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Ion thruster plume interaction with satellites
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Ion thruster plume interaction with satellites
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<. The HEMP thruster 4#7
patented by THALES Electron Devices DLR
with an initial patent filed in 1998 DLR Projects:

50 RS 0804, 50 RS1101

| | U~ 300V to 2000V

s s
A I .

E-Field E-Field

B-Field B-Field

_____ Xe gas YT B R - ____sgn:nrﬁe_tr}:a):ls- 5
Self-consistent kinetic simulation: ~ A"~L_,,

Self consistent plasma + neutral dynamic System without grid
Anomalous transport and

Secondary electron emission

Integrated model of channel and plume reduced wall contact

—
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Simulation tools

Direct Monte-Carlo

Particle-In-Cell ey (Culliti simulation of
neutral transport

Cascade model
Calibration
of transport \
coefficients Y * Y

Turbulence - Erosion / Deposition - Breathing modes
- Near-wall conductivity| |- Spokes

Similarity
scaling

Plume dynamics

Anomalous transport
- Volume driven SDTrimSP

- Surface driven
sheath instability

' - Self consistent coupling of all methods
O:gcgczgggs - Reduction of empirical parameters
SDTAmSP: [3] [4] [5 - Deduction from higher hierarchical models

Similarity scaling: [6]

—
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- MCC Particle-In-Cell simulation

Integration of equations Particle loss/gain Requirements:
of motions, moving particles at the boundaries At=02/w,, Ax=05k,,
i indd (emission, absorption,...) equidistant mesh (self force!)

Monte-Carlo Collisions Similarity scaling:

|
|
- | .
Weighting AT i electrons, ions and neutrals: 7 mfp
|
|
|
|

. . . . L,e __
Ej [ Fi Coulomb, ionization, dissociation, ... =const. e N = const.

surface/volume limit

. . Weighting
Integration of field X, > p Typical parameters for HEMP:
equation on the grid 10° cells, 108 time steps
mp F ’ : ’
d | 108 pseudo-particles
— computing time = 2 weeks

Direct Monte-Carlo Collisions:

e+ Xe — Xe"+e total excitation Xe + e — Xe"+2e  ionization
e+ Xe— Xet+e elastic scattering Xe +e — Xe™ +3e ionization
Xe* + Xe — Xe* + Xe elastic scattering Xet+ e — Xe™ + 2e  ionization
Xe + Xe* — Xe* + Xe charge exchange Coulomb collisions (e-e-, Xe*-Xe")

—
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<= Non-equidistant PIC

I

Test: 1D PIC, 1 electron

AD

non-symmetric situation
for non-equidistant grids

AXi4

artificial self force

0.59 | |
058 without correction

= 0.57 | with correction ----------

2. 056 |
0.55
0.54
0.53
0.52
0.51
0.5
0.49 '

<Y

Xi-1 Xi-1 Xi Xi+1

kietic energ

different E-field interpolation

0 500 1000 1500 2000

: t/ At
self force disappears

[7] Duras, Matyash; CPP (2014)

—
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results HEMP DM3a thruster

2D simulation to reduce computational effort

,,Grid-free grid thruster”

lons accelerated
at the exit

ﬁ : 0@ R thruster = 9 mm
=) =
R, mm ﬂ?‘:" Lthruster 51.2 mm
L
20 Ik abo
—— - ] .
Ground ed met al {2} [8] Matyash, Schneider; IEEE (2010).

