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BrnusiHne aneKkTpoaHOW nonsipusauum U AMHaAMUYECKOro 3prognyeckoro
ANBepTOpa Ha XapaKTePUCTUKN NPepPbIBUCTbIX BCNJIECKOB NMIOTHOCTHU
nnasmbl B TOKamMake

N.C. Hanobamsunu, Ban Ooct I'Buno

V3yueHsl pepbIBUCTBIC BCIUIECKH IUIOTHOCTH IUIa3Mbl, 3aduKcrpoBaHbie JICHTMIODOBCKMME 30HAaMH B nepHpepHiiHOil 001acTH ToKa-
maka TEXTOR. Onu nosBISIOTCS B pe3yibrare TypOYyJICHTHBIX IPOLECCOB MEepeHoca IUIa3Mbl — 3apOKACHHS U HEePEABHKCHUS pas-
JIMYHBIX KOT€PEHTHBIX TypOyJIEHTHBIX CTPYKTYyp. JlaHHBIE NPOIECCH MENIaloT MPOTEKAHHUIO YIPABISIEMOTO TEPMOSAEPHOTO CHHTE3a —
YXYAILAKT yAEp:KaHUE I1Ia3Mbl, BbI3bIBAIOT IOBBIIICHHY0 TEIUIOBYIO HArpy3Ky Ha CTEHKY BaKyyMHOH KaMepbl U JPyTde KOMIIOHCHTBI,
pacnoyIoKeHHBIE BOJIHM3H TIa3MBl, a TAKXKE UX CHIIBHYIO 9PO3HIO BMECTE C HeXKeIaTeJIbHBIM 3aXBaToM TpHUTHs. Clie[0BaTeIbHO, H3yUCHUE
TypOyJIEHTHBIX ITPOLECCOB MEPEHOCA IIIA3Mbl U JUHAMUKY KOTePEHTHBIX TYPOYJICHTHBIX CTPYKTYp — OJ[HA M3 BayKHEHIINX 3a1ad Ha ITyTH
OCYIIECTBICHUS YIIPABISIEMOTO TEPMOSIICPHOTO CHHTE3a, 0COOCHHO B KOHTEKCTE Pa3pabOTKU U yCOBEPIICHCTBOBAHKS METO/IOB BHEIITHETO
KOHTPOJISt TypOYyJIeHTHBIX MPOLECCOB MepeHoca MIasMbl. MeTo ANeKTPOHON MOSIPH3AIiY U TUHAMUYECKHH SPTOJUIEeCKUH AUBEPTOP
YaCTO MCIIONB3YIOTCS JUIS BHEITHETO BO3ACHCTBHA HAa TEPMOSIICPHYIO TIa3My H yIIPaBICHHUS IPOIECCOB TypOyIeHTHOTO MepeHoca.
CremyeTr OTMETHTB, YTO H3yYeHHE BPEMEHHBIX XapaKTePUCTHK BCIIIECKOB IIOTHOCTH IAa3Mbl U X PaANaIbHON 3aBUCHMOCTH TTO3BOJISIET
Jydlle TOHATh U TIy0Xke BHUKHYTH B (DM3MYECKYIO TPUPOAY TypOYJEHTHBIX MPOLECCOB MEPEHOCA TIa3Mbl M JUHAMHUKY KOTEPEHTHBIX
TypOyIEHTHBIX CTPYKTYD.

B nacrosiiieit paboTe BpeMeHHbIe XapaKTePUCTUKH BCIUIECKOB [UIOTHOCTH IIJIa3Mbl M X pajaajibHas 3aBUCHMOCTb U3YYeHbI B IBYX pa3-
JIMYHBIX PEKUMaX — C JIEKTPOAHON MOJIsIpU3aLUed W AMHAMHYECKUM DProJuecKuM AUBEpTOpoM. B obenx ciyuasx HaOIrOmaroTCs
[I0X0XHME U3MEHEHMS XapaKTEPUCTUK IPEPHIBUCTBIX BCIUIECKOB — CPEJHMI TEMII BCIIECKOB BO3PACTAET, & UX CPEAHAS IJIUTEIbHOCTh
YMEHBILAETCS 110 CPABHEHUIO C OMUYECKUM PEKUMOM. [IprunHa 3aKiIro4aeTcs B TOM, YTO JIEKTPOJHAS IOJIPU3ALUsl U OTJCIIbHbIE PEXKU-
MBI IMHAMHYECKOTO dPrOMIECKOTO IMBEPTOPA BHI3BIBAIOT M3MEHEHUS PaJIMaIbHOTO MIEKTPUIECKOTO MOJIsl. DTO MOXOKHM 00pa3oM BO3-
JeHCTBYeT Ha TMHAMHKY KOT€PEHTHBIX TYpOYJICHTHBIX CTPYKTYP M HPOIECCHI IEPEHOCa IIa3MbI ITOCPEACTBOM C/IBUTOBOTO MOJIOUIATEHOTO
TEeYEHHs, KOTOPOE BO3HUKACT BCIIEACTBHE DIEKTPUUCCKOTO Apeiida n3-3a CyIIecTBOBAHMS PaIHaIbHOTO AIEKTPHIECKOTO H TOPOUIATEHOTO
MarHATHOTO IOJEH, TePHeHANKYISPHBIX APYT K IPYTY.

