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The results of evaluating the effectiveness of the vacuum chamber wall conditioning procedure by the use VHF
of continuous discharge and RF pulse discharge that were applied either separately or in combination with each
other in helium atmosphere at Uragan-2M are presented. The high-vacuum cryogenic traps are enabled in these
experiments. Some amount of gas pumped from the vacuum chamber is condensed on the surfaces of cryogenic
traps integrated in the input branch pipes of the vacuum system. Periodically, one trap is separated from the chamber
and from the pump by vacuum valves and warmed up what led to release of the condensed gases into the enclosed
volume. The value of pressure Py inside this volume is proportional to the amount of pumped gas and, consequently,
to the effectiveness of the wall conditioning process. It was found that the value P in the combined VHF + RF

discharge is 2-3 times higher than in the case of using only pulsed RF discharge.

PACS: 52.80.Pi, 52.77.Bn, 81.65.-b.
INTRODUCTION

A staged wall conditioning was carried out at the
stellarator Uragan-2M with major radius R=170 cm and
plasma minor radius ry<22 cm [1]. At the first stage
after closing all ports, the vacuum chamber was heated
up to 60...65 °C during twenty days. During last two
days of heating process, the VHF wall conditioning
(f;=135 MHz) of vacuum chamber by continuous
discharge in hydrogen was added [2]. At the third stage
Kaskad-1 pulse RF generator was used together with the
VHF generator for the discharge sustaining.

The details of conditioning by VHF discharge are
described in Ref. 3. The wall conditioning was carried
out by the VHF generator at the frequency of 132 MHz
and power of about 2 kW. Additionally, the continuous
generator at the frequency of 4.7 MHz and the power of
around 1 kW is used. During the wall conditioning, the
steady magnetic field B was 400...500 G.

EQUIPMENT OF THE EXPERIMENT

The effectiveness of conditioning was estimated by
the following method.
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Fig. 1. The scheme of the experiment: 1 — pipeline from
the chamber; 2 — vacuum valve Nel; 3 — pipeline to the
pump; 4 — vacuum valve No2; 5 — the cut off volume;
6 — container for liquid nitrogen, the pumped gases are
condensed on its surface; 7 — pipe for inputting
cryogenic liquid; 8 — Py pressure sensor
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Some amount of gas from the vacuum chamber 1
(Fig. 1) is condensed on the surface of one of the
cryogenic traps 6 which is located in the input branch
pipe 3 of the vacuum system pump. Periodically this
trap is cut off from the chamber and from the pump by
the vacuum valves 2 and 4, and heated up inside the
volume 5. The condensation time (the exposition) was
either 1 hour or 30 minutes. Then the pressure Py inside
this volume is a guide to the amount of pumped gas —
i.e., can characterized the effectiveness of the wall
conditioning process. This method is described in [2] in
detail.

The VHF generator is based on a GU-4B tube, which
is an air-cooled vacuum triode. The single-stage
oscillator scheme with a common grid was used. The
output frequency could be tuned within the range of
130...140 MHz. The power output is about 2...4 KW.
The design of RF circuits is based on the so called “air
coaxial”. The feedback signal is received from the loops
made of copper straps located in anode cylindrical
cavity. The feedback magnitude is controlled by
adjusting the distance between the anode cavity and the
surface of feedback straps, as well as by selecting the
number of the loops. The RF power is taken off from an
anode cavity into the coaxial cable through a coupling
capacitor. It also serves as a matching component of the
anode cavity to a loaded feeder line. The RF power
transmission line to the antenna consists of 2 feeders of
type RK-50-11-13, connected in parallel, with wave
impedance is 25 Ohm. The directional coupler is placed
at the output of the generator. The power of the
generator was controlled by the value of the cathode
current. It was varied in the range 0.82.7 A under
various antenna loads, while the anode voltage was
4 kV. The generator is connected to the small frame
antenna which is described in Ref. 2.

MEASUREMENT RESULTS

Fig. 2 shows variations in Pg, which is in proportion
to the amount of pumped gas, during the first stage of
the wall conditioning, the vacuum chamber baking.
Measurement results show that gas emission from the
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walls reaches its peak after heating the chamber during
20...24 hours.

Fig. 3 demonstrates reducing trend of the amount of
pumped gas during the second day of wall heating. The
measurements were carried out under the exposition of
30 minutes. The amount of pumped gas is noticeably
decreased (Py;=0.044 Torr and Pg=0.027 Torr) in
comparison to the previous day, when Pg=0.4 Torr,
which could be explained by the decrease of the amount
of residual gas in the vacuum chamber.
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Fig. 2. P4 pressure values measured during vacuum
chamber baking (exposition is 1 hour):
1 —after 3 hours; 2 —after 6 hours; 3 —after 24 hours
since the baking starts
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Fig. 3. P pressure values (exposition is 30 min):
1 — 27 hours from the beginning of baking;
2 —28 hours; 3 —30 hours

Thereafter the stage of simultaneous VHF wall
conditioning and wall heating began. Fig.4 shows a
substantial increase in Py values during the VHF
conditioning (2). The value of Py=0.18 Torr during the
VHF conditioning and heating is more than 10 times
higher, than in the mode of baking only
Py =0.013 Torr.

