Solutions

Astos @esa

|

4 . ® TECHNOLOGY =0
m=p g FOR PROPULSION =|E

COnfiguratiOﬂ deSigﬂ M Institute of Space Systems AND INNOVATION "

for ?VLEO spacecraft P. Maier!, K. Papavramidis?, J. Skalden?, G. Herdrich!, M. Fugmann?, S.
with _atmOSphere_' Klinkner?, S. Fasoulas?, S. Weikert?, J. Tatay Sanguesa?, S. Schaff2, A. Wiegand?,
breathing propulsion M. Manente3, D. Paulon3, F. Trezzolani3, D. Le Quang?*, T. Magin?, P. Parodi?

IInstitute of Space Systems, University of Stuttgart, Germany, *Astos Solutions GmbH, Stuttgart, Germany,
3Technology for Propulsion and Innovation S.P.A., Padova, Italy, “von Karman Institute for Fluid Dynamics, Sint-
Genesius-Rode, Belgium

pmaier@irs.uni-stuttgart.de
DISCOVERER General Assembly Meeting 09-10. Feb. 2022, Remote

Frame of this Work: RAM-CLEP

Part of the work described was carried out under

The work presented here was partly carried out in the frame of an ESA-funded project on Technology Enhancement of
from the European Union’s Horizon 2020 research Cathode-Less Electric Propulsion (RAM-CLEP). The goals of this activity are (1) to mature the technology of components of
and innovation program under grant agreement an Atmosphere-Breathing Electric Propulsion System (ABEP), (2) to identify how the VLEO environment and the use of an
No. 737183. This reflects only the author’s view ABEP system affect mission design, and (3) to identify how the VLEO environment and the use of an ABEP system impact
and the European Commission is not responsible | | Satellite design. For the ABEP system, the intake and thruster developed at the IRS under DISCOVERER are baselined. This
for any use that may be made of the information it | | Poster focuses on the latter part and describes studies carried out on a beneficial spacecraft configuration for VLEO satellite

contains. The RAM-CLEP Technology Enhancement propelled by an ABEP system.

the DISCOVERER project that has received funding

project is funded by ESA. Further activities to be carried out under RAM-CLEP are shortly described in the “Outlook” section.
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Methodology
Constraints C, at different altitudes according to Appr-oach ' ' i
> Realistic specific impulse requirement for engine ° Certran GSIM © » Simplified calculation of drag using panel
> Geometrically fit optical payload 214 method/Sentman model and assuming only surfaces

—+—Perpendicular to flow 0,056

0,054

> Fit into launcher 2 parallel or perpendicular to flow

——Parallel to flow

Goal 3 5 125 0,052 » Introduction of factor B to represent different
> Minimization of required power 5 21 0,05 degrees of drag contribution by intake (O to 1):
5 2,115

Challenges o 2 Z’zﬁ Cr — AII CD,II + (AL +intake B)CD,J_
> Preference to avoid drag simulations (allowing faster comparisons) » o o D = Ares
» Contribution of intake to drag unknown — previously treated as if 150 170 190 210 230 250 Verification

spacecraft had a closed frontal surface Orbit altitude [km] » Comparison with ADBSat & PICLas simulations

\ » <1 % deviation in between results y

Spacecraft, Mission, & Payload

Flight altitude

» 150 to 250 km

Spacecraft

» Diffusely reflecting spacecraft surfaces

» Energy accommodation coefficient: 1.0

» Maximal viable length (launcher): approx. 4 m
» Pre-selection of “slender” & “flat” body shapes
Payload compartment

» 390 mm x 270 mm x 270 mm (I x w x h) on

ABEP System *

Helicon-based plasma thruster

» Realistic max. I¢p: ca. 2000s

» Required min. pressure: 0.12-0.3 Pa
» Thruster efficiency: ca. 0.2
Considered intakes

» Diffuse intake efficiency: 0.46

» Specular intake efficiency: 0.94

Specular intake — |

~ «— Diffuse intake

\ nadir side of spacecraft ) Exemplary flat body spacecraft configuration with four intakes
Results
Required specific impulse as a limiting factor Limitation on specular intake diameter Conclusion
» The specific impulse required from the thruster(s) > Available length of approx. 3 m for intake limits diameter to High achievable A, /A, in |
constrains viable options for spacecraft configurations max. ~0.5 m => slender body only viable with diffuse intake combination with specularly
» The required specific impulse is inversely proportional Optimizations of slender and flat body reflecting intakes clearly suggests flat | |
to the ratio of A, ... " N/Asontal: » Shortened spacecraft body of slender body body design over “classical” slender |
1v(h) Afrontar » Slightly increased diameter of slender body body with regard to total power
Isp = PR . Cp(h) > Relatively large intake diameters of flat body required (see below) |
intake'lc

» 6 or 8 ABEP systems (intake + thruster) for flat body
Required total ABEP power at 200 km |

2500

Required I, of optimized configurations

3500 0 ——Slender bod

3000 —-Slender body & 2000 y |
%_2500 ——Flat body // T E 1500 ——Flat body
S 2000 2 5 1000
Q S ;
> 28
S 1000 S X
500 = 0 0,2 0,4 0,6 0,8 1

0 C, (wrt frontal area) 1.2-3.2 1.7-3.6 -

0 0,2 0,4 0,6 0,8 1 -
Drag @200 km 11 mN-31 mN 14 mN - 29 mN
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Further work to be undertaken within the RAM-CLEP project will include: [1] F. Romano, “RF Helicon Plasma Thruster for an Atmosphere-Breathing Electric
» Study of intake contribution to drag, multi-disciplinary optimization of flat body spacecraft, and Propulsion System (ABEP)”, PhD Thesis, Institute of Space Systems (IRS) University of
i term desien for Earth Ob " 4 Tel ot licati Stuttgart, 2021. ISBN: 978-3-8439-4953-8
pre _Immary SYS e_m esign Tor a.r >€rvation and ieiecommunication applications [2] F. Romano, J. Espinosa-Orozco, M. Pfeiffer, et al., “Intake design for an Atmosphere-
» Design & realization of thruster, intake, and PPU for ground tests Breathing Electric Propulsion System (ABEP)”, Acta Astronautica 187 (2021), 225-235.
» Ground test of thruster & intake at IRS facilities using a particle flow generator (PFG) [3] t jifl‘pe"u% N.H. Clrisp' ?- M‘;Stjza'Plr‘fetO' > (;—ivadiow' P-IC-E- RfObertﬁr "ADBSat:
: : Methodology of a novel panel method tool for aerodynamic analysis of satellites”, arXiv
> Dev.el.c.)pment of simulation models for the PFG and the ABEP system oreprint, arXiv:2104.05543, 12 April 2021.
» Definiion of a roadmap for further development of the ABEP
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