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In the considered mode of cleaning, plasma was created and heated by antennas at frequencies frr; =~ 7.9 and

fre2 = 8.8 MHz, the magnitude of the constant magnetic field was By(0) ~0.02 T, so that the ion cyclotron frequency
was much lower than the heating frequency. The average plasma density was N ~ 1x10'"® m*, electron temperature was
~10 eV, working gas pressure was 10 Torr. Using a set of 15 magnetic sensors installed in one of the poloidal sections
of the torus, fluctuations of the poloidal magnetic field were recorded. It was found that in the investigated frequency
range 0...100 kHz, the spectrum of fluctuations of the poloidal magnetic field has two characteristic frequencies 6 and
49 kHz. The dynamics of the intensity of the magnetic plasma fluctuations for the investigated frequencies was also

studied.
PACS: 52.55.Dy, 52.55.Hc

INTRODUCTION

Three-thread torsatron Uragan-3M (U-3M) [1] is an
stellarator-type fusion device with (I = 3, m = 9,
R, =1m, a = 0.10 m), see Fig. 1, has a characteristic
feature — an open natural helical divertor [2-7] which
allows to implement a rare collisional discharge mode at
this facility [8-10]. Earlier, on this facility, a series of
experiments was performed to study plasma MHD
activity in the frequency range 0.5...70 kHz [11-13],
which showed the presence of a large number of
frequency peaks in the spectrum of fluctuations of the
poloidal magnetic field.

The purpose of this work is to study plasma MHD
activity in the frequency range 0.5...100 kHz in the
cleaning mode. Knowledge on plasma MHD activity in
the confinement volume in this mode will be useful for
understanding the MHD processes observed in the
facility in its main operational mode.
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Fig. 1. Helical coils I, Il, 111 of the U-3M torsatron.
Indicated are symmetric poloidal cross-sections of the
torus, A and D, in all periods 1-9 of the helical
magnetic field, A1, D1, A2, D2, ..., A9, D9, and position
of the RF antennas. The arrow indicates the location of
magnetic probes

CONDITIONS OF EXPERIMENT AND
RESULTS OF STUDIES

The method of cleaning with small magnetic fields
at frequencies of the order of ten megahertz is used [14]
to clean the internal surfaces of the magnetic trap with
plasma. In this cleaning mode plasma was generated
and heated by frame antenna Al [15] at frequency
free = 7.9 MHz (marked Al in the Fig. 1). Voltage at
anode of RF lamp of antenna Al was 5 kV during
50 ms. 5 ms after the start of antenna Al the three-half-
turn antenna A2 (see marked A2 in the Fig.1) was
started, which worked together with the first antenna till
the end of pulse. Voltage at anode of RF lamp of
antenna A2 was 6 kV, frequency was frr, ~ 8.8 MHz.

The magnitude of the constant toroidal magnetic

field was By(0) =0.02T, so ion cyclotron frequency
was significantly less than the plasma heating
frequency. It should be noted that in the main mode of
operation of U-3M for which studies of plasma MHD
activity were performed in works [11-13] the RF
antenna Al was used, operating at frequency
free~= 8.6 MHz  while the magnitude of toroidal

magnetic field was much higher: By(0) = 0.7 T. Average
plasma density in the cleaning mode was ~ 1x10™® m=,
temperature of electrons was ~ 10 eV, hydrogen was
used as working gas, working gas pressure was
10™ Torr. Pulse length was 50 ms which is also close in
value to the discharge length in [11-13].

Set of 15 magnetic probes made in the form of
Mironov coils was used to register the fluctuations of
poloidal magnetic field. Preliminary, frequency
characteristic of probes was taken and it showed that
frequency in the range 0.5....100 kHz are registered by
magnetic probes without distortion, after 100 kHz, the
signal is lowered. Signals from probes were sent to 16-
channel analog-to-digital converter (ADC) with total
digitization rate 2400 MHz (150 kHz per channel).
When reading the information from all 15 probes the
maximum frequency in the spectrum, the Nyquist
frequency, could be 75 kHz. Signal from only 5 probes
digitalized to increase it, which allowed to increase the
Nyquist frequency up to 240 kHz. Fig. 2 shows the
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poloidal cross-section where a set of magnetic probes
was installed.
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Fig. 2. Relative lay-out of helical coils I, Il, Il and

calculated structure of the magnetic surfaces in the
poloidal cross-section where measurements are made.
The spatial arrangement of the magnetic sensors.
Probes were installed at a radius b,=16.8 cm

Fig. 3 shows a signal from magnetic probe Ne 6,
while the signal to ADC was sent only from 5 probes
(Ne 6-10), so maximum detection frequency was
240 kHz. Antenna A1l worked over time 0...50 ms and
antenna A2 —5...50 ms.

2000

1000

12000, ' | ' | |

0 20 40 60
t, ms

Fig. 3. The signal recorded by one of the sensors
(probe M 6). The dotted line indicates the time on and
off the second antenna A,

Fig. 4 shows power spectrum calculated for the
signal shown in the Fig. 3 within the range 20....30 ms.
This spectrum shows the presence of two highly peak
frequencies 6 and 49 kHz and low frequency band-pass
0.5...2 kHz. At frequencies of 100...240 kHz, the power
spectrum was almost zero, therefore, for convenience, in
Fig. 4 the axis X is limited to 100 kHz.

