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Background (1)

oEvaluation of the influence of the plasma on
spacecrafts in the deep space

- Evaluation of the possibility of spacecrafts'getting
damage from the solar wind

- Improvement of the reliability of spacecrafts

oln the deep space, the typical spacial scale (Debye
length) is larger than spacecrafts
- What happens in the sc;a'le s"r,'na'ller than the gbye length 7
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Background (2)
y PIC (Particle In Cell) method (Traditional

- Assumption of the scale larger than the Debye length

. Particle method (This work)

- It can be used for the simulation-whose scale is equal to
or smaller than the Debye length

- It is needed to calculate the Coulomb force on every
particles from every other particles

—The calculation time will*be Ionger

—Shorten the calculatlon tlme by using “GRAP,E 6"\

GRAPE-6 —Functionality:

 Calculation of potential, acceleration and jerk
- In the case of the same time step interval
- Input parameters are masses, positions and velocities of
the particles
- They are most dominant in N-body simulations. Typically,
their calculation costs are O(NA2)

This document is provided by [JAXA.
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GRAPE-6 —Performance

A few ten times faster than the Intel Pentium 4
3.0GHz

- In the case it calculates all interactions without any
approximation

with GRAPE-6A (t,) e
without GRAPE-6A (t,) mmn
Acceralation Rate (t,/t;) mmn

100000
Number of Partlcles

Calculation Time (sec)

GRAPE-6 —Architecture (1)

Pipelines dedicated for the gravity calculation

- A kind of Digital Signal Processor (DSP)

- Specialized in potential, acceleration and jerk calculation
- Additionally, neighboring particle detection calculation
Effective memory transfer

- Minimized instruction transfer to the GRAPE-6 processor
- 1 real pipeline acts as 8 virtual pipelines by time division

Accelerator board works. by calling the C/Fortran
Functions (API)

- After sending data to the GRAPE=6 board, recelvmg data
of calculation result ffom it . _

This document is provided by JAXA.
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GRAPE-6 —Architecture (2)

- GRAPE-6 processor
0.25um process, 100MHz clock frequency
- SRAM
Stores 271,444 particles at the maximum (16MB x 2)
- FPGA
. One is for the controller, the other is for reduction operation

. Processor

Interface Unit Chip

[,

GRAPE-6
Processor
Fﬁ Chip

GRAPE-6
Processor
Chip

Controller
FPGA

11

PCI
Interface
Chip
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GRAPE-6
Processor
Chip
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GRAPE-6A

~
PCI 5V.a3.av

; GRAPE-6 Processor Module

Simulation Target -Langmuilr Probe

Plasma Potential Vs

Y -/Plas ma
Y

iProbe Potential
Vp (Variable)

1
Current Ieli

Change the probe potentlal Vp and measure the current le

From the relationships between Vp and le, estlmate the
electron temperature Te and density Ne., = :

Compare the estlmated Te and Nejto the{value o h’OSQ
initially assumed’ ) G
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Electron Temperature and Density -Langmiuir Probe

Voltage-current characteristic
of Langmuir probe

From the slope,

can be calculated

.
. . asse
®eosnessesensesfens

£ ~“From electron temperature Te
AAln e “and current/le@," | Si
can be calculatéd

2 VS
: ' Pllg%sma Potenfi
_“’*te electron current, le0: g’l‘ectr""” p?ent when M

: LS
kB’BoItzmann constans sElection mass, Sy surf

e

Initial condition .
- Positions are uniformly random (SSSS
- Velocities are subject to
Boltzmann distribution
Inter boundary condition
- Constant potential at probe
surface
(Imaginary charge method)
Outer boundary condition
. Perfect elastic reflection
. Periodic #

. Non-cohstant inward: flux-:
(Inward flux is the‘same as : e
outward flux at#ach rtr‘ne ‘step) ,{ u/le m o

« Constant mwaﬁ’d flu 3

5

This document is provided by JAXA.




WEBE TS A Ialb—ard—s gy lifks 95

Time Evolution

» Coulomb force is calculated by GRAPE-6

Time integration is calculated by host MPU
(Leapfrog method)

r(t+At)= (t)+ vt)At + %a(t)Atz

v(t+At)= v(t)+%[a(t)+a(t +Ar)|Ar :: '

Time Interval Limitation

Limitation by thermal velocity

1/2
&g,
3 {(vex?')At =s4,(0<s< 1)::> At = S(eg—Nj

- In this work, s is chosen as
1

§=—

128

*The same result also comes from the limitation by
plasma frequency
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Particle Number Limitation (1)

Limitation by memory cost
- Position, velocity or acceleration costs each 24 bytes
- Maximum memory is about 1GB on a single workstation

Limitation by calculation cost
- This is most dominant factor in a particle method

- A few hundred time step can be calculated in a day on a
single workstation hostmg GRAPE 6 board

- One time step is abqut 30 sec when N=262] 144~and
using O(NA2) d|rect scheme with GRAPE -6 board |

Particle Number Limitation (2)

Limitation by electron current resolution

- Current induced by a single electron is much smaller than
the theoretical current in Langmuir probe whose potential

is zero
kT,
- <v“"2> sl ( J

~Len o, )2[8" o,

m

e
r st°N,,

,z:%: N, >1.63x10* 4
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Simulation Parameters

Constant Flux

N=2-(uA, )] N, =16N,, =262,144(u =2)
2, =032m

-

—£ =500x10°m"

N =10.7K

,/ =127%x10*m-s™

At=1.96x10"s

L

Simulation Result (1)
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Electron current fluctuates because, the number of
electrons came m a probe in a’tlme{step is: d,fscrete

.. ‘Estimated cureént is ﬁeﬁned the average current
. after a few ht,rndr&d_,‘-.‘._m StepsEr el o 16
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Estimated Ne and
Te from Langmuir
probe |-V
characteristic
(right figure)
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Conclusion

 Micro-scale plasma simulation with O(NA2) direct
scheme is performed on a single workstation with

GRAPE-6

- Calculation time with GRAPE-6 is 14 hours (400 time steps)
while without GRAPE-6 it is about 1 month

Assumed and estimated value of Ne and Te is very
close in the negative low voltage limit
- It is probable error is enlarged in.the negative high
voltage limit because ie/le becomies large
- ie/le0=1/10.is not engtigh small
",
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Future Work

Increase the number of real particles

- To reduce the error in negative high voltage range

- With Barnes-Hut tree algorithm

Remove the inter boundary geometry restriction

- With charge simulation technique or boundary element
method (BEM) instead of imaginary charge technigue

Introduce super-particle
- To scale the electron temperaturé and density

This document is provided by JAXA.





