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In order to reduce flux of neutrals into the plasma confinement volume, discharge start-up scenario maintained by
impulse gas puffing (GP) has been proposed. Absence of constant working gas feeding in this scenario opens a
possibility to reduce working gas pressure in the U-3M vacuum vessel. It was shown that the time of entire vessel
filling after sharp gas puffing pulse is about 10...20 ms. In discharges with 5...6 kV on the RF generators and
proposed start-up scenario, a delay between GP pulse and plasma creation was shorter than the chamber filling time.
The same level of the electron density has been achieved in the discharge under consideration and conventional
5...6 kV discharge maintained by the constant gas feeding only. The H, emission waveform in the considered
discharges is similar to its waveforms in the conventional devices where the sizes of vacuum chamber and plasma

are close each other.
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INTRODUCTION

A role of neutrals in plasma confinement at small
and medium size fusion devices is underestimated.
Ohmic H-mode initiated by a fast pulsed additional gas
puffing has been observed in the small limiter tokamak
TUMAN-3 and TUMAN-3M [1]. Suppression of edge
fluctuations and increase of the particle confinement
time triggered by gas puffing has been reported in the
small limiter tokamaks STOR-M [2] and ADITYA [3].

Neutrals can introduce additional viscosity which
dominates the neo-classical ion viscosity in the gas
fueling region [4,5]. Furthermore, according to these
studies, the neutral flux can modify or even determine
the edge radial electric field and plasma rotation. Recent
experiments in large tokamaks and spherical tokamaks
[6,7] have shown that neutral atoms in the tokamak edge
can influence global confinement by affecting the
transition from low (L) to high (H) confinement modes.

An influence of neutrals can determines ion energy
confinement of the small-size torsatron U-3M with
plasma volume about 0.3 m® and net chamber volume
~70 m’. Evidently, a substantial flux of neutrals with
mean free path longer than U-3M plasma size from
large U-3M vacuum vessel sustains main channel of the
ion energy loss via charge exchange (CX) collisions in
the low density discharges of U-3M. According to
results of the CX measurements by neutral particle
analyzers, energy confinement time of the 0.5...4.5 keV
ions is less than 0.5 ms [8,9]. No difference between
confinements of ion energy parallel to the magnetic
field and perpendicular to the magnetic field was
observed in U-3M. Therefore, an ion cooling through
CX collisions with neutrals is the main channel for ion
energy loss in the U-3M torsatron [8].

In order to reduce flux of neutrals in U-3M, another
discharge start-up scenario has been proposed. In this
scenario, the feeding of the plasma volume by working
gas is maintaining by sharp gas puffing only. Absence
of the constant working gas feeding in this scenario
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opens a possibility to reduce working gas pressure
inside the U-3M vessel. First experimental tests of the
proposed scenario are described in present work.

1. EXPERIMENTAL SETUP

Uragan-3M is a small size torsatron with I/m=3/9,
R/~=1 m major radius, a~0.12 m average plasma radius
and toroidal magnetic field By, <1T. The whole

magnetic system is enclosed into a large 5 m diameter
vacuum tank. Two type of RF discharges with low
(n=1...2:10” cm™), and higher (n,=5...10-10"* cm™
densities are induced by frame and strap RF antennas
[10].

The piezoelectric valve based GP injection into the
frame antenna plasma region was controlled by
computer system. A remaining between pulses pressure
of the hydrogen was about 10° Torr in the GP
discharges and about 10° Torr in conventional gas
feeding discharges. Hydrogen was used as a working
gas in all described experiments.

Gas stream was injected toward top U-3M helical
coil from the valve located under the plasma
confinement volume. It passes U-3M plasma cross-
section and becomes partially ionized. A leftover of the
not ionized gas stream is scattered on a wall of the
helical coil and is reflected into the plasma confinement
volume for further ionization.

