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Abstract teristics showed that the specific impulse

is 400 to 550 sec. the thrust efficiency 30

An experimental investigation was per- to 45 % at power levels between 0.5 to 1 kW

formed to evaluate operating characteris- using hydrogen / nitrogen mixture gas <-

tics and life-limiting using nitrogen and . A pulse width-modulated power

hydrogen mixture in the range of 0.5 to 1.2 processing unit incorporating high-voltage

kW and 400 to 550 sec. The stable opera- pulsed starting circuits has been tested.

Lional region with no voltage excursion was In addition, steady-state test for 50 hours

determined in relationship between mass and start-up tests of 1000 cycles have been

flow rate and current. In stable and completed at the power levels ranging from

unstable operational conditions, respec- 0.5 to 0.7 kW.

tively, the following life tests were con-

ducted : (1) steady-state test for 30 hours The obtained performance level offered

S(2) on-off ( start-up ) test of 500 significant mass or extended satellite life

cycles. The great amount of anode erosion benefit. To realize the substantial per-

occurred in unstable low voltage mode and formance benefits, life tests on the order

during transient time at start-up. In of hundred hours with hundred restarts are

stable mode operation, the anode sustained required 2). Electrode erosion is

no sinificant damage and the measured closely tied to performance degradation and

catho e mass loss was 4.10-4gg/C for the life limiting of the arcjet, specially en-

stea f-state test and 4.8 ug/cycle for the largement of constrictor diameter brings

start up test. It was noticeable that the about reduction of thrust performance.

cath, le tip formed a crater nearly 9 mm in The previous works were suggested that

diameter with a bulged rim and the material primary anode erosion occurred at the low

on this rim lay outside the original voltage operation which corresponds to

cathode shape. The use of spherically anode arc attachment upstream of the con-

tipped cathode is recommended highly, be- strictor. In addition, anode erosion was

cause the voltage rise due to cathode observed at start-up. The gradual in-

recession was smaller. No measurable per- crease in arc voltage due to the cathode

formance degradation was observed during recession was observed, and significant

the test series. In addition, no life damage of the cathode took place some dif-

limiting mechanisms were able observed. ficulty at start up.

Introduction The objectives of the experimental

study described in this report are to ob-

The present research program has tain a preliminary assessment of the

focused on the development of a 1 kW class operating characteristics of hydrazine

hydrazine arcjet propulsion system for ap- arcjets tested at power levels between 0.6

plication to the north-south stationkeeping and 1.2 kW for mass flow rates of 20 to 40

for geosynchronous communication satel- 
mg, and to determine Issues important to

lites. This is because of the possibility the further development of these devices.

of greater than factor of two increases in The first step toward decreasing the anode

specific impulse without the need to erosion in the constrictor region was to

redesign propellant storage and feed sys- identify the operating conditions where

tems over other state-of-the art frequent low voltage operation occurs, and

stationkeeping technology (. In addi- to estimate anode erosions when the arcjet

tion, the power available on near-term operates at low voltage. To this end a

Japanese satellites is estimated to be 2 to laboratory model arcjet thruster is run in

4 kW. The program at Osaka University the following operational conditions (1)

started in 1983 and the performance charac- steady-state test for 50 hours at the power
level of 0.55 kW / 7 A and mass flow rate

+.* Professor, ** Research Engineer, of 20 mg ; (2) steady-state test for 30

. Graduate Student hours at 1.1 kW / 11 A and 30 mg. At the

++ Chief Researcher, + Researcher start-up, the similar phenomena were ob-
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Fig. 1 Cross-sectional schematic of the arcjet ( R\T-V )

456 / 0.6

30250

Area Rate 400 Area Rate 400

(a) (b)
Fig. 2 Constrictor region detail

(a) cathode with conical tip shape (b) cathode with spherical tip shape

served. A high voitage pulsing technique Apparatus
has been used to start the low power
arcjet. Great amount of start-up erosion Arcjet Thruster
occurs during the transient time. After
Paschen breakdown by high voltage pulse, A simplified cross-sectional schematic
the arc voltage oscillates as arc foot of the arc.et thruster used in this studymoves in and out of the nozzle before is shown in Fig. 1. The thruster issteady state operation. To evaluate the similar to thruster used in many recent

