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In article Cryovacuum Oil-free system designed to operate in the pressure range (10° ... 4-10°) Pa is described.
Pumps and cryopanels included in a vicious cycle of manufacture and storage of liquid neon. The vacuum system is
designed IPENMA National Scientific Center KhIPT for endurance tests of electrojet propulsion systems (EPS). In
work the cryovacuum system for EPS at which a working body are xenon or to a lesser extent, argon is presented. In
work the cryovacuum system for EPS at which a working body are xenon or to a lesser extent, argon is presented.
To explore new developments such engines especially for endurance tests (up to 1000 hours of continuous
operation) necessary to create a clean oil-free vacuum (2-102 Pa). It is provided with neon Cryovacuum systems that
can remove the heat load of up to 10 W/cm? It is shown that at condensation more than 1.5 g/cm? of xenon don't
occur changes in the speed of pumping of neon pumping-out elements, i.e. at the cryopanel area near 1m? carrying

out resource tests of EPS is possible.
PACS: 52.30.g, 50.80.vp

INTRODUCTION

Rapid advancement of space rocket technologies in
the sixties of the past century has promoted the
development of plasma electrojet propulsions (EJP). At
first, EJP, providing a small thrust for a long time have
permitted a precise correction of the spacecraft flight
trajectory parameters and the spatial orientation. The
family of EJP includes plasma engines (PE),
electrochemical engines (ECE) and electric-ion engines
(EIE) [1-4].

The currently EJP are characterized by higher

performances as compared to previous models. The
EJP operating parameters are:

. Electric-ion engines (EIE) — velocity of jet
~ 20...50 km/s, thrust = 20...250 mN, efficiency =
60...80%;

. Plasma engines (PE)—velocity of jet

~ 10...50 km/s, thrust = 10...500 mN, efficiency
~ 45...60%
with a high endurance of ~ 10000 to 30000 h.

The modern electric jet engines, using plasma
(ionized gas) as an actuating medium, permit to achieve
a significantly higher thrust (velocity of jet) with a low
propellant consumption that allows them to run for a
long time.

EJP with such high performances can serve as cruise
engines during flights for deep space orbits where the
tractive resistance is almost absent [5].

The cryogenic pumping system is designed to
produce oil-free vacuum pressure in the range 1-10° Pa
and modeling space. For cooling agents liquid neon and
liquid nitrogen were applied. Cryovacuum system
is designed for pumping high-ionized beams, inter alia,
terrestrial life tests EJP [6, 7].

1. EXPERIMENTAL EQUIPMENT AND
TECHNIQUES
The diagram of the vacuum assembly, with an inside
cryovacuum panel, is presented in Fig. 1. The assembly
is enclosed within the cylindrical chamber of 0.82 m?
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volume. Cryogenic pumps 12, 17 and cryopanel 2,
being used with liquid neon, are connected into the
closed cycle of liquefaction and storage (not shown).
The main components of the cycle are: compressor of
150 atm pressure, gasholder, high-pressure cylinders,
cleaning units and neon liquefier. The liquefier produces
5.9 dm°h. A closed cycle permits to exclude the neon
losses and to reduce the running costs. Nitrogen-neon
cryopump 12 is used as a forpump. Inside the chamber
is a neon cryopanels bleeder type 2. It is made of
copper, and has a surface area of 0.9 m?. Nitrogen shield
5 (conductivity of 0.5) protects the cryopanel from the
heat and gas flows. Initially the high-energy beams are
cooled at the end nitrogen shield.

Plasma source 8 is installed at the opposite end
flange. It is provided with a gas input system designed
for measuring and controlling gas flows in the wide
range. Besides this system feeds gas (Xe in our case) to
EJP. Neon adsorption pump 17, designed for evacuation
of Ne, H?and He, is fastened to the chamber bottom via
the sucker provided with a valve.

