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A coaxial inverse-pinch pulsed plasmathruster (PPT) has been designed, fabricated,
andtested. Experimentswereperformedtomeasurethethruster’sdischargecurrent,
Teflon masslossrate, spatial and tempor al magnitudesof theazimuthal magneticfield
strength in thethruster’sinter-electroderegion, and tempor al profilesof theelectron
temperature (T, and number density (ny) in the thruster’s plume using triple -
Langmuir probes. Resultsfrom the azimuthal magnetic field probes confirmed the
attainment of an azimuthally symmetriccurrent distribution. T, valuesbetween 3and
8eV and n,valuesup to 10* m=weremeasured in thethruster’ splume. TheMACH2
2-%2 magnetohydr odynamic code was utilized to model the thruster operation. The
MACH2 predicted current waveforms, enclosed current magnitudes, and T, and n,
temporal profiles agreed well with experimental data.

INTRODUCTION

Pulsed plasma thrusters (PPTs) are simple, robust,
and easy to operate devices but are governed by
complex physical processes. Paralel-rail and
coaxia geometry pulsed plasma thrusters (PPTS)
have been designed, investigated, and evaluated
over the past 30 years. Parallel-rail thrusters have
flown on satellites and are currently flying on the
Earth Observer 1 (EO-1) mission [1]. However,

PPTslow efficiency (<15%) have limited their use
and application in more missions. To improve
thruster performance, numerical studies were
directed at theoretically investigating and evaluating
solid Teflon pulsed coaxial thrusters. Annular,
linear, and coaxial configurations were evaluated
[2]. Resultsindicated that a coaxia inverse-pinch
configuration with a symmetric current distribution
on the propellant surface allowed the attainment of
high peak currents while limiting Teflon surface
temperatures below the Teflon decomposition
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temperature of approximately 673 K. Limiting
Teflon Temperature below 673 K limits post-pulse
evaporation and macroparticle evolution [2].

Based on these earlier theoretical studies, a coaxial
inverse-pinch PPT was designed, fabricated, and
tested. Thefirst configuration tested employed two
RG-58 coaxial cables along with a Unison ignition
exciter circuit to initialize the PPT capacitor energy
discharge. Thetwoignition leadswere placed 0.51
cm from the face of the Teflon surface and are 180°
apart. Azimuthal magnetic field mappings were
performed at different radial and axial locations to
validate current symmetry. Results showed that for
the two cable ignition configuration, the current
distribution at a radial location of 1.5 cm was not
symmetric, this results in non-uniform heating of
the propellant surfaceand subsequently non-uniform
ablation which results in inefficient thruster
operation. As a result, a new configuration was
designed, fabricated, and tested. In this new
configuration, the ignition cable was placed inside
the center electrode, cathode. Initial results of
testing were presented in Ref. 3. A detaled
description of thisconfigurationwill be presentedin
this paper.

This paper presents recent experimental efforts
aimed at operating acoaxial inverse-pinch PPT with
a symmetric current distribution in the thruster's
inter-electrode region which would alow for
comparisons with numerical simulations from the
MACH2 code. To accomplish this, the azimuthal
magnetic field was mapped at different azimuthal,
radial, and axial locations to confirm current
symmetry. Inaddition, Teflon masslossand triple-
Langmuir probe measurements were performed.

EXPERIMENTAL FACILITIESAND
COAXIAL INVERSE-PINCH PULSED
PLASMA THRUSTER DESIGN:

Experimental investigation of the coaxial inverse-
pinch PPT was performed at NASA Glenn Research
Center (GRC) Electric Propulsion Research
Laboratory. Experimentswere performed in VF-3.
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VF-3 hasdiameter of 1.5 mandis4.5mlong. The
facility was used because it could be evacuated to a
pressure as low as 3X10° Torr with the backing
roughing pumpsor it can be evacuated to apressure
aslow as 2X10°® Torr using oil-diffusion pumpsthat
are backed by the roughing pumps. In addition, the
torsiona type thrust stand used to measure thrust
and impulse bit for PPTs can be installed in VF-3

[4].

