
IEPC-95-242 - -234 - -

Ei'hLL,.-:NAI:, iN\:I STIGATION OF THE ORIGI.N.L ARCJET ;DEL.

V.D. GRATCHEV. A.G.KLIMENKO, SV. PAVLOV, G.Ya. SAVELIEV*

The preliminary experimental investigation of the original model of 1 KW arcje: 'vrwi
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 to be exploited successfully long time in the space. This work is the
attempt to use the experience of thruster creation for model gas arcjet development and studies
with account of future application possibilities of liquid propellants based on hydrazine.
UDMH. etc.

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 diameter
were variables. The model arcjet was tested with variable feed pressure of nitrogen or cooled
gaseous products of hydrazine decomposition.

Essential parameters of the model arcjet tests:

Inlet gaseous propellant temperature - 15...45 0 C.
Electric discharge chamber pressure -(0.5...3) -105 Pa.

Vacuum test chamber pressure - 10...50 Torr.
Electric discharge chamber length - 4.5...21 mm.
Electric discharge chamber diameter - 4... 13 mm.
Throat diame'er - 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 approximately 11 A.
corresponding minimal voltage was 50 V.

There were 707 tests: 350 start reliability tests, 196 nitrogen tests and 62 hydrazine tests
aith average firing time 5..10 sec. Total firing time was 3340 sec. No damaged model arcjet
units were observed after tests, though refractory materials were not used in the model except
boron nitride electrical insulators.

Figs. 1 through 12 show essential arciet model test re, .hs. Maximal values of paramt:.-s-
s:'e:fic imrpuls. 360 sec and efficiency 0.36 with hvdr:.:i:f. 300 sec and 0.41 with nirngou!:.

The :::cretical es:imations allow nigh perform,::_- posi'ibii ies for rcjer based o: :;is
m:odel \w.i:ih gaseous ::nd liquid propeliilnts to be supp sd.

I



-235-

UU
IJ

25I7.M Sc10 i.M /e
E l c r c d s h r e c h mer s u e v r u s msa eg 3 C h m e r s u m ul e v r u a s r t

L- m c m t = 0 m m /e LC =O 21 mr. D t m i M. /

- * ~h=18m : 0 
h m: In=. m g SC

6 16ar.~m Dchlnm Do.= =3mnm.! n

71TI I~ =N2ir ~ t.= . r ' o :. DI= M7

-I S 1-i c,=S/J .7 1 ;:

Do = 13 or



236

1

10 20 5', mng 20 40 60 80 100 120 140 ?h. mglSee
Fig. 5. Chamber pressure impulse;l ' ersus specific power Fi .Eetia icag hm e rsuevru asrate

x - Leh = 4.5 mm: Deb = 13 mm: Dih = I Tmm; *2-Leh = 6 mm: Och = 6 mm: Dth = 1MM-.
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Fi. 5. Chilber preSSure impulse;; Isrsus speiic power FI~. 7. Eecrriczi! discnare chamber pressure v ersus mass rare
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Fig. 9. Chimber pressure impulse N versus mass rate F:g. I. Chamber pressure impulse ' ersus specific prnier
S- Gh = 6 mm: Dc= m = mm: D -ImmD = 6 mmi. Dct = 6 inm. DI,= mim:

- = 19 5 mm: Dch = 10 mm: D = I mm: 0 - Lh = 19.3 mm: Dch = 10 mm: D, = 1 mm
- h = 21 mm: Dch = mm: Do, = 0.7 mm * - Lh = 21 mm: Dch = 4 mm: D = 0.7 m:n

(G- with additional resistance R = 10.7 : ( - with addi;ini;l resistince R = 10.7 C!:
& - Lch = 1I mm: Dch = 6 mm: Dih = 1 mm: A - Lch = I I mr.: Dch = 6 mm. Dh = 1 mm:

O- Lch = 21mm Dch = 4 mm: Dh = mm. O-Lcl, = 21 mm Dch = 4 mm Di, = I mm
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