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A HybridPIGFluid codeswith a COMMON ARCHITECTURE
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A Electrondreatedas a fluid

Scalablehighlymodularcodes

Industry-levelstandards: HDF5 formatp/out files ﬁ

Strictdevelopmentandvalidationstandards
A TestDrivenDesignTDD)development validation
A Sounddocumentatiorand versioncontrol

PlasmghysicSCORE module in Fortran

PRE and POST modules in Python/MATLAB

2D and 3xodeswork togetherto solvecomplex

Hybrid particle codes for electric

F. Cichocki, AominguezD. Pérexsrande, M. Merino, EAhedq P. Fajardo
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Hybrid particle codes fagimulating the physics of electric thruster discharges and plumesrater
development by the Space Propulsion and Plasmas Te#&m atniversityCarlos Il déladrid
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EP2PLUSEXtensible Parallel PlasrRdUmeSimulato)

A 3DNEAR:REGION RILURHEY.SICBeamlets
coalescence, near region fields and collisions etc.

A 3DPLUMENNTERACTION WOBHECT &irget
debris, solar panels, spacecraft sensors etc.

3DEFFECTS OF OBLIQUEMAGNETIC FIELDS

UNLNMITED NUMBER OF HEAVY SRIEC &%
neutrals) withDSMGEMCCCOLLISIONS

A COLD:BEAMPIC MEG&dhically expanded mesh
that follows the beam expansion, under zero
electron pressure, as described in A Jreduced
numerical noise downstream, lower resolution

A Different types of electron fluid solvers:

A Fittingsfor the electronthermodynamics
from dedicatedkineticstudies like that in [2]
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A Electroncontinuityand momentumeqgs

Cold -beam PIC mesh
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Electron fluid loop

propulsion

Particle loss algorithm

A MODERATELY COMPLEX STRUCTURED PIC
MESHES&daptedto the problemat hand

with a PIC SURFACE ELEMBENMatrix:

A Higheraccuracyand speedthan non
structuredmeshes

A ARBITRARNJECTION PROFHoESoth

\

NO

Cold -beam vs Cartesian mesh \

Results for 50 particles per cell and 1
cm wide cells (alongpand ) at o=0

Application to LEOSWEEP
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ERPLUS and NOMADS have been validated by
comparingtheir solutionswith the exactfluid solution

yzedin [1]. The
Isiontless plume
s on the initial

densityvelocityprofilesandon 3 parameters

A Initial Mach numberd  [6 a j("Y)] *
A Initial divergenceinglel  of the 95% ion

The ParksKatz Self Similar Solution (SSM generated
with the EASYPLUME&ode, is hereby consideredas
the benchmark solution, because of its negligible
error with respectto the exactsolution[1].

BothcodesshowGOODAGREEMENAIth the SSM

3D views of the pic surface

elements

lectric potential (V)

0,00

-5,00
-10,0
-15,0
-20,0
-25,0
-30,0

-35,0

10 PTS
AVERAGE

EPZ— —

NOMADSINOnRstructured Magnetically Aligned Discharge Simulptoain features:

A
A

A

>

MODEL

THRUSTER ::> NOMADS

NS

INITIAL PLUME
ERZPLUS <: CONDITIONS

Asymmetric target position

ELECTRIC
POTENTIAL 3 -D MAP

INSTANTANEOUS VALUES = —u____

Plume density along the centerline

Solutiondor variousdivergenceangles and Mach numbers , with [ =1.05. Solid lines shown the SSM solution, circles

EP2PLUSOMADS coupling

ERPLUSIevelopmentis beingfinancedby the LEOSWEH#Roject [3], whosemajor goalis to studythe feasibilityof an ION
BEAMSHEPHERMIssion,for spacedebrisremoval([3] and [4]). By generatingan appropriate structured PICmeshwith its
correspondindlCsurfaceelementIDsmatrix, ERPLU&®nablesthe studyof:

A Plume divergence characterization, including the effect of collisions
A 3D plume flows around a target debris and ion b#ol towards theS/C surfaces (especially due to chaegehange)
A Net forces and torques acting on the target debris object

lon and neutrabpecies
Hall Effect thruster mesh

Arbitrary Infection Profiles

2DHYBRID IPICCODEplasma chambers and near region plume simulation

Versatile plasma discharge simulation for low density, lowly collisional plasmas

with strong magnetization of the electron population

Built for MULTITHRUSTER SIMUICAT IBalLEffect thrusters, Helicon & ECR
thrusters, ApplieeField MPDs, etc.

Preliminary design and performance results may be obtained

Electron subcode integrates a reduced version of thé MOMENT
APPROXIMATION a 2D BIMAXWELLIAMDF

Structured PIC mesh and unstructured electron fluid mesh

Full set of fluid equations
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NOMADS makes use of a
magnetic aligned mesh for
the solution of the electron
fluid equations:

A NOMADS magnetic
mesh work fully
described in [5]

A Axisymmetric mesh
aligned with preferential
directions defined by
the magnetic field

A Use ofMFAMIImits
numerical diffusion in
anisotropic
(magnetized) plasma

A Mesh is unstructured: it
then requiresad hoc
treatment of spatial
gradients

Plume density along the radius

Computational Time Piecharts

EP2-PLUS

Statisticsrefer to collisionlesplume simulationswith
polytropic electrons,for an INTELCOREY processor
@2.39 GHz Particlewisealgorithms(in red) include

NOMADS

A Fields interpolation to particlesositions

AtlIINIAOES Y2OSNJI 0 %gs)i S3
A Particle sorting (assignment to a PIC mesh cell)

show the EP2PLUS solution with 50 injected particles per cell and a cold beam mesh, while stars represent the NOMAD®article loss (surfaces crossing check)

solution with 2000 injected particles per cell and a Cartesian mesh. Using a Cartesian mesh (NOMADS) yields noisigféﬂ%lil%s will add a significant fraction of comp. timé
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