tine: 5457.602388; CPU time: 34.318804
# Stdout: TS Object:
5l # Stdout: type: pvode
# Stdout: PVode integrater does not use SNES!
# Stdout: PVode integrater type BDF: backward differentiation formula
# Stdout: PVode abs tol 0.01 rel tol 1e-06
# Stdout: PVode |inear solver tolerance factor 0.05
1 # stdout: PVode GVRES max iterations (sane as restart in PVODE) 5
# Stdout: PVode using unnodified (classical) G am Schmidt for orthogonalization in GVRES
x # Stdout: PC Obj ect:
o # St dout : type: ilu
- # Stdout: ILU:. 10 levels of fill
# Stdout: LU max fill ratio allocated 1
# Stdout: I LU: tolerance for zero pivot le-12
# Stdout: out - of -pl ace factorization
# Stdout: matrix ordering: nd
B PET # Stdout: Factored natrix follows
# Stdout: Matri x Object:
B # Stdout: type=seqaij, rows=3138, cols=3138
# Stdout: total: nonzeros=256010, allocated nonzer 0s=256010
B # Stdout: not using |-node routines
# Stdout: linear systemmatrix = precond natrix:
B # Stdout: Matrix Qbject:
# Stdout: type=seqaij, rows=3138, cols=3138
# Stdout: total: nonzeros=21380, allocated nonzeros=56898
# Stdout: not using |-node routines
B # Stdout: maxi mum st eps=1000
B # Stdout: maxi mum ti ne=5400
# Stdout: total nunber of nonlinear solver iterations=212
B # Stdout: total nunber of linear solver iterations=197
N Robust and fast /1
~/ IFL
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Applicati

N The Network oL
360 T T T T T T
i PETS: 101001 —+—
(]
tasDatas G < - & i @ . . . . | . . PETSe Loteld —x— 4
. 3 . & ¥ - g+t gt 4 st s n d 4o PETSc 410741 — % —
=2 e W : an PETS: B10204 —a— |
00 fHH-H 2 W PETSc 830401
tasDat PETSc 830402 —sa—
v L PETS: 830403 |
X i ESATAN 101001 &
tasCansist = 260 | ESATAN 101813 «
[] £
= ESATAN 410711+
'%’ S ESATAN 810204 v ]
i ESATAN 30401 o
220 | 4
N PETSc-b ESATAN 830402
N Newtd ESATAN 830403 +
N Euler,
Runge d
N PVod¢ i
autom
B Pyt h( 140 1 1 1 1 1 1
o 1000 2000 3000 4000 5000 BO00 7000
N Gener
B Funct time in =
N Robust and fast %A
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ADDllcatlon N vt k-based visualization 30
T—x N STEP TASto vtk conversion
N The Network N\ vt k-processing and rendering
N 3D-geometry incl. Labels
N\ Coloring by nr f Si npl eDat acube
(]
tasDataSetReader |
] n
tasCrhitPropagationFilter |
[] [ |
tasDataSet | n tasPrimitiveRadiationToSpaceFilter |
tasOrbitanalysisFitter | u
m L]
] . . - - tasPrimitiveCapacityFilter | tas3DGeometyFilter
tasCoansistencyFiltar | tasRadiationAnalysisFilter I ] 1
C . !
n

tasPrimitiveConductanceFilter I

> vikDataSettdapper |

tasDatacubeTaMumarray tasLumpedParameterSolver | wtkOpenGLActor |

[] [ ]
L] ECEECEE
tasDatacubeToNumarray vtkOpenGLRenderer |
[]
L]

numGhuplotP ot | vikToplevelRenderidget
. \J
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Application
N The Network

N vt k-based visualization
STEP TASto vt k conversion

vt k-processing and rendering
3D-geometry incl. Labels
Coloring by nr f Si npl eDat acube

vvwvy

ifls - ToplevelRenderWidget

[SEES

¥Wiew MouseMode Rendering Size  E=port

B p@ oo B B oad b A et | M

ospaceFilter

tasiDGeometryFilter

31

wikOpenGLActor |

ECEECEE
vtkOpenGLRenderer |

!

