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The plasma in the WEGA stellarator is generated and heated by Electron Cyclotron Resonance Heating (ECRH).
The microwave is emitted from the low field side mid-plane with power of up to 6+20 kW and with a frequency of
2.45GHz (A=12.45 cm). The low cut-off density of Neur=7.5%10"°m™ makes ECRH on the WEGA stellarator inefficient
in both O-mode and X-mode regime. This was confirmed in the first experimental campaign by perpendicular launch of
the microwave with a TE,, antenna. In these experiments only edge heating was observed. Density and temperature
profiles were hollow [1]. For the over dense plasma heating, mode conversion into the electrostatic electron Bernstein
waves (EBW) is required. Two schemes have been tested: the direct X-B (X-mode to Bernstein mode) conversion,
where an X-wave must be launched perpendicular to the magnetic field into an over dense plasma with a steep density
gradient. In these experiments the strong reflection of the microwave power at the cut-off layer prohibited efficient
plasma heating. Another possibility is the O-X-B conversion scheme [2]. The methods of its achievement with different
antennas are the subject of this paper.
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The O-X-B conversion process means in a first step 1
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conversion of an O-wave to an X-wave near the cut-off
layer. Then the X-wave propagating to the upper-hybrid
resonance layer is converted there to an EB wave (Fig.1).
The EBW propagate freely in the over dense plasma and
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Maxwell’s equations with given boundary conditions. The
measurement of the antenna pattern was made using a
system with angular and radial probing positioning
(Fig.3.).

A loop antenna with a diameter of 1 cm was used as a
receiving antenna. In order to avoid reflections, the end of

—

Fig.3. Scheme of antenna pattern measurement system
1- 2.45 GHz generator, 2 - rectangular to circular
waveguide transition, 3 - emitting antenna, 4 - angular-
radial positioning system, 5 - receiving antenna, 6 - box
covered with absorbing material, 7 - receiver

However, these arguments as well as Fig.l are
applicable only when the wave length is much smaller
then the plasma dimensions. In case of WEGA (plasma
diameter ~2X)) it just gives us qualitative picture of the
processes.

For maximum conversion efficiency of an O-wave to
an X-wave, it must have the proper k vector direction.
The angle between the magnetic field lines and k is 45° for
first harmonic heating and 54° for the heating on the
second harmonic. Due to limits of the space between the
inner wall and the last closed flux surface the waveguide
could not be titled towards the optimal launch angle and
the oblique wave excitation had to be performed by
antenna shaping.

ANTENNA PATTERN INVESTIGATION

Initially a cylindrical TE,, waveguide was used as an
antenna for ECRH on WEGA. Than special “Two slot”
antenna shape was chosen. The directivity pattern of this
antenna one has two lobes near the optimum direction,
and the efficiency of O-X conversion is higher than in the
case of straight waveguide (Fig.2).

the antenna and the positioning system with the receiving
antenna was mounted in a box covered with absorbing
material. The data obtained are used for estimation of the
microwave energy undergoing the O-X conversion
process.

RESULTS
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Fig.4.Far field patterns of antennas calculated
via HF'SS code in (6,p) coordinates

Various types of antennas have been investigated
(Fig.4). For the cylindrical TE,, straight cut waveguide
(Fig.4.left) estimations [4] show that for 1* harmonic
heating only 6 % of the total power is converted into X-
mode. The measured density and temperature profiles
were hollow and the density of the electrons was 1.5
times larger than the cut-off density. Mainly, the edge
plasma is heated because of multiple reflections between
cut-off layer and wall. The “two slot” type antenna
(Fig.4.right) with two slots in mid-plane is optimized to
launch a big part of energy in lobes as shown in Fig.2.
The estimated O-X conversion efficiency is ~22 %, The
obtained density is more than 10 times higher than the
cut-off density. The density profiles are flat or even pike.

PRESENT WORK

The preliminary calculation of full-wave equation
system shows the possibility of resonant conversion of

O-wave with proper [k -spectrum to X-wave near O-
cutoff layer (Fig.5).

Fig.5 Calculations of full wave equations in the vicinity
of O-cutoff and UHR layers (Dr. E. Holzhauer)

The resonant process means increasing of amplitude
and decreasing of wave length in the region of resonance.
To prove the existence of such a UH resonance region in
WEGA stellarator plasma measurements of wave activity
via HF probes in plasma could be used.