[9] Kalentev, Matyash;, CPP (2014).
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.- Slmulation results HEMP DM3a thruster

Electron density with example particles:

1e+18

1e+17

1e+16

1e+15

* Magnetised electrons 50-At,

* Non-Maxwellian velocity distribution A"~TL

system

* Oscillating in front of the exit

—
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.- Slmulation results HEMP DM3a thruster

1e+18

1e+17

1e+16

1e+15

z [mm]

_ 2.000-A¢,
* Not magnetized

* Thermal velocity distribution in the channel

* Acceleration at the thruster exit

—
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.5 Simulation results  HEMP DM3a thruster

1e+20

1e+19

1e+18

1e+17

z [mm]

10.000-A ¢,
* Thermal velocity in the channel

* Expansion at the channel exit

—
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'/!J@_ D|ag nostics HEMP DM3a thruster

Validation with experimental data

Erosion: Total excitation:

* lon flux non-negligible in HEMP [ i i
only at cusp positions g Ll

* Energy below the sputtering
threshold (E,~ 75 eV)

2 ——HEMP DM3a | Experiment
>
Q
>
% 1004
5 En
c
0
c 50- 1
(5]
[]
= [V—Tt‘\/“—/
0 T T T T T T v T
0 10 20 30 40
Z, mm

Light emission from axis
,,Grid-free grid thruster and cusps

. . . . ’y
Wlth mlnlmlzed erosion [8] Matyash, Schneider; IEEE (2010).

—
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.- Influence of electron source

Thermal source with T =2eV and |__= 0.3mA

OoOMN B O
[ w] (°u)™ 6oy

40

0.1 s H T T 7 [m m]
— Source NO : : :

= Source N1

008k source N2 | T P

Source NB

Due to B-field, only axial source changes
electron density — angular ion distribution

Axial electrons enter channel directly
Non axial electrons = reservoir

0 20 40 60 80

angle [degree] [10] Duras, Schneider; PPT (2016).
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.- Influence of electron source

/ .
Thermal source with T =2eV and |__= 0.3mA
45 500
40
35 400
‘e 30
E 55 300
20 200
20 [
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S
0 0
0 20 40 60 80 100 120
Ax z [nm] 2-Ax
0.1 S N
= Source NO
o | No plume plasma
008k =source iz N

— Source NB

j(angle) / jtot by Xe+ [1]

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

o S E

g @

No screening of domain boundary

oo g i S ———

e — influences angular ion distribution
0 220 40 620 350 |
angle [degree] [10] Duras, Schneider; PPT (2016).
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.- Influence of electron source
Directed source with drift velocity v drm,e=20ev, T.=0.1eV and |_ =0.3mA

Plasma screens
top boundary potential

= more realistic

[.w] ("u)”Boy

_— Simulation
——— Experiment
Prev. Simulation

[A8] jenuajod

ion current density / J..[1]
o
—

0 10 20 30 40 50 60 70 80 90
alpha [degree]

[.w] (‘u)"Bol

[10] Duras, Schneider; PPT (2016).

—
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Self-consistent kinetic simulation are needed
— computationally costly — deduction from higher hierarchies

Correction of E-field calculation for non-equidistant grids

Validation with experiment: wall erosion & total emission

Studies of electron sources:

— lon beam divergence is mainly determined by B-field
— Screening of domain potential is important for simulation
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Integration of equations Particle loss/gain Requwements:
of motions, moving particles at the boundaries At=02/m . Ax=0.5 7\'0 ,
F " X (emission, absorption,...) L P ’
equidistant mesh for

momentum conservation

I

|

i Monte-Carlo Collisions

Weighting AT | | electrons, ions and neutrals:

|

|

|

|

|

Ej wp [ Coulomb, ionization, dissociation, ...
. . Weighting Typical parameters for HEMP:
Integration of field X, p, 10° cells, 108 time steps,
equation on the grid

108 pseudo-particles

p, ™ E . .

— computing time = 2 weeks
Length L=fL* T .
I\/Iaggnetic field 5 - g+ Slmilarity scaling:
Cross section o= f'o* Ve A o
Plasma density n=n* — —const. T’Zconst. — surface/volume limit
:;lleu”?' density | 2: 2;* Energy not scaled — atomic physics preserved
Teerﬁggrgﬁtfent'a T=T Debye length unchanged — reduction of grid size

—
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s-. Channel erosion

lon fluxes to the channel wall
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threshold (E,~ 75 eV)
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