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UC3M EP2 BACKGROUND

Equipode Propulsion Espacialy Plasmas

A 16 researchers (~506 are PhDstudents)
EP2main research lines:

¢ Theoretical and numericalmodelling of Electric Space Propulsion: Hall thrusters, Rbased thrusters
Modelling of Plasmawave interaction
Plasmawall interaction analyses. Erosiorstudies. PlumeSCinteraction
Modelling of Magnetic Nozzles and electron cooling
Active Debris removal
Experimental characterization of EP and Plasma jets. Development of EP Thrusters
Main ongoing activities
A Helicon Plasma ThrusterDevelopment:

A Basedon Helicon waves (generation) & Magnetic nozzle (acceleration)
A FPT-HPHCOM

A HPTO05: Joint EPZSENER Design & Manufacturing (1kW)
A H2020-MINOTOR: ECRccelerators

A Basedon ECR (generatiorand heating) & Magnetic nozzle (@acceleration)
A Goal: to advance on the theoretical & technical development of the thruster

A EP2developing a full model of ECRAphysics:Microwave-plasmainteraction (i.e. heating), ionization, heating, flow,
wall interaction, supersonicexpansion, final beamenergy, thruster performance

A H2020-CHEOPS: Hall Effect Thrusters
A ModexvaltESA (PlasmaCooling)
A National Research plans (Electric Propulsion)
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H2020-CHEOPS: Hall Effect Thrusters

Motivation: HETsare the technological main solutions in nearearth EP
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CHEOPS ¢oord. SAFRAN): large project aimed for development of

next generation low-to-high power HETrequired simulation and testing tools

Simulation tools: Reducedevelopment time/costs, reveal optimization opportunities,

EP2 large experience in modeling/simulating HET

EP2is leader of WP on simulation activities. Main tasks:

¢ Development of advanced hybrid (PIC/fluid) code for HET
¢ Code validation with Safran prototypes

Main challenges:

¢ Full-2D fluid model of magnetized electrons
C generic magnetic topologies
¢ non-Maxwellian features

¢ Assessment on magnetic shielding physics
¢ Operation with alternative propellants & non-conventional conditions
¢ Scaling strategies for very low and very high power
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H2020-CHEOPS: Hall Effect Thrusters
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EFRECT dissemination & Project Project level Market analysis Final synthesis &
N QREIT exploitation coordination dissemination and specification || recommendations for
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Task 2.2 hiode =S lsiod (SITAEL) modelling
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NOMADS: 2D hybrid code for Hall -effect
thrusters

A Hybrid: PIC(ion and neutral heavy species) + Fluid (electron population

A 2D Axisymmetric (z-r) plasma simulator of chamber & plume

A Heritage from HALLMA and EP2PLUS, but designed with extendedpabilities
Main Design Architecture:

A Pre and post simulationtools (matlab, python)

A Meshgenerators for ion (PIC) and electroomodules Magneticmesh accepts cusps,

Zzeros, é .
A CORE: FORTRAN
A PIC module RPOLATIO BOUNDARY
OD CORRECTION
A Electron module + Sheath 5 TO E MODULE
Far-Field Bound. Hyb[igOCode
P INTERPOLATION
PO OD MODULE
(PIC TO FLUID)
Electron fluid loop
ei‘\ Current Injection A
elements 0D
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Particularities of PIC segment

Algorithms:

A Particles stored inindividual lists, under population control (PIC noisecontrols
computational resources)

A Macroscopic variables obtained by particlaveighting (modifications in axis)

A Collisional processes carried out on celise algorithm:

Xe+e— Xet + 2e
Xet +2¢ — XetT + 3¢

Xet +e— Xett +2¢  Bell
A Particle-surface interaction, extended surface weighting (timeveraging, reduce
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A Kinetic Bohm correction: algorithmic density reduction forces a response from the
electric potential within the domain, prompting sonic or supersonidons
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Electrons module

Main Features

A 2D solutions of Electron Temperature and Plasma Potential

A Magnetic Field AlignedMesh (MFAM - limiting the impact of numerical diffusion
A Gradient reconstruction: Weighted Least Squares Fadbaterpolation
A Improved by computing in r & z and projecting locally to the field dir.
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A Electronpopulation: 12 moment approximation from Bolzmann equation
A Two-temperature description: T, & To.,
A Quiasineutral, stationary formulation, Fourier type closure in heatflow eq.
A Secondary models: Collisions: elasticCoulomb, innelastic ~ Xe +e — Xe* + 2¢
A Non-classic electron transportmodeled as an anomalous transport term
A Sheath model: Anode, Ceramic walls
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Preliminary simulation results (1)

Base SPT 100 configuration
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_ 1 ms = 12 days
Computatlonal resources:. 10 & = 1530 min
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