start-up erosion and establish a reliable tests ',, Fiure 2 shows a magnified

soft starting method, the following start- view of the cathode tip / anode constrictor
up tests have conducted (1) cycle test of region. Two cathodes, which consist of a
1000 times at the mass flow level of 20 mg 2 mm diameter thorlated tungsten rod, were
and the initial are current of 12 A. (2) provided, that is. a conical tip with a 30'cyclic test of 500 times at 30 mg and 11 A. half-angle and spherical tip shape with aIn addition, in order to study the rise in 0.5 mm radius, respectively. The tungsten
steady-state voltage due to a gradual anode with a 0.6 mnm constrictor diameter
recession of the cathode tip, both cathodes and 0.6 mm length serves as a expansion
with deferent geometry, a conical ( half nozzle. It consists of a conical converg-
angle of 30' ) and spherical cathode ( 0.5 ing section with a 45' half-angle, a con-
mmn in diameter ) are tested. strict.r section and a conical diverging

section with a 30' half-angle. The expan-
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sion area ratio is -l00. The arc gap i The voltage circuit capable of providing a L' k',
min imum axial dist ance between thi :-atthode pulse with 20 microseconds pulse width T oc
til and the constrictor inlet ) is set to every 160 mil iseconds until breakdown n.-
U. 25 mm. (;as propel lant is straightly in- curs.
jcted to the small plenum chamber through
the slits around the cathode rod. Test acility
Clearance provided around the cathode rod

was permitted some regenerative cooling by A1 l tests involving thrust measure-
the propell ant flow. Vortex stabil ization ments have been performed in a cylindricial
had little effect on thrust performance and vacuum tank measuring 1.2 m in diameter by
steady state stabi li ty, because of weak 2 m long. The ambient background pressure
vortex strength due to low mass flow rate was between 5 and 20 Pa for all performance
and maginificar ion of injector holes due to tests. The obtained performance date ma'
arc ignition near the hole. It was often show a 2 to 3 % degradation in efficience
observed that are ignition occurred near in region of the above background pressure,
the injector hole and the hole diameter be- as indicated by Ref. 6. The thruster is
caime larger than the original one. mount on. td on a thrust stand in a horizontal
However, no systematic study has yet been orientation, as shown in Fig. 3.
conducted to evaluate the effects of vortex

strength on arcjet stability. The thrust is determined by measuring
with a load-cell a load due to a deflection

Iropellant Supp y System of the cooled cantilevered hollow beam
which supports the thruster. The silicon

The propellant used a mixture of oil container and the cantilever are cooled
hydrogen and nitrogen at a mixture ratio of by water. The temperature at the location
2 : 1 by volume, simulating hydrazine of the load cell was kept below 30 ' C
decomposition products. The pure gases during all tests. Due to the low thrust
are stored in high-pressure bottle, then to weight ratio of the arcjet, thrust
metered separately and mixed in the propel- measurements were very sensitive to distor-
lant feed line upstream the thruster. The tions of the vacuum tank due to thermal
mixture enters the thruster at room tem- radiation to the tank wall and pressure
perature. Commercially-available thermal difference. Drift was observed to be less
conductivity-type mass flow controllers are than 3 % of the nominal thrust level.
used to meter the gas. These controllers Therefore the thrust measurement system was
were calibrated periodically using a calibrated immediately after extinguishing
volumetric method, the arc at operational pressure level.

Thrust calibration is conducted by a weight
Power Processing and pulley arrangement which is able to

apply a known force to the thrust stand, as
Power is supplied to the thruster from shown in Fig. 4. With this design, fric-

a 50 kilz pulse width modulated current tion force were small and that resulted in
regulated converter, which has potentials no measurable hysteresis. Although
of high response and stable operation facility vibrations were continually
against current fluctuation '"(. The present, their output signals were one or-
power supply system is capable of deliver- der of magnitude less than that of the
ing up to 150 Vdc and 20 A to the thruster. nominal thrust.
Starting is facilitated by built-in high-

owevacuumController
Vacuum Tank Supply er

Recorder---
DC. Power /R- Ld C-'od Ill

Ss Votor 0

Lever >Vacuum \\ '\ i
Jet Holder Arc cet Thruster WPP Weight

oe Propellant Arcjet Thruster

Propellant Pulley

Basket
- ig. 3 Thrust stand insta i 1;i ii ia; vacuum

tank and measurenlent system

4 Thrust cali bration
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Operational parameters monitor during the thrust performance tests, the arc was
all tests included arc voltage and current, extinguished because of preventing sig-
hydrogen and nitrogen mass flow rate, nificant cathode erosion.
propellant feed pressure and ambient back-

