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Abstract
A medium power radiatively-cooled arcjet
thruster is being developed at BPD Difesa e Spazio
under ESA sponsorship. Test facilities and
diagnostics were set-up which included anemission
spectroscopy system. The emission spectroscopy
system enables a detailed characterization of the
thruster through analysis of the exhaust plume. This
paper describes the application of emission
spectroscopy to the plume of a 10 kWe/N arcjet
operating on nitrogen. The data gathered during the
thruster characterizations are presented as functions
of the distance from the nozzle exit and the vertical
displacement about the thruster axis. A centerline
axial velocity of 5,600 m/s was measured on the
engine axis 15 mm downstream of the nozzle exit.

- orbit maintenance of geostationary satellites;
- orbit raising of large fleets of satellites
(like the Global Positioning System spacecraft);
- orbit change for of low Earth orbit spacecraft
(Man Tended Free Flyer type platforms).
An Arcjet program was started in Europe by ESA in
1986 with BPD Difesa e Spazio (BPD) as the prime
contractor. This program is focused on two types of
thrusters:
- low power arcjets (1 kWe input power) which are
mainly designed for North-South station keeping of
geostationary satellites, ( 1 ' 2.3.4) and
- medium power arcjets (10-15 kWe) which are
aimed at higher total impulse missions like orbit
raising and platform re-boost.5. 6 7 8)
The ESA arcjet program goals include:

Introduction
Arcjet propulsion systems have emerged as
leading candidates for several space missions over
the past several years since they offer a higher
specific impulse than traditional chemical propulsion
systems. In addition, with respect to ion propulsion
systems, arcjet systems have a lowerdry mass, a
higher thrust density and are less complex systems.
Integration of an arcjet system onboard present
satellite configurations is simplified since arcjet can
use hydrazine propellant. Therefore, arcjet systems
are attractive for a wide range of missions:

Physicist, Electric Propulsion Laboratory, Space Division.

- investigation of the performance limits of a
medium power arcjet thruster operation;
- collection of data on electrode lifetime;
- finalization of design criteria for
regeneratively/radiatively-cooled thrusters;
- collection of data on the physical phenomena
governing the operation of the thruster
(arc attachment, heat flux to the
electrodes and plume characterization).
The experimental activities are being carried out at
BPD using test facilities which include a vacuum test
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plant, a propellant feeding system, a data acquisition
system and an optical plume diagnostic system.

10 for more details) consists of a water-cooled
vacuum tank 1.6 m in diameter and 4.0 m in length.
The tank is evacuated by a four-stage pumping
system with a total pumping speed of 58,000 m per
hour. The tank pressure was maintained at
approximately 10,2 mbar during the tests. Aside from
the optical system, diagnostic instrumentation
included a thrust stand, voltage and current probes,
mass flow meters and pressure transducers.

This paper describes the analysis of the
plume of a 10 kWe/N arcjet using emission
spectroscopy. Emission spectroscopy is used since
it does not perturb the flow and can provide
information on many flow properties. The
characterization of the exhaust includes species
identification and measurements of the of the
directed axial and transverse components of the
species velocity. The measurement of the directed
axial velocity component is compared to the specific
impulse which is inferred through thrust and
propellant mass flow rate measurements. The
velocity of each species is also composed of a
transverse component which impacts thruster
efficiency. This velocity field comes from the
expansion of a gas characterized by high
temperature and pressure through a diverging
nozzle. Spacial mapping of the exhaust plume
allows the identification of asymmetries which could
cause off axis thrust contributions.

The electrical power supply was composed
of two units: a 10 kWe start-up unit, giving an open
circuit voltage up to 1,000 V, and a 100 kWe
current-controlled power unit, used during the
steady-state operation of the thruster. The power
unit, capable of a maximum current of 450 A, is
connected with a fan cooled ballast-resistor in series
with the thruster in order to reduce ripple below 1%.

