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Neutral density map of Hall thruster plume expansion
in a vacuum chamber
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A neutral background pressure map of the large vacuum test fa&Nifij-) is presented. The LVTF

is mapped at cold anode flow rates of 5.25, 10.46, and 14.09 mg/s. In addition, neutral background
pressure maps are created at hot an@@e discharge onflow rates of 5.25 and 10.46 mg/s for
discharge voltages of 300 and 500 V, corresponding to P5 Hall thruster operating conditions ranging
from 1.5 to 5.0 kW. The chamber pressure is mapped at nominal xenon pumping speeds of 140 000
and 240 000 I/s. The pressure map is performed with a rake consisting of five calibrated Bayard—
Alpert hot-cathode ionization gauges. The plume expansion appears to be independent of anode flow
rate and facility background pressure. Analysis of axial pressure profiles on the LVTF’s centerline
shows that the plume pressure decreases from a maximum at the thruster exit plane down to the
facility background pressure at approximately 2 m downstream of the exit plane. Comparison of
axial pressure profiles on the LVTF’s centerline shows that the neutral density is nearly the same for
cold flow and hot flow. The study shows that a cold flow neutral density background map accurately
characterizes the neutral density in an operating Hall thruster pl@ 2805 American Institute of
Physics.[DOI: 10.1063/1.1915011

I. INTRODUCTION Due to these effects, the validity of comparisons made
between data taken in facilities with different background

To create_';he_on-orbifc environment_in a ground-bqsecbressures, especially at FPa (104 Torr) and higher, is
laboratory facility is technically challenging and eXpe”S'Ve'questionablé. However, comparisons continue to be made

All ground-based vacuum facilities possess a low-density,oyeen data taken in vacuum chambers with background
background neutral gas due to physical pumping |'m'tat'°n§)ressures that differ by orders of magnitddm order to

and the leak rate of the facility. As gaseous propellant enters, . |ate data taken in ground-based facilities to in-space

the vacuum chgrr}berl,_ th? bickground dpressur”e ”S?IS until t}fﬁ'ruster performance, the effect of facility background pres-
pumping speed, facllity leak rate, and propellant flow rateg .o o thryster operation must be fully characterized and

equilibrate for the operating condition. taken into account when analyzing test data. Because of the

h TT)e fauht;r/] backgrounkc)i gafs prc?se_ntblln t%e ;’acuu;ndrastic implications of facility effects, electric propulsion
chamber can have a number of undesirable efiects on r}%chnology has reached the point where standard guidelines
measurement of Hall thruster performance and plum

characteristicd. High-enerav exhaust particles interact with ust be developed for test facilities to ensure reliable engine
ISHCS. Hig gy exnaust part ' Wi development and testirnghis need has become even more
the neutral background particles through charge exchan

collisions(CEX).? In the plume, the effects of CEX productsgfgzslgnpgeognow that 50 kW Hall thrusters are  being

are most evident in the perimeter, where they lead to an Several investigations are underway to model thruster

increase in the measured current density. Thruster Operatlonerformance and the interactions between Hall thruster

and performance are dependent on the background press ' mes and spacecraft numericeﬁ*l’;? The results of these

of the facility.3 At elevated background pressures, residual’ : "
gas particles can be entrained into the thruster discharge r(ren_odels are highly dependent on the boundary conditions

) o . . . {Jsed. For simulations of laboratory experiments, one of the
gion, artificially increasing engine thrust. One approach tha . . . . .
most important auxiliary inputs required by these codes is

is routinely applied to correct performance data for ingeSte%ackground pressure of a laboratory vacuum chafber

flow is to extrapolate thrust versus pressure data to zero . SR .
I To provide high-fidelity data to the models that simulate
background pressufeElevated facility pressure may also . .
g P y P y the interaction between the Hall thruster plume and space-

alter the ion energy distribution function through elastic col- . .

