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Figure3: ESP testbedownstreamchamber for laser Figure5: Electron density distribigtn across the
scattering precipitator 1D symmetric setup
Tests were performed with pure carbon dioxide gas w0
previous work showthat carbon dioxde is a A
qualitatively similarsubsitute forMars gas simulant I *
(shown below irFigured) [2]. \
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The first parameters in the model that must be 1
determined are the electron and ion densiy
distribution inside the precipitatdfigure5to Figure of
10 below shows the density distribution for a positve
1350 V coronain a 7.1 cm precipitatdhe electron ‘ ‘ ] ‘ ‘ i
number density close to the positive electrode where ’ ’ N Seootnotemm * *
the corona region takes placis approximately ) S
sr°71 ?7and falls off quickly away from the wire. Figure7: O2 density distribution across the
The negative ions]” and 1¢, are bottapproxmately precipitator 1D symmetricsetup
= 4
s F sr°“and can be neglected whepmpared to The density distribution of positive ions are on the
that of electrons.

order of s r° for %4in most regions of the ESP and
sr*Fsr®for 17 and 1. The positive ions
dominate the overall charge distribution since the



positive ions density is two orders of magdes
larger than the negative density. This is as expected for
a positive coronaand the dust particle entering intothe
precipitator should acquire a positive chaldste that

the 17 density shows a uniform density distribution
across the radial directidnstead of peaking near the
wire and drop off toward the collection electrottiis
result is unexpectedHowever, since the order of
magnitude ofl? density is negligible compared tothat
of 9% ions, the overall result of the model is
unaffected. fie computeddistributiors of 17 and

%lg are higher in the corona regiovhere ions are
generate@nd decrease &ns migrateaway towards
ground inthe positive electric field
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Figure8: CO2+density distribution across the
precipitator ID symmetric setup
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Figure9: O+density distribution across the
precipitator ID symmetric setup
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FigurelG: O2+density distribution across the
precipitator 1D symmetric setup

It is possible to compare the simulation and theoretical
corona current to electrode voltage relationship. The
knowledge of this currentoltage (}V) relationship
provides insight into the charge acquired by a dust
particle inside the ESP.

Figure1l shows hetheoretical and experiments
curve forthe 7.1 cmdieeter precipitator at4.75 Torr.
For a given pressure, the potentialto the high votage
electrode is slowly ineased from 0 Yo 1400 Vin
steps of 50 V. Initially, the corona remains at zero
while the voltage increases. This is the recombination
stage where the electrons do not have enough energy
from the electric field and recombines with the ions.
As voltage ircreases to an onset value, the
strengthened electric field provisehe electrons
enough energy to maintain the ionization and starting
an electron avalanche. The currentis the small electric
current carried by the positive ions that migrate from
the cormaregiontoward the ground electrode wll.
the voltage is increased further, the corona current
increases rapidly and the glow region expands until it
become unstable.

The COMSOLgenerated-V curve qualitatively
approximate the shape and magnitude f o
experimental result§ he current valuemeet close to

the start of corona instability. This is the region of
interest since it provides thérgngest electric field
across the precipitator. The model predicted the onset
of the corona voltagerematurely this may be from

theOD[ZHOOLDQ DSSUR[LPDWLRQMV DV

particles have high ionization lesel Further
refinement of the model and different EEDF

approximation methanay provde a better fito the
experimental curve



CO02, 71.0 mm ID tube, Hardware vs. Simulation @ 4.75 Torr
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Figurell BExperimental and simulatedmwna
current vs. voltage resalt

Given the estimation of the charge on dust particles,
predictions on the particle trajectdsydetermined to
provide the optimal geometry for Mars ISRU intakes.
Various paticle diametersimulated at different flow
ratesareshown inFigure12to Figure15. Simulated
particles have diameterthat match the average
diameter of dust particles in the Martian atmosphere.
Anestimate forthe expected charge of a dust particke

in thelow-pressuréMartian atmosphere i — [9].

This estimate is one order of magnitude greater than
the calculated charge frorthe COMSOL plasma
module therefore¢ the trajectory malysis
overestimates the distance travell@tie trajectory
simulation results are showntimefiguresbelow.

o © m/s
0.5 A 0.66

»

-0.5 vo

Figurel2 Particle tracing for 1 m particles with
t su{ sr’5'C at500 SCCMind4.75 Torr
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Figurel3 Particle tracing foB m particles with
s{tw sr’®°C at500 SCCMind4.75 Torr

m
m

m/s

o A 0.66

(= 0.5

x

Figurel4: Particle tracing fob m particles with
wuv{ sr’5°C at500 SCCM and.75 Torr
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Figurel5: Particle tracing forQ m particles with
t su{ sr’°8C at500 SCCMind4.75 Torr

As shown abovethe required collection length
increasess the particle size decreases from 10to




1 1.1 1 particles follow the fluid streamines
further along the tube and their smaller size receives
lesschargdor electrostatic precipitation

The collectiorefficiencyequation belowrovides the
overall efficiency of an ESP The theoretical
efficiency takes account of the migration velocity and
the electric field strength at the high voltadectrode
and theground electrodbut does not account for
partick-to-particle interaction, and gravity.
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Where A is the collection area, w is the particke
migration velocity, ,is the permittivity of free space,

" is the field strength at theinw, '= is the field
strength at the wall, d is the particle diameter, ang

is the carbon dioxide dynamic viscosity.

Theotherefficiency equation islependenbn ratio of
paticle enteringand existinghecollectionzone This
is the efficiency calculation for both thearticle
tracingmodeland the ESP testbed.

LIsFQ srr
Qp

Where @is the particle density leaving the collection
zone and @ is the particle density entering the
collection zondromthe inlet.

The table below lists thieoreticaparticle collection
efficiendes, COMSOLresults fine particle analyzer
measurementandLSSM measurements

Tablel: Analytical, numerical, and experimental
collection dficiencyresults

DiEaane)'er v o e -
1 77.8% 1000% | 99.6% | 90.0%
3 98.8% 1000% | 99.5%| 95.0%
5 99.% 1000% | 99.7%( 90.0%
10 1000% | 1000% | 99.0% | 90.0%

Thecollection efficienciefor sizes 3 Pshowover
90% particle collection efficiency. The LSSM
measuremenis reduced by error frondust re
entrenchmentdownstreamofthe collection Z10g

Conclusion

The purpose of this model is to obtain a preliminary
assessmemf an optimized ESP geometry for Mar

ISRU. The ISRU plants designed to operaten a
normalday of 110 particlegcn?, andresults fromthe
simulation and the testbed show that the ESP can
provide a minimumof 90% collection efficiency in the
event of a Mars dust stormwith up to 1000
particlegcn?. By expanding the same geometry in
parallel and stacking in a honeycomb stteown in
Figure 16, the ESP can accommodatehigher
volumetric flows to support human missions on Mars.

Figurel6. Preliminary assessment of an ESP
geometry to support ISRU on Mars

Furtherrefinement on the COMS@lasma model is
required to provide a better charge estiow@atiThe
plasma solutionifighly dependenton the neutral and
ion species used. The species were selected based on
the strongest interactioninside the plasma region by a
positive corona in the Martian atmosphere. The
plasma model and EEDF approximatidgrsficantly
reduced thecomputation timebut sacrificed the
accuracy to determine corona ongeture work will
seek to improve the model by including additional
species and ions as well as a different EEDF
approximation.

The experimental setup effort @urrently under
review and the lessons learned will provide insight to
the next generation oMars ESP testbed. Two
potentialimprovementsareFPA sens@capable of
detecingfiner particles andesign changes to mitigate
dust reentrenchment.