Optical System Design
An emission spectroscopy system has been
designed to determine plasma properties such as
velocity, relative species concentrations and the
temperature of atomic and ionic species existing in
an arcjet exhaust plume. The system is shown
schematically in Fig. 1 and is briefly described below
since it was presented in detail in a paper at the last
Electric Propulsion Conference.'9 The whole system
is located outside and immediately adjacent to the
vacuum chamber where the thruster is tested.
Windows equipped with tempered glass, that
enables only transmission of wavelengths within the
visible range, allow optical access to the plasmajet.

Data presented in the paper were obtained
with an emission spectroscopy system operating at
BPD which allows for spacial scans of the jet along
the thruster axis, perpendicular to this axis and for
different angles of observation with respect to the
thruster axis. Data inferred from the frequency
analysis of the line profiles integrated along the lineof-sight of the optical system, are presented for
different vertical and axial positions, with an
observation angle perpendicular to the thruster axis.
The spectral line intensity and line width distributions
are shown for different thruster specific powers with
nitrogen used as propellant. Preliminary line profiles
detected at angles of observations different from 90°
with respect to the thruster axis, are shown and the
axial velocity component inferred. Line profiles were
taken at a fixed distance from the nozzle and on the
thruster centerline,

Light coming from the plasma plume is
deflected by a flat mirror and collected by a two
lenses telescope system with an adjustable focus.
These optical elements are mounted on a translating
carriage which moves along a rail parallel to the
thruster axis and enables the distance from the
nozzle exit to be varied. The angle of the flat mirror
(with respect to the thruster axis) can be varied
through a rotation stage. This rotation movement,
together with translation, allows variation of the
plume observation angle. The collimated light beam
generated by the telescope is deflected vertically
towards the optical bench by means of a 450 flat
mirror fixed on the rail which supports the
translating carriage. The rail can be translated
vertically allowing the plasma volume under analysis

Experimental Apparatus
Test Facilities
Medium power thrusters are tested in a
completely automated facility. This facility (see Ref.
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a brief presentation of the main features is reported
below. The engine, in the configuration which is
called MOD-3A, consists of a single-piece of 2%
thoriated tungsten which forms the plenum
chamber, constrictor and expansion nozzle. The
nozzle is cone-shaped with a half angle of 17 and
an area ratio of 56. The nozzle block is fitted in a
cylindrical molybdenum body. A boron nitride
cylinder centering the cathode on the anode
centerline, is held in place within the assembly by a
molybdenum nut screwed on the molybdenum
body. The propellant is injected through a stainless
steel tube welded on the back of the engine. The
propellant, after flowing between the cathode
feedthrough and the cathode, flows along spiral
groove machined in the outer surface of the boron
nitride cylinder and is forced to flow through four
injectors machined into the plenum chamber wall.
The engine design parameters and essential
dimensions are given in Table 1.

to be expanded above and below the thruster
centerline. A 450 flat mirror fixed to the optical bench
deflects the light beam towards a biconvex lens that
focuses the beam (deflected by means an other 450
flat mirror) on the entrance slit of the spectrometer.
The order-sorter placed at the entrance slit of the
spectrometer during the previous study,' 9) has been
removed since the spectral range used during the
present analysis did not exhibit superposition of
spectral lines. The order sorter has been replaced
with a 450 flat mirror which improved the
transmissivity of the total system approximately 50%.
The spectrometer is a SOPRA DMDP2000
and uses two grating monochromators completely
equal working in tandem. Both have a 2 m focal
length with Fastie-Ebert mounting. The maximum
resolution of the spectrometer is 0.03 cm" at a
frequency of 15,000 cm"', when it is used in doublepass configuration. In this case, the incoming ray is
diffracted twice on each grating allowing for an
increase in the resolution by a factor 1//2, with
respect that reached through a single-pass
configuration. A frequency repeatibility of ± 0.004
cm"1 (within 10 cm"- range) is possible when a
thermalizing system keeps the temperature of the
instrument stable to within ± 0.2 "C.