lisions between beam ions and neutral background parﬁcles(.:raﬁ’ we must fwst_c_:orrect the expenmental perfor_man(_:e and

plume data for facility effects. To this end, the University of

Michigan’s Plasmadynamics and Electric Propulsion Labora-

dpresent address: Dept. of Aerospace Engineering, High-Power Electriory (PEPL has launched an investigation of facility effects
Propulsion Laboratory, 419 Montgomery Knight Building, 270 Ferst jyrqqyced by elevated backpressures. This investigation has

Drive, Atlanta, GA 30332; electronic mail: mitchell.walker@ae.gatech.edu K .
Ppresent address: Dept. of Aerospace Engineering, Plasmadynamics aH&“S far included measuring the performance of the P5 Hall

Electric Propulsion Laboratory, 3037 FXB Building, 1320 Beal Ave., Ann €ffect thruster at different pumping SpeéaseVa'Uating a
Arbor, Ml 48109. collimated Faraday probe’s ability to filter out CEX ions
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thruster station 1 Il. EXPERIMENTAL APPARATUS
(thrust stand/theta table)

reentrant cryopump (7) A. Vacuum facility

five foot hatch

mechanical pump (4)
All experiments are conducted in the LVTF, shown sche-

matically in Fig. 1. The thruster is mounted at thruster station
1. The LVTF is a stainless-steel clad vacuum chamber that
has a diameter of 6 m and a length of 9 m. Two blowers,
f ! each with a pumping speed of 940 /s, and four 190 I/s me-
[y | chanical pumps evacuate the LVTF to a moderate vacuum of
nude ion gauge 4-13 Pa. To reach high vacuum the LVTF is equipped with
\ / thruster station 2 seven CVI TM-1200 re-entrant cryopumps, each of which is
(linear and theta tables) surrounded by a Lhbaffle. The combined pumping speed of
the facility is 500 000 I/s on air, and 240 000 |/s on xenon
FIG. 1. Schematic of the LVTF. with a base pressure of 2710°° Pa(2x 1077 Torr) at the
average anode flow rates investigated—5.25, 10.46, and

while measuring the ion current density at elevated back4.09 mg/s, all with a 0.92 mg/s cathode flow. At a nominal
pressure$;*? comparing the performance of multiple nude Xenon pumping speed of 240 000 I/s, the corresponding op-
Faraday probe¥ an interrogation of the plasma in the im- erating pressures of the LVTF are approximately 4.5
mediate vicinity of the Faraday probe, and mapping the cold< 10 Pa(3.4x 107 Torr), 6.9x 107 Pa(5.2x 10°° Torr),
flow'* pressure of the PEPLs large vacuum test facilityand 8.8<10™* Pa(6.6X 107 Torr) on xenon.
(LVTF) and NASA Glenn Research Center's Vacuum Facil- ~ Chamber pressure is monitored by a hot-cathode ioniza-
ity 12 in conjunction with a computational facility model tion gauge, as indicated in Fig. 1. The gauge is a Varian
using the direct simulation Monte Carl®SMC) method to ~ model ultrahigh vacuurUHV)-24 nude gauge with a Varian
characterize chamber background pressure of the fotiner.UHV senTorr vacuum gauge controller. The UHV-24 nude
The cold flow pressure map is the first step in creating @auge is calibrated for air by the manufacturer. Pressure mea-
technique for making neutral density pressure maps with hgturements from the gauge are corrected for xenon using the
flow in a Hall thruster facility. known base pressure on air and a correction factor of 2.87
To continue development of a tool required to begin tofor xenon according to the following equatidh:
understand and properly correct for facility effects, the neu-
tral gas background pressure of the LVTF is mapped for a _Pi—Py +P (1)
series of cold anode flow rates corresponding to Hall thruster ¢ 287 br
operation conditions of 1.5, 3.0, and 9.0 kW, all at 300 V. In
addition, the LVTF is mapped at hot anode flow rates of 5.25nvhere P, is the corrected pressure on xen@t,is the base
and 10.46 mg/s, at 300 V and 500 V. The objectives of thegressure, and; is the indicated pressure when xenon is
experiment presented in this article are to demonstrate #iowing into the vacuum chamber.
technique for making neutral density pressure maps with hot  Table | shows the LVTF operating pressure for each flow
flow in a vacuum facility and to create a technique for cali-rate at the nominal xenon pumping speeds of 140 000 and
brating a vacuum chamber in terms of pressure to account f&40 000 |/s. A previous study shows that the nude gauge
elevated back pressures while testing Hall thrusters. In addireading is a good estimate of the true chamber pre<sure.
tion, the data collected aid validation of simulations of theThe chamber pressures listed in Table | are from the nude
neutral background pressure with the thruster in operation.gauge and are corrected for xenon.