The probes must be:

- sensitive to short wave length, witch is in order of
magnitude of the electron gyro rotation radius
(0.01cm) in the case of Bernstein wave,

- not to be sensitive to a long wave length, which comes
directly from heating antenna (12.24 cm),

- polarization sensitive for distinguishing of different
modes,

- small enough to have a desirable spatial resolution,

- suitable for the Langmuir probe density measurements,

- to obtain information about the phase of waves probes
must be moveable and interferometer scheme of

30

measurements must be used.

In present time different types of probes are under
discussion, some of them tested on the compact size
linear plasma installation, for example the “2pin” and

,,3Pin‘“ probe

,,2Pin‘“ probe

Fig.6 Two variants of each probe:

a) the prototype of the probe that could be used for the
measurements in WEGA; b) bend probes used for testing
in the small installation

“3pin” probe. (Fig. 6)

The signal in the small plasma installation devise was
exited using the same type probe as an emitting antenna.
The signal was measured via the spectrum analyzer which
is connected to receiving antenna on the opposite side of
plasma column.

The dependence of signal amplitude from the
magnetic field, plasma density and frequency was
investigated with such system. Measurements show that

”3pin”-probe  type looks more promising for
measurements.
Interferometer scheme of measurement means

comparing of signal from plasma and reference signal
from HF source. Down sampling mixers may be used for
decreasing of frequency to the band which is suitable for
oscilloscope measurements. The phase information is
saved in this case if the base frequency for each channel
have same source.

Probe optimization and down sampled interferometer
building is the subject of our today work.

CONCLUSIONS & OUTLOOK

ECRH-Antenna optimization on the WEGA stellarator
has been performed. Marked improvement of plasma
parameters in the WEGA obtained

These results allow us to think that part of microwave
energy is converted into Bernstein mode and absorbed in
the plasma centre. To prove this assumption HF probing
will be used for the wave activity investigation in plasma.
Measurement system development and assembling in
parallel with calculations of full wave equations are in
process

In future plans we have the installation of
measurement system on WEGA stellarator, further
improvement of heating in WEGA by means of transition
line improving, and heating antenna further optimization.
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SIP- HATPEB HA CTEJUIAPATOPE WEGA
10. IToooéba, K. Xopsam, X.11. Jlaxya, H. /Tunzepmam, M. Omm», ®@. Baznep, 3. Xonvyxaysp

IInazma B cremmapatope WEGA coznmaetcst u HarpeBaercss mpu nomormu CBU-HarpeBa Ha 3J€KTPOHHO-
muksoTpornHor gacrore (OLIP). Beog CBY-sHeprum mpou3BoANTCS ¢ BHEITHEH CTOPOHBI TOpPa B €r0 9KBATOPHAIBLHON
mnockoctd Ha dactote 2.45 I'Tm (A=12.45 cM) U ¢ MakCUMaJIbHOH MOIIHOCTBHIO a0 26 kBT. Huskas kputudeckas
IUIOTHOCTh IUIA3MBI JJIS JAHHON YacTOTHI (Newor=7.5%10' M) memaer tpamuumonusii DIP-narpeB Hed)PEKTUBHBIM,
KaK B PEXHUME «OOBIKHOBeHHOW» (O-BOJHA), TaK M B PEKUME «HEOOBIKHOBEHHOW» BOHBEI (H-BomHa), dro OBLIO
MTOITBEPKACHO B XOJE IEepBON JKCIepHUMEHTaNbHONW Kammnanuu, korna CBU-sHeprus BBoAWMIACH MEPIICHANUKYISIPHO
CHJIOBBIM JIMHUSAM MAarHUTHOTO Mois npu noMmomu munuHapudeckoro TE; BomHOBoma. B aTux skcnepumenTtax
HAOIIOHAJICSl HarpeB TEePUQPEPUIHHON TI1a3Mbl, MPOQUIN TUIOTHOCTH M TEMIIEPaTyphl UMENX MOkl xapaktep [1]. dns
HarpeBa IUIa3Mbl C IUIOTHOCTHIO, BBINIE IUIOTHOCTH OTCEYKH, HEOOXOoAMMa TpaHC(opManus B 3JIEKTPOCTATHYECKYIO
Bepuiureitn Bonny (36B). /IBa crienapus HarpeBa ObUTH IPOTECTUPOBAHbI HA YCTAaHOBKE: IIEPBBIi ¢ HETTOCPEICTBEHHON
TpaHnchopmanueit H-Bonasl B BB, B aToM cinyuae H-BonHa nomkHa OBITH 3amylieHa MEPIEeHANKYIIPHO MarHUTHOMY
HOJIO B IJIa3My C IJIOTHOCTHIO, IPEBBIMIAIOMIEH KpUTHYECKyI0. B 3THX 3kcmepuMeHTax cuibHOe oTpakeHue CBY-
SHEPTUH B CJIOE OTCEUKH MPENSITCTBOBAIO 3()h()EeKTHBHOMY HArpeBy IUIa3Mbl. Bo BTOpOM cilyyae HCIIOIB3yeTCs
CIICHapHii ¢ TBOMHOM KOoHBepcuei cHadanma O-BoiHB B H-BonmHy ¢ mocneaytomumM mpeBpamenrneM H-Bomast B ObB[2].
MeTo/1bl peani3anny Takoro CIeHapus M eCTh TeMa HacTosIIel padoThI.