The arcjet is mounted on a thrust stand to
monitor engine performance during operation. In
order to avoid thermal drift in the thrust
measurement, the engine is fixed to the thrust stand
through insulators and the critical parts of the thrust
stand are water-cooled. Moreover, a water-cooled
shield is mounted behind the engine to minimize
radiation and hot gas impingement.

A side-on HAMAMATSU photomultipliertube
response range of 85-930 nm is
a
spectral
with
mounted on the exit slit of the spectrometer and is
provided with a Peltier effect-cooled housing to
reduce dark-counts to less than 20 counts per
second.

Test Conditions and Procedures
The thruster operating conditions and
measured performance for the presented results are
summarized in Table 2. The degraded performance
values reported for specific powers of 45.5 and 53.3
kJ/mg are due to the eroded condition of the
constrictor.

Finally, the mechanical movements of the
collection optics, the spectrometer's slits and those
with which the spectrometer performs frequency
scans, are completely motorized and managed by a
personal computer. Data acquisition software has
been developed to allow fast frequency recalibration
and sequential frequency scans of plasma volumes
within defined boundaries of the plume regions to be
analyzed.

During thruster operation, raw data were
taken through emission, spectroscopy as described
below. A spectral analysis of the plume of the MOD3A engine was performed over a frequency range,
typically, 1.6 cm"1 wide centered at the frequency
16,638 cm". This frequency range was chosen, on
the basis of tests performed previously on a watercooled medium power arcjet where an intense
spectral line emitted by neutral nitrogen was
found. (9" The scans over this frequency range were
performed with a slit width of 40 im and a

Arciet Engine Design
The thruster used for the tests described in
this paper is a 10 kWe/N radiatively-cooled arcjet
and is shown in Fig. 2. A detailed description of the
this thruster can be found elsewhere,( 10) so that only
3
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frequency step of 15 mk. These values were
reduced by a factor of 2 when Doppler shift
(velocity) measurements were made. For each
frequency step, a photon counting time of 1 s was
set. The frequency scan over the selected range was
repeated at several vertical positions along a plume
section perpendicular to the thruster axis, ranging
from 28 mm above the engine centerline to 28 mm
below it. The spacial step was 2 mm which was
increased to 4 mm when it was necessary to speed
up the analysis. A vertical scan lasted 20 minutes
using 2 mm step size. Vertical scans were
performed at distances of 5 mm, 15 mm, 35 mm
and 65 mm from the nozzle exit. The measured
spacial resolution was 5 mm along the thruster axis
and 1 mm in the direction perpendicular to this axis.
Frequency scans, at a right angle with respect to the
thruster axis, were used for line intensity and line
width measurements.

and the fit with a theoretical shape. The main
parameters of the emitted spectral line are obtained
from this fitted profile. These parameters are the
total intensity, the peak frequency and the intrinsic
Full-With-Half-Maximum (FWHM). The intrinsic
FWHM is the detected line width corrected for the
instrument broadening. The peak frequency of an
unknown spectral line can then be determined with
an error smaller than the instrument resolution ifthe
spectrometer frequency repeatibility is good. This is
true if two conditions are fulfilled: a) the temperature
of spectrometer is kept stable to within ± 0.2 "C and
b) the calibration curve includes a spectral line that
is in transmission through the spectrometer at an
angle of incidence on the grating very close to the
angle at which the unknown spectral line is
transmitted. In the case of Doppler shift
measurements, is preferable to include the unshifted
line in the calibration, but is not strictly required.