vikToplevelRenderidget

vikDataSettdapper |

IFL

Application
N The Network

N vt k-based visualization
STEP TASto vt k conversion

vt k-processing and rendering

3D-geometry incl. Labels
Coloring by nr f Si npl eDat acube

vvwvy

ifls - ToplevelRenderWidget

EEES|

View MouseMode Rendering  Size  Export

e D B DB Bl 8 A | P

tasiDGeometryFilter

32

wikOpenGLActor |

ECEECEE
vtkOpenGLRenderer |

!

vikToplevelRenderidget

vikDataSettdapper |

IFL




Appllcatl()n N vt k-based visualization

N STEP TASto vtk conversion

N The Network N vt k-processing and rendering
N 3D-geometry incl. Labels

I\ Coloring by nr f Si npl eDat acube

" ifls - ToplevelRenderWidget i)
Yiew MouseMode Rendering  Size  Export

R T T R - |

itiveRadiationToSpaceFilter

itiveCapacityFilter

tasiDGeometryFilter
[ ]

itiveConductanceFilter I
vikDataSettdapper |
pedParameterSaolver wikOpenGLACtor |

ECEECEE
ray vtkOpenGLRenderer |

!

vikToplevelRenderidget
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N The Network

[ ]
tasDataSetReader |
[ ] L
tasCrhitPropagationFilter . . .
- - | . N nunpy-based visualization
tasDataset | . tasPrimitiveRd N nrfSinpl eDat acube to
tasOrbitanalysisFitter | u nunpy conversion
[ ] .
. . 'tasprimmvec DN\ Further nunpy-processing
tasConsistencyFilter | tasRadiationAnalysisFilter | ] N nunpy plots with gnupl ot
- - . (pi pe)

tasPrimitiveC

edParameterSolver | wtkOpenGLACtar |

ECEECEE
vtkOpenGLRenderer |

!

vikToplevelRendertidget |

tasDatacubeTaMumarray
[] [

L]
tasDatacubeToNumarray
[]

numnuplotP ot |
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N The Network

nodal temperature 1 —— nunpy-based visualization
nodal temperature 2 .

: } 3 ) : nodal Feat loadl —e— B nrfsSi erl ebat _aCUbe to
oniik & p i o nunpy conversion

' : ' : ' : ' D Further nunpy-processing

300 T T T T T

3

= N nunpy plots with gnupl ot
E (pi pe)

=

2

N

= U

2 Solver | wtkOpenGLActar |
£

S el e e e e e

£ [ BRI T ]

=

vtkOpenGLRenderer |

e

vikToplevelRendertidget |

[ EEFMHHE e ittt i 10 i ' I
0 2000 4000 EO00 8000 10000 12000 14000 16000 13000
time in s
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ifls - ToplevelRenderWidget i

Yiew MouseMode Rendering  Size

o R o BB Be ool b e |

Export

Application
N The Windows

" ifls - Network Shell and Editor
File Edit Options Project

Miew

Module: wtk per) (Sl | i |

Classes: L
tasPrimitiveCapacityFilter MRF_root |
wik3DSImporter []

wik3DWidget
vikactor

wikactor2D
vikactoréDCollection
wikactorCollection
vikAmoehatdinimizer
wikAppendFilter T T
ik AppendPalyData nodal temperature 1 ——

ik pproxi mating Subdivi nodal temperature 2
wikArcPlotter : . nodal” keat loadl —a—
wikarayCalculator -

wikamowsource
wikassembly

| PR |

tasDataSet

»»» WarpScalarl. Get!
»»» WarpScalarl. Set!
»»» WarpScalar2. Get!
»»» WarpScalar2. Set
»»» adDGeometryFl. 5
>»> NRF_rootZ = Dat
Sr

Status: | Shell of ifls 0.8 -

temperature in K, heatload in W

vtk window

N

gnuplot window

= A
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0 2000 4000 6000 8000 10000 12000 14000 16000 18000
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N DataSet Generation

