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A Review on lon Thruster Grid Simulations
By
Mengu CHO*

Abstract: A Literature review has been carried out about computational simulation of ion thruster grid
region. The computational region consists of upstream discharge plasma, ion beam going through the ion
optics grid system and downstream neutralized plasma. Various plasma species exist such as beam ions,
charge exchange ions, discharge chamber electrons, neutralizer electrons and others. Literature of the past 8
years has been studied intensively. Their methodologies, computational geometries, particle modeling,
downstream modeling, Poisson solver and discharge plasma modeling have been compared. Based on the
literature review, the strategy toward building the future grid simulation tool has been discussed with

suggestions of future works.
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Table 1 : Modeling Methods of Main Beam lons

Ref. Authors Affiliation Time dependent?
1 Peng et al U. Tennessee Yes
2 Hayakawa NAL No
3 Muravleve et al KRC No
4 Okawa et al TMIT Yes
5 Tartz, et al IOM No
6 Nakano et al U. Tokyo No
7 Crofton et al U. Michigan Yes
8 Brophy et al JPL No
9 Wang et al VPI Yes

10 Nakayama et al NDA No
11 Farnell et al CSU No
12 Malone et al GRC No
13 Kafafy et al VPI No
14 W. Emhoff et al U. Michigan Yes
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Table 2 : Computational Grid Systems

Ref. Authors Affiliation Computational grid system
1 | Pengetal U. Tennessee | 2D 1.14 mm X 3.868 mm 12 X 47 cells
2 | Hayakawa NAL 3D All of 1-hole, periodic BC
3 | Muravleve et al | KRC 2D rectangular
4 | Okawa et al TMIT 2D 1.25 mm X 5mm 60 X 250 cells, Constant Az, variable Ar
5 | Tartz, et al IOM 2D?
6 | Nakano et al U. Tokyo 2DA = 0.5*debye and 3D
7 | Crofton et al U. Michigan | 2D regular A = 20~40um
8 | Brophy et al JPL 2D regular
9 | Wangetal VPI 3D rectangular A x = debye = 37 um, 30 X 30 X 400
10 | Nakayamaet al | NDA 3D cylindrical 15 degrees of circular aperture r 29* 6 10* z 230
11 | Farnell et al CSU 3D rectangular uniform Ax = Ay = Az 30 % 50 X 300
12 | Malone et al GRC 3D Combined with commericial mesh generator for a finite-element solver
3D Combination of rectangular meshes for particle pushes and tetra hedra meshes for field
13 | Kafafy et al VPI
solver
14 | W. Emhoff etal | U. Michigan | 2D uniform rectangular
'+ ' Dirichlet
Ep—— I S
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I I |
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I ! | I
I -t -5 -I=-- Fig. 2 Simulation domain with two quarter-size apertures.
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Fig. 1 Cross section of a simulation domain with multiple apertures. From Wang et al, JPP 2003

Fig.1 Example of Three-dimensional Computational Domain (Ref.9)

Figure 5. Simulation domain of a whole subscale gridlet with seven apertures.

Fig.2 Example of Three-dimensional Computational Domain Containing a Full Grid Aperture (Ref.13)

This document is provided by JAXA.




39

3SRIEDFEFERTIIOWTIE, MK TF 2T 206, ROMBE X ) IEMEICKET 5 -0l AT 23R
TGS, EEKRTFERCEEGOMERL, MTUEREOMETH L. KMTFIEZEHRT B2,
KYMNIZH2RFIZ@ R, FAHOKTFROBREAML RO L. MNFPEOKTFIZHIN TV Z2HET 5
DI, FRHET THIUIHAMIIHEIH DS, HEKTOREIEEICHMETH L. BEETEZHC 20 EET 2 H
WEHE, BEBTERACESEOTO 773 Y FOBMES LWEIIH P LR E, HERETFE2H) 2 LIZXoTA
L2ED ML — FF 7 TikE 5.