ground pressure, and temperature of the ex- After the initial performance tests of
terior of the anode. During nominal the arc.jet were performed, endurance tests
arcjet testing, an electrically isolated for 30 hours were conducted in the follo.w-
digital voltmeter is used to measure arc ing conditions. (1) steady-state test in
voltage with a resolution of 0.1 V. Arc unstable operational conditions such as the
current is measured using a shunt in series arc current is 7 A and the mass flow rate
with the thruster, which provides a resolu- 20 mg/s. (2) steady-state test in stable
tion of 0.1 amp. Propellant pressure is operational conditions-such as the are cur-
measured through a pressure tap located rent is 11 A and the mass flow rate 30
outside the vacuum tank. A thermocouple ( mg/s. In order to study the tendency for
Chromel-alumel ) is used to measure surface the arc voltage t( Increase substantially
temperature at four point near the nozzle, over the first 20 to 30 hours of operation,
which locations are found out in Fig. 1. two kinds of cathode, sharply tipped and
In addition, temperature of the exterior spherically tipped cathode, were tested,
of the arcjet is observed from the outside respectively. After the 30-h steady state
of the vacuum tank with a commercially test, thrust performance was checked, fol-
available radiation thermometer ( MINOLTA lowing which the arcjet was disassembled
IR-630 ). for inspection.

Start-up tests were conducted to es-
Experimental Procedure timate erosion at start-up and to establish

the reliable starting method. The proce-
The objective of this test is to iden- dure of the start-up test is represented in

tify the life-limiting issues of arcjet Fig. 6. At first the high voltage of 2 kV
thruster operation at specific impulses be- was applied between the cathode and anode,
tween 400 and 550 seconds and power level and then followed breakdown of gas. Just
between 0.5 and 1.2 kW. Testing begin after the d.c. power supply with a rise
with cold flow thrust measurement to verify time of 20 microseconds was operated, the
the operation of the facility and in- low voltage operation was observed, and
strumentation. This also provides infor- then the low voltage shifted into the
mation needed to determine arcjet ef- steady state operating condition. The
ficiency. nozzle temperature was kept below 200'C

during the start-up test by adjusting the
Prior to life tests, thrust measure- period of on-off cycle.

ments were taken place over a range of mass

flow rate between 20 and 40 mg/s and at

current level of 5 to 12 amp. The

thruster is allowed to run for 30 minutes

at set point conditions before final thrust

measurements are made, allowing thermal

equilibrium to be established. At least - - 100

two major recognized modes of arcjet opera-

tion have been observed. While the arc

current and all other parameters such as 4 -r- " | V90

mass flow rate and background pressure were " >
Dichase Toltage

held constant, the arc voltage was observed

to shift without notice from a high to low - -- 0
voltage, was kept at that low voltage for - --
period of time and then came back to the

original high voltage as shown in Fig. 5. 70
Observations indicated that the low voltage

mode corresponds to anode arc attachment

upstream of the constrictor, and downstream

attachment in the high voltage mode. The u
=

flow region downstream of the constrictor. - --

being a region of decreasing pressure, is - -0

characterized by a diffuse arc attachment

to the anode. On the other hand, the arc - -

discharge upstream the constrictor has a - - - - 0
tendency to become spot attachment, and 4
one-sided attachment due to high pressure 2min/Div
In the plenum chamber. When the low mode

operation continued more than 2 minutes in Fig. 5 Typical mode change in arc voltage
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120 Ii-l i l-

oStart o 40 mgs
- 350

o a 300
SApplication of High Voltage Pulse I 110- *250

> o 200a E 0

-9100- o -
Operation of D.C.Power Source ) 0

3"

Shift from Low Voltage Mode to High Voltage Mode 0 0

lupstream attachment) (downstream attachment) 90 -

Steady-State Operation

80 I I I
S6 7 8 9 10 11 12 13 14 15

Off Arc Current A

Fig. 6 P'rocedure of start-up test Fig. 7 Are voltage versus are current

Sat various mass flow rates
Kesults and Discussion

Performance Characteristics 600

A plot of the voltage-current charac-

teristics obtained at various mass flow

rate is given Fig. 7. Due to the in-

creased plenum pressure, at a given cur- .500- *

rent, the voltage increased with increasing cd' *

mass flow rate. At a given current and T 6 *

mass flow rate, no difference in voltage a . .