blower (2)

[N

TABLE |. Nominal pumping speeds and corresponding LVTF operating pressures for each anode flow rate and
thruster condition investigated.

Nominal Chamber Chamber
Discharge Discharge Anode Cathode pumping pressure pressure
voltage current flow flow speed (nude (nude
V) (A) (mg/9 (mg/9 (I/s) (Torr Xe) (PaXe
300 4.88 5.25 0.92 140 000 E706 7.€6-04
500 5.30 5.25 0.92 140 000 E706 7.€6-04
— — 5.25 0.92 140 000 5E-06 7.€£-04
— — 10.46 0.92 140 000 8E-06 1.EE-03
— — 14.09 0.92 140 000 1E-05 1.5-03
300 4.80 5.25 0.92 240 000 E506 4. E-04
500 5.22 5.25 0.92 240 000 E406 4.F-04
— — 5.25 0.92 240 000 3E-06 4.5-04
— — 10.46 0.92 240 000 5E2-06 6.E-04

— — 14.09 0.92 240000 6E6-06 8.&-04
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B. Hall thruster Figure 2 shows the Varian 571 BA ionization gauge and the

All experiments are performed on the AFRL/UM P5 neutralizer along with their orientation with respect to the
laboratory-model Hall thruster. The P5 has a mean diametetnode flow direction. _ .
of 148 mm, a channel width of 25 mm, a channel depth of The screen grid openings are sized to ensure that the
38 mm, and a nominal power rating of 5 kK¥/A more de- sheaths merge at all locations within the exhaust plume. A
tailed description of the P5 can be found in Ref. 17. A paB 9rid opening larger than a few Debye lengths will not allow
laboratory-model hollow cathode is located at the 12 o'clockth® sheaths to merge. Therefore, repulsion of beam ions will
position on the thruster. The cathode orifice is located apPOt occur near the grid opening centerline, which allows
proximately 30 mm downstream from the outer front po|ebeams ions to travel into the ionization gauge and be col-
piece. lected by the filament. The Debye length is calculated with

High-purity (99.9995% purk xenon propellant is sup- data previously taken in the P5_p|ume using a Langmuir
plied to the Hall thruster from compressed gas bottleProbe. The electron number densityand electron tempera-
through stainless-steel feed lines. MKS 1179JA mass floWdre Te are approximately 7810 cm® and 1.6 eV at a
controllers meter the anode and cathode propellant flowdocation 1 m downstream of the PS5 exit plefﬁé[ms yields
The flow controllers are calibrated with a custom apparatug Debye Iength.of 0-034. mm. The screen opening is 0.5 mm
that measures gas pressure and temperature as a functiontdf 0.5 mm, which requires a sheath thickness of approxi-
time in an evacuated chamber of known volume. The masgately 7 Debye lengths for the sheaths to merge. Away from

creases due to the decrease in electron number density. A
C. lonization gauge longer Debye length ensures that the sheaths have merged,

which makes it less likely for ions to enter the gauge. Thus,
the ion filter is more effective the farther the gauge is from
the thruster exit plane and from thruster centerline.