In order to measure the axial velocity,
frequency scans were performed using two different,
non perpendicular viewing angles, along the thruster
centerline. In order to detect a line shift as large as
possible along both viewing angles, the two
directions of observation were selected to maximize
the viewing angle with respect to the perpendicular
to the thruster centerline. Symmetrical viewing
angles also allow for monitoring of the symmetry of
the plume with respect to the vertical plane on the
thruster centerline. Frequency scans were performed
at 111° and 61" with respect to the thruster axis.
These angles are the maximum and the minimum,
respectively, allowed by the actual position of the
thruster with respect the frame of the windows used
for the plume analysis and a water-cooled radiation
shield mounted on the thrust balance,

Doppler shift measurements were made on
the thruster centerline. Unfortunately, during the
tests, the repeatibility of the spectrometer suffered
from thermal instability which was caused by a
failure of the laboratory temperature control system.
Therefore, an alternate procedure was applied to
obtain the velocity measurements. The peak
frequency of the spectral line detected at an
observation angle of 900 with respect to the thruster
axis, was used as the unshifted reference line. The
Doppler shift measurement was accepted whenever
the peak frequency repeatibility of the Balmer-B line
from an hydrogen spectral lamp, before and after
the tests, was 0.01 cm 1. The Balmer-B line was
selected since the transmission angle for the
spectrometer gratings was very close to that used to
transmit the spectral line to be analyzed. The
thermal instability also affected the spectrometer
resolution. Therefore, in order to subtract the
instrument broadening from the measured line
widths, the resolution of the spectrometer was
measured in the data collection configuration with
the vacuum pumping system on immediately before
each test run. The spectrometer resolution was also
checked at the end of the test run to check for any
degradation during the test. A mercury spectral lamp
was used for this purpose. In particular, the spectral
line at 22,938 cm 1 was used, the intrinsic line width
of which was measured at the facility of the
University of Rome.

The general procedures used to conduct
emission spectroscopy consist of: resetting of the
spectrometer frequency counter, raw data collection,
line profile reconstruction and line profile inversion,
Resetting of the spectrometer frequency counter is
performed by moving the gratings for the frequency
scan, until they are in transmission on the peak of a
spectral line included in the calibration curve which
is chosen as the reference line.
Line profile reconstruction is obtained by
means of noise and background signal subtraction

4

91-092
Results and Discussion

expected to drop a factor of 1/e at a distance of
approximately 2 mm from the nozzle exit. The
observed constant intensity along the horizontal axis
indicates the possibility that the upper level of the
observed atomic transition is repopulated during the
time of flight of the species due to collisions with
other atoms or ions in the plume.

The integrated line intensities, as a function
of the distance from the thruster axis for three
different plume sections perpendicular to the
thruster axis, are shown in Fig. 3. Each data point is
obtained as the integral of the spectral line shape at
16,638 cm -' with the background signal subtracted.
The background signal is very low at the 35 mm and
65 mm plume sections, while it is high at the 5 mm
plume section. The background signal ranges from
50% to 100% of the signal at the line shape
maximum, when the distance from the thruster axis
ranges from 28 mm to 0 mm. The background
signal is due to the continuum of radiation emitted
from the thruster and reflected by the inner walls of
the vacuum chamber. This continuum of radiation is
expected to be high in the analyzed frequency range
since this spectral region is in the near-infrared. The
data points are shown along with least-squares bestfit Gaussian profiles. Random vertical errors result
from statistical errors in the counts. The calculated
centerline of the Gaussian spacial profiles obtained
at different plume sections exhibit different values as
a function of the distance from the thruster axis.
These calculated centerline values are 3.7 mm, 2.5
mm and 1.7 mm, when considering the plume
sections at 5 mm, 35 mm and 65 mm, respectively,
The plume axis appears carted downward with
respect the engine centerline. The plume axis
appears to raise at several nozzle radii downstream,
probably due to pumping a effect.