2. EXPERIMENTAL PROCEDURE

To control the residual atmosphere composition a
mass-spectrometer is used. The shield and cryopanel
temperatures are measured with copper-constantan
thermocouples. The forpump functions in the following
way. The mechanical forpump AVZ-20 starts the liquid
nitrogen squeezing via the nitrogen shield under
pressure lower than the air pressure, then valve 10 opens
to the vacuum chamber. The air concentrates on the
shield, flows down it and comes into the liquid
condensate  receiver. When the pressure of
(5.5...7)-10*Pa is reached neon is feed into the
squeezing unit. On this element the air condensation
takes place too. Under pressure of (1.2...1.3)-10* Pa the
valve, connecting the pump with the condensate
receiver, is cut off. In this case the evacuation of the
chamber continues up to the pressure of 5-107 Pa for
30...32 min with a liquid neon consumption of 3.5 to
3.8 dm’.
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If the nitrogen and neon squeezing are starting
simultaneously the evacuation continues 24...26 min
with neon consumption of 3.8...4.0 dm®. If the nitrogen
squeezing is carrled out under pressure S|multaneously

with neon squeezing then the evacuation duration is
21...23 min with neon consumption of 4.2...4.4 dm®.
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Fig. 1. Diagram of EJP testing:
1, 5 — nitrogen shield; 2 — neon cryopanel; 3, 4, 13 — vacuum sensing devices;
6, 15, 16, 19 — temperature sensors; 7 — uncooled shield; 8 — EJP; 9 — case; 10, 14 — valve;
11, 18 — liquid nitrogen trap; 12 — mechanical forevacuum pump; 17 — neon adsorption pump

Spectrum Total
No pressure Xe H; He Ne N3 O, H,0 CrHy
1 2:10" - 13 4 4 70 3 2 4
2 1.2:10* 1 11 3 2 75 2 2 4

The for pump is cut off from the pressure chamber
when the maximum pressure is reached. Then the
cooling of the nitrogen shields in the pressure chamber
begins and simultaneously the adsorption pump comes
into operation. In 5...10 min the liquid neon squeezing
through the cryovacuum panel is starting. The cryogenic
system provides in the chamber the pressure of
(1...2)-10° Pa in the no-load mode.
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Fig. 2. Consumption characteristics of the system
operating with a cold gas inflow

Table presents the residual  atmosphere
composition. Spectrum Ne 1 has been taken before the
Xe inflow upon the adsorption pump being working and
with the cold neon cryopanel. Spectrum Ne2 has been
taken in 0.5 after Xe inflow cut off when the adsorption
pump was not operating. In that case the total pressure
is almost twice lower than in the no-load mode. Besides,
the H,, He, Ne percentage decreases that evidences on
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the presence of a mechanism of cryogenic capture by
the Xe layers being condensed. A similar process is
observed during the Ar and Kr condensation. More than
70% of nitrogen evidence on the probable presence of
an insignificant cold microleak in the nitrogen shield.
Also, a weak leakage through the current leads or

coolant leads is possible.
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Fig. 3. Consumption characteristic in the case of
xenon pumping out by the inside cryopanel:
1 - “cold” consumption; 2 — xenon consumption while
EJP running

In that case the microleaks have no influence
neither on the maximum vacuum in the no-load mode
nor, especially, on the vacuum with Xe and Ar inflow.
The presence of 10% of H, is caused by the residual
atmosphere and is related with the hydrocarbon
decomposition on the filaments of lamps.
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Hydrocarbons are presented in the spectrum but
their overall number does not exceed 2...4% and is
determined by the presence of rubber seals at the
flanges and stop valve. The pumping speed of the
system was measured experimentally. The xe, a, n, and
air inflow was carried out during 600 s.

There was not difference in the pumping speed for
nitrogen and air and subsequently the accumulation of
noncondensable air components h,, ne and he was
observed. The results are shown in the plots of Figs. 2
and 3. When EJP is operating with the xe consumption
of 2.7...3.5 mg/s the pressure in the chamber is not
worse than 2-10°Pa that corresponds to the
requirements for ejp tests.

CONCLUSIONS

The present study demonstrates that the
cryovacuum systems using the liquid neon are capable
to evacuate effectively Xe, Ar, Kr in the steady-state
regime including these with a high-energy jet formation.
Also it is shown that the possibility of the inside
location of pumping-out elements permits to increase
significantly the evacuation rate. The location of
cryopanels in the large chamber gives an opportunity for
the pumping surface area increase and proportional
upgrade of the EJP consumption characteristics. This
effect is an urgent condition for tests of rocket engines
with high performances and significant working
parameters.
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HEOHOBASI KPHOBAKYYMHASI CUCTEMA J1J11 PECYPCHBIX UCIIBITAHUI
JIEKTPOPEAKTUBHBIX JIBUTATEJIENA