2. CALIBRATION OF THE GP SYSTEM

In order to control a GP efficiency it is necessary to
prove that the injected gas is immediately absorbed by a
plasma and it is not filled the vacuum vessel. This
efficiency can be estimated by a comparison of the GP
vacuum chamber filling time and the plasma response
time. The chamber filling time was measured by "PMI-
27" vacuum gauge located in the bottom part of the
chamber vessel. A fast response time of such type of
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gauges (about 10 ps) [11] sustains sufficient temporal
resolution of the measurements. Time of the U-3M
vessel filling by the hydrogen gas after sharp gas
puffing (GP) pulse is about 10...20 ms, as it is shown in
Fig. 1.
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Fig. 1. Pressure evolution in the U-3M chamber after
GP injections (top frame) and GP control voltage
(bottom frame)
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A pumping speed is very slow in comparison with
the U3-M discharge durations (50...100 ms), as it is
shown in Fig. 2.
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Fig. 2. Pressure evolution in the U-3M chamber after
GP injections

A U-3M pump-out time corresponding to pressure
decay to the initial level after GP injection is about
3...5seconds, in used experimental conditions.
Therefore the pumping can be ignored in the U-3M
discharge particles balance.

3. RESPONSE TO THE GP INJECTION

Comparisons of the brightness of hydrogen spectral
line H, and the line averaged densities n. in
conventional and proposed discharges are shown in
Fig.3. Proposed GP scenario has been tested only in
discharges with low RF input power maintained by the
voltage of 5...6 kV on the RF generators. Both frame
and strap antennas were operating in these discharges.
The delay between GP pulse (13...19 ms) and plasma
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creation time (16...18 ms) was shorter than the GP
filling time in the proposed GP start-up scenario. This is
an indication that GP stream injected into the plasma
volume is ionized faster than gas outflow from the
injection region to the U-3M vacuum vessel.
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Fig. 3. H,and n, evolutions in conventional and GP
only discharges

The same level of the line averaged electron density
has been achieved in the discharge under consideration
and conventional 5...6 kV discharge maintained by the
constant gas feeding only, as it is shown in Fig. 3. An
emission of the hydrogen line H, was monitored in the
GP injection region. Different behavior of the hydrogen
emission line H, has been observed in proposed and in
the conventional discharges. The initial H, peak during
the plasma breakdown and the start-up stages is in an
order of magnitude higher in the considered discharge
scenario in comparison with the conventional one. This
could be a clear indication that the local concentration
of injected hydrogen and the plasma density in the
frame antenna region are substantially higher in the
proposed GP scenario in comparison with the
conventional one. The H, emission waveform in the
considered GP discharges of chamberless device U-3M
is similar to its waveforms in the conventional devices
where chamber and plasma sizes are close each other.

An example of multiple GP injections in a flat top of
the U-3M discharge is shown in the Fig. 4.
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Fig. 4. H, and n, responses to multiple GP injections

As it is shown in this figure, the response time for
each of the GP pulse, marked by dashed lines, is about
few 1...3 milliseconds.

Frame antenna plasma breakdown problems were
observed in conventional U-3M discharges recently.
Additional plasma pre-ionization by the strap antenna
has been used for the plasma start-up in these
conditions. Successful frame antenna breakdown
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without pre-ionization was observed in the proposed GP
experimental scenario. In this scenario the local
hydrogen pressure and the plasma density consequently
were higher in vicinity of the frame antenna than in the
conventional scenario during breakdown and start-up
stages. Such conditions can facilitate the plasma
breakdown in the case of similar level of the line
averaged density in a flat top of the discharge.
Evidently, GP injection scenario can supply necessary
for breakdown amount of neutrals locally, in the
antenna region only.

CONCLUSIONS

Initial experiments with gas feeding by GP only and
low input RF power show a possibility of discharge
scenario without constant gas feeding. The considered
scenario could be an alternative of chamber-less
torsatron U-3M plasma start-up scenario with discharge
conditions similar to conditions of the conventional
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CIIEHAPUI CO3JIAHMSI IJIA3MBI V-3M, PEAJIN3YEMBIN 3A CUET UMITYJIbCHOI'O HAITYCKA
T'A3A, KAK CHEHAPHI C IPYTUM YJIEPXKAHWUEM ILJIA3MBbI: IEPBBIE PE3YJIbTATHI

M.b. /Ipesans, 3.J1. Copokoesoii, FO.K. Muponos, P.O. Ilaénuuenxo, A.B. Jlozun, B.C. Pomanos, B.K. Ilawnes

