CRYOGENIC ADSORPTION PUMPS FOR REB ACCELERRATORS
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It is known that in relativistic electron bunching (REB) accelerators the main residual gases are air components.
Under irradiation in targets made of different materials being studied, a significant increase of a level of such gases
as hydrocarbons, aqueous vapor and hydrogen is observed. Therefore, it is clear that for improvement of vacuum
conditions for a REB accelerator it is necessary to apply pumps which should permit to realize a high rate of pump-
ing out of main residual gases and those of them the level of which increases considerably in targets under irradia-
tion. We propose to complete the available equipment for pumping of REB accelerators with cryogenic adsorption
pumps. They are to be placed in accelerators so that they can serve as additional means for protection of the target
chamber volume against hydrocarbon coming from the available pumping equipment. It will make it possible to im-
prove significantly the initial vacuum conditions in the working volume, and, furthermore, to reduce the time be-

tween experimental pulses.
PACS: 29.17.+w

1. INTRODUCTION

Vacuum conditions are of great importance for oper-
ating pulsed high-current accelerators of relativistic
electron beams (REB). This is of particular value for op-
eration of microsecond -duration accelerators. The beam
of a few tens kJ energy either interacts with the target or
gets the drift chamber wall. As a result, in the chamber a
gas flame is formed that leads to shortening the beam
duration, to reducing the lifetime of basic units of the
accelerator, sputter-ion pumps etc.

It is known that in REB accelerators the main residu-
al gases are air components. Under irradiation in targets
made of different materials being studied, a significant
increase of a level of such gases as hydrocarbons, aque-
ous vapor and hydrogen is observed. Therefore, it is
clear that for improvement of vacuum conditions for the
REB accelerator it is necessary to apply pumps which
should permit to realize a high rate of pumping out of
main residual gases and those of them the level of which
increases considerably in targets under irradiation.

2. EXPERIMENTAL PART

The paper presents two constructions of cryogenic
adsorption pumps designed for obtaining fine vacuum in
the range of pressures from 760 mm Hg to 10° mm Hg.

The pumps can be recommended for pumping high-
current pulse REB accelerators, as they are stable to vi-
bration, as well as, to electric and magnetic fields.

Cryogenic pumping devices are among the few
pumping means, which do not carry contaminants into
the volume being pumped out. Cryogenic pumps can be
applied not only for obtaining the high vacuum but also
for performing the oil-free fore vacuum pumping out.

Applying in practice of cryogenic pumps requires
development of new designs improving the effective-
ness of cryogenic pumping out. Proceeding from the
above, we offer a high-vacuum cryogenic adsorption
pump operating on cooling agent with the effective use
of releasing vapors that leads to increasing the operating
life of the pump. Fig.1 shows a schematic diagram of
the pump.
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Fig.1

The pump comprises vertical body 1, in which a
pumping element in the form of vessel 2 with cooling
agent and screen 3 are located. In the bottom part of the
vessel, chamber 4 is placed in which cassettes with
adsorbent 5 are installed. Pumping of the major gas
mass is performed by condensation on bottom 6 of
vessel 2. Non-condensable part of gas after multiple
collisions with the surfaces having the temperature of
the cooling agent is absorbed by the adsorbent. Screen 3
with chevron 7 in its lower part is designed for
protection of vessel 2 against external radiation and
other thermal flows. Screen 3 is cooled due to releasing
vapor of the cooling agent passing through its coil 8.
Just here condensing components of the pumped gas are
frozen. The surfaces of vessel 2 with cooling agent and
screen elements are treated so that heat flows arriving to
them were minimized. The screen and the vessel with
cooling agent are suspended in the pump body on two
pipes 9 and 10. So, the cooling agent is filled up and
removed through branch pipe 9 and extraction and
utilization of cooling agent vapors is realized through
branch pipe 10.

The tests were conducted on the bench equipped
with a system for preliminary pumping out and pumped
gas filling up, as well as with vacuum gauges. For the
study of a residual atmosphere an omegatronic mass-
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spectrometer was used. We have obtained characteristic
mass spectra of not warmed vacuum system. They are
presented in table where the first line corresponds to the
pressure 1.2:10®* mm Hg, and the second line — to
6.210° mm Hg.

Ne Gas content, %

H, | CHy | HHO [ N, | Oz | Ay | CO: | ZC.H.
11445 45 | 78 [ 252843 7.1 4
2| 56 31 [ 12416 (2,1[32] 5 2

In the case without warming up the pump being
pumped the ambient air with the use of liquid nitrogen
as a cooling agent the pressure of 1.8.'0° mm Hg was
attained.