Iocme neTambHOTO MCCIENOBAHUS U YCOBEPIICHCTBOBAHUS JODKHO CTAaTh BO3MOXKHBIM IPHMEHEHHE OINPEeleNEHHBIX PEXUMOB JHHAMU-
YECKOTO IPTOJUIECKOTO JUBEPTOpPa B PO OCCKOHTAKTHOW MOIAPHU3AIMHI AJISI BHEITHETO KOHTPOJS TypOyJIeHTHOTO MepeHoca IIa3Mbl B
TEPMOSIEPHBIX yCTAHOBKAX.

Kniouesvie cnosa: TypOyaeHTHOCTb IIa3MBbl, IPOLECCHI TypOYIEHTHOTO IIEPEHOCA, KOTEPEHTHBIE TypOYIEHTHBIE CTPYKTYPBI, EKTPOAHAs
MOJIIpU3aLUs, TUHAMUUECKUH SproJuYecKiii AUBEPTOP, TEPMOSAICPHBIN CUHTE3, TOKaMaK.
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Influence of Electrode Biasing and Dynamic Ergodic Divertor
on Characteristics of Intermittent Density Bursts in a Tokamak

I.S. Nanobashvili, Guido Van Oost

Intermittent bursts of plasma density measured by Langmuir probes at the edge of TEXTOR tokamak are studied. These bursts appear as
a result of turbulent plasma transport processes involving the formation and propagation of various coherent turbulent structures. Such
processes impede controlled thermonuclear fusion: they degrade plasma confinement and entail increased heat load on the vacuum chamber
walls and other components located near plasma; they also entail strong erosion of these components along with unwanted capture of
tritium. Therefore, investigation of turbulent plasma transport processes and dynamics of coherent turbulent structures is one of the most
important tasks to be solved for implementing controlled thermonuclear fusion. This is especially important in the context of elaborating
and improving the methods for externally controlling the turbulent plasma transport processes. The electrode biasing method and a dynamic
ergodic divertor are frequently used for externally influencing thermonuclear plasma and controlling turbulent transport processes.

It should be noted that by studying the temporal characteristics of plasma density bursts together with their radial dependence it becomes
possible to get better understanding of and deeper insight into the physical nature of turbulent plasma transport processes and dynamics of
coherent turbulent structures.

In this article, the temporal characteristics of plasma density bursts and their radial dependence are studied in two different modes: with
electrode biasing and with a dynamic ergodic divertor. Conformable changes in the characteristics of intermittent bursts are observed in
both cases. Namely, the average burst rate increases, and the average burst duration decreases in comparison with the ohmic regime. This is
due to the fact that electrode biasing and certain regimes of the dynamic ergodic divertor cause changes in the radial electric field. This has
a conformable effect on the dynamics of coherent turbulent structures and plasma transport processes through a shear poloidal flow, which
emerges as a consequence of electric drift due to nonuniform radial electric field and toroidal magnetic field, which are perpendicular to each
other.

After detailed investigations and refinement, it should become possible to use certain regimes of the dynamic ergodic divertor as a means
of contactless biasing for externally controlling the turbulent plasma transport in thermonuclear installations.

Key words: plasma turbulence, turbulent transport processes, coherent turbulent structures, electrode biasing, dynamic ergodic divertor,
thermonuclear fusion, tokamak.
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Intermittent positive bursts of plasma density detected
by Langmuir probes at the edge of the TEXTOR tokamak
are investigated. Burst temporal characteristics together
with their radial dependence are studied in two different
regimes — with electrode biasing and dynamic ergodic
divertor (DED). Conformable modification of intermittent
burst characteristics are observed in both regimes. Namely,
the average burst rate increases and the average burst
duration decreases compared to Ohmic conditions. The
reason should be that biasing and certain regimes of DED
cause the modification of radial electric field which has
conformable effect on the dynamics of coherent turbulent
structures and plasma transport through E xB, induced
sheared poloidal rotation. In principle, after detailed
investigations and refinement, it might be possible to use
certain regimes of DED as “contactless biasing” for the
external control of plasma turbulent transport in fusion
devices.