# 3 IZHK LAY Poisson TR Z ED X S ITRNTW it T s, HRETFEHCIEAR, Z5EIlEoT
Poisson TR ZfENTWED, BTIOWTKLY < Y 5Ai#WET HER Y Poisson HHENIZIERHILTH Y, SOR X
ADI L Vo 728 D R LEDSVEE 5 5. BEKTEZHEH LA IEEREREVPHVORTYS., Thd FERWIC
B LETHB.

2.3, B A 42 EhH ARF

KAWZE LA ENLZRA A 2 DL ) ICWMOFo T b0k T O 0ERT. BWMRHA + V2T Ho
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o T, FHRFMTORMEMBD-) OARREREZFHHTLZ20D0THS. HHIE, E—2 4+ Y OBEZ B> TS
BETEYTANVT Y I 2ab—va YIWEREANTEBETE — A4 4 ERET A L OWZEOH W% H % L TEME
THTOBMZHRA F L OEEREZFET LD TH 5. PIC-MCC K T-OBEG % & 5 BB TET O LI
WK LTWwER, 7Yy FYIalb—32arDd)IXHEMOEHEA F ¥ ORENPIIEEITHi > T b &) 2EHEITIX
Volumetric Production Td I EHEIZRWwWEEbN S, HL PIC-MCC 29 b 9 —2oF|m e LT, Mz
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Table 3: Poisson Solvers

Ref. Authors Affiliation Poisson solver
1 Peng et al U. Tennessee unknown
2 | Hayakawa NAL Finite-element
3 | Muravleve et al KRC SOR
4 Okawa et al TMIT Gauss elimination with sparse-matrix refinements
5 Tartz, et al IOM unknown
6 Nakano et al U. Tokyo Finite-element
7 Crofton et al U. Michigan ADI
8 Brophy et al JPL Unknown
9 Wang et al VPI DADI
10 Nakayama et al NDA SOR
11 Farnell et al CSU Gauss-Seidel+SOR
12 | Malone et al GRC Finite-element
13 Kafafy et al VPI Finite-element
14 W. Emhoff et al U. Michigan unknown
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Table 4: CEX Production and Neutral Particle Modeling

Ref. Authors Affiliation CEX production neutral particle modeling
1 | Pengetal U. Tennessee PIC-MCC Constant
2 | Hayakawa NAL No NA
3 | Muravleve et al KRC Yes BGK model (elastic collisions included)
4 | Okawa et al TMIT No NA
5 | Tartz, et al IOM Volumetric production from jb, Ny, Oex free molecular flow
6 | Nakano et al U. Tokyo Volumetric production from jp, Ny, Ocx DSMC
7 | Crofton et al U. Michigan PIC-MCC DSMC
8 | Brophy et al JPL Monte Carlo? unknown
Volumetric production from ju, Ny, Ocx
9 | Wang et al VPI
500K Maxwellian Free molecular flow
10 | Nakayama et al NDA Volumetric production from jb, Ny, Oex Free molecular flow
11 | Farnell et al CSU Volumetric production from jp, Nn, Ocx Free molecular flow
12 | Malone et al GRC Not yet NA
13 | Kafafy et al VPI No NA
14 | W. Emhoff et al U. Michigan PIC-MCC DSMC

Pk 212D T

TIE, RAZELETORY P 2R3 23,

H H 47t & DSMC (Direct Simulation Monte Carlo)
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DIERC o THARBRTESL XHIZ, UTOX)ICETFHEELREL TV 5.

M] P< P

Ne = Noo €XP Tow W
. [ e(d—de. )} 6>
kTeoo
X (3) BEBITEL () FWMBHITEL, BRI Tew LB neo IS HOBTEZ SNBTRIEZ S BV, BT

2oL, HAIZRT I A~ OB TFE % TCICHRD TV L B35\,
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B L3l 5505 HOMENEETL. K3IZHE LI, WEETIAE MGy, A7V =271 v FET ¢y,
TIRNT) v RE daee 1, KK, HEMERBENZEELLTCEIZON2IDOTHL. — i FRBIREN dpc 1&
TIARBATH Y, INDHEEMEREN LELRLRIEE R, LA TV — 2L OEMIZHHIGET %2 O
EHEELOI, HEMEREN LIV DEOEBNEZDL > TVLLEEZLONEYTH L. Lo TTHBEREN opc &
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Table 5: Modeling Methods of Downstream Plasma