The outer screen of the neutralizer, located in the hori-
Sontal plane of the chamber centerline, is in direct contact
with the plasma for the hot flow pressure maps. To avoid

isturbing the ionization gauge pressure measurements, the
uter screen is electrically isolated from the rest of the neu-
ﬁglizer, so that the screen floats. A bias voltage study on the

Five Varian 571 BA t tandard onizati outer screen, presented in a later section, validates this con-
Ve varian ype standard range 1onization g, ation, |n addition, an identical inner screen is placed

gauge tubes measure the chamber pressure field in the LVT ear the entrance of the ionization gauges. The inner screen

Pressure maps of the chamber are taken_ with xenon gas flovl\é- also electrically isolated from the neutralizer structure.
ing through the anode and cathode with and without the

thruster discharge. Thus, the BA gauges need a neutralizerto o

ensure that the plasma does not affect the pressure measuf-onization gauge calibration

ments. To make the hot and cold flow experiments identical ~ Calibration of the five ionization gauge systems is per-

in setup, the neutralizers are also used during the cold floiormed by the Helium Leak Testing Incorporated Calibration

experiment. The neutralizer design prevents plume ions frorhaboratory. Two of the BA gauges are controlled by separate
having a direct line of sight to the ionization gauge filament.Varian senTorr gauge controllers. The remaining three BA
The neutralizer contains two 72 mesh screél$ mm by gauges are controlled by a Varian multigauge controller.

0.5 mm and 1.0 mm thigkthat are floating to ensure neu- Each system, comprised of a BA gauge, the actual internal
tralization of any ions that travel inside the orifice that areand external cables used in the LVTF, a Varian ten-wire

not neutralized by the grounded walls of the neutralizer bodyvacuum chamber instrumentation feedthrough, and a Varian

The Bayard—-Alpert(BA) hot-cathode ionization gauge
measures pressure over the range o Fa (10 Torr) to
10719 Pa(107*? Torr) with an accuracy of +20% as reported
by Varian'® Estimates of the pressure for the experiment ar
102 Pa(107° Torr—10"° Pa(10°8 Torr), based on previous
experimental data taken by the wall gauges. Because of i
accuracy over the anticipated range of pressures, the B
gauge is chosen to measure the chamber pressure field for t
cold and hot flow pressure maps.
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FIG. 4. (Color onling LVTF half-plane(looking down with the IGPS and
a 25 cm by 25 cm square grid. Each open circle denotes the location of a
data point.

FIG. 3. Schematic of the IGPS mounted in the LVTF.
BA circuit board mounted in either the senTorr or multigaugeshows the coordinate system used for this experiment. The
controller, is calibrated with xenon as a one-piece unit usingoordinate system origin is located at the discharge chamber
a National Institute of Standards and Technology traceabl@xit plane on the thruster centerline.
Leybold-Heraeus Viscovac VM211 spinning rotor viscosity
gauge. Ill. EXPERIMENTAL RESULTS

