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I N D EX RESEARCH AT MPNL AND
AIR BREATHING PLASMA THRUSTERS (ABPT)

OBJECTIVES

STUDY OF AIR IONIZATION USING CHEMICAL

KINETICS SIMULATION

ABPT PERFORMANCE CALCULATIONS

FUTURE WORK
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MPNL PLASMA
MEDICINE
RESEARCH

(A) : Copper ring used in Cold
Atmosphere Plasma (CAP) to control
the chemistry and optical emission.

(B) : Proposed CAP-activated water as
a non-invasive method for gastric and
breast cancer treatment.

(C) : uCAP devise developed to target
glioblastoma tumors via intracranial
endoscopic tube.
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SUMMARY: PLASMAS FOR MEDICINE

Cold atmospheric plasmas
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MPNL — PROPULSION RESEARCH

MpNL BUILT THRUSTERS FOR NASA mCAT (GWU/NASA) BRICSat-P Thrusters

AMES PHONESAT EXPERIMENT https://svs.gsfc.nasa.gov/ https://gwtoday.gwu.edu/gw
https://www.nasa.gov/centers/ames/cct/office/ vis/a010000/a012000/a012025 _researchers%E2%80%99-plasma
cif/2013/ arc_thruster.html /FactSheet_v12 pdf -thruster-re aches-sp ace

Various thruster systems including high thrust to power micro-thrusters
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MPNL

P R O P U LS I O N Projects in Propulsion:
RESEARCH-

C 0 N T D Discharge 1gnition phenomena in plasma micro-thrusters,

Multi-stage micro-propulsion
Linear-drive micro-cathode thrusters

Air Breathing Plasma thruster (My PhD Research)

MPD thruster
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ABPT ABPT uses incoming air propellant that 1s

ionized and then consequently accelerated to
produce thrust.

Typically thrust level (90 mN-90 N) required
to cancel drag (60 mN-60 N) substantial at
low altitudes[1-9].

Advantage: Increased satellite resolution,
weight reduction, and low launch cost and
burning up on reentry to prevent the
formation of space debris.
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Existing Tested Designs and models in ABPT field
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PROBLEMS TO SOLVE

Cathode Neutralizer in ABPT

Corrosion due to atomic oxygen in ABPT

Drag introduced due to collimator designs on ABPT

Power requirements

Orbital debris

https://mpnl.seas.gwu.edu 9 N



OBJECTIVES

Study the ionization inside an ABPT using Chemical
Kinetics Simulation:

Explore self-neutralization by operating in high-low
electron energy mode.

Explore

Perform ABPT performance calculations to find thrust

Perform conditions to compensate drag in very low earth orbits.

https://mpnl.seas.gwu.edu 10
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Equations used:

) d;a = Yy kp (Te, Ty) [1cnp . - Chemical Kinetics Eq.

« Q =en;u,T - Charge Density
« T = Mn (rp%—1,%)Von; - Thrust

2
* D=Myny,sm(ry?—1,%)V, -Drag

* Paverage = (P[ (Ii)high Tl + (Ii)low TZ ]/(Tl + TZ)

-Average Power

« I; = nyeVym (rp%2—1,2)-Ion current




STUDY OF AIR IONIZATION USING CHEMICAL
KINETICS SIMULATION

80 TO 110 KM ALTITUDE
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TOP KEY POINTS

N,"+0,=0,"+N, & Electron detachment

: : . . Ionization
N*+0,=0,"+N cause increase in causes increase in e

dominates k

O," and decrease in N, and N* density relative to _ ¢ (,I{e)action rate

(1, 3 eV). 0," (5eV)

Peaks indicate Neutral depletion
ionization, Final plasma e, N* peaks around
attachments and and O™ ions. species evolution

recombination peaks.

Ionspositive >
Ionsnegative (Charge
balance)
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TOP KEY POINTS

For 100-110 km, High O density (90 Km), O* +

1, 3 and 5 eV similar

larger than 1m engine trend like 80 Km O+air=>0,"+airand e +
altitude (1, 3eV).

length required to
reach peaks.

O+ 0,=>0+ 0, , caused
high O," and O, density.

Ionization dominate
beyond 10 eV (15-20 Final plasma e, N*
eV great increment of and O ions.

e density)
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ABPT Performance Calculations
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Calculated Results

Thrust 59 N 7.2 N

Drag 58 N (1, and r,: 0.05,

0.02m)

1.37 MW (full
ionization)

7.18 N (1, and r,: 0.05,
0.03m)

166 kW (full
ionization)

Power

Thrust/ Power 43 mN/ kW 43.4 mN/kW

Above results obtained for 300 V discharge Voltage

With relaxation in 1onization degree (electron/neutral density), power can be greatly reduced.

Power can be Laser beam transmitted to the satellite [6, 12]
Calculated the maximum possible drag whereas only lateral surfaces will experience drag.
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Future Work

To validate the obtained results and prediction of ionization, an
experimental approach would be crucial.

Develop methods to increase the ionization degree for 100 km and
above altitudes.

Analysis for electron current measurement would be required to

estimate the total power supplied. [13]

Characterize electron sources and final ABPT design using Rayleigh
Microwave scattering, Optical emission spectroscopy, Langmuir
probes and Thrust measurements (indirect and direct).

Reduced power analysis for ABPT.
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