Ref. Authors Affiliation Downstream modeling
1 Peng et al U. Tennessee ¢ =0 at the downstream boundary. ne = noexp (e /kTe), ne=10"m?
ne = noexp (ed/kTe). no = average ion density at the boundary
2 | Hayakawa NAL
¢ =0 at the downstream boundary
3 | Muravleve et al KRC yes?
4 | Okawa et al TMIT no
5 Tartz, et al IOM Unknown
ne = neexp (ep/kTe). n, = average ion density at the boundary
6 | Nakano et al U. Tokyo
¢ =0 at the downstream boundary
7 | Crofton et al U. Michigan ne=noexp (egh/kTe). no=a given value inferred from CEX density(2 ~ 6 X10'° m)
8 | Brophy et al JPL ne = noexp (e/kTe).
9 | Wanget al VPI Yes. f can be + or - compared to the reference potential
10 | Nakayama et al NDA No
11 Farnell et al CSU Yes. f can be + or - compared to the reference potential
12 | Malone et al GRC unknown
ne = neexp (e/kT.). no=average ion density in the down stream
13 | Kafafy et al VPI
¢ = 0 at the downstream boundary
14 | W. Emhoff et al U. Michigan yes
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Fig.3 Potentials to be Defined in lon Thruster Grid Simulations
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Table 6: Simulated lon Thrusters

G| Te | No | Teoo
Ref. Authors Affiliation Ion thruster Grid
(V) | V) |m?)| (V)
1 | Pengetal U. Tennessee | 30cm 2| 28| 1.5|5x10% 1.5
2 | Hayakawa NAL Experimental argon 2| 45 5 (9x10'%| 3
3 | Muravleve et al KRC 10cm Kaufmann type 2
4 | Okawa et al TMIT 30cm Cusp ion thruster 2 4.5 [3x10"7
5 | Tartz, et al IOM ISQ 40 RF 3
6 | Nakano et al U. Tokyo MUSES-C and NSTAR 2and 3
7 | Crofton et al U. Michigan | T5 3| 40 5 3
8 | Brophy et al JPL NSTAR 2
9 | Wang et al VPI NSTAR 2| 26 5 (2x107| 1.5
10 | Nakayama et al NDA Experimental thruster with 19 holes 2 and multiple grids
11 | Farnell et al CSU SUNSTAR (Scaled up NSTAR) 2
12 | Malone et al GRC NEXT
13 | Kafafy et al VPI NEXT 2| 20 5 |1x10Y] 1.5
14 | W.Emhoffetal | U.Michigan | NEXT 2| 24
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Fig. 13 Deflection characteristics
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Fig. 14 Divergence angle data

Fig.4 Validation of the Simulation Results by Comparison with the Experimental Results Regarding the

Beam lon Profile (Ref.2)
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Fig. 6 Accelerator-to-beam current ratio versus
total voltage

Fig.5 Validation of the Simulation Results by Comparison with the Experimental Results Regarding the

Accelerator Grid Current (Ref.3)
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Fm}le 2: Ratio of accel grid current to beam

current.
Vacuum Chamber Space Operation
Total ! Isotropic CEX Total Isotropic CEX
Exp. | 120 % — - —
Cale. | 0.994 % 0.53 % 0.324 % —

Table 3: Accel grid mass loss.

Vacuum Chamber Space-Operation
Total | Downstream | Total | Downstream
Exp. | 448 g - — —
Cale. | b4l g 249¢g 245 g 533 g

Fig.6 Validation of the Simulation Results by Comparison with the Experimental Results Regarding the
Grid Erosion Rate (Ref.6)

Fig. 10 Comparisonof simulation results with experimental data. Grid-erosion pattern on accel grid downstream surface: left, photograph of erosion

and deposition pattern after 8200 h of eperation; middle, smulation results for the same operating conditions; and right, direct comparison of the
erosion pattern.

Fig.7 Validation of the Simulation Results by Comparison with the Experimental Results Regarding the
Grid Erosion Pattern (Ref.9)
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