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OHB System AG: presentation of our company

*  OHB is a family-run company with the character of a medium-sized business
* From modest beginnings to an internationally recognized and consistent player

*  We developed:
« Galileo navigation satellites constellation (CP)
« Telecommunication satellite, platform SmallGeo (CP and EP)
*  Observation and Exploration (mainly CP)

* Our Telecommunication spacecrafts based on Electric Propulsion are:
*  SmallGeo: HET SPT100 for Station Keeping
« Electra: HET thrusters for Orbit Raising and Station Keeping
* Heinrich Hertz: HEMPT thrusters for Station Keeping
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Importance of the Plume Analysis

AOCS: Payload:

Forces and torques Optics contamination

Thermal design: Power subsystem:
Heat flux on components Solar array Power Loss
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openPlume project: concept and philosophy

+ openPlume provides Fast and simplified calculations using the ray tracing approach

- (Gases/lons are emitted from the thruster and extrapolated to the far field thanks to the
1/r? rule (or any extrapolation method)

» The spacecraft is modelled with 2D structured or unstructured mesh

« The core of the application is python scripts that links the pre-processing to the post-
processing.

» Two types of users are imagined:
« The coders, who have access to the code
« The analysists, who perform plume analysis
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ltems delivery: folders structure

Each of openPlumeCP.zip and openPlumeEP.zip contains an « executable » folder and « scripts » folder
# openPlumeCP 0.6 ol @ =)

o,

. code
. docs Launch the GUI

. materials

Executable folder . mesh
./ OpenFOAM_results
| projects

. results

. thruster_data openPIumeCP

# openPlumeCP.exe

[ New Project“Open Project]

code_compute
code_GUI
code_|O
code_mesh

code_thruster

Scripts folder - - Python scripts are stored in these additional folders
mesh - They can be easily modified
OpenFOAM_results - main.py launch the whole program, each scripts
projects could be launched in standalone.

results

: thruster_data
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openPlume for EP plume modelling

openPlumeCFD ﬁ ﬂ
P openPlumeCP QenP lumeEP
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Ray-tracing tool: algorithm and code

- openPlumeEP is governed by the trace module that makes the connection to all the
other modules

STEP file
—OPEP Projectfile
Gmsh * Mesh loaded from gmsh
Imm—. i e - Thruster properties are
+ Cells .
* Cell materials e | Ioaded from eXperlmental

L Touse ropetes ~ data or PIC simulations

adowing r - - ¥ |
* Mesh cells/nodes + * Current densities | . H
* Thruster position * lon energies 0 ShadOWIng Ca|CUIat|0nS

* |mpact angles

- Extrapolation to the far field

- * Current densities
¢ Current densities . Calls

* |on energies
* Impact angles
¢+ Cell materials

* Erosion rates *  Accommodations
* Forces * lon velocities
* Torques| | s Center of mass

¥
m Contamination
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openPlumeEP

Thrusters modelling concept

« Thruster modelled as a point source

» lons are transported to far field with current decreasing following the 1/r? rule

» Possibility to load experimental data, connect to PIC code (PicPluS implemented,
SPIS pending, VSTRAP?) and custom fit.

2
. T
_ — — — _ Extrapolated with =<
- ~ r
w _ ~ ~ ~
i = “ s = / N
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ e / N\
© Logarithmic — / \
Current density distribution lon Energy distribution / \
/ -~ -TTsS ~ \
/ ,° . \
= V4
: / / \ \
z = \
: : /! \ \
g & [ r | Vref \ |
8 [deg] 40 8 [deg] \. .
Injection at 1y..¢
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Thrusters modelling concept

» Multiple charged ions with two methods
 Mean Method: custom rates for lons2+, lons3+ and lons4+
» Depending on angle: rate of multiple charged ions depending on angle

Multiple charged ions calculation
' Wean : +2 015 «3 005 +4 0
¥ Depending on angle

#Theta [deg] Energy [ev] 2+ 3+ ...
0.2 244, .35 0.01

90
5.2 238.9 0.33 0.02
10.2 238.2 0.3 ...
15.1 234.0 0.29
20.1 229.4 0.275
25.0 225.5 0.28
30.0 220.7 0.31
34.9 213.8 0.37
39.0 205.8 0.4
44.8 198.6 0.46
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openPlumeEP

Geometrical modelling: meshing, shadowing and ray tracing

« Before performing the ray-tracing, meshed geometrical model is needed and thus.
shadowing is calculated.