The line width distribution as a function of
the distance from the thruster axis for the three
plume sections mentioned above, is shown in Fig. 5.
The data points shown for the plume sections at
distances of 35 mm and 65 mm downstream of the
nozzle exit are obtained from the FWHM of the line
profiles obtained through a least-square best-fit
Gaussian. The data points relevant to the plume
section at 5 mm from the nozzle exit are obtained
from the FWHM of line shapes without using any
curve-fit techniques. In effect, the comparison
between line shapes detected at 5 mm and line
shapes at greater distances, shows that in addition
to a higher background signal, the line shapes are
poorly fit by a Gaussian according to X2 measure.
The fit using a minimization Lorentian shape, shows
a better fit than Gaussian shape on the wings of the
line profiles, but the Lorentian peak fits the peak of
the line profile poorly. The vertical error which
affects FWHM measure is only indicated at data
points relevant the plume section at 5 mm. This
uncertainty comes from the step size used during
the frequency scan. Much less uncertainty, well
within the data point marker, affects FWHM measure
at 35 mm and 65 mm, since the line width is
evaluated through the least-square best-fit Gaussian
analytical shape. Line widths measured 5 mm from
the nozzle exit range between 0.3 cm' at the
thruster centerline and 0.2 cm-' at the plume edges.
These values correspond to a Doppler profile neutral
temperature ranging between 8,900 *Kand 3,900 *K,
respectively, while a lower temperature like 1,000 °K
is expected. 12 ) No attempt is made here to directly
correlate these line widths to the neutral gas
since additional broadening
temperature
mechanisms are certainly present as noted in
previous work. 9 Line widths decrease along the
thruster axis within the range cited above. No
significant differences were noted perpendicular to
the plume axis.

Figure 4 shows the total intensity emitted at
16,638 cm 1' by the plume, as a function of the
distance from the nozzle exit. The total intensity
seems to be constant, within the experimental
uncertainties, along the horizontal axis. However, the
natural decay of the intensity emitted by an atomic
transition follows an exponential law with a decay
time, r, which is a characteristic of the atomic
transition. The intensity of the observed atomic
transition is expected to be reduced by a factor of
1/e after a time of flight of the species equal to the
decay time. The distance from the nozzle exit which
the excited species can travel in one decay time,
t=r, can be estimated by considering, in the first
approximation, the average exhaust velocity inferred
through the thruster performance in Table 2. Since
the decay time is 440 ns 11' and the inferred average
exhaust velocity is 4,000 m/s, the intensity would be

The differences between line profile
parameters at different thruster specific powers are
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shown in Figs. 6 and 7. These figures refer to a
plume section perpendicular to thruster axis 15 mm
downstream from the nozzle exit. This section was
selected since it is as close to the nozzle exit as
possible while still having a Gaussian shape fit the
observed line profiles. In Fig. 6 the integrated line
intensities are shown as a function of the distance
from the engine centerline for two different thruster
specific powers. The maximum increases with
increasing specific power, as expected. The
apparent centerline value of the spacial vertical
distribution relevant to 45.5 kJ/mg specific power
occurs 4.0 mm from the thruster axis, while 3.2 mm
from the thruster axis at a 53 kJ/mg specific power.
The behavior of the FWHM distributions, as a
function of the distance from the engine centerline
for two thruster specific powers, is shown in Fig. 7.
The line width at the engine centerline, decreases
with an increase of specific power in agreement with
previous results. (9) In this case, the observed
increase of the FWHM toward the plume edges is
probably due to the fact that the Gaussian fit is
poorer at the plume edges than at the centerline.

directed velocity distribution to the line FWHM
decreases with an increase in the distance from the
nozzle exit and is almost completely extinguished 65
mm away from the nozzle exit. Since the FWHM
distribution is almost constant 65 mm downstream
from the nozzle exit, the plume must be completely
expanded. By considering the behavior of the line
width distributions as a function of the spacial
vertical coordinate (see Fig. 7), the contribution from
the directed velocity distribution seems negligible.
The contribution from other broadening mechanisms
appears to decrease with specific power, but other
values of specific power should be considered to
quantify this apparent trend. If this trend is true, the
energy lost in atomic collisions that re-populate the
upper level of the analyzed atomic transition,
probably comes from axial kinetic energy and not
from kinetic energy of phenomena associated with
line broadening. This hypothesis is motivated by
considering that the integrated intensity increases
with specific power (see Fig. 6). However, the
distribution of axial velocity component along the
plume centerline should be analyzed in more detail.

