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System building

» Define the system (S/C + environment) to be modelled
® Define the S/C geometry (CAD modelling)
® Define the boundary and the initial conditions
- Attribution of material properties
- Attribution of “plasma model”, i.e numerical
properties
- Attribution of electrical properties
» Deploy fields on the mesh(es) taking into account
priority rules
» Convert for the “generic” structure to the solver one
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O O O /Users/juju/Desktop/SpisDev2 /Data/WG2 /SMART-1_unroll... =

CAD edition SPIS-UI pre-processing modules

local parameters

[Plain Text } and BC

MART-1_unrolled.geo -

[

1_unrolled.geo [Default]

GroupEditor

Name:

Global parameters

Description:

SURFACE -
ene Global Parameters Editor

Material:
1T0, default

[“Poisson equation = Volume Interactions | Surface Interactions | Outputs =Plasma+| Simulation control H+

Name Description Type Unit Value
avPartNbPerCell average number of super-particle per cell float None 5.0
ElecNode: electronDensity Electron density (1st population) float [m-3] 1000000.0
. [ electronDensity2 Electron density (2nd population) float [#/m3] 0.0
XYz 2 Kb Planeii:gaflaj EEE]PJ';E,EGV VA Spacecraft gmund (ElecNode-0) electronDistrib Name of the VolDistrib class to be used for electrans string None PICVolDistrib
electronDistrib2 Name of the VolDistrib class to be used for the 2nd electron population string None PICVolDistrib
Plasma: electronDt Maximum integration time step for electron 1st population (automatic if negative) float [s] -1.0
electronDt2 Maximum integration time step for electron 2nd population (automatic if negati... float [s]
electronSpeedUp Numerical times speed-up factor for electron 1st population float [-]
electronSpeedUp?2 Numerical times speed-up factor for electron 2nd population float [-]
electronTemperature Electron temperature(1st population) float [ev]
electronTemperatu... Electron temperature(2nd population) float [eV]
] environmemType Name of the Environment class to be used string None BiMaxwellia...
38:38 - 21/346 - [UNIX] - 6% A ionDensity lon density (1st population) float [m-3] 1000000.0
Inflate: ionDensity2 lon density (2nd population) float [#/m3] 0.0
0.0 ionDistrib Name of the VolDistrib class to be used for ions string None PICVolDistrib
N ionDistrib2 Name of the VolDistrib class to be used for ions 2nd population string None PICVolDistrib
1 Thin Surface =] vtk output ionDt Maximum integration time step for ion 1st population (automatic if negative) float [s] -1.0
— — ionDt2 Maximum integration time step for ion 2nd population (automatic if negative) float [s]
) ionspeedup Numerical times speed-up factor for ion 15t population float [-]

( Add ) ( Remove ) ( Move Up ) (Move d{}...) ionSpeedUp2 Numerical times speed-up factor for ion 2nd population float -1

ionTemperature lon temperature (1st population) float
( spiit ) (PrintGe.. ) (PrintMe..) ( OK )

ionTemperature? lon temperature {2nd population) float
4

[ Spacecraft, default
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CAD modelling (1)

» Based on a BERPS approach (boundary)

® Definition of the base nodes

® building of the edges

® Close loop of edges to define surfaces
® Close loop of faces to define volume
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CAD modelling (2)
Gmsh based approach
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Attributes local properties (1)

» Definition of sub-systems to applied local data

O) O O /Users/juju/Desktop/SpisDev2 /Data/WG2 /SMART-1_unroll... |

Group or Physical |

Group or Physical 2

Group or Physical XX...

S/ conputationnal volume
Ssurface Loop (1) = {2, 4, 5, 3, &, 1, 8, 10, 11, 9, 12, T}:
Volume (1) = {1}:

J/setting and attribution of physical (for groups setting)

Jidefault group for nodes
Physical Point (6) = {1, 2, 3, 4, 5, &, 7, &, 9, 10, 11, 12, 13, 14, 15, 16}:

F/8C
Phy=sical Surface (1) = {7, 8, 10}:
Fhysical sSurface (2) = {11, 9, 12}:

//external boundary
Physical Surface (3) = {1, 2, 4}:
XY Z11 7 [ [ Plane Surface 1000 Ready Physical surface (4) = {5, 3, 6};

Sfcomatationnal domaine
Fhysical volume (S) = {1}:




Groups/Physical visualisation

OO0 0 Spacecraft Plasma Interaction System
File Edit GEOM Mesh Properties Groups Fields Solver PostProcessing Tasks Data Bus Reporting Options Help

Open Project Modeller | Load GEOM Edit Grps | 2D Mesh | 3D Mesh Global Parameters

.r Pre-Processing | Simulation | Post-Processing 1

Cassandra 2.1 VTK viewer

DEFAULT POINT GROUP (1)
DEFAULT CURVE GROUF (2)
DEFAULT SURFACE GROUP (3)
SURFACE GROUP(11000343) (4)
SURFACE GROUP(11000344) (5)
SURFACE GROUP(11000345) (B)
SURFACE GROUP(110003486) (7)
SURFACE GROUP(11000347) (8)
SURFACE GROUP(11000348) (9)
SURFACE GROUF(11000349) (10)
SURFACE GROUP(11000350) (11)
SURFACE GROUP(11000351) (12)
SURFACE GROUP(11000352) (13)
SURFACE GROUP(11000353) (14)
SURFACE GROUP(11000354) (15)
SURFACE GROUP(11000355) (16)
SURFACE GROUP(11000356) (17)

Text
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Groups Manager: link CAD physical and properties

CAD bphysicals (topology) m

|
 Catalogues

l of

' properties
|

Properties:

editor

Materials

@
@

GroupEditor

Priority
managment

i
SURFACE GROUP(1)

Description:
SURFACE

~ O w b e ra [ ¢1

Material:

Electrical nodes B

"ITO, default

ElecNode:

/ 5

Plasma:

>
‘) I Spacecraft ground (ElecNode-0)
—>

Plasmas

MaterialEditor

2

100

101

102

102

200

300

301

302

303

304
1000001
1000002
1000003
1000004
1000005

[

1000006 +

Name

|| TBD material 1
Description

extra material value set, to be modified by user (initialised to Kapton d¢
Data

1(MatModelid)

2 (MatTypeld)
3(MatThickness)
4(PhotoEmis)
S(ElecSecEmis)
6({ProtSecEmis)
7(VolConduct)
&(IndConduct)
9(SurfConduct)

|| |LO(Temperature)

11{5unFlux)

1nnnnNn7 "
( Add ) (Remove ) OK )

[ Spacecraft, default

Border:
None

Inflate:

0.0
(] Thin Surface (] vtk output

Add j ( Remove ) ( Move Up ) (Hmre di}wnj

split ) (PrintGeo..) ( PrintMes.. ) (  OK

SPIS CAD groups
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Meshing and fields deployement

» Solvers understand fields deployed on mesh only

® need to mesh
® need to convert CAD groups to groups of mesh
® need to “map” or “deploy” fields on the mesh

SPIS CAD groups Group

Converter

CAD geometry Mesher
S SPIS Mesh

- Netgen
- Other... / Groups
Fields SPIS Data
mapper Fields

ONERA W
X I] €28




Deployed fields

» Same tools for pre and post-processing

(s Ba)s) DataField Manager 2 eoe Cassandra 2.1 VTK viewer

—_—
@ File Edit View Sources Filters Tools Help
:nudeFIag " — - —

Mame of the Data Field: nodeFlag Actor

Id of the Data Field: 3

Type of the Data Field: Int*1 # nodeFlagonNode....
Description of the Data Field: node flag, bit0=1 => on &
Unit:

Local: O

LockedValue: 1

MeshFieldid: 3

e | Scalar bar

Data on M nodeFlagonMNode....

E MNode

Save
Export to ASCII
Export to VTK

Call Viewer
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Meshing and refinement

» Possibility of mesh refinement

» Mesh pre-processing for
singularities (i.e 2D thin
surfaces)




|D and 2D thin elements
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“ The Artenum R&d effort:

4]+

» Study of integration of an
OpenCascade based CAD

module with JCAE projecrt

® Possibility of CSG and BREP
approaches

® Possibility of import of
industrial formats (IGES,
STEP..)
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Conclusion on CAD modelling

Possibility to model complex and realistic 3D models
Possibility of detailed properties attribution
Possibility of 2D/3D meshing with refinement
capabilities

Still CAD modelling rough and long due to the strict
BREPS approach

Still limitations in the import of industrial formats
(IGES, STEP, MED...)

Improvements expected in a near future with the
possible of the integration of |CAE, OpenCasade
based CAD modeller