A.b. bampaxoes, I0.H. Bonakos, I0.®. Jlonun, A.I'. Ilonomapes

Onmcana Oe3MacisHHas KPUOBAKyyMHas CHCTE€Ma, IpeAHa3HadyeHHas A paboTel B JMANa30HE TaBIICHUH
(10°...4-10®) Ia. Hacocs! n KpUOTIaHENU BKJIIOYEHBI B 3aMKHYTBIM LIMKII MOJIYYE€HUSI U XPaHEHUS >KHJKOIO HEOHa.
Bakyymuas cucrema paspaborana HIIDOHMY HHI[ X®TU pans mnpoBeneHUs PECYpCHBIX HCTIBITAHUMA
AJIEKTPOPEAKTUBHBIX JBHTaTelIbHbIX ycTaHoBok (OPIY). IlpencraBnena KpuoBakKyyMHas cHcCTeMa Ui
CTalMOHAPHBIX Tua3Menbix apurareneit (CII), y KOTOpbIX pabO4YMM TENOM SIBISIFOTCS KCEHOH W, B MEHBIICH
CTETIeHW, aproH. J{Js WcclelIoBaHHS HOBBIX Pa3pabOTOK TAaKWX IBUraTeliedl, B OCOOCHHOCTH OJSI PECYPCHBIX
WCIBITAHWH, HEOOXOJAMMO  CO3J[aHHE YHUCTOro OEe3MaciIsiHHOTO BaKyyma (2-10'2 Ila), uyrto obecmeunBaercs
HEOHOBBIMHM KPHOBAKYYMHBIMH CHCTEMAaMH, KOTOPbIE MOTYT CHATh TEIUIOBYIO Harpy3ky zno 10 Bart/cm?. Tlokasaso,
YTO TpU KOHJCHCAIIMM KCeHOHa Ooiee 1,5 r/eM’ He MIPOUCXOJUT M3MEHEHHUS] B CKOPOCTH OTKAUYKH HEOHOBBIX
OTKQUMBAIOIIMUX D3JIEMEHTOB, T.€. NpPH IUIOL[AJAM KPUOMAHEIU OKOJO 1 M° BO3MOXHO [IPOBEJIEHUE PECYPCHBIX
ucneitTanuid CIT/.

HEOHOBA KPIOBAKYMHA CUCTEMA PECYPCHUX BUITPOBYBAHb
EJJEKTPOPEAKTUBHUX JIBUI'YHIB

O.b. bampakos, I0.M. Boaxos, 10.®. Jlonin, A.I. Ilonomapvos

Ormmcano Ge3MaciIsHy KpioBaKyyMHY CHCTEMY, SKa IIPH3HAYEHA UIs po6oTH B Aiamazoni tucky (10°...4-107) Ia.
TTomnu i kpiomaHeni BKIIOYEHI 10 CKJIaAy 3aMKHEHOTO IUKIY OTPUMaHHs Ta 30epiraHHs PiJMHHOTO HEOHY.
Bakyymuy cucremy pospobneno B IIIEHMIT HHI[ X®TI gma mnpoBeneHHS pPeCypCcHUX BHUIPOOYyBaHb
esrextpopeakTiBHuX ABuryHiB (EP/I). IlpeacrtaBieHo kpioBakyyMHY CHCTEMY JUIsi BUIPOOYBaHHSI CTalliOHAPHHUX
mna3MoBux ABUryHiB (CIL/), B sIKHX poOOYO PEYOBHHOIO € KCEHOH ab0, B MeHIiil Mipi, aprod. s 1ociipKeHHs
HOBUX PO3pO0OK TAaKHUX JIBUTYHIB, OCOOJMBO Ui IIPOBEJECHHS PECYPCHHX BUIPOOYBaHb, HEOOXiJHE CTBOPEHHS
GesmacisiHoro Bakyymy (2-107T1a), mo 3a6esredyeTbesi HEOHOBHMH KDIOBAKYYMHHMH CHCTEMAMH, SKi MOXKYTb
3HSITH TEII0Be HaBaHTaxeHHs 10 10 Barr/cm?. TTokasaHo, 10 IpH KOHAEHCALT KCeHOHy Gimbm 1,5 r/cm’ He poGuTh
3MiH Yy IIBUIKOCTI BiJIKAYyBaHHS HEOHOBHUX BIJIKAYHHMX EJIEMEHTIB, TOOTO TpH IUIONI KpiomaHemi 1 M% MOMITHBE
NpoBeeHHs pecypcHuX Bunpooysans CII .
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