A picture of the coaxia inverse-pinch PPT is
presented in Figure 1 and adetailed schematic of the
thruster is presented in Figure 2. A Maxwell oil-
filled 33.2 pF capacitor is utilized. The capacitor
has a cylindrical metal case whose diameter is 8.4
cmand is 8.9 cmlong. In addition, the hot stud is
located at the center of the cylinder and is
surrounded by a ground ring. The ground ring has
an inner diameter of 5.1 cm and an outer diameter
of 6.35 cm. The capacitor is rated for a maximum
voltage and current of 2000 volt and 25 KA,
respectively. Figure 1 and 2 show the aluminum
nozzle-shaped anodeelectrode. Thecenter, initially
cathode, electrode houses the ignition cable which
initiates the PPT breakdown. The auminum
transmission lines are U-shaped, this construction
was necessary since the capacitor’ s center stud was
positive, whereas, the thruster’s outer electrode,
nozzle, is the anode. Figure 3 shows detailed
dimensions of the coaxial inverse-pinch PPT inter-
electroderegion. FromFigure 3, itisshownthat the
Teflon propellant has a radius 1 cm, the center
electrode has aradius of 1.35 cm, the outer nozzle-
electrode has a radius of 3.87 cm, and the gap
between the electrodesis 1.6 cm.

EXPERIMENTAL RESULTS

Testing of the coaxial inverse-pinch PPT at the Ohio
State University Aeronautical and Astronautical
Research Laboratory (AARL) vacuum facility at a
background pressure of 3X10° Torr indicated a
symmetric current distribution. Figure 4 presents
the discharge image at peak thruster current, the
image indicated adischarge that is symmetric. Asa
result, recent testing in VF-3 was performed at a



background pressure of 3X10° Torr, since earlier
testing at a background pressure of 5X10° Torr
failed to achieve an azimuthally symmetric current
discharge [3].

For thisstudy, experimental resultsobtainedinclude
the current waveforms, azimuthal magnetic field
mappings in the inter-electrode region, and Teflon
mass|oss measurementsfor 20 and 30 joulethruster
operation. Electron temperature (T,) and number
density (n,) mappingsin the plume of the PPT were
performed for 20 joule thruster operation.
Theoretical and numerical simulations with the
MACH2 codewill be presented and compared to the
experimental results.

CURRENT WAVEFORMS

The coaxia-inverse pinch PPT discharge current
was measured with a 31 turn Rogowski coil potted
around the capacitor positive stud. The output of
the Rogowski coil was integrated with an RC
integrator, it has a calibration number of 1.15 X10*
amp/volt. Figure 5 presents the discharge current
waveforms for energy levels of 20 and 30 joule.
Peak currents of 18.6 and 24 kA are attained for
energy levels of 20 and 30 joule, respectively.

TEFLON MASSLOSSMEASUREMENTS

Teflon Mass |oss measurements were performed in
VF-3. Tests were performed for the thruster
configuration depicted in Figure 3. For 20 joule
thruster operation at a repetition rate of 1.24 Hz,
Teflon mass loss per pulse was 3.72 pg/pulse for
2530 pulses. For 30 joule thruster operation at a
repetition rate of 1.22 Hz, Teflon mass loss was
11.54 pg/pulsefor 745 pulsesand 10.2 pg/pulse for
1167 pulses. Inspection of the Teflon propellant
after each test indicated that the surface of the
Teflon was lightly and uniformly carbonized. It is
important to note that after each test, the thruster
was disassembled and a new ignition cable was
installed. Thiswas done after it was observed that
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after about 2500 pulses the ignition cable tip
carbonizes and the PPT discharge initiation
becomes sporadic and random.

MAGNETIC FIELD MAPPINGS

Azimuthal magneticfield mappingswereperformed
in the inter-electrode region of the coaxial inverse-
pinch PPT discharge shown in Figure 3. Three
probes have been constructed and are made of 4
turns of 30 gauge magnetic wire, they have aninner
diameter of 1 mm. The probes and the twisted pair
of magnetic wire are enclosed in apyrex tubewhich
has an inner diameter of 1.4 mm and an outer
diameter of 3 mm; the tube is 25 cm long and is
closed at one end. At the tube open end the pair of
magnetic twisted wire are connected to a RG-174U
miniature coaxia cable. The output signalsfromall
three probes are integrated with an RC integrator
with a time constant of 10 pusec. The probes are
calibrated using asetup utilizing the coaxial inverse-
pinch PPT, they are calibrated each time they are
setup for agiven radia location. The probes have
an accuracy of +13% and the uncertainty is mainly
attributed to uncertainty inthe current measurement
and radia probe positioning. Measurements were
made at radial locations of 1.59, 2, and 3 cm for
axial locations of 0, 0.5, 1, 1.5, 2, and 2.5 cm from
the anode electrode face. At each location
measurements were simultaneous made at three
azimuthal location of 0°, 90°, and 180°. Tests were
performed for energy levels of 20 and 30 joule.