EIlP- HAT'PIB HA CTEJIVIAPATOPI WEGA

1O. IToooba, K. Xopeam, X.II. Jlakya, I. Jlinzepmam, M. Omme, @. Baznep, E. Xonvuxayep

[Mnasma y cremnaparopi WEGA yTBOproeTscst Ta HarpiBaeThest 3a jnornomoroto HBY-HarpiBy Ha enekTpoHHO-
muknorponHii wactoti (ELLP). BBix HBU-eneprii 37ilicHIOETBCS 13 30BHILIHBOIO OOKY TOpPY Y MOr0 eKBaTOpialbHIH
IomuHi, Ha 9acToTi 2.45 I'T1y (A=12.45 cM) Ta 3 MaKCUMaIbHOIO TOTYXHICTIO 0 26 KBT. Hu3bka KpuTHYHA IIITBHICTE
mwiasM Ui i€l 4acToTd (Newor=7.5%10'"°M) poOuts Tpaamuiiinuii EI[P-HarpiB Hee()eKTHBHHMM, SK y pPEXHMI
«3BuuaiiHOi» (3-xBWis), Tak 1 y pexknmi «HesBuuaiinoi» xBumi (H-xBuis), mo Oyno migTBEpMIKEHO Yy XOJi IepIoi
eKCIIepUMEHTANbHOI KaMmaHiil, konmn HIY-erepris BBoAMIACH MEPICHANKYIISIPHO CHJIOBHM JIiHISIM MAarHiTHOTO IOJS 3a
Jonomoroto mutiHapuaHoro TE;; XxBuieBony. Y IMX eKCIIEpUMEHTax CIOCTepiraBcs HarpiB nepudepuyHoi Imia3muy,
mpo¢ il IMUTBHOCTI Ta TEMIIEPaTypy Malld OpOXxHiK xapakrep [1]. s HarpiBy Iu1a3Mu 3 MIUTBHICTIO BUIIE MIITEHOCTI
BiJICiuKM HeoOximHa TpaHcdopmauisi B enekrpocrarnuny bepuinreiin xBumo (EBX). JlBa cuenapii HarpiBy Oyio
BUIIPOOYBaHO Ha YCTaHOBII: nepimii 3 TpaHcdopmaniero H-xsuni y EBX, B npomy Bunanky H-xBuist noBuHHa OyTH
BBE/ICHA IIEPIEHIUKYJIIPHO MAarHITHOMY IMOJI0 B IUIa3My 3 INUIBHICTIO, SIKA MEPEBUILYE KPUTHYHY. Y IHX
eKcriepuMeHTax cwibHe BinouTTss HBU-eHepril y mapi BiJICIUKM NEpEIKOKaI0 e()EeKTHBHOMY HarpiBy IUIa3MHu. Y
JIpyTOMY BHITIAIKY BUKOPHCTOBYETHCS CIIEHApiil 3 MOABIHHOIO KOHBEPCi€r0 CrodaTKy 3-XBwill y H-XBHITIO 3 HACTYITHOIO
tpancdopmariero H-xBumi 8 EBX [2]. MeTtoau peamizaliii TakoTo CIIEHApItO 1 € TEMOIO ITi€l poOOTH.


http://www.ansoft.com/