Signal in Fig. 3 was processed by numerical band-
pass filters 4.5...6.5 and 48.5...50.5 kHz to trace the
temporal behavior of frequencies 6 and 49 kHz
throughout the pulse. Fig. 5 shows the results. In Fig. 5,
the color bar highlights the temporal range for which the
power spectrum was calculated (see shown in the
Fig. 4). From Fig. 5 it is clear that fluctuation intensity
of poloidal magnetic field at frequencies close to 6 and
49 Hz are not constant in time. Possible instabilities that
cause in the power spectrum the frequencies 0.5... 2.0,

ISSN 1562-6016. BAHT. 2019. Nel(119)

6 and 49 kHz require their identification and further
studies.
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Fig. 4. The power spectrum of the signal from the
magnetic probe ANe 06 is constructed for a time interval
0f20...30 ms
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Fig. 5. The signal from one of the magnetic sensors
(probe A2 06) (a); the same signal after processing by a
bandpass filter 4.5...6.5 kHz (b);
¢ — the same signal after processing by a bandpass
filter 48.5...50.5 kHz (C). Antenna I operates 0...50 ms;
Antenna 2 operates 5...50 ms

CONCLUSIONS

1. Plasma MHD activity was studied on Torsatron
U-3M in cleaning mode at low magnetic field so ion
cyclotron frequency was much less than the heating
frequency.

2. Power spectrum of poloidal magnetic field
fluctuations was obtained in the frequency range
0.5...240kHz. Two frequencies are particularly
noticeable in the spectrum: 6 and 49 kHz.

3. Poloidal magnetic field fluctuations at frequencies
6 and 49 kHz are not constant in time.
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MI' 1 AKTUBHOCTD IIJIA3MbI B TOPCATPOHE V-3M B PEXKUME BY-YUCTKHU IIPU
MATHUTHOM MOJIE B,(0)=0,02 Ta

B.K. Ilawnes, 3.J1. Copoxoeoii, A.A. Ilempywiensn, @.H. Oxcepenves

B paccmarpuBaeMOM pexuMe YHCTKH TUIa3Ma CO3/IaBaiach M HAarpeBajiach aHTEHHAMH Ha 4actotax frpy = 7,9 m
fre, = 8,8 MI'n1, BeunHA MOCTOSHHOTO MarHuTHOTro moius By(0)~0,02 T, Tak 4To MOHHAs LMKIOTPOHHAS YacTOTa
Obuta MHOTO MeHbIIEHl 4acToTel HarpeBa. CpemHss IUIOTHOCTh IUIa3Mbl ObLTa N ~1x10% M3, JJIEKTPOHHAsI
temneparypa ~ 10 9B, nasienme pabodero rasa 10 Topp. C momompio HaGopa w3 15 MArHHTHBIX JATHHKOB,
YCTaHOBJICHHBIX B OJHOM M3 TMOJOHMJAJBHBIX CEYEHHH TOpa, PErMCTPUPOBAIUCH (IIYKTyalMu MOJIOUJATHLHOTO
MarHuTHOro ToJis. Beuto oOHapykeHo, 4To B HcciemyeMoM nuamasoHe dactoT 0...100 xI'm cmextp QurykTyarmii
MOJOMIAIFHOTO MAarHUTHOTO TIONIS MMEeT JBe XapakTepHble 4acToTel — 6 u 49 xl'm. Taxoke Obla mpociexeHa

JUHAMHKa HHTCHCUBHOCTH MAarHUTHBIX q)HyKTyaHI/If/'I TIJ1a3Mbl JJ1d UCCIICAYEMbBIX YaCTOT.

MT /I AKTUBHICTb IJIA3MH B TOPCATPOHI Y-3M Y PEXKMMI BU-YMCTKU TPM MATHITHOMY
TIOJTI B4(0)= 0,02 Tar

B.K. Hawnes, E.JI. Copoxosuii, A.A. Ilempywens, @.1. Osxcepen’ce

VY po3mISTHYTOMY pPEXHMI YHMIIEHHS IUIa3Ma CTBOPIOBAJAcs i HarpiBajacsi aHTeHaMH Ha dactoTax fre = 7,9 Ta
fre2 ~ 8,8 MI'ny, BenmmumHa nocriitHoro MariTHoro nonst By(0) = 0,02 Tu, Tak 1o ioHHa NUKJIOTPOHHA YacToTa Oyina
HabaraTo MEHIIOKW uacToTH HarpiBy. Cepeims ryctuHa mmasmu Oyia N ~1x10™ M3 emexrpomma Temmeparypa
~ 10 eB, THck pobouoro rasy 10 Topp. 3a momomoroo HaGopy 3 15 MArHITHEX JaTYHKIB, BCTAHOBICHHX B OHOMY 3
MOJIOIIATBHUX NEPETHHIB TOpa, peecTpyBaiics (IyKTyarii noJoigansHOro MarHiTHoro nois. byno BusiBieHo, mo B
JociipkyBaHoMy niarasoHi gactor 0...100 k['m crmektp ¢uiykTyamiii MOJOiZQIBHOTO MAarHiTHOTO MOJIST Mae JBi
xapaktepHi yactotd — 6 Ta 49 k['u. Takoxk BHBUEHa JMHAMIKA IHTEHCHMBHOCTI MarHiTHUX (pIyKTyamii rasmu Juis
JIOCHTIKYBaHUX YaCTOT.
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