Previous magnetic field mappings on the coaxial
inverse-pinch PPT [3,5]were performed in a small
vacuum facility were a ground-plane was extended
and connected from the Faraday cage to inside the
vacuum facility. However, since pressure
limitations required testing in VF-3, which has no
proper grounding plane, EMI became an issue and
that required filtering of the B-probe signalsusing a
FFT routine. Figure 6 showsmagnetic probesignals
at aradial location of 1.59 cm and an axial location
of 0 cm for an energy level of 20 joule. Figure 7
shows the magnetic probe signals after the high-
frequency noise was filtered out with the FFT



routine and multiplied by the appropriate probe
calibration numbers.

For 20 joule operation, Figures 8, 9, and 10 present
azimuthal magnetic field mappings at radia
locations of 1.59, 2, and 3 cm for the different axial
locations. For all radia and axia locations and
within the accuracy of the probes, the output of the
three probes indicates an azimuthaly symmetric
current discharge. The enclosed current magnitude
iscalculated using

| = 21rB, )

encl “o

where B, isthe azimuthal magnetic field strength in
Teda, ristheradial location in meter, and |, isthe
permeability of free space and is equal to

41X 10 "henriessm. For aradial location of 1.59 cm
and at axia locationsof 0, 0.5, 1, 1.5, 2, and 2.5cm
from the surface of the anode €l ectrode the enclosed
current magnitudesare 19, 18.3,17.5, 11.1, 8.7, and
4.8 kA, respectively. For aradial location of 2 cm
and at axia locationsof 0, 0.5, 1, 1.5, 2, and 2.5 cm
fromthe surface of the anode el ectrode the enclosed
current magnitudesare 19, 17, 16, 11, 15, 15, and 10
kA, respectively. For aradial location of 3 cm and
at axia locations of 0, 0.5, 1, 1.5, 2, and 2.5 cm
from the surface of the anode el ectrode the enclosed
current magnitudes are 16.5, 13.5, 12, 10.5, 13.5,
and 9 KA, respectively.

For 30 joule operation, Figures 11,12, and 13
present azimuthal magnetic field mappings at radial
locations of 1.59, 2, and 3 cm for the different axial
locations. Results indicate that within the probe
accuracy, the current discharge is azimuthally
symmetric. For aradial location of 1.59 cm and at
axial locations of 0, 0.5, 1, 1.5, 2, and 2.5 cm from
the surface of the anode €electrode the enclosed
current magnitudesare 20, 22, 20.7, 16.7, 12.7 , and
5.6 KA, respectively. For aradial location of 2 cm
and at axial locationsof 0, 0.5, 1, 1.5, 2, and 2.5 cm
from the surface of the anode el ectrode the encl osed
current magnitudes are 20, 20, 17, 16, 14, and 8 kA,
respectively. For aradial location of 3 cm and at
axial locations of 0, 0.5, 1, 1.5, 2, and 2.5 cm from
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the surface of the anode electrode the enclosed
current magnitudes are19.5, 18, 13.5, 15, 12, 10.5
KA, respectively.

ELECTRONTEMPERATURE AND NUMBER
DENSITY MEASUREMENTS

To further investigate the behavior of the inverse-
pinch PPT thruster, electron temperature (T,.) and
electron number density (n,) measurements were
performed in the PPT plume. Single, double, and
triple--Langmuir probe can be used to obtain T, and
n, magnitudes and spatial and temporal profiles in
the PPT plume. For this experiment, a triple-
Langmuir probe will be utilized, it permits the
instantaneous measurement of the plasma
temperature and number density without the need
for voltage sweepsor subsequent construction of the
probe current-voltage characteristics curve needed
toobtain T, and n,from single and double-L angmuir
proberaw data[6,7]. Since PPTsare characterized
by high frequency oscillations, the use of a triple-
Langmuir probe will greatly reduce the effort and
timerequired for datareduction and will reduce the
uncertainty in the T, and n, measurements due to
shot to shot variationsin the PPT operation.

