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JAXA/JEDI project on the development of plasma simulator
for spacecraft environment
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Background

« JAXA/JEDI (JAXA’s Engineering Digital Innovation Center):
Importance of plasma simulation

* They need plasma simulations useful for spacecraft design and
space projects (engineering aspects)

* In FY2006 and 2007, feasibility studies on

* Numerical tool for grid-life estimate of ion propulsion engine
* Plasma numerical simulator for spacecraft environment

» Combination with MUSCAT (Multi-utility spacecraft charging
analysis tool)

This document is provided by JAXA.
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Objectives

* To develop a numerical plasma simulator
with which we can examine various
interactions between spacecraft and
spaceplasma.

» To investigate active plasma emission such
as electric propulsion and plasma contactor
and its interactions to the spacecraft
environment

* To contribute to the development of the
associated technology

What MUSCAT can do
or cannot do ?
» Approximated steady state values of S/C

surface potential
 High-resolution S/C modeling

Difficult to treat

 Active plasma emission from S/C and its
effect on the plasma environment

« Time-dependent, transient phonemomena

This document is provided by

JAXA.



WERE Y7 A~HEY L2 b—2arU—2 va v TGS 31

Numerical plasma simulator

So far, almost no full PIC simulations with
complex spacecraft modeling

_ _ Domain decomposition
High-resolution S/C model PIC code developed

modeling developed  for massive parallel super
for MUSCAT computers

sy ¢

Develop a simulator for the
analysis of time-dependent
S/C- plasma interactions

In numerical plasma simulator...

F_-_____________—-

| Geometry of S/C / ; ]
Surface mati% etc S/C modeling

Space plasma / »_Plasma parameters I
environment I
=l

[ Current at each part of S/C surface

bl Amount of charging at each part of surface

M U S CAT ro Utl nes l Surface potential

h_-__-____

* Introduction of S/C modeling into PIC algorithm
 High performance with supercomputer

This document is provided by [JAXA.
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An example of MUSCAT S/C modeling
— WINDS satellite-
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What to develop ?
-Core PIC engine for super computer
-Plug-in routines for initial/boundary conditions

What is the difficult issues in PIC method ?
-Combine non-PIC method ?
-Develop a new treatment ?

What kind of framework or structure for simulator “
-Collaboration with multiple people

-Maintenance

-Computer hardware

This document is provided by

JAXA.
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Simple model of plasma contactor

e 2D PIC model ___Recovery to
space potential
Background i 0 s s s ;
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# o A 9 m—C ‘What is the process of charging

g mitigation ?

- 8 *How effective ?

4 *Where to place and how many ?
*Any turbulence at S/C environment ?
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FY 2006:

* Introduce MUSCAT S/C modeling into
PIC simulator

* Active plasma emission from S/C

W Parallel computation for
JAXA's new supercomputer

system

B Project support

FY 2007:

+ Proto model of plasma numerical simulator for
S/C environment

Assistance by a Post-
doc (Muranaka-san)

MUSCAT development

This document is provided by JAXA.