The RF wall conditioning of the chamber in helium
atmosphere was carried out at the Uragan-2M
stellarator. The effectiveness of the conditioning was
estimated by the same method as described above.
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Fig. 4. Py pressure values measured at vacuum chamber
baking (1) and at the simultaneous baking and VHF
conditioning in continuous mode (2)

Under simultaneous operation of the Kaskad
generators [4] and the VHF generator produced helium
plasma, the value of Py (Fig.5) has decreased by
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2.5times (from 0.18 to 0.072 Torr) after 10 days of
conditioning.

Fig. 6 demonstrates that the effectiveness of
conditioning in helium atmosphere is 2...3 times higher
for the combined VHF+RF discharge (1 and 2) than for
the pulsed RF discharge only (column 3).
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Fig. 5. Py pressure values during 10 days of
conditioning: 1 —after the 1¥ day of conditioning;
2 —after the 10" day
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Fig. 6. P4 pressure values during the operation of
different generators: 1 — VHF+RF discharge;
2 —RF discharge only

It is necessary to mention the fact that the Kaskad-1
antenna loading is higher when operating together with
the VHF generator [5].

RGA data shows (Fig.7) that after the 10 day
conditioning the content of the following gases was
decreased: CO, by 1.6 times, CH, from 107 to almost 0,
0O, — by 1.1 times, C3Hg dropped to 0. At the same time
the level of NH; and He was increased in 1.5 times, the
amount of water was increased in 1.5 times too.
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Fig. 7. RGA data obtained as a result of the 10 day RF
conditioning
Fig. 8 shows the variations in gas partial pressures

inside the chamber after 60 and 80 minutes of wall
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conditioning under the continuous mode of VHF
generator in comparison to the beginning of wall
conditioning (green color). After working for 1 hour the
amount of CH,, NH3, C3Hg, Ar, CO, was increased and
then dropped (except for the CO,). The amount of water
was also decreased.
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CONCLUSIONS

Based on the above it is arguable that the
combination of RF wall conditioning and chamber wall
baking for at least 2-3 days has a beneficial effect on the
wall conditioning process at Uragan-2M stellarator. The
combination of continuous VHF discharge and RF

pulses increases the amount of pumped gas in about 2-3
1 times. Under the VHF discharge carbohydrates, CO, are
actively formed inside the chamber. The 10 day
conditioning with helium decreased the amount of gas

2 pumped from the chamber by 2.5 times.
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Fig. 8. Comparison of partial pressures of gases
during the operation of VHF generator. Green color —
before the conditioning. Red — 60 minutes after the
beginning of conditioning. Blue — 80 min after the
beginning of conditioning

BY-YHCTKA B CTEJVIAPATOPE YPAT'AH-2M C UCIIOJIb3OBAHUEM KPUOTEHHOM JIOBYIIKH

B.B. Kopoeun, /[.U. bapon, M.M. Ko3zyns, B.A. Yepnuviuenxo, E.JI. Kpamckoii,
B.K. Ilawnes, M. Mozemuu

IIpuBenens! pesynpraTsl BU-unctku B cremiaparope Yparan-2M c ucnonb3oBanueM YKB HenmpepbBHOTO
paspsiza B atMocgepe renus. [Ipu 3TOM yacTh OTKa4MBAaeMOT0 Ta3a KOHJICHCHPOBAIACh HA KPHOTCHHYIO JIOBYIIKY.
[Ipouecc 4MCTKH KOHTPOIMPOBAJICS M3MEPEHHEM JaBleHHs ra3a P, B oTceueHHOM 00beMe ¢ JIOBYIIKOH Imocie ee
oTerieHUs. 3HaueHue P, IpomoprroHanbHO KOJNMYECTBY OTKauuMBaeMoro rasza. OOHapyXeHO, 4TO KOJNYECTBO
CKOHJICHCHPOBAaHHOTO Ha JIOBYIIKE ra3a npu komOuHupoBanHOM YKB+BU-pa3spsine B 2-3 paza BhIIe, 4eM B ciydae
MCIIOJIb30BaHMS TOJILKO UMITyJIbcHOTO BU-paspsna.

BU-UMCTKA B CTEJIAPATOPI YPATAH-2M 3 BUKOPUCTAHHSAM KPHOTEHHOI TACTKH

B.b. Kopogin, /I.1. Bapon, M.M. Ko3ynsa, B.Al. Yepnuwenxo, €./]. Kpamcokuii,
B.K. Ilawunee, M. Mozemuu

Hagseneno pesynsratn BU-uncTku B crenapatopi Yparan-2M 3 Bukopuctanasm Y KX OesnepepBHOT0 po3psiy B
atMocdepi remito. [Ipy 1poMy YacTHHA BiKauyBaHOTO Ta3y KOHJEHCYBaJach Ha KpPHOTEHHY macTky. [Iporec
YHINEHHs] KOHTPOJIFOBABCS 3a JOMOMOIOI0 BHMIPIOBaHHs THUCKY ra3y P, y BiiciueHomy 06 eMi 3 macTkorO micis ii
oTerieHHs. 3HaueHHs P, mporopuiiHO KUTBKOCTI BiIKaYyBaHOTO rasy. BusBieHo, 1m0 KiIbKICTh CKOHJIGHCOBAHOTO
Ha mactii ra3y npu kombOinoBanomy YKX + BU-po3psai B 2-3 pasu Buile, HK y BUMAIKy BUKOPUCTAHHS TUIBKH
immysiscHoro BU-pospsiny.
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