due to the cathode tip configuration was - *

observed. Thrust performance date such as -400- 0 40.0mg/s

specific impulse and efficiency are plotted o o35.0

versus specific power ( i.e. the ratio of U a30.0

electric power to mass flow rate ) in Fig. 20.0

8 and 9, respectively. In those tests,

specific impulse ( and also efficiency ) 300 1 I I

was found to Increase with increasing mass 10 20 30 40 50 60 70

flow rate at a constant specific power. Specific Power, MJ/kg

This is interpreted as a phenomenon that
SFig. 8 Specific Impulse versus specific

the heat flux to the anode from the gas
power at various mass flow rates

flow is reduced as mass flow rate is

decreased. The fact was confirmed from

the nozzle temperature measurements with a

thermocouple, which will be described in

steady-state tests. The measurements in- 40 I

dicated that the anode temperature in-

creased as mass flow rate was decreased at o

a fixed specific power. Recently a oW

calorimetric o:xperimenlts suggest that this a

may be attributable to an increase in anode * *

fall voltage ' . The obtain results also 0

showed that the specific power nercssary to *

obtain the specified endurance test rc,)in i -

Tion of 500 secs is 40 lM./kg. 20 0mg/s U

c 350 *
Sta : ili v oI f th ar(j,,l - Vol I l go ex cu r- a 300

on *250
n 7200

At. lower mass flow rate / arc current. 10
l arc.jIet stability decreased markedly. C0 20 30 40 50 60 70

Th r presrnt study focus on the low mode Specifc Power , MJ/kg

(opration in conlnect ion with constrictor

.1r .si)o . A map of low mode operation on Fig. Thrust efficiency versus 'specific

;ar- curreint versus mass flow rate is dis- power at various mass flew rates
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_180, 0
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l ) [ ° ! j ! E'ae Time hour

6 o 0o
100

StLale high mode operation

Un- slab i operation accompan ied .r~
with a lot of vol Iage drops 0 5 10 ;5 20 25 30

Elapsed Time , h-ur

-i i . 1] 0 MIap of lo\ mode operation on arc (b
curPl-rer t versu s mss fsslow raute

11OOr-
c.' oNozze Surface( )

100- A BoyS&riace (2) oooooo

'TabJe 1 Steady-state conditions * oooo 0 0 0 ooo0 0 o0 
oo

r- - - - '-- "-~T ------- F60- * A^t^"
Unstable Mode Stable Mode a' 80 -

Operat ion Operation 0 o

Propellant 12,21H2(Mixtre) z2*112 (2i iture) 0 5 10 15 20 25 30

Mass Flow Rate 20 ig/s 30 'g/sh

Arc Current 7 A(fixed) II A(lfied) (C)

Input Power 50-660 1 11,(0- 1200 Fig. 11 Time histories of arc voltage,
Specific Po ie Z7. 5 ,3 0 NJ/kh 31. 3- a0. tcht a 40 . F 1 a c s
Specific Power 27. 5 33 0 MJ/kg 31. n3-40. 0 J/ specific impulse and anode surface
Specific Impulse 422~445 sec 4(02 500 sec

Spefic pulse 422-445 sec 4 0 sc temperature in unstable mode operationThrust/Pover 132- 149 /k 117-- 124 mN/h (a) arc voltage history
Cathode Sharply Tipped Spherically Tipped (b) specific impulse history

(c) temperature history

played in Fig. 10, where the hatched and 40 MJ/kg. Figures ll(a)-(c) show the
regions indicates the operational condi- arc voltage, specific Impulse and anode
tlions that the total time In the low mode surface temperature in unstable mode opera-
operation is longer than 1 minute during 30 tion, respectively, over the endurance
minutes test. This phenomenon of the test. On the other hand. Fig. 12(a)-(c)
voltage excursion is strongly connected show similar ones, respectively, in stable
with the plenum pressure in addition to mode operation. As shown by the arrow in
electrode geometry and propellant species. Fig. 11(a), five unscheduled shutdowns oc-
Therefore, note that the results described curred. The cause of initial troubles
in Fig. 10 are valid for 0.6 mm constrictor were abnormal discharge between lead-wires
diameter. It is expected that stable and troubles of measurement system. In
operation at smaller mass flow rate and the present steady-state tests, the dis-
current may be achieved by using smaller charge current was kept at a constant level
constrictor diameter, which is fixed by the power supply system.