For pumping in the fore vacuum region of pressures
one needs a pump operating in the rather wide pressure
range and having insignificant consumption of a cooling
agent. We offer the design of a cryogenic fore vacuum
pump that can be used for preliminary pumping out of
chambers having a large volume when it is necessary to
obtain a fine vacuum for high-current pulse REB accel-
erators and to maintain it in the course of accelerator op-
eration.

The pump has a body, which comprises a condensa-
tion element with a chamber for a cooling agent, a col-
lector of condensate into which an adsorption cartridge
is set. A condensation element has a valve installed in
its chamber to have a possibility for pouring the cooling
agent from the condensing element into the collector of
liquid condensate with the adsorption cartridge. It leads
to the full cooling of the adsorption cartridge and, as a
consequence to increasing the efficiency of rest gases
adsorption, that allows to obtain a limiting vacuum of
10-6 mm Hg without increasing the adsorbent mass.
The valve stem being beyond the body borders makes it
possible to control effectively the work operation.

It should be noted, that the vacuum of this order
could be obtained with using two independent pumps -
condensation one and adsorption one, which are cooled
by liquid cooling agent. But the coolant consumption
would be much greater. Note also, that the installation
having two independent pumps will be very complicat-
ed.

The pump offered (fig.2) comprises body 1 contain-
ing in it cooled condensation element 2 with a chamber
for a coolant. In the bottom part of the pump under the
condensation element there is condensate collector 3
where adsorption cartridge 4 is set. The valve mounted
in the chamber of the condensation element is made in
the form of locking cone 5 with guide pin 6 the regula-
tion of which is made from the outside of body 1.The
pump is connected to the volume to be pumped out via
vacuum conductor 9.

The course of pump operation is the following. First-
ly, valves 7 and 8 are closed, adsorption pump 4 is pre-
liminary regenerated. Condensation element 2 is cooled
with nitrogen by simultaneous pumping its vapors with
the help of a mechanical pump. The ambient air being in
the internal volume of the chamber of body 1 and con-
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densate collector 3 is condensing on element 5. The ob-
tained liquid condensate falls into the collectors.
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Fig.2

Then valve 7 is opened and the gas from the volume be-
ing pumped out passing through vacuum conductor 9 is
condensing on element 2. The obtained liquid conden-
sate also trickles down into collector 3. When the pres-
sure in the pumped volume is decreased to the triple
point pressure, the condensate flowing down from con-
densation element 2 stopped. After that valve 7 is closed
and valve 5 installed in the chamber of the condensation
element is opened. The cooling agent falls into conden-
sate collector 3 providing the fool cooling of the adsorp-
tion cartridge 4. As soon as, the raising of the pressure
in the volume of body 1 terminates, valve 5 is closed
and pumping of vapors releasing from condensation ele-
ment 2 is continuing. After that valve 7 is opened. Si-
multaneously the pressure in the volume being pumped
out decreases and the temperature of the adsorption car-
tridge is lowering. The presence of the condensate-
coolant mixture allows one to cool the adsorbent in the
adsorption cartridge without disconnection of the con-
densate collector from the body chamber. Besides, the
circulation of the condensate between the collector and
condensation element is reduced to minimum. If one
uses, as a condensate, liquid nitrogen the temperature of
which is decreased by means of a mechanical pump,
then the rate of vapors pumped out from the pump’s
chamber can be significantly decreased. After reaching
the pressure of 102 mm Hg in the volume being pumped
out valve 7 is closed and valve 8 is opened. The starting
of the adsorption cartridge cooled with the liquid con-
densate and the coolant allows one to decrease the pres-
sure in the volume being pumped up to 10° mm Hg.

3. CONCLUSION

As a the result of the work done the high-vacuum
cryogenic adsorption pump operating on one cooling
agent with the effective use of released vapors was con-
structed.

The characteristic mass-spectra of non-warmed vac-
uum system for different pressures are obtained.