A. lonization gauge operation

E. lonization gauge positioning system To operate the BA gauges on the IGPS, a custom set of
To generate the two-dimensional pressure map inside theables are constructed. These cables pass through the cham-
LVTF, the ionization gauges are mounted to a custom builtber wall on five, ten-wire instrumentation feedthroughs. The
two-axis positioning stage composed of a 1.8 m long lineaoverall cable lengths from controller to BA gauge are be-
stage in the radial direction that is mounted on a 0.9 m londween 15 and 23 m, depending on the location of the particu-
linear stage in the axial direction, both with an absolute lin-lar gauge. To verify the operation of each line after the setup
ear position accuracy of 0.15 mm. The ionization gauge pois complete, a sealed-glass ionization gauge is operated with
sitioning system(IGPS mounts to the positioning stage and a senTorr controller. This test confirms the operation of the
carries the five BA gauges used to survey the chamber. Figequipment while the facility is at atmosphere to avoid unnec-
ure 3 shows a schematic of the IGPS mounted within theessary evacuation cycles of the vacuum chamber. Varian re-
LVTF. The IGPS allows the pressure measurements to bports that the reference ionization tube is sealed off at less
taken throughout the majority of the chamber with a singlethan 6.7x 107* Pa(5.0x 10°® Torr). Each of the five ioniza-
evacuation cycle of the LVTF. The locations mapped by theion gauge systems measure pressures below the maximum
IGPS cover an area with a minimum distance from thepressure reported by the vendor. The maximum spread in
thruster of 0.5 m, encompassing the typical 1 m distance aneasured pressure is 35%, which is the standard uncertainty
which plume properties are measured. Pressures at location§ BA gauges. The BA gauges mounted to the IGPS measure
closer than 0.5 m exceed the shut-down limit of the ionizafpressures within 45% of the pressure reported on the nude
tion gauge controller. gauge used to monitor facility background pressure. This
Figure 4 displays the IGPS mounted in the LVTF and theagreement confirms that the ionization gauges mounted on
25 cm by 25 cm square grid on which data points are takerthe IGPS are operating properly at vacuum.
The solid circles indicate the position of each of the five = We assume that chamber pressure is horizontally sym-
probes when the IGPS is in the initial position. Gauge 1 ismetric about the chamber centerline in the LVTF. This as-
positioned on the opposite side of the chamber centerline teumption reduces the number of spatial positions that are
confirm that possible wake effects generated off the gaugemapped. All pressure map data presented are only from one
do not interfere with downstream probes. Figure 4 alscside of the chamber. In a previous experiment we created a
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0.02 5.1E-03 pressure begins to rise and a large amount of current is col-
0.00 )—/_‘ 1 4.98-03 lected by the outer screen. The positively biased screen at-
- ' tracts a large number of electrons to the neutralizer, resulting
< 0.02 - 4.7E-03 E in the increased ionization of neutrals within the gauge. The
‘é 4 4.5E-03 & gauge filament then collects the additional ions, increasing
£ -0.04 e the indicated pressure. This study confirms that floating the
= T 43E-03 @
O _0.06 - = outer screen for the hot flow pressure map does not affect the
§ T 41E-03 2 performance of the ionization gauges.
g -0.08 + 1 30E-03 & The effects of biasing, grounding, and floating the inner
0.10 1 = Current | 37E.03 screen on the3 (;T)e{a/surzddfpg%siu_re ahre ryﬁstl?ategd\{v_lth the P5
-o-Pregsiife operating at 3 and 4. in the - In addition, to
-0.12 3.5E-03 detect the existence of charged particles within the neutral-
Vaus (Volts) izer near the entrance to the ionization gauge, an inner screen

bias voltage study is performed. For this study gauges 1-5
are monitored in their initial positions as shown in Fig. 4.
The gauge pressure and current collected are recorded with

cold flow pressure map of the LVTF with the same ionizationth€ inner screen biased to +20, -20 V, grounded, and float-
gauges and neutralizers used in the experiments presented/flg- The indicated pressure of each gauge does not change
this paper. The results of that study show that the neutralizé‘(‘”th the electrical configuration. The inner screens of ioniza-

conductance does not noticeably affect the time response dP" gauges 1, 3, and 5 collect no current for any of the
the internal ionization gauges. electrical configurations. The inner screen of gauge 4 col-

For the hot flow pressure maps, the BA ionizationIeCted a maximum of I8 mA for the +20 V bias. The inner