Juist Toro, 4roObl YMEHBIIUTH MOTOK HEWTPaloOB B OOBEM YAEp)KaHUS IUIa3Mbl, ObUI MPEIJIOKEH CLEHapUi
paspszna Y-3M, noanepKuBaeMoOro UMITYJIbCHBIM HAlycKoM Tra3za. OTCYTCTBHE MOCTOSIHHOW IOJauu ra3a B 3TOM
CIIEHapH1H MO3BOJISIET YMEHBIINTH JIaBlieHne paboyero raza B BakyyMHoOI kamepe Y-3M. Bruto nokasaHo, 4To Bpemst
3aroyIHeHUs BaKyyMHOH KaMmepbl Y-3M mocie pe3Koro MMIysbca Hamycka rasza cocrasisier okomo 10..20 mc. B
paspsamax ¢ 5..6 kB ma BU-rereparopax B pexXuMe MPEUIOKEHHOTO CIICHApHs HAIyCcKa ra3a 3afepikKKa MExIy
UMITyJIbCOM HallyCKa M CO3JaHHMeM IUIa3Mbl ObLIa KOpOYe BpPEMEHH 3allOJIHEHMS KaMepbl. TOT jke ypOBEHb
IUIOTHOCTH JJIEKTPOHOB OBbT JOCTUTHYT B paccMaTpuBacMoM paspszge #u  oObgHOM 5.6 KB paspsze,
MOJ/IEP’)KUBAEMOM TOJBKO TOCTOSIHHOM mojayeil raza. @opma BpeMEHHOW 3aBUCHUMOCTH 3Muccuu JiuHauu H, B
paccMaTpuBaeMbIX pas3pszax Moxoka Ha (opMy 3TOH 3aBHCUMOCTH B OOBIYHBIX YCTAaHOBKAaX, B KOTOPBIX Pa3Mepsbl
TUIa3MBbl M KaMepbl OJIM3KU IPYT K JIPYTY.

CILEHAPII CTBOPEHHA IJIABMH Y-3M, 1O PEAJIIBYIOTHCSI 3A PAXYHOK IMITYJIbCHOI'O
HAITYCKY I'A3Y, AK CIHEHAPIU 3 IHIIUM YTPUMAHHSAM IIVIA3MU: IIEPUII PE3YJIBTATH

M.B. /Ipesans, E.JI. Copoxosuii, I0.K. Muponos, P.O. Ilagniuenxo, O.B. Jlo3in, B.C. Pomanos, B.K. Ilawunes

Just Toro, mo0 3MEHIIMTH MOTIK HEWTpasliB B 00’€M YTpUMaHHs IUIa3MH, OyB 3allpOIIOHOBAaHWIl ClEHapiil
pospsiny V-3M, mo HiITPUMYETHCS IMIYJILCHUM HAIlyCKOM rasy. BiqCyTHICTB MOCTiIHHOI mojadyi rasy B ILbOMY
CIICHAPIT T03BOJISIE 3MEHIIIMTH THCK POO0YOro rasy y BakyyMHii kamepi ¥Y-3M. Byno nokasaHo, 1110 4ac 3ari0BHEHHS
BakyyMHOi Kamepu Y-3M micis pi3KOro iMIynbCy HaIlycKy rasy craHoBHTh Oim3bko 10..20 mMc. YV pospsigax 3
5..6 kB Ha BY-reneparopax y pexuMi 3alpONOHOBAHOI'O CIIEHApil0 HAIyCKy Ta3dy 3aTpUMKa MDK IMITyJIbCOM
HaITyCKy 1 CTBOPEHHSIM Iu1a3Mu Oyiia KOpOTLIOK HiXK 4ac 3allOBHEHHs KamepH. Toil ke piBeHb I'yCTHHU eJIeKTPOHIB
OyB IOCATHYTHH B PO3TIIAHYTOMY PO3pPsi i 3BHUaiiHOMY 5...6 KB po3psimi, Mo migTpUMYy€EThCS TiNBKH TTOCTIHHOO
mojadero razy. dopma wacoBoi 3ajexkHocTi emicii miHIT H, B po3mIstHyTHX po3psmax cxoka Ha ¢opmy Iiei
3aJIe)KHOCTI B 3BUYaHUX YCTAaHOBKAX, B IKUX PO3MIPH IUTa3MH 1 KaMepH OJIHM3bKi OAMH A0 OIHOTO.
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