Langmuir probes are simple probes but the theory
governing their behavior and operation is
complicated and is dependent on their domain of
operation. Langmuir probes domain of operation
can be determined by evaluating a number of
parameters. These parameters are the probe
radius(r,), Debye Length(A;), Mean free path(}),
and probe separation(s). The Debye Length, Ap,

which is a measure of the shielding or sheath
thicknessis given by
€,KT.
Ao == )
n.e

where ¢, is equa to 8.854X10* F/m and is the
permittivity of free space, k isequal to 1.381X10%
JK and isthe Boltzmann constant, and eisequal to
1.609X10™ Coul and isthe electron charge. The
mean free path, A, which is the distance a particle



travels before it experiences acollision is given by

TZ(eV)

Ao =N o= =34X108 — =2
ng(cm™)In(A)

©)
where In(A)=10.

From previousstudies, for typical PPT operation, T,
ranges between 3to 8 eV and n, ranges between 10%°
to 10* m3. For T, between 3 and 8 eV and for n,
below 10”m?, the Knudson number and A,/r, are
greater than 1, whereas for n, values above 10%m™
the Knudson number isbelow 1. Thusaccording to
Ref. [8] and based on the number densities predicted
for the coaxial inverse-pinch PPT, the Triple
Langmuir probe is operating in the domain of a
conventional thin sheath for a probe radius of
0.127 mm.

The triple-Langmuir probe used in this study was
constructed from threeidentical 0.254 mm diameter
Tungsten wiresthat are inserted into a4 hole 3.175
mm O.D. alumina rod that is 30 cm long, The
exposed length of the Tungsten wires is 6 mm.
Figure 14 presents a schematic of the probe
circuitry, probes 2 and 3 are biased to negative
voltages V4, and V4 with respect to probe 1 as
shown in the probe potential diagram presented in
Figure 14. V., was set to 4.81 volt which was
applied via 3 size D batteries connected in series,
whereas, V, was set to 18.74 volt which was
applied via 2 9 volts batteries. Taking the current
directions shown in Figure 14 as being positive and
assuming that the electron energy distribution is
Maxwellian, and since the probe is operating in a
regime where the mean free path is greater than the
probe radius (Knudson number >1), the mean free
pathisgreater than the Debyelength, and the Debye
length is much less than the separation between the
different probe wires, the following equations
describethe currentsthat are collected by the probes
and are given by [6]

=1 1= _SJe exp( —([3\/1) +SJi (V1) (4)
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|, =S, exp(—@V,) +SJ;(V,) ©)

|3 = —SJ. exp(—9V5) +SJ;(Vs) (6)

where J is the ion saturation current
(J=en(KTJ(2rmy)*?), Sisthe surface areaof the
probe, and J, is the electron saturation current
density caused by the thermal electron diffusion
to the probe (J=en(kT/(2rtM.))”), and
@=€e/(kT,). To determine T, equations4, 5, and 6
have to be solved simultaneously with the
assumption that J(V,) ~ 3(V,) ~ 3(V,) whichyields
[6]

I, +1, _1—exp(—@v, )

I, +1;  1-exp(—@Vy,)

(7)

To determine the el ectron temperature equation 7 is
used. Using the values of V4, and V4, applied for
current collection, and by measuring the currents
flowing in probes 2 and 3, T, is found using
equation 7. For the coaxia inverse-pinch PPT T,
measurements, Figure 15 provides a curve of the
electron temperature for different current ratios for
Vg, and Vg vaues of 4.81 and 18.74 volts,
respectively.