gauges are immersed in plasma. To characterize the effect 8f7€€n of gauge 2 collects a maximum off‘lmA for the
charged particles on the pressure measurements outer ahidC v Pias. The current due to charge particles entering the
inner screen bias voltage studies are performed using the P¥utralizer is far below the 4 mA emission current of the
in the LVTF. The outer and inner screen are electrically iso{Onization gauges. Thus, the measured fraction of charged
lated from the neutralizer and a biasing wire is connected t®articles entering the ionization gauge during hot flow opera-
each screen so that they can be floated, grounded, or biasB@n iS not large enough to affect the indicated pressure.
to a particular voltage. This configuration allows the screens | he thruster is cycled off and on to observe its effect on
to repel or attract the charged particle species. The biasinﬁ‘e indicated pressure of the ionization gauges. If the ioniza-
wires connect to a power supply outside of the chamber anfOn 9auges truly measure the neutral background pressure,
current shunts measure the amount of current collected ¢pen the neutral pressure measured within 1 m of the thruster
emitted in each electrical configuration. exit plane will be higher for cold flow than with the thruster
First, we investigate the effects of biasing, grounding,®"- This is because with the _thr_uster on, approximately 80%
and floating the outer and inner screens on the measurdd the neutral propellant is ionized and accelerated down-
pressure to confirm that there is no capacitive coupling beStréam, reducing the neutral density immediately down-
tween the screens and ionization gauge. This study is peg_tream of t_he thruster. However, at 1.5 m downstream of the
formed separately on the inner and outer screen of ionizatiofTUSter exit plane and beyond the plume has expanded to the
gauge 2. The results show that with no flow through theChamber bgckground pressure and the neutral den_sny should
thruster the measured pressure is unaffected by floatiné?,ot vary with the thruster off or on. The thruster is cycled
grounding, and biasing the inner and outer screens. ive times at a power setting of 300 V and 4.88 A. No ap-
Next, an outer screen bias voltage study is performecﬁ’rec'able change in !ndlcated pressure is observed 1.5 m
with the P5 operating at 300 V and 5.4 A. For this studydownstream of the exit plane.
gauge 2 is monitored at a position 1.5 m downstream of the o
thruster exit plane and on the thruster centerline. The gauge- 'onization gauge error
pressure and current collected are recorded for each of the There are noticeable shifts in the magnitude of the pres-
electrical configurations. Figure 5 shows the results of thesure raw data when transitioning between the interrogation
outer screen bias voltage study. Note that the ionizatiormrea from one ionization gauge to the next. Over the range of
gauge collects ions to determine the pressure. Initially, thenotion of each ionization gauge, the change in pressure is
outer screen is floated and the pressure measurement is lsmooth. The large gradients between ionization gauges are
affected. In the floating configuration, gauge 2 measureglue to the limited accuracy of the ionization gauge design.
4.1x 1072 Pa(3.1x 10°° Torr) and the outer screen collects No two ionization gauges manufactured indicate the same
0.2 mA. Next, the outer screen is biased from —20 to 50 V inpressure, even when exposed to the same atmosphere simul-
5V increments. At increasingly negative bias voltages theéaneously.
indicated pressure increases slightly. This may be a result of Using the axial profiles, the raw data are corrected. The
attracting additional ions into the gauge, which increases theaw data of gauge 2 are all shifted by a constant value, so
current the gauge filament collects. In the grounded configuthat the most downstream centerline point taken by gauge 4
ration, the indicated pressure is negligibly affected. As thds approximately equal to the most upstream centerline point
bias voltage becomes increasingly positive, the indicatedaken by gauge 2. The same procedure is used to correct the

FIG. 5. (Color onling Outer screen bias voltage study.
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TABLE II. lonization gauge correction constants for each pumping speed.

Nominal

pumping
Gauge 1 Gauge 2 Gauge 3 Gauge 4 speed Flow

A (Pa—Xe A (Pa—Xe A (Pa—Xe A (Pa—Xe (I/'s condition

+2.7E-04 +1.F-04 -3.E-04 — 140 000 Cold
+2.7E-04 +1.F-04 -3.E-04 1.E-04 140 000 Hot
+2.4E-04 +1.EF-04 -2.E-04 — 240 000 Cold
+2.4E-04 +1.E-04 -2.E-04 1.5-04 240 000 Hot