1. Introduction

Investigation of plasma turbulent transport at the edge
of tokamaks is one of the most important and interesting
tasks of modern fusion research. The transport is highly
bursty, intermittent and has a strongly convective character.
Large turbulent events — density bursts bring important
contribution to such transport. Density bursts are formed
intermittently on diffusive background and propagate
radially outwards at a speed which is a fraction of the ion
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sound speed. This can result in degradation of confinement,
strong erosion and heat load on the first wall and other
plasma facing components together with unwanted
retention of tritium. It is very important to understand the
physical nature of bursty turbulent transport in general and
in particular in the context of developing the methods and
tools for its external control.

Investigation of temporal characteristics of intermittent
density bursts such as burst rate, inter-burst time and
burst duration together with their statistical properties is
an efficient method for better understanding of turbulent
transport in tokamak edge plasma [1 — 4]. The present
paper reports on the results of such investigation of
intermittent density bursts measured at the edge of the
TEXTOR tokamak by means of reciprocating Langmuir
probe in two different regimes — with electrode biasing
[5] and dynamic ergodic divertor (DED) [6].

On the TEXTOR tokamak two methods are used for
external control of plasma turbulent transport, namely
electrode biasing [5] and the DED [6 — 8]. Both have
strong influence on edge plasma transport and electrode
biasing can even trigger the transition from low to high
confinement mode [5].

I1. Experimental setup

During the analyzed biasing discharges of TEXTOR
(major radius R = 1.75 m and minor radius a = 0.475 m),
the plasma current was /, = 200 kA, the toroidal magnetic field
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B =19 T, the line average density of plasma 1x10" m?,
and the biasing voltage V, = 150 V. In order to bias the
TEXTOR plasma canoe-shaped electrode is inserted in it.
The biasing voltage is applied between the electrode and
toroidal belt limiter (which is grounded to the liner) in the
stationary Ohmic phase of the discharge. A first radial scan
with the probe is made during the Ohmic phase, and a second
one during the biasing phase. The probe head is installed
at the equatorial plane on low-field side (LFS) of the torus
and consists of seven pins. lon saturation current /_, floating
potential V, and electron temperature 7, were measured (part
of the pins were set-up as a triple probe) in the same way
as described in the papers [7, 8]. The sampling frequency
is 500 kHz. The radial electric field is obtained from the
derivative of the plasma potential sz = Vﬂ +2.5T [9]. The
same measurements have been performed during discharge
with DED for which the conditions were the following:
1,=250 kA, B,=2.25T, the line average density of plasma
1.5x10" m™, DED current /,, = 3 kA. On the TEXTOR
tokamak the DED principally consists of sixteen magnetic
perturbation coils mounted in the vacuum vessel on
high field side of the torus. The coils are helically wound
and parallel to the field lines on the magnetic flux surface
the safety factor of which equals to 3. The current can be
distributed in different ways in the DED coils and the base
poloidal/toroidal modes 12/4, 6/2 and 3/1 can be obtained.
The DED current is applied in the stationary Ohmic phase
of the discharge. For the discharge under study the base
poloidal/toroidal mode 6/2 is used. A first radial scan with
the probe is made during Ohmic phase, and a second one
during DED.

II1. Main consideration

Intermittent positive bursts of plasma density are
detected at the edge of the TEXTOR tokamak by Langmuir
probes (see Fig. 1).

Langmuir probes are most widely used tools for this
purpose [ 10— 14]. It should be noted that two-dimensional
imaging is also capable to detect bursty transport events in
tokamak edge plasma [15 — 17]. Bursty plasma transport
is widely observed in various fusion devices such as
tokamaks [18 — 25], stellarators [26, 27], linear devices
[10, 23, 28 — 30], reversed field pinches [31, 32] and
simple magnetized toroidal devices [33, 34].

In the Ohmic phase of the TEXTOR biasing discharge
we observe intermittent positive bursts of the ion saturation
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Fig. 1. Raw signal of ion saturation current /  measured at the
edge of the TEXTOR tokamak
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current / . First step of their investigation is selection
procedure — bursts in /  signal are selected by threshold
method. Only the bursts with amplitude higher than
the selected threshold are studied. After burst selection
procedure their temporal characteristics — burst rate and
burst duration are calculated. Their radial dependence
during the biasing discharge is presented in the Fig. 2.
During biasing the average burst rate increases and the
average burst duration decreases compared to the Ohmic
phase. It must be mentioned that a similar modification of
intermittent burst temporal characteristics during biasing
has been already observed on the CASTOR tokamak [1].
The reason of such modification is that biasing generates a
strongly nonuniform radial electric field, changes the radial
electric field which already existed in Ohmic phase (see the
Fig. 3) and imposes stronger sheared poloidal rotation on
the plasma. The sheared poloidal rotation splits coherent
structures, which are responsible for the appearance
of intermittent bursts [10], into smaller structures and
moves them faster in poloidal direction [1]. As a result
the Langmuir probe detects more bursts in biasing phase