Figure 11(a) also showed that the steady-
Steady-state endurance tests state voltage Increased gradually from 80

to 95 V till 25 hours, and kept a constant
The 30 hours endurance tests have been value of 95 V after that. This is because

successfully conducted in the test condi- of a increase of arc impedance due to
tions as summarized in Table 1. The two recession of the cathode tip. Since the
operational points in unstable mode opera- input power increased with increasing volt-
tion and stable one was selected for age, the measured specific impulse in-
steady-state test, respectively. Their creased as shown In Fig. 11(b). On the
specific power is in the region between 28 other hand, the voltage rise over 30 hours

-6-
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i h 0 2 m i n 1 . I
I t 2 h 2 7 1 3 .

1 7 1 5. 5

A
D 3 13. 3 ,

7 h 0 2 7 .

2 7 h 13 9. 92 9 3 1 9. 5 ( c)

O 1 20 25 2 3 5 1 1 0
EpseO T, e . hour 3 5 1 4 . 2 (30src)

130Cr o Nzzle Su face 1)
SBodySurface 2)
o Body Sur face (3)1200 Body Surfae (4)

S BodySOOface 
O O 0 0 0 0  

iIn the case of the steady-state test

.i-OO0 0 0 0OOC0 in unstable mode operation, a lot of arc

S 0 voltage excursions were observed, and its

00 nanaad'e. =A'- " voltage drop was more than 25 V. The low

S90 0- aDoca oooco0 ao mode operation of the average of 4.7

0 o 
0 0 0  times / hour over 30 hours test took place

80 Vr V O v v V 
7 7 V V and the average residence time in low mode

7 .. . . . . operation was 41 seconds. On the other

0 5 10 15 20 25 30 hand, in the stable mode operation, the arc
Faed Time .hour voltage was stable and quiescent without

(c) high frequency noise at the greater part

g. 12 histories of arc voltage, during the steady-state test, exclusive of

specific i ipulse and anode surface occurrence of small voltage excursions as

temperature in stable mode operation summarized Table 2. The small voltage ex-

eratre i stale oe cursion is estimated that arc attachment
(a) arc voltage history
(b) specific impulse history points on the anode surface move up-and
(b) sepe c iulse history downstream. After 30 hours steady-state
(c) temperature history

tests, thrust performance was measured.

Performance characteristics for the both

tests were found to be unchanged, as long

as the constrictor diameter was not en-

larged and no leak from the plenum chamber

took place.

was below 7 V tor the spnerical tipped Start-up Tests

cathode. Comparing Fig. 11(c) with Fig.

12(c), the nozzle surface temperatures for Before the start-up test, Paschen

20 mg mass flow rate were found to be about breakdown test of 2 kV high voltage pulse

200"C higher than those for 30 mg mass flow ( pulse width 20 microseconds and 0.87

rate, that is, the anode surface tempera- J/shot ) was completed over 1000 shots

ture decreased as mass flow rate increased every 1 second with no power supply system.

at a fixed specific power level. The It was confirmed that electrode erosion due

reason is considered as follows : Due to to the high voltage pulses was not almost

higher mass flow rate, the heat loss dis- observed.

sipated in the anode is further recovered

by regenerative cooling by gas which flows A high voltage pulsing technique has

near surface. According to the canal been used successfully to start the low

model ( core flow model ) of the arc power arcjet In the start-up test condi-

column, gas temperature near the anode wal; tions as follows : (1) initial current of

is estimated to be lower than the anode 12 A and mass flow rate 20 mg/s ; (2) 11 A

wall. and 30 mg/s. The breakdown voltage in-

i,,l, di wi th increasing mass flow rate.
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It was constant at 800 V for 20 mg/s mass photographs in Fig. 14 were taken from the
flow rate and 1.1 kV for 30 mg/s, though upstream and downstream of the constrictor,
the cathode tip recessed during the steady- respectively, after the same testing
state tests. described above. While a lot of small

craters were observed upstream of the con-
Breakdown occurred without fail by the strictor, the constrictor diameter at the