u
tasDataSetReader |
[ ] ]
tasCrhitPropagationFilter |
L] n
tasDataSet | n tasPrimitiveRadiationToSpaceFilter |
tasOrbitanalysisFitter | u
[ ] u .
u tasPrimitiveCapacityFilter | tas3DGeometyFilter |
| tasRadiationAnalysisFilter I ] 5
0 . !,
P : ]
tasPrimitiveConductanceFilter I
> vikDataSettdapper |
N Therm-OSS . " .
tasDatacubeTaMumarray tasLumpedParameterSolver | wtkOpenGLActor |
N STEP TAS/NRF : .
B GUI ] L L ]
tasDatacubeToNumarray vtkOpenGLRenderer |
N Script ]
N Reader .
numGnhuplotPlat | vikToplevelRendertidget |
[]
~/ IFL
. . ifls - Network |l and Editor
ADDIIC th Eile Edit Options Project  Wiew Help
a Il T
T X Module: vtk |7 Graph ‘ o |
H ltasDataset dataset
N DataSet Generation e[| | F e o rasverrisase
e 11 mltasMaterialPropertiesDatacube MaterialPraopertiesDatacubel
VEE;E&)"&"D‘“QV J [+ INRF_tate_and_time NRF_date_anc_iime1
VtkA ' Lk mINRF_organizational_praject UnknownPraject
VIKAEINZD E‘JTI—\S_buunded_face_set_mudel TAS_hounded_face_set_modell
VtkAEIWZDC o _INRF_network_model_class thermal_radiaive_face_set_model
'] VIKAEIWC i 9 IEE o TAS,\:{uamlly,and,uml,cumem TAS_guantity_and_unit_context1
VtkA: meN?.c o BJTASJnmpnunnfbnundedjacefsel TasS_compound_bounded_face_setl
tasDataSetReader | xmm”:n;m'tg‘r'"‘w __INRF_netwark_node_class thermal_radiative_face_set
[] [ ] vtkAEEamanlyDala reliasPrimitive stamoftheflowsr
" " A i eltasPrimitive Primitivel
tasOrbltPropag ationFilter viiipp}:‘nx&matmgﬁuht TAS_bUuﬂded_fa:e_set_mesmng TAS_bounded_face_set_meshing2
[] "tkAm ge" - (eRINRF_material NRF_materialt
VtkAmy Sa CHiS E‘JTAS_axls_transfurmalmn_sequen:e TAS_axis_transformation_sequencel
tasDataSet [] RO e I TAS _rotation_with_axes_fi<ed TAS_rotation_with_axes_fixed!
tasOrbitanalysisFilter VEE:SSME:VN d T.'—‘\S_rutalmn_wwlh_axes_ﬂxed TAS_rotation_with_axes_fixedZ
b ptidEeilol ROoE __[TAS_colour_rgh YELLOW

Methods of class tasPrimitive
Ox4Zefdccd

Mame stamoftheflower  Adress:

ClassMame: tasPrimitive

Classes:  tasPrimitive — | ManPage| DoxPage]

Usger | GetSet | Get | Set I GetAddRemoye

| State ‘ On0ﬁ| Repr

__TAS_colour_rgh BLUE
__INRF_network_node_class thermal_radiative_face_set
EdTAS_cone TAS_conel
reeliasPrimitive Primitivez
csiltasprimitive Primitives
reliasPrimitive Primitived
\_ITAS_bounded_face_set_model_meshing primarymeshing

3 ltasPrimitive stamofiheflower
SR ) siltasPrimitive Primitivel
— ldentification BJIasan\lwe Primitived
i iltasPrimitive Primitived
B Therm'oss ik Sl siltasPrimitive Primitived
Mame stam of the flower FuITAS_compound_bounded_face_set TAS_compound_bounded_face_setl
Description Tas_thermal_lumped_parameter_madel TAZS_thermal_lumped_parameter_model1
t STEP TAS/N RF d RF_person_and_organization NRF_person_and_organizationl
— Surface RF_date_and_time NRF_date_and_timel

B GUI Type of Surface: Rectangle _AlEiquMater\al material_01 :I

N Script

Point1: [(0.0, 0.0, 0.0y Paint 2: [(2.0, 0.0, 0.0)

Paint 3. [(0.0, 1.0, 0.0y Paint 4: [- not raquired -

N Reader

dedd = TAS_thermal_lumped_parameter_modell Gethodes()[33]

TAS_thermal_lumped_parameter_node? GethodeClass))

SAESTEC - a pyshell clane,

— Sides
Thickness Material by name RGE-Color
1w [oo [material_01  w|[(0.000, 1.000, 0.000)
2 |EI 0 ——None-— 1||(n 000, 1.000, 0.000)
— Meshing
Modes Parameters

