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Motivation ‘#7
DLR

= Fokker-Planck Simulation of the
neutral gas flow as a first step to
calculation of the plasma properties

= Distribution of the neutral gas in the
discharge channel

= Observed asymmetry of the beam
= Due to neutral gas distribution?

= Comparison of neutral gas thrust
measurements with simulation results
and analytical estimates
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Thruster Development
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Simulation

Particle Fokker-Planck Approach 7 —— —— DLR
GEJ i
= Simulation in SPARTA with Fokker-Planck Extension =
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= Approximation of the Boltzmann collision operator % _ & |
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D? - Diffusion coefficient
f — Distribution function
Kn - Knudsen number
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Simulation ‘#7
Particle Fokker-Planck Approach DLR

= Simulation in SPARTA with Fokker-Planck
Extension

= Strong pressure gradient within the discharge
channel due to gas injection at high pressure
and expansion into vacuum

» Kn=-—2—~0.00001 in the discharge tube

dtube

= Kn = 1 in the plume

= Makes a method necessary that is able to
work in the rarefied and continuum regime

= Flow distribution at the inlet can be used as
an starting value for other simulations
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Simulation

Geometries & Conditions

Radial Injector New Injector

= Simulation with Argon and Xenon
= Volume Flow Rates of 1 sccm, 10 sccm and 45 sccm
= Half Geometry to save computational time
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Simulation ‘#7

= Only Fokker-Planck nlet
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= Reflecting Boundary at
Symmetry axis
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Experiment

Thrust Measurements

= Tests during development in the STG-MT
(“Miniature Thrusters”)

= Thrust measurements using DLRs DEPB thrust
balance as main performance indicator

= Quartz glass rods used as load-bearing springs
= Minimized thermal drift

= High mechanical loads

= Commercial load cell (Sartorius® WZA224-N)

= Eddy current brake to reduce high-frequency

oscillation

= Calibration using fine weights

Schmidt, Jens und Simon, Jens und Neumann, Andreas (2023) Thrust measurements of the RIT-10
thruster with a new type of thrust balance. International Journal of Energetic Materials and Chemical
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Results

Analytical Estimation of Neutral Gas Thrust

= Flow Is subsonic in the tube

- Ce = \/ZCp(Te — To)
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Simulation Results

10 scecm 45 sccm
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Old Geometry, Axial Injection at the outer radius of the tube
Only cells with >7 numerical particles shown in visualization
Flow structure does not change with flow rate

Asymetry of the plume
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Simulation Results

Detail (Argon, 1 sccm)

Number Density Mach Number Exit Plane
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= Strong asymmetry in the exit plane caused by asymmetry of injection
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Simulation Results

Xenon

1 sccm 10 scecm
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= Old Geometry, Axial Injection

= Only cells with >7 numerical particles shown in visualization
= No change of overall flow structure due to different gas
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Simulation Results

New Geometry (Argon, 1 sccm)

Number Density Mach Number Exit Plane

= More homogenuous flow in the discharge tube, but still radial gradient
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Experiment A#y

Xenon Argon Air
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= 1 scem = ) sCccm " 5 scem
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Experimental Results

= Thrust is not a linear function of
volume flow rate

= Angled Plume for some conditions
» Experimenta = 13.3°
= Simulation a = 23.5°
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Conclusion
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= Comparison of analytical Model, Fokker-Planck simulation and experimental results
= Relativley good agreement for argon

= Agreement between simulation and experiment for Xenon
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Conclusion & Outlook ‘#7
DLR

= Simulation of the neutral gas flow within = " T g 1 o aavica
an electric thruster | —®— Xenon Analytical

—l - Argon Simulation

= Calculation of the cold gas thrust for | it ooy
Argon and Xenon —~& - Xenon Experiment

= Comparison with experimental results

= |njector geometry produces asymmetry of
the flow, modified geometry produces a
more homogeneous flow

F in mN

= Measurements of the flow using a
Patterson Probe

= Simulation of more operation points and
diatomic / multispecies propellants ¥ in seém
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THANK YOU! QUESTIONS?

Jens Schmidt, 33rd International Symposium on Rarefied Gas Dynamics, 18.07.2024, Gottingen, Germany

DLR