data of gauge 1 to gauge 2 and the data of gauge 3 to gaugenstants for these data. Figures 6—8 present the corrected
1. Thus, individual correction constants are developed forold and hot flow data taken along the chamber centerline.
ionizations gauges 1, 2, and 3. Analysis of the radial profiles  Figures 9—-15 present the cold and hot flow pressure map
shows that the offset between ionization gauge 4 and 5 is ofata recorded in the LVTF. We are unable to acquire data
the order of 105 Pa(10_7 Torr). Therefore, a correction con- with ionization gauge 5 for the hot flow pressure maps be-
stant is not developed for ionization gauge 5. cause the pressure in the interrogation area is above the
The same correction constants for the cold flow data arg,aximum allowable pressure of the controller. Hot flow data

applied to the hot flow data for gauges 1, 2, and 3 at both 30Q, i nization gauge 3 are only available for the 140 000 I/s

and 500 V. Because of the unstable behavior of gauge 5 f‘:sSumping condition because the controller registers an elec-

hot flow operating cpndmons, those data are not mcluldled "ical connection failure whenever the thruster discharge is
the hot flow analysis. For the hot flow data, an additional . .
on for the 240000 |/s pumping condition. The gauge re-

correction factor is then needed for gauge 4. For the hot flow . . . oo
data, the raw data of gauge 4 are all shifted by a constant- e® pormal operaﬂon when the d!scharge Is extinguished.
value so that the most downstream centerline point taken bkpspecﬂon of the electrical connections did not locate the

gauge 4 is approximately equal to the most upstream centeProplem. .
line corrected point taken by gauge 2. Table | presents the thruster and chamber operating con-

The chamber was vented to atmosphere between trditions that are investigated and the facility background pres-
140 000 and 240 000 I/s pressure maps to repair the radigures. The chamber pressure is mapped at cold anode flow
positioning table. The ionization gauges were exposed to atates of 5.25, 10.46, and 14.09 mg/s for nominal facility
mosphere and thus one set of correction constants were dgumping speeds of 140 000 and 240 000 I/s. In addition, the
veloped for the 140 000 I/s data and another set are devethamber pressure is mapped at the P5 thruster operating con-
oped for the 240 000 I/s data. Table Il shows the correctiorditions of 300 and 500 V with flow rates of 5.25 and
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FIG. 6. (Color online Corrected cold flow data axial profile for a nominal pumping speed of 140 000 I/s.
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FIG. 7. (Color online Corrected cold flow data axial profile for a nominal pumping speed of 240 000 I/s.

10.46 mg/s at nominal facility pumping speeds of 140 000the pumping speed lowers the magnitude of the pressure,

and 240000 I/s. while the behavior of the axial pressure profile remains un-
affected. The previous two trends are apparent in Figs. 6 and
IV. DISCUSSION 7. The background pressure decreases continually in the ra-

Analysis of the cold and hot flow axial pressure Ioroﬁlesd|aI direction. The trends shown |.n Figs. 9-15 su-glgest that
on the chamber centerline shows that for all flow rates thdh€ Plume background pressure will drop to the facility back-
plume pressure decreases from a maximum at the thrust@found pressure near the chamber walls.
exit plane to a pressure slightly higher than the facility back- ~ The IGPS s used to map the neutral background pres-
ground pressure approximately 2 m downstream of the exigure in Vacuum Facility 12VF-12) at NASA Glenn Re-
plane. As the flow rate increases, the pressure gradient in ttggarch Center. The LVTF and VF-12 differ in physical ge-
plume increases, but the length of the plume expansion to themetry, i.e., the LVTF has a 3 m larger diameter. Figure 16
chamber background pressure remains constant. Increasisgows a cold flow background pressure map in VF-12 with
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FIG. 8. (Color onling Corrected hot flow data axial profile for a nominal pumping speed of 240 000 I/s.
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FIG. 9. (Color onling Cold flow pressure map of the LVTF with an anode i 11 (Color onling Hot flow pressure map of the LVTF with an anode

flow rate of 5.25 mg/s and a cathodg of 0.92 mg/s, at a no;ninal pumpinglOW rate of 5.25 mg/s and a cathode of 0.92 mg/s, at a nominal pumping
speed of 1400001/s and operating pressure ofx@@7Pa (5.2 gpeed of 1400001/s and operating pressure of X6 Pa (5.7