To calculate the electron number density (n,), once
T, is determined, and assuming equal ion and
electron number densities, n, can be calculated by

[6]
Iz L1, exp(-00V, ) exp(-05)

CS el \F ®)
m

where AV =V -V ,=V,-V,. Thevalueof T,and n,
from equations 7 and 8 represent afirst estimate of
the electron temperature and number density. Next,
corrections must be made to the ion current to
account for differences in the ion current due to
application of V4, and V4. To accomplish this, the




Peterson /Talbot curve-fit [7,8] isused and is given
by

Ji(oV) =3, (B+ /)" ©)
where
a=—22 4o07(1)om -
( I ) Z, T (10)

o3y T
B :lS+(O.85 +0135In(=2-)%) —L— (11)
A, ' Z

i'e

Applying equation 9 to equations 4, 5, and 6,
equation 7 becomes

I+, _ =Je[(exp(—@V,) —exp(=¢/y)] +J
I+l =Jc[(exp(—@V;) —exp(—¢/;)] +J

Wl(B + ¥,)° «

«B +¥,)%]
e v <o +wy (12)

B + )]

To calculate n, equations 5 and 6 are used with the
proper correctionsto J, n,can be expressed as

G V21 15 =1, &XP(QV, = @/s)
° e KT, S(B+@V;)" —(B+@/,)" exp( &, — ¥s) (13)
M;

It isimportant to note that the floating potential (V)
can be calculated using equations 4 or 5 or 6 by
setting the left hand side of the equation equal to
zero and solving for V; that satisfies that equation.
However, to calculate T, and n, in equations 12 and
13, respectively, it is necessary to find V, that
satisfiesequation 5 for the measured value of 1,, this
is necessary to properly account for the corrections
totheion current. OnceV,isfound, V,and V, are
found as shown in Figure 14.

Todeterminethevaluesof T,and n,for measured |,
and I, currents, equation 7 is used to determine T..
Then n, is found using eguation 8. This first
approximation of T, and n, is then used in the
Peterson/Talbot correction equations [7,8]. The
valuesof B, a, V;, and V,, are calculated as outlined
in the earlier discussion. Then using equations 12
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and 13, corrected values of T, and n, are found.
Once the corrected T, and n, values are found they
are used again in the Peterson/Talbot correction
equations (9-11), and the iterative procedure is
repeated until the difference between successive T,
valuesis below a prescribed tolerance.

M easurements were performed in the plume of the
coaxia inverse-pinch PPT. Measurements were
performed at radial locations 2, and 3 cm from the
thruster axis at an axial distances of 6 cm from the
thruster’'s exit plane. Measurements were
performed for an energy level of 20 joule.
Tektronix A6303 current probes and AM503A
current probe amplifierswere used to acquire |, and
I;. The measured current waveforms were recorded
on a Lecroy 9314 digital oscilloscope. The
measured current waveforms have an accuracy of
10%. Figure 16 presents typical |, and |; Langmuir
probe current waveformsat aradial location of 3cm
at an axial distance of 6 cm from the thruster’s exit
plane. Probe cleaning, while testing, was not
utilized in this study due to facility limitations. At
eachlocation, 10 measurementswere performed and
recorded. Inspection of the Tungsten wires after
each runindicated that no observabl e contamination
wasoccurring. Anerrorinthemeasured |, and | ; of
10% each can result in aerror of up to 15% in the
current ratio(i.e, ([11+12]/[I11+13]). The effect of an
error in the current ratio on T, depends on the
magnitude of the current ratio since the slope of the
curve, shownin Figure 15, increasesdrastically for
smaller current ratio magnitudes. In generdl, if the
current ratio magnitude is above 0.6 the error in T,
is+1 eV, whereas, for current ratio values between
0.5and 0.6theerrorin T,is+ 1.5eV. For current
ratio magnitudes below 0.5, the error increases
dramatically and the measurement accuracy drops.
For number density accuracy, the accuracy of the
measurement is 60% [ 7] and is mainly attributed to
the error in the probe current measurements and the
subsequent error it causes on the electron
temperature. Additionally, error dueto shot-to-shot
variations has not been fully investigated since no
probe cleaning setup was available at VF-3. Error
due to presence of multiply ionized species and



transverse electron drift has not been investigated
here but is estimated to be around 10% [7].

Figures 17, 18, 19, and 20 present T, and n,
temporal variations at radial locations of 2 and 3cm
for an axial distance of 6 cm from thethruster’ sexit
plane for 20 joule thruster operation, respectively.
Results presented in Figures 17, 18, 19, and 20 will
be discussed in the next section.

