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PRELIMENSRY INMESTIGATIONOFEHEORIGINAL,. “WARCIET MODEL,
V.D. GRATCHEV, A.G.KLIMENKO, S.V.PAVLOV, G.Ya. SAVELIEV*

The preliminary experimental investigation of the original model of 1 KW arcjer wirh
nitrogen and cooled gaseous products of hydrazine decomposition was accomplished.

Principal problems of arcjet development are similar enough to problems of low-thrust
liquid engines. which are 10 be exploited successfully long time in the space. This work is the
artempt 1o use the experience of thruster creation for model gas arcjetdevelopmentand studies
with account of future application possibilities of liquid propellants based on hvdrazine.
UDMH. erc. '

The original model of 1 KW arcjet with an electrical discharge chamber was the object
of this investigation. The electric discharge chamber length and diameter and throat diamerer
were variables. The model arcjet was tested with variable feed pressure of nitrogen or cooled
gaseous products of hvdrazine decomposition.

Essential parameters of the model arcjet tests:

[nlet gaseous propeilant temperature - 15...45°C.
Electric discharge chamber pressure -(0.5...3) -10° Pa.
Vacuum test chamber pressure - 10...50 Torr.

Electric discharge chamber length - 4.5...21 mm.
Electric discharge chamber diameter - 4...13 mm.
Throat diameter - 0.7...1.1 mm.

Arcjet model mass - 0.23 kg..

The power supply included high voltage oscillation and power control units. DC output
voltage without charge was 630 V. Maximal test current value was approximatelv 11 A,
corresponding minimal voltage was 50 V.

There were 707 tests: 350 start reliability tests, 196 nitrogen tests and 62 hydrazine tests
with average firing time 5..10 sec. Toral firing time was 3340 sec. No damaged mode] arcjer
units were observed after tests, though refractory materials were not used in the mode! except
poron nitride electrical insulators.

Figs.1 through 12 show essential arciet modal tes: 25 .its. Maximal values of parameters:

spedific impulse 360 sec and efficiency 0.36 with hvdrazine. 300 sec and 0.41 with nitroge!::.
The meoretical estimations allow high performasn.:: possidilities for arcjer based on i'1is

moae! with gaseous and liquid prope!lants 1o be suppesec.
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Fig. 1. Elecrric discharge chamber pressure versus mass rate Fig.3. Chamber pressure impulse f versus mass rate
x - Lh=4.5 mm; Dech=13mm: D=1 mm: O-Lech=6mm: Dcp=6mm: Dih =1 mm;
%* - Lon =19 mm; Dech=13mm: D=1 mm: A-Len=16mm: Deh=5mm: Dip=1mm:
O - Lih=18 mm; Dch=6mm: Dp=0.7 mm: O-Lch=11 mm: Deh=6mm: Dih=1mm;
4 - Ln=19.5mm: Dch=10mm; Dip=1 mm:
O -Lh=18 mm: Deh =8 mm: Dih=0.7 mm:

$ - Lh=9.5mm; Deh=13mm; Dp=1mm.

¥ -Lch=21mm: Dch=4mm: Dih =1 mm.
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i Fig. 1. Propuisive efficiency versus muss rate

2. Consumed power versus 1INy Tare

e Lee=4.5 mm: Din=13 e Oth =1 mm:
= =19 mm; Och=13mm: D=1 mm;
O- Lon=18 mm: Deh =6 min: Dir=0.7 mm
< L =195 mm: Dy = Din =1 mu:
Din=0.7 mm:

Dech=13miz:  Dih=1 mm.

~Lys=0omm: D=6 mm: Din=1mm:
n=16mm: Dex=S mm: D=1 mm:

)
Fa\

Q-La=1lmm Dep=06mm: D=1 mnm:
%= Lu=2]

mm [Laa=3 mm: D=1 m

-l =18 mm: Den =8
' O 9.5 m:m:
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Fig. 5. Chamber pressure impulse ;5 versus specific power
x - Len=4.5 mm: Deh=13mm: Dy =1mm:
%-Len =19 mm: Depn=13mm: Dp=1mm:
O-Lcn=18 mm; Deh =6 mm: Dih =0.7 mm:
9-Lr=95mm: Dchn=13mm: D=1 mm:
A -Lp=195mm: Deh=10mm: Dp=1mm:
B-Ln=18mm: Den =8 mm; D\ =0.7 mm.
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Fig. 7. Elecrrical discharge chamber pressure versus mass rate
S-Leh=6mm; Deh =6 mm: Din=1 mm:
O - Len=19.5 mm: Dch =10 mm: Dy=1mm:
- Leh=21 mm: D¢n =4 mm; Dih=0.7mm
(€ - v ith additionai resistance R = 10.7 Q);
A-Lia=1l mm: D¢k = 6 mm: Dy =1 mm:
©-Lxn=2] mmn: D¢ =4 mm: Dih=1 mm.
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Fig. 9. Chamber pressure impulse 3 versus mass rate
O - Lech=6 mm;
4 - Len=19.5 mm:
* - Lch=2] mm;

Dch =6 mm: Dih=1 mm;

Dech=10mm: D=1 mm:
Dcn=4mm.  Din=0.7 mm
(®- with additional resistance R=10.7 Q-

4 -Leh=1] mm: D¢h =6 mm:
O -Lh=21 mm;

D=1 mm;

Dech =4 mm; Dih =1 mm.

.3

N 2Hs

o
(™

o
=)

sennannenfvrenenan fonnienn e e gt skt

>

il N EE - &N = & BN BN EE A .

4 ]
EXe a
i
. ' : 0
* fm) l {
ot . i
I/ i !
} | i
| ; i
| ! I
T ™ LA RREERERERITE LEF RS R 62 vR A BE] LA RARSAERR
5 Lt 50 30 155 120 140 i, ing/sev
Fig. 10, Hropulsive effisiency Lorsus mass rate
O- /L p=0mm D=0 mve D=1 mm:
G- Low=195m. Do =9 mmy D=1 mm
» L= unm ey = 3 mms 20.=0.7 mi
< dn Lresistange b E1%
A 1] inmy D= D =1 mm:
G i =y .. =28 e £y = ) min.

e

=
-

~

o
(o

©
~

i~

el
: N 2K
. SO ' T E e e S
e ~// \\\
3 e {
3 lido i h |
3 a !
3 & i [ i =
159 = v 1 : ¥
3 I ! '
3 : ' i : [
IR | | i |
1093 : ' ! I ‘
3 | i | | |
3 ! | I i !
3 { i i ; |
E ] | | ! l |
50 ]l..lIx:l|x17‘|l.l“IIIllIt. frrrrTey i‘lv«l’..ll,lfll'l‘(TT|

10 15 20 25 30 3 T i/me
Fig. 11. Chamber pressure impulse /3 versus specific powzr
J - Leh=6 mm: Dch =6 mm: Din=
D -Len=19.5 mm: Dch=10mm: D=1 mm:
% - Lech=21 mm: Dch =4 mm: Dih=0.7 mm
(@- with additional resistance R = 10.7 Q)
A-Lh=11nmm: De¢n =6 mm: Dih =

O-Len=21 mm: Dih=1mm
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