6
X 10 Torr), corrected for xenon. % 1078 Torr), corrected for xenoit500 V, 5.30 A thruster operation

the NASA-173Mv1 at a flow rate of 5.25 mg/s at an oper-300 V hot flow pressure map of the LVTF at an anode flow
ating pressure of 40107 Pa(3.0x 10°® Torr)."” The back-  rate of 10.46 mg/s and pumping speed of 240 000 I/s. The
ground pressure trends in the LVTF are similar to those 0b10.46 mg/s cold flow pressure map taken at 240 000 I/s is
served in VF-12. not shown, but is very similar to the 300 V, 10.46 mg/s hot
Figure 8 shows that the far-field axial pressure profiles oflow pressure map. Thus, measuring the far-field neutral
the LVTF for hot and cold flow are very close for identical background pressure of the chamber with a cold flow is
flow rates and pumping speeds. The pressure maps in Figéquivalent to taking the measurement with a hot flow. The
9-11 and Figs. 12-14 show this trend for the 140 000 andackpressure does not decrease by a factor of 4 on thruster
240000 I/s condition, respectively. Figure 15 shows acenterline for the hot flow cases. This is because the neutral
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FIG. 10. (Color onling Hot flow pressure map of the LVTF with an anode FIG. 12. (Color online Cold flow pressure map of the LVTF with an anode
flow rate of 5.25 mg/s and a cathode of 0.92 mg/s, at a nominal pumpindlow rate of 5.25 mg/s and a cathode of 0.92 mg/s, at a nominal pumping
speed of 140000 1/s and operating pressure of xX7L@* Pa (5.4 speed of 240000 1I/s and operating pressure of x46*Pa (3.4

X 1078 Torr), corrected for xenon(300 V, 4.88 A thruster operation X 1078 Torr), corrected for xenon.
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FIG. 13. (Color online Hot flow pressure map of the LVTF with an anode FIG. 15. (Color onling Hot flow pressure map of the LVTF with an anode
flow rate of 5.25 mg/s and a cathode of 0.92 mg/s, at a nominal pumpindlow rate of 10.46 mg/s and a cathode flow rate of 0.60 mg/s, at a nominal
speed of 2400001/s and operating pressure of x4@*Pa (3.5 pumping speed of 240000 I/s and operating pressure oK IG* Pa

X 1078 Torr), corrected for xenori300 V, 4.80 A thruster operation (5.7x 107 Torr), corrected for xenoif300 V, 11.1 A thruster operation

the same for the 10.46 mg/s cold and hot flow conditions.
%erefore, the cryosurface sticking coefficient is unaffected

flow cases, which increases the measurement of backpressqﬁ the hot flow present with the thruster operating

on thruster centerline.
The fact that the 300 V hot flow, 500 V hot flow, and V. FACILITY PRESSURE CALIBRATION
5.25 mg/s cold flow axial pressure profiles and background
pressures are nearly the same implies that a particle collision
with the facility wall reduces the energy of the accelerated®
plume ion to that of cold flow particle. We also see that the

The above experiment demonstrates that the measured
ressure field in a vacuum facility due to a cold flow from

axial pressure profiles and background pressure are nearly 8000 | P (Pa-Xe)
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FIG. 14. (Color onling Hot flow pressure map of the LVTF with an anode FIG. 16. (Color online Cold flow pressure map of VF-12 with an anode
flow rate of 5.25 mg/s and a cathode of 0.92 mg/s, at a nominal pumpindlow rate of 5.25 mg/s and a cathode flowrate of 0.60 mg/s, at a nominal
speed of 240000 1/s and operating pressure ofx4.6*Pa (3.4 pumping speed of 282000 |/s and operating pressure oK 2@* Pa

X 1078 Torr), corrected for xenoif500 V, 5.22 A thruster operation (3.0x 1078 Torr), corrected for xenon.
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