THEORETICAL MODELING

The time dependent 2 Y:-dimensional
magnetohydrodynamic MACH2 code[9], devel oped
by the Mission Research Corporation and modified
at the Ohio State University, isasinglefluid, multi-
temperature, time-split model, real equation of state
(EQS), real viscosity effects, and anomalous
transport solver. The code utilizes multi-grid
diffusion schemes, implicit and explicit differencing
schemes, and is capable of plane-parallel or
cylindrical geometry simulations. In addition, the
code has been modified and new subroutines were
added to enhanceits capabilities and extend them to
model the complex ablation physical processes
occurringin ablation fed PPTs[2]. Inaddition, new
circuit solverswereaddedto hel p simulate advanced
PPT circuitry [3].

MACH2 has been implemented to simulate the
experimental datafor the coaxial inverse-pinch PPT
and to provide guidance for improving the
performance of PPTs. Figure 21 show the MACH2
computational domain. The computational domain
consisted of 7 blocks, this large number of blocks
was necessary to accurately simulate the thruster’s
inter-electrode and plume regions.

Figure 4 presents a comparison between the
experimentally measured and the MACH2
theoretically simulated PPT discharge current
waveforms for 20 and 30 joule thruster energy
operation. The comparison indicates good
agreement between the two results for the first 10
psec of the current pulse.
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For 20 joule thruster operation, Figure 22 shows
MACH?2 current contours with the experimental
values superimposed on the r-z plane current
contour plots. Comparisons between the measured
enclosed current magnitudes and the MACH2
predicted values for radial locations of 1.59, 2, and
3cmfor the different axial positions are made. For
axial locations of 0, 0.5, and 1.0 cm, MACH2
predictions agree well with the experimental data,
however, for axial locationsof 1.5, 2, and 2.5 cmthe
MACH2 predictions deviate from the experimental
data.

For 30 joule thruster operation, Figures 23 shows
MACH?2 current contours with the experimental
values superimposed on the r-z plane current
contour plots. Comparisons between the measured
enclosed current magnitudes and the MACH2
predicted values for radial locations of 1.59, 2, and
3 cm for the different axial positions are made
Again, asinthe 20 joulethruster operation, for axial
locationsof 0, 0.5, and 1.0 cm, MACH2 predictions
agree well with the experimental data, however, for
axia locations of 1.5, 2, and 2.5 cm the MACH2
predictions do not agree with the experimental data.
The discrepancy in the 20 and 30 joules thruster
operation at axial locations greater than 1.5 cm can
be attributed to loss of probe accuracy due to
reduced magnetic field strengths. This loss of
accuracy is mainly due to the fact that as the
magnetic field strength diminishes, the EMI
magnitude relative to the actual probe signal
becomessignificant thusresultingin greater error in
the probe signal.

Figures 17, 18, 19, and 20 show a comparison
between the experimental and MACH2 predicted
temporal T, and n, profiles at aradial location of 2
and 3 cm at 6 cm from the thruster’ s exit plane at
20 joule thruster operation, respectively. From
Figures 17 and 19, it is observed that for the first 7
usec the experimentally measured ((T,)e,) ishigher
than MACH2 predicted value ((Tg)uach), Wheresas,
for the last 8 psec (T, profiles matches the
(Tomachz Pprofile within the accuracy of the
measured signal. For n, profiles, presented in
Figures 18 and 20, the experimentally measured



((NYep) values do not agree with the MACH2
predicted ((NYyacr) Values for the first 5 psec of
thesignal, whereas, for the next 5 usec thereisgood
agreement between (Ne)e,, and (Ne)yacn, Values. For
the final 5 psec, the (N)e, and (NJyacy, Values
diverge mainly due to loss of accuracy on the
current probe signals since the signal magnitude
diminishesand that resultsin aloss of measurement
accuracy since the probe settings are set for low
sensitivity to capture all the probes’ signal over the
entire current magnitude range.

Figures 24 and 25 show the MACH2 predicted T,
and n, profilesfor radial locations of 1, 2, and 3 cm
for axia locations of 2, 4, and 6 cm from the
thruster’s exit plane at 20 joule thruster operation.
Results show that T, values range between 3 and
6 eV, whereas, n, values range between 10 and
102 m3.