« openPlumeEP uses purely 2D [wmerge “mystepfile.stp”
1 Transfinite Line Transfinite Line
meshes defined qn 2D surfaces. (ransEinite ane LansHite M
® GmSh |Oad Step f|IeS a.nd can 12} = _IO_Using Progression 1;
mesh them through geo scripts oy rte Sunface {14, 16, 18, 20,
» Geo files are handy that can be Physical Surface(21) = {14, 16, 18,

20, 22, 24};
reused for any geometry

 Shadowing calculations are &
needed to calculate intersection l
points and thus check is a cell is T hter
shadowed by another
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Contamination modelling

- Computation of the sputtered materials deposition is performed through a distribution

function S:
A cosa

contamination = Z erosion * S 5
T

- Distribution function can be performed with a simple cosine law or quasi-specular

sputtered
particle
0.25
0.20
0.15
0.10

0.05
0.00

—0'3QO-Z§0.200

15
20.10
70.0%.00p05 02
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Rotating modules

- Studied to handle rotating solar arrays

* Generates files with maximum and
average values

[ Muitple Run options [ leconln— e ]

Rotating info

Starting angle (deg) 0.0
Ending angle (deg) 260.0
Murmnber of steps &

Rotating point
x 0.0
y 0.0
z 0.0

Surfaces Rotate Axis
1 Front ) x
4 Sides @y
3 Back ® z

ok | cancel |
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Post-processing and results in paraview:

Ml ParaView 5.6.0 64-bit - X

File Edit View Sources Filters Tools Catalyst Macros Help

BB walek@uarprs Hjml__[n 5 E(maxxss)“-‘m\ ®

MY EEEE LT AT || FdXMadkiiddi:C 2G|

|E90PRPOSLBR|ARrE e

Pipeline Browser & X [ Layout #1 X | + Color Map Editor & x
& buitin: B % |05 RenderViewl EIEIEIEI = [search .. fuse Esc to dear text) IEIFEI

@* WRotationd vtk Array Name: Velocity[m/s]

* L ilrotton | Automatic Rescale [Grom and spdate on Agpy =<

Velocity(l
0.0e+00 500 1000 1500 ( 3.3e+03
| |

Properties | Information |
Properties ax

! Apply | D Reset | 3 Delete | ?

[search .. fuse Esc to dear text) [y

= Properties (Rotation*) EIEI =
= Display (UnstructuredG EIEI
[surfsce
Coloring

[@ veloaty s K
s Ecit ﬁl _I _cl it _ol

Scalar Coloring
¥ Map Scalars

Representation

¥ Interpolate Scalars Before Mapping
Styling

oty ———— [

Paint Size

Line Width

I™ Render Lines As Tubes
™ Render Points As Spheres

Lighting
mepoiston  [Gowaa
Specular 1

() specuar Color
Specular Power
A

—
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Range Mode
I Interpret Values As Categaries
™ Rescale On Visibility Change

3¢ |a8 Jan |0 |

Value | Annotation

™ Enable opacity mapping for surfaces
Mapping Data

i
(3,
o
elole e s s i

Data: [0

™ Use log scale when mapping data to colors

™ Enable opacity mapping for surfaces

™ Use log scale when mapping data to opadity

Color Mapping

Color Space ey =]

™ Use Below Range Color
@ Below Range Color |

I Use Above Range Calar
@ #bove Range Color |

Color Mapping Parameters

O Nan Calor |

Nan Opacity
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Application case: Solar Array Interconnectors

* A combination of very large and very
small geometries can be studied due to
the ray-tracing approach.

