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Conventional Thrusters

* Hollow Cathode thruster, Hall
Thruster, Arc Discharge

e High impulse, low thrust
e Efficient
e Relatively inexpensive and safe

e Fragile CLECTRODE
 Particle collision decay

https://en.wikipedia.org/wiki/Hall-effect_thruster#f/media/File:Russian_stationary_plasma_thrusters.jpg



Electrodeless Plasma Propulsion

e Provides effective, efficient
propu Ision (Palazewski et al. 2001)

e High service life and endurance
(Slough, 2006)

e Can use almost any fuel (siough, 2005)

e Most base amount of energy vertical RMF - Horizontal RMF

field loop Field loop

https://en.wikipedia.org/wiki/Plasma_propulsion_engine#/media/File:Pilot_Plasma_Engine_-_GPN-2000-001995.jpg

needed

e Problem with finding energy of
JENUE



The Spectroscopic Measurement

* ‘Non-intrusive analysis’
* Measures emitted radiation

e Energy levels- matched to
known requirements

* National Institute for Standards
and Technology

e Dark room enclosure
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The Langmuir Probe Analysis

* ‘Intrusive Analysis’
e Sweep to find difference
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* Varying voltage to estimate area
of ionization

e \/oltmeter is used to find values
e Values graphed

e |deal sine curve function

* Line of best fit near zero

www.davidpace.com



Research Goals

e Find if the Langmuir probe kinetic energy data is any different than
data taken from spectroscopic analysis

e Data from Water, Methane, Neon, Nitrogen.

* Find the specific ionized atoms from gaseous molecules(l.E. Methane)
e Compare peaks to values found on NIST

 Determine the efficiency of the P.I.

e Determine the density of the ionized gas
e Efficiency of ionized gas/power ratio



Timeline
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Lab Setup

Quartz Vaccum Chamber

Turbine high vacuum pump

RF generator

Laptop computer
Power Box

Spectrometer

Langmuir Probe assembly
- Current Loop




Assembly

Materials already present at site
Langmuir probe is a triple configuration (-, =, +)
Unigue “trombone” shape for compatibility

Tungsten electrodes, magnet wire, and ceramic
alumina tubing

Heat resistant materials are needed to function in
plasma




Pl Assembly

 Magnet wire is wound several
times around a tube

e Coil and tube is encased in
ceramic, sealed using silicon glue
and O-rings

e Gas only; regulated using flow
controller

e RF signals into the coil circuit,
oscillating frequency ionizes
JENYE




Water P|

e Allows Pre-lonizer to use liquid fuel

e Inductance and characteristics closely
resembled original Pl

e Liquid water is forced through porous
metal filter, limiting flow rate; ice forms
around nozzle.

e Heat coil melts ice to the point it
becomes water vapor; vapor is turned
into plasma by RF




Spectroscopy

 Neon, Nitrogen, Methane, Water
e Dark spectrum analysis
e Data matched to NIST site

* Relative area of peaks matched
values

e Estimate based on NIST data is
around 0.6 eV at 60W




Langmuir Probe Analysis

40 W RF, Neon Plasma langmuir probe at ~ 10 cm

e Higher loading led to the probe
interfering with plasma

e Unstable readings with weak
water plasma

* Line of best fit y=0.035, our
result is 28 eV

e Pressure and voltage return
makes ~1017 atoms/meter3
density




Efficiency of power loaded into plasma

e Current loop allowed us to see
the efficiency of power loaded
into plasma

Pjier =Pfor_Pref
Pplasma = Pger — IﬁmsR
_ Pplasma
 Pgel
R is determined as an average ratio

of Pdel/lz without plasma
rms .

e ~75% efficiency
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Spectroscopy vs. Langmuir Probe

Spectroscopic Analysis Langmuir Probe Analysis
e Able to show the amount and e Able to show the density of the plasma
type of ionized particle cloud and the KE (temperature)

e Gives ability to discern certain e Density is ~10'/ atoms/meter?

particles ionizing in multiatomic  , gy Neon: Line of best fit on In |I — |
gases and liquids graph is 0.035; T, = 28 eV

e Ex. Neon: essentially all neon |
with two or three peaks in neon
Il. Nitrogen however, showed
mostly N Il or IIl.

e (Not so accurate due to unstable
JENE)



Temperature Comparison

Spectrometry Langmuir Probe

e 0.4eV40 W e 28 eV

e 0.6eV60W

e 0.8eV100W e Fluctuating data from probe due

to plasma interference

e Estimate based off of NIST data * Probe affects plasma formation

and values taken from * Inconsistent data taken
spectroscopy



Discussion

 Main source of error was the
Langmuir probe experiment

* The Langmuir probe was too large

* Interference with plasma formation
(see bow shock wave)

e Large range of fuels available to us,
but only a select few used



Discussion (Contd.)

e Further research - affected by low temperature plasma, Debye Sheath
depositing ice crystals onto probe (Amatucci et al, 2001)

e Hysteresis in the |-V curve, limiting current picked up by the probe.
e Using a higher power RF source may prevent plasma-ice buildup

e Further development will allow for a more reliable Langmuir probe
reading.
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