CONCLUSIONS

A coaxial inverse-pinch pulsed plasma thruster
(PPT) has been designed, fabricated, and tested.
Experiments were performed to measure the
thruster’ sdischarge current, Teflon massloss, radial
and axial variations in the azimuthal magnetic field
strength in the thruster’ sinter-electrode region, and
T, and n, temporal profilesin the thruster’s plume
using Triple Langmuir probes. An azimuthally
symmetric current distribution was attained for the
following thruster configuration: Teflon radius of 1
cm, electrode radius of 1.35 cm with a 1.6 cm gap
at abackground pressure of 3X107° Torr. Teflon
mass loss of 3.72 pg/pulse and 10.2 pg/pulse was
measured for 20 and 30 joule thruster operation,
respectively. T, values between 3 and 8 eV and
electron number n, values up to 10** m?* were
measured. TheMACH2 2%2magnetohydrodynamic
code was utilized to model the thruster operation.
Experimental and MACH2 predicted resultsagreed
well.

For futurework theimpul se-bit of acoaxial inverse-
pinch PPT hasto bemeasured in order to determine
the thruster efficiency. To accomplish this, it is
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essential to achieve symmetric current distribution
operation at background pressures|ower than 5X10°
®Torr
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Figure 1. Picture of coaxial inverse-pinch PPT IJ/\Capa}\T‘,
with the ignition circuit

Figure 2: Schematic of coaxia inverse-pinch PPT
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Figure 3: Schematic showing dimensions of
coaxia inverse-pinch PPT inter-electrode region
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|T00m"> Figure 4: Discharge image 2.5 psec after discharge
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Figure 5: Experimental and MACH2 predicted
PPT current waveforms for 20 and 30 joule
operation
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Figure 7: Azimuthal magnetic probe filtered data
at aradia location of 1.6 cm and an axial location
of 0.15 cm from the nozzl e el ectrode surface for
20 joule operation
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Figure 6: Azimuthal magnetic probe data at a
radial location of 1.6 cm and an axial location of
0.15 cm from the nozzl e el ectrode surface for 20
joule operation
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Figure 8: Azimuthal magnetic field mappings at a
radial location of 1.59 cm for 20 joule operation
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Figure 9: Azimuthal magnetic field mappings at a Figure 10: Azimuthal magnetic field mappings at
radial location of 2 cm for 20 joule operation aradial location of 3 cm for 20 joule operation
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Figure 11: Azimuthal magnetic field mappingsata  Figure 12: Azimuthal magnetic field mappings at a
radial location of 1.59 cm for 30 joule operation radial location of 2 cm for 30 joule operation
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Figure 13: Azimuthal magnetic field mappings at

aradial location of 3 cm for 30 joule operation
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Figure 15: Curve for electron temperature T, for
different triple-Langmuir probe current ratios for

V ,=4.81 volt and V ;,=18.74 volt
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Figure 14: Circuit and potential diagrams for the
triple-Langmuir probe.
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Figure 16: Triple-Langmuir probe Current
waveforms at aradial location of 3cmat 6 cm
from thruster exit plane for 20 joule operation
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Figure 17:Experimental and MACH2 temporal T,
profiles at aradial location of 3 cm and an axial
location of 6 cm from the thruster’ s exit plane for
20 joule thruster operation

or

— Exp.T,
......... MACH2 T,

T.(eV)

0 5 1‘0 1‘5
Time(usec)

Figure 19:Experimental and MACH2 temporal T,
profiles at aradial location of 2 cm and an axial
location of 6 cm from the thruster’ s exit plane for
20 joule thruster operation
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Figure 18: Experimental and MACH2 temporal n,
profiles at aradial location of 3 cm and an axial
location of 6 cm from the thruster’ s exit plane for
20 joule thruster operation
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Figure 20: Experimental and MACH2 temporal n,
profiles at aradial location of 2 cm and an axial
location of 6 cm from the thruster’ s exit plane for
20 joule thruster operation
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Figure 22:2MACH2 current contours for 20 Figure 23: MACH2 current contours for 30

joule thruster operation with experimental data  joule thruster operation with experimenta data

superimposed on the plot at the different superimposed on the plot at the different
measurement locations measurement locations
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Figure 24: MACH2 predicted temporal T, profiles

for the different radial and axial locations for 20
joule operation
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Figure 25: MACH2 predicted temporal n, profiles
for the different radial and axial locations for 20
joule operation