high voltage pulse. Though no transition nozzle side did not almost magnify from the
to steady-state operational condition took original diameter of 0.6 mm. The measured
place sometimes, successful transition was total anode mass loss was 2.1 mg ( 2.8*10-
completed without fail by the following two ag/C ). While these changes of electrode
pulses which period is 160 ms. It was appear to be quite extensive, very little
also sometimes observed that the arc volt- change was noticed in the actual thrust
age shifts to the steady-state high one performance.
after a few voltage excursions. Dif-
ficulty in transition to steady state

condition was encountered in the following
cases : (1) Initial current is less than 10
A ; (2) mass flow rate is below 15 mg/s
(3) thrust body is warm ; (4) the anode is
contaminated by insulator material. There
was no different in starting characteris-
tics between the conical cathode and the
spherical one. The obtained starting

behavior was not simply statistical but
also dependent on local conditions ( e.g.
temperature pressure, electrode surface
conditions ) in the electrode region. The
physical phenomena are not clearly under-
stood at the present time.

Thruster Inspections

The thruster was disassembled for in-
spection after the steady-state and start- 1mm
up tests. Figure 13 displays the side
view of the cathode tip after 30 hours
testing in unstable mode operation. The
cathode tip was 0.25 mm shorter from the
original conical tip. Therefore the arc Fig. 13 Side view of cathode tip after
gap increased from 0.25 to 0.45 mm. The steady-state testing in unstable
measured total erosion was 0.7 mg which mode operation ( The original
corresponds to 8.7*10- ( ag/C ). The configuration is conical.

(a) (b)

Fig. 14 Photographs of constrictor after Steady-state testing in unstable mode operation
(a) constrictor viewed from plenum chamber side
(b) constrictor viewed from nozzle side

-8-
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Fig. 15 displays the side view of the stricter after 30-h testing in stable mode

cathode tip after the steady-state test in operation. Consirictor erosion was not

stable mode operation. The original observed at all. The anode mass loss un-

cathode tip was spherical in 0.5 mm radius able to measure with a balance with a

as shown in Fig. 2(b). The cathode tip resolution of 0.1 mg.

formed a crater nearly 9 mm in diameter

with a bulged rim. The material on this The side view of the cathode after 500

rim lay outside the original cathode en- cycles start-up testing is shown in Fig.17.

velope '"'. The axial distance from the The original cathode was spherically

original tip location to the crater rim was tipped. Start-up erosion occurred during

approximately 0.1 nm, that is, the are gap the transient time from breakdown by the

changed from 0.25 to 0.35 mm. high voltage pulse to steady-state opera-

tion. The measured total mass loss

Figure 15(b) shown a sketch of the was 2.4 mg ( 4.8ug/cycle ). It Is

used cathode tip with the original spheri- noticeable that the cathode tip formed a

cal tip shape superimposed for comparison, crater and hill in a crater basin and the

Of particular interest was the migration of cathode was 0.08 mm shorter than the

cathode material to a region outside the original one. In addition, the cathode

original shape. This is an evidence that surface exposed to the plenum chamber was

the arc current concentrated at the center uniformly eroded. A shadow of the in-

of the cathode tip and no voltage excursion sulator was found out on the cathode sur-

occurred. In Fig. 13 for unstable condi- face. Figure 18(a) and 18(b) show

tions, such phenomenon was not observed, photographs taken at the upstream and

The region of the bulged rim may blow off downstream of the constrictor, respec-

in low voltage operation. The measured tively, after 500 cycles start-up testing.

cathode mass loss was 0.5 mg ( 4*10
- 4 

ug/C) While the constrictor region at the nozzle

which is a half as much as mass loss for side was not eroded all, a lot of craters

unstable mode operation. was observed in the region of the plenum

side. The constrictor diameter at the

Figures 16(a) and 16(b) show the plenum side was 0.8 mm and the measured

upstream and downstream ends of the con- mass loss 4 mg ( 8 /ug/cycle )

CC

original shap
a=0.87 mm
b=0.10
c =0.23

Fig. 15 Side view of cathode tip after steady-state testing in stable mode operation

(The original configuration is spherical. )

-A -
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Fig. 17 Side view of cathode tip alter start-up testing
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0.; t1o 1.2 k aW and i pe'c i f i i mpul so from l 40t) th obh r . od sliar i l! h l-ti;'i i .r, I

t -5-,() I ii ! i i t roKg<, I- i hydrF o i flmix t .I rly und! rs . 'd h.,'vo'Is t)h .I' h-Ih iv i r v. !