The presence of additional line broadening
mechanisms does not allow determination of the
thermal Doppler broadening distributions above and
below the thruster centerline. This eliminates any
possibility of getting information on the neutral
nitrogen temperature spacial distribution,
Nevertheless, integrated line width distributions
along the thruster axis, can provide helpful
information about the plume. Considering the
distribution in Fig. 5 relevant to the plume section at
5 mm, lets suppose that a directed velocity
distribution contributes to the line broadening. In
fact, line widths are greater at the plume centerline
than at the plume edges. This agrees with what is
expected when a directed velocity distribution
causes line broadening. The contribution from the
directed velocity distribution extinguishes at the
plume edges and it is maximum at the plume
centerline. The values of the FWHM at the plume
edges suggest that other broadening mechanisms,
overwhelming thermal Doppler broadening are
present. Moreover, by supposing that the
contribution from these residual additional
broadening mechanisms does not change along the
plume section, and by considering a quadratic
composition of the FWHMs from the two
contributions, an average radial velocity of about
2,000 m/s can be estimated. The contribution of the

Complete Doppler shift velocity profile
measurements need to be performed under very
stable spectrometer thermal conditions. Since the
laboratory thermal
control
system was
malfunctioning only Doppler shift data on the plume
centerline were obtained. A straightforward
determination of the average plume centerline axial
velocity component can be inferred by considering
the shift of the peak frequency at angles of
observation other than 90* with respect to the
thruster axis. This can be done without any
consideration of the line shape integrated along the
line-of-sight.
The three line profiles obtained through
observations of the plume across the engine
centerline 15 mm downstream from the nozzle exit,
at viewing angles of 111°, 90* and 61° with respect
the thruster axis, are shown in Fig. 8. The line
profiles at 111 and at 61" show a red-shift and a
blue-shift, respectively, as expected when compared
to the line profile at 90". The line shape at 90* is
symmetrical, while line shapes at 111' and at 61° are
asymmetrical. This is due to the fact that emission
spectroscopy is not spatially resolved. Each
elementary volume of the plume across the line-ofsight has its own velocity component along the
direction of observation. Therefore, the integrated
6
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line profile is not only characterized by a shift of the
peak frequency, but also by an asymmetry of the
line shape. In comparing the maximum intensity of
the three line profiles, an asymmetry of the plume in
the horizontal plane is suspected.

In order to evaluate the average centerline,
axial velocity of the exhaust plume, the frequency
shifts at view angles of 1110 and 61" were calculated
with respect to the peak frequency at 90*
(considered as the unshifted frequency). By means
the frequency shift observed along each line-ofsight, the velocity components at 111° and at 61"
were evaluated. The axial velocity component was
then calculated through three simultaneous
equations:

Treated Data
The raw data gathered through emission
spectroscopy measurements give only averages of
plume properties across the line-of-sight. To
determine true profiles of these parameters,
analytical techniques are necessary. The analysis of
the raw data shows that the integrated intensity
distributions detected along the vertical axis are
fairly symmetric. That enables the use of classical
Abel Inversion to get information about the spacial
distribution of emission coefficients, which are
related to the concentration of the analyzed species.

vB = V, cos(B-a)
v, = V, cos(B-a)
vz = V, cosa

with B = 111*
with 6 = 61"

(1)
(2)
(3)

where:
v : velocity component along the direction of
observation;
v : velocity axial component;
V,: velocity component on the horizontal plane;
B : angle of observation with respect thruster axis;
a : angle of Vx with respect thruster axis.