The design of the high-effective pump operating in
the wide pressure range is offered.
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KPUOT'EHHBIE AJICOPBIIMOHHBIE HACOCHI JIJIs YCKOPUTEJIEN PII1
A.b. bBampaxos, B.A. Kpasuenxo, 10.®D. J/lonun, B.Al. Yepuviuenko

W3zBecTHO, uTO B yckopuTenix POIl OCHOBHBIMH OCTATOYHBIMH TI'a3aMH SIBISIOTCS KOMIIOHEHTHI Bo3nyxa. Ilpm
O0JTy4EeHNH HCCIIEyEeMbIX MHIICHEH M3 Pa3lINYHBIX MaTepUalioB HAONIOAAeTCs 3HAUYUTEIbHOE TOBBIIICHUE YPOBHA
TaKUX ra3oB, KaK yrJIe€BOAOPOABI, BOASHbIE Mapbl U BOAOPo. [loaToMy 04eBUIHO, UTO A YIy4LICHHUS BaKYyMHBIX
ycnoBuit yckopurens POIl Heo6XoauMo NpUMeHeHHe HAacOCOB, KOTOPBIE ObI TIO3BOJISUTM PEAIN30BHIBATE OOJIBIIYIO
OBICTPOTY OTKa4YKH OCHOBHBIX OCTATOYHBIX I'a30B, TaK M TE€X M3 HUX, YPOBEHb KOTOPHIX CYLIECTBEHHO BO3PaCTaeT
npu obsydeHun MuiieHel. Hamu npeiaraercst 1OMOMHUTE HaJIMYHBIE CPEJCTBA OTKauku yckopureneit POII kpro-
TeHHBIMH a/ICOPOIIMOHHBIME HACOCAMH, TIPH 3TOM pa3MEIIaTh UX B YCKOPHUTEISX TaK, YTOObl OHU CTAJIH JOMOJIHH-
TENBbHBIM CPEICTBOM 3aIlUTHl 00BbeMa KaMephl MUIICHH OT IOCTYIUIEHHUS YTIIEBOJOPOIOB CO CTOPOHBI HAJMUHBIX
CPE/CTB OTKAYKH. JTO MO3BOJIUT 3HAYUTENBHO YJIyUYIINTh HaYalbHbIE BAaKyyMHBIE YCIOBHUS B pabodeM oObeMe, a C
JpPYTOH CTOPOHBI, COKPATUTh BPEMsI MEK/TY SKCIIEPHUMEHTATBHBIMU UMITYJIbCaAMH.

KPIOT'EHHI AJJCOPBLINHI HACOCH JJISI IPUCKOPIOBAYIB PEIT
O.b. bampakos, B.O. Kpasuenko, 10.®. Jlouin, B.l. Yepnuwenxo

Bimomo, mo B npuckopioBagax PEIl oCHOBHUMHE 3aMUIIKOBUMHE Ta3aMH € ra3u moBiTps. [Ipu ompomiHrOBaHHI
JOCIIKYEMHX MilIEHeH 13 pI3HOMaHITHHX MaTepiajiB CIIOCTEPIracThCsi 3HaYHE ITIIBUILICHHS PIBHIO TaKHX rasiB, K
BYTJIEBOJIHI, BOJSHI Mapu 1 BOjAEHb. ToMy /il MOJINIIEHHS BaKyyMHHX yMOB mpuckopioBauiB PEIl meoOXximHo
BUKOPHCTAaHHS HACOCIB, sIKi OM MaJli BEJIMKY LIBHJKICTh BiIKAYKM OCHOBHHMX 3aJIMIIKOBHX ra3iB, 1 THX i3 HUX, PiBEHb
SKHX CYTTEBO 3pOCTa€ MPH OMPOMIHIOBaHHI MillleHed. HaMu ponoHyeThesl JOMOBHUTH iCHYIOUH 3acO0M BiKayKu
npuckoproBadiB PEIl kpioreHHUMH aacopOmiHHUMH HacocamH, SKi pO3TAIIOBYIOTHCS B TPHCKOPIOBaYaxX TaKUM
YHHOM, 1100M BOHH CTaJIM JOTIOMIKHUM 3aCO00M 3aXUCTy 00’€My BiJ MOCTYNAlOYMX BYTJICBOAHIO Ta IHIIMX Ta3iB 3
MimmeHi. [{e 703BONINTH 3HAYHO MOJIINIIUTH OYATKOBI BAKyyMHI YMOBH 1 IIPUBECTH IO CYTTEBOTO CKOPOYEHHS Hacy
MiX IMITyJTECaMH.

208



	A.B. Batrakov, V.A. Kravchenko, Yu.F. Lonin, V.Ya. Chernyshenko
	2.EXPERIMENTAL PART
	REFERENCES