'.. l'-ii , 1 i onll I i ltn t i st r- p'rfortf i iTcr ,ias "' o simply s o at it i l a nd t ho rlpr;>- r , "

Ini.i s i re (l r i n g the tO t s I i - . ThI ' r) iram ie t ,'[t r-. ie nt o h .

ri s 'ul t.s o bt1 i ned inl itI' prs(,,en I cx pc r i ini' l
S: l research are siimiar i riled as fol l os : "ITh,' (t)I t i nied r-s T ls sh t!o , lI It t Il

(I 1 Specr ific impulste ( ta d al so 'f f i rny r.- jet im:i> 1r, a il . pI .- r I a I ! 5I, ,

) i n r-asod w i th i ncrf as rig mass flow r l sp c i i ' i ii l s I,,' :1 11, d a k\ I V p

al ai const Iantl speci 'i : power. IThi s has I'"vl o e'r 1 "' h 'i I 1 i ro-' i ' s .

( rr' la t i on wi Ith the fl a't th Iho he a d"-

1 ('li ll ilrt ' incr Oias'd aS Illiss ' (I r it,' i

delc'tre(cas d alI a Fix 'd spc l'ic pl-i'r ' . T I" [ - r-'l' i -'l '

speific power necessary to; ohbtain th ,s p' c I r i c po" -- [nI s s a ry ti o nli La i n til.'

ispecif ic pow n ci ssary t) e i the o .;ii l ' ' ) SI z/ ki H. I iy.,sh i K. id Air oslthi kaw *I

sp ci ii'e impulls - of 500 s was .40 11.1/kg. "'IC Arl c.i'It S'yst m flt Nor h i -Sou ll

(2) \ lot. of vol tage oxcuirsion s wr'i o - S t tiirlnke-p in of G 'osyn hrr I.nouIls Sat l -

s.orv d iat lower mass f _low riat I ald lo wer li t . " A IA\ 87-10311) (19 87)

air: r-iIren iit levo l. S i i i I n ifi can t anoIri"o er - ( ) oshii ka ai T . , Onli o K ., Y is i i1 . and

sion o'cciirr(d iTliu-iin low vol tage rnod' . In o rim oto S. , "A Low -i't -r ' :-.1i I 'h t T r ist I

sta blC high mode operation, the anodtr sus- fo r Space IPropu I s ion . " A A 8 5- 20 2

tained no sig nif fIant damage during the en - (Me t. . 1985)

(id rance t('ists;. ( 3) Yoshikawa T. . Ono; K . arind et al .

T(3) ros ion of the cathode tip was sulistan- "Developilenit of a I.ow Power )C: Arejet for

tial . The cathode mass loss was 0.5 mg Space Propulsion." AIAA 87-1058 ('lay,1987)

( 4-.i-i og/C ) after 30-h steady state (4) Yoshikawa T. Onoe K. and et al ,

test. and 2.4 mg ( 4.8 ag/cycle ) after "Operating characteristics of 1 k

500 cycles start-up test. The original Hydrazine Arejet Thruster," IlPC 88-108

tip receded 0.1 mm for the spherical (Oct.,1988)

calthode and 0.25 nunm for the conical one (5) Yoshikwa T. , Onoe K. and et al

after 30-h steady state test, and then 0.08 "Endurance Tests of a .ow Power Arcjet

mm for the spherical cathode and 0.18 mm Thruster with Hydrogen / Nitrogen 1'ropel-

for the conical one after 500 cycles start- Iant Mixture," AIAA 90-2577 (July,1990)

up test. (6) Sankovic J.M. and Curran' F.M., "Arejet

(4) In high mode operation, the cathode tip Thermal Characteristics," AIAA 91-2456

formed a crater nearly 9 mm in diameter (.June, 1991)

with a bulged rim. The material on this (7) Morren W.E. and Curran F.M.,

rim lay outside the original cathode shape. "Preliminary Performance and life Evalua-

Such phenomenon was not observed In opera- tion of a 2-kW Arejet," AIAA 91-2228

tional conditions accompanied with a lot of (.June ,1991)
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