Emission coefficient profiles can be inferred
through a Fast Fourier Transform (FFT) based on
Abel inversion. This technique is preferred, as it
enables easy and accurate solution of the Abel
integral. (13. 9 Figure 9 shows the radial intensity
distributions for the three plume sections analyzed
at constant thruster operating conditions. These
distributions, as already noted in the previous
section and according to the assumptions of Abel
inversion technique, come from symmetric vertical
distributions of integrated intensity. Since the
integrated intensity distributions are not concentric,
each radial distribution has its own axis of symmetry
and its own maximum in the distribution (the origin
of the radial coordinate indicated in the figure, is
assumed to be on the thruster centerline). The same
considerations can be applied to the Fig. 10, where
the radial intensity distributions of the plume section
15 mm downstream from the nozzle exit for two
different thruster specific powers, are shown. By
adopting the criterion that a radial distribution is
almost extinguished within two standard deviations
from the average value, the radial distributions at 5
mm, 35 mm and 65 mm from the nozzle exit (see
Fig. 9), drop to zero at various distances with
respect their own center; 17 mm, 24 mm and 34
mm, respectively. Both radial distributions in Fig. 10,
are almost completely extinguished 14 mm away
from the center of each distribution using the two
standard deviation convention,

A centerline axial velocity component of 5,600 m/s
was obtained which corresponds to a centerline
specific impulse of 571 s. The average specific
impulse inferred through the thrust measurement
and propellant mass flow rate was 408 s.

Conclusions
The plume of a 10 kWe/N arcjet operating
on nitrogen was analyzed using emission
spectroscopy. This analysis showed that the plume
is collision dominated for the atomic transition
observed. Integrated line profiles observed at the
nozzle exit are not Gaussian while they are Gaussian
several nozzle radii downstream from the nozzle.
Large line widths on the plume edges suggest that
additional broadening mechanisms competing with
thermal broadening exist. On the plume centerline,
a directed velocity distribution along the line-of-sight
generates additional line broadening through which
a typical radial velocity of 2,000 m/s was estimated
at the tested operating condition of the thruster
based on a Gaussian profile. Measurement of the
axial velocity component on the engine centerline

7
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provided a value of 5,600 m/s with the thruster
operating at a 408 s average specific impulse. In the
future, the profiles will be examined at different
locations in the plume while operating the arcjet on
other propellants at different powers and internal
configurations. The radial velocity distribution will be
investigated further.

Laboratory Model of a Low Power Arcjet,"
IEPC 91-045, 22nd IEPC, October 1991.
Cruciani, G., Deininger, W. D. and Petagna,
C., "Development of a 1 N Radiative-Cooled
Arcjet," AIAA 90-2536, 21st IEPC, July 1990.
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TABLE 1
Essential Dimensions of MOD-3A Arcjet Engine
DIMENSION

PARAMETER
Constrictor length, mm
Constrictor diameter, mm
Plenum half-angle taper at
the constrictor end
Nozzle exit diameter
Nozzle type
Nozzle material
Plenum chamber diameter, mm
Cathode diameter, mm
Cathode tip angle
Cathode tip radius, mm
Cathode material
Electrode gap, mm
Propellant injection angle
Nominal engine diameter, cm
Nominal engine length, cm
Engine cooling

5.0
2.5
500
18.8
cone
W (2% Th)
20.3
4
600
1.5
W (2% Th)
2
300
3.6
17
radiative

TABLE 2
Summary of Operating Conditions for Presented Results
MASS
FLOW"
1(mg/s)

CURRENT
(A)

SPECIFIC
POWER
(kJ/mg)

THRUST
(N)

SPECIFIC
IMPULSE
(s)

200
200
150

150
150
200

37.5
45.5
53.3

1.15
0.71
0.60

573
362
408

'*Propellant: nitrogen
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Figure 1 - Schematic of the Emission Spectroscopy System.
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Figure 2 - Schematic of MOD-3A Arciet Engine.
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