Dir1:[4 [0 025, 05, 075, 110

Dir 2: |5 |[D.U, 0.20000000000000001, 0.40000000000000002, 0.599399939:!
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Application

N DataSet Generation

tasDataSetReader |

N External Modeller

N Complete environment
N e.g.K-3D

tasPrimitiveRadiationToSpaceFilter |

tasOrbitanalysisFitter | u
[] n .
- - tasPrimitiveCapacityFilter | tas3DGeometyFilter |
tasRadiationAnalysisFilter I ] 5
0 . !,
tasPrimitiveConductanceFilter I o
> vikDataSettdapper |
N Therm-OSS . " .
tasDatacubeTaMumarray tasLumpedParameterSolver | wtkOpenGLActor |
[] []
D STEP TAS/NRF
N GUI [ | [ B | ]
tasDatacubeToNumarray vtkOpenGLRenderer |
N Script ]
N Reader .
numGnhuplotPlat | vikToplevelRendertidget |
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External Model

i A

CameraViewport

File  view | EYES LS ES Modeling | ¥ ([ % | ¥

[

N K-3D

satellite.xml

File Edit Tools [§2
Objects | Undo | Available Plugins

Antenna
Antenna_Material
Antenna_Material_Properties
Ares

Box_Material
Box_Material_Properties
Box_Side_1
Box_Side_1_lnstance
Box_Side_2
Box_Side_2_lnstance
Box_Side_3
Box_Side_3_Instance
Box_Side_4
Box_Side_4_Instance
Box_Side_5
Box_Side_5_Instance
Box_Side_B
Box_Side_B_Instance
Camera
CameraViewport

Light

LightShader
MurbsCylinder
MurbsCylinder Instance
Panel_1
Panel_1_lnstance
Panel_2
Panel_Z_Instance
Panel_Material
Panel_Material_Propertie
TimeSource

N Primitives
N RenderMan
N NURBS
N Meshes

N Hierarchy
N Graph

N Material
N Shader

Panel_1

MurhsGrid

N Therm-OSS
N Reader
N Writer
N Filter

N ... Plug-Ins for better
support of STEP TAS/NRF

It
(]

= | [ ]

[10

FPanel_1 @ name

Fanel_material vl » j—:E material
-
4 Ei% u_arder

-

4 EjlﬁJ v_order
-

3 LiiﬁJ u_segments

-

Ei@ v_segments
-

0.0 m Ejlﬁj widh
-

4.80 m Ei% helght

‘Box_Mat;riaI_Properties . eemmammns | e
Rendettdansurfaceshader

[Box_Material_Properties | k|
=

C—
[I]IJI]—@EJ transmittance_solar_direct
[UDU—@% transmittance_solar_diffuse
O —
T —
—
[UUU—@_J transmittance_infraRed_direct
[u.ou—a_Jvansmmance_mrraﬂeu_wfruse
[100—@% rafractionindex_infraRed
[ZMDDD—@%
[90000—@% specificHeatCapacity

name

-+ shader_name

ahsorptance_saolar

specularity_solar
refractionindex_solar

emittance_infraRed

+F | output_mesh

‘I] on specularity_infraRed

massDensity

thermalConductivity

Close
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External Modeller

N K-3D

N STEP-TAS:
. ifls- ToplevelRenderWidget £
VMiew MouseMade Rendering Size  Export

oA T PO P A A - |
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Conclusions i

Outiook
Lessons learned

Powerful tools for design, analysis and tool Component based architecture
integration available as OSS

Finding and evaluation of OSS is not easy

License problem (free for research, not for
commercial) o

Tools are 80-90 % satisfying
Rapidly changing versions
Don't think straight

Open Source approach of a tool integration
platform is successful

Everything runs on Linux and Windows

vv Vv VvvVvV VPV

Installation from source

Therm-OSS development
N More comfortable for the simple user

www. Ther m OSS. or g N More sophisticated components
N New components: Predict and RenderPark
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Objectives of the Therm-OSS Project 43

N To assess how OSS can be used to build applications

N

N To provide to developers a useful source of reference for their
developments

N

N To assess whether the OSS approach could be useful as a distributed
model for end-users

N
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