* Impact of geometry and orientation of the
interconnectors can be studied.
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Analytical test cases: Proof of Concept

+ Ray tracing is arobust and simple method.
* Impingement on single cells can be

checked by solving the equations

Position (X,Y,2) Om 05m 1m

° Simple erosion test cases have been run e o
for proof of concept of the erosion

netion: 3.24E-10 mis
i i i Deviation [l
- Exact agreement with analytical equations. Sl :

Thruster

Positi XY, Z 1 .

osition (X.Y.Z) S N Position (X,Y,Z) Om Om Om
Orientati XY, Z 0 -1 0

rientation (X,Y,2) Orientation (X,Y,2) RO 1
STNCTRE R T INOl 1.42E-11 m/s /

Sputter rate analytical [ERASENNRNIES 7

Cell 2

Deviation 0.0% ~y K
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Validation against existing ray-tracing code

* openPlume was compared to an existing ray-tracing software

- The two tools yield equal results from equal input-data

Reference case glass erosion: openPlumeEP glass erosion:

Cover glass erosion fmum/hrl

T Identical

scales

M H
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Validation against in-orbit data

« Very good agreement to in-orbit torques telemetry

-~ openPlumeEP

i —&— openPlumeEP —o— openPlumeEP
® In-orbit data ® In-orbit data | ® In-orbit data
> ©

Tx
Tz

2]

SA angle SA angle SA angle
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Future implementations

» Surface charging:

» Charging effects lead to the Plume
deflection/attraction from the charged
surfaces.

* New feature: possibility to load a charging
map of the spacecraft surfaces

« Through surfaces identification
» By loading a specific file for the cell
charging
« Connection to SPIS?
» Thruster plume input:
» Loading thruster plume data directly from
different PIC simulations output.
» Loading from SPIS instruments?
« Automatic generation of instruments
files for SPIS?

OHB System AG / Propulsion Department
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Conclusion

« EP Plume impingement is a constant challenge for spacecraft design

« openPlumeEP has been developed, tested and validated to answer variety of
configurations

« Thanks to its flexibility:
» |t has been applied in OHB projects
* |t can be used to study new thrusters
« It can load any mathematical model with its python modularity
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openPlumeEP: license, training

e GPLv3 license: Free download

* Premium offers for users includes training and support

GPL

Free Software

Free as in Freedom

openPlumeEP

openPlumeEP: electric propulsion and spacecraft interaction tool
Copyright (C) 2018 N. Massaccesi, V. Senneveld, B. Zitouni

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or

(at your option) any later version,

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY: without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GMNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program (root folder). I not, see <https://wwiw.gnu.org/licenses/>.
I you have any question or if you are seeking for information, please contact bayrem.zitouni@chb.de

OHB System AG / Propulsion Depal
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Free Software

Free as in Freedom

openPlumeCP

openPlumeCP: chemical propulsion and spacecraft interaction tool
Copyright (C) 2018 L. Denies, J. Gentilhomme, R. Kast, B. Zitouni

This pregram is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or

(at your option) any later version.

This pregram is distributed in the hope that it will be useful,

but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHAMNTABILITY or FITNESS FOR A PARTICULAR PURPOSE. Seethe
GMU General Public License for more details,

You should have received a copy of the GNU General Public License
along with this program (root folder). If not, see <https://www.gnu.org/licenses/>.
I you have any question or if you are seeking for information, please contact bayrem.zitouni@ohb.de
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Conclusion

« openPlumeCP and EP have been enhanced with several new features

- Possibility to download the tool for free here: WWW.OPENP lume.o rg

« Training and specific user support can be provided through a premium membership

o’;;enPlume HOME EP cpP HISTORY SUPPORT & OFFERS ABOUT US BLOG g Log In

WELCOME TO

OPENPLUME

Your impingement tools series for

Electric and Chemical Propulsion
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