43 44 45 46 47 7, cm

Fig. 2. Dependence of the / , average burst rate f (upper graph)
and average burst duration # (lower graph) on the radial coordinate
r. Solid lines correspond to the Ohmic phase and dashed lines to
the biasing phase of the TEXTOR discharge #112172. Vertical
line shows the radial position of the limiter
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Fig. 3. Dependence of the radial electric field £ on the radial
coordinate 7. Solid line corresponds to the Ohmic phase and
dashed line to the biasing phase of the TEXTOR discharge
#112172. Vertical line shows the radial position of the limiter
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of the discharge and their average duration decreases [1].
The global consequence of this is the improvement of
confinement, which has been studied experimentally in
many tokamaks (see example [35 — 37]).

Generally, during DED operation open stochastic
magnetic field lines (study of their influence on turbulent
transport can be found in [38, 39]) appear in plasma
boundary and radial magnetic connection between the
edge plasma and wall is created. Electrons move faster than
ions along the radial magnetic field lines. As a result the
radial electric field is modified in the plasma [7, 8]. Since
the radial electric field is modified during DED operation
and at the same time different DED regimes have different
influence on plasma [7], one can presume that in a certain
DED regime we may get the modification of intermittent
bursts resembling the case of electrode biasing. Indeed,
such DED regime was found among many different ones
used on TEXTOR. During DED phase of such discharge
I, average burst rate increases and average burst duration
decreases compared to the Ohmic phase (see the Fig. 4).

All these modifications are conformable to those
observed during electrode biasing. The main reason should
be the modification of the radial electric field by DED
presented in the Fig. 5 which shows that the radial position
of the shear layer practically does not change in the DED
regime, but the radial electric field is stronger (more
negative) inside this layer compared to Ohmic conditions.
The electric field slightly decreases outside the shear layer,
but the difference between the positive and negative peaks
of the field (which also do not change their radial location)
around the shear layer increases during DED. Thus, the
sheared poloidal rotation is stronger during DED. As a
result coherent structures are splitted into smaller structures
which move faster in poloidal direction and modification of
intermittent burst characteristics resemble those observed
during electrode biasing.

As it has been already mentioned above, the radial
electric field has been calculated as radial derivative of
plasma potential V,=V,+ 25T, Electron temperature
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Fig. 4. Dependence of the /  average burst rate f (upper graph)
and average burst duration ¢ (lower graph) on the radial coordinate
7. Solid lines correspond to the Ohmic phase and dashed lines to
the DED phase of the TEXTOR discharge #111626. Vertical line
shows the radial position of the limiter
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fluctuations together with floating potential fluctuations
bring their contribution into £, but these contributions
depend on discharge conditions.

In Ohmic (see the Fig. 6) and biasing phase (see the
Fig. 7) of biasing discharge temperature brings significant
contribution only in a narrow radial region between
r=45.5cmand r =46.5 cm.

The contribution of temperature fluctuations to the
radial electric field £, are quite similar in Ohmic and
biasing phase of the TEXTOR biasing discharge. This is
not surprising, because radial profile of temperature during
biasing does not change significantly (see the Fig. 8).

During the Ohmic phase of DED discharge temperature
contribution to £ is significant at all radial positions (see
the Fig. 9).

In the DED phase of the same discharge the situation is
different. Temperature contribution decreases dramatically
(see the Fig. 10).

E,V/em
r

=100

~-120 I I I I I
43 44 45 46 47 48 r,cm

Fig. 5. Dependence of the radial electric field £ on the radial
coordinate 7 Solid line corresponds to the Ohmic phase and
dashed line to the DED phase of the TEXTOR discharge #111626.
Vertical line shows the radial position of the limiter
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Fig. 6. Dependence of the radial electric field £ on the radial
coordinate » during Ohmic phase of the TEXTOR discharge
#112172. Solid line corresponds to the E calculated with
contribution of temperature and dashed line to the one calculated
without contribution of temperature. Vertical line shows the radial
position of the limiter
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Fig. 7. Dependence of the radial electric field £ on the radial
coordinate » during biasing phase of the TEXTOR discharge
#112172. Solid line corresponds to £, calculated with contribution
of temperature and dashed line to the one calculated without
contribution of temperature. Vertical line shows the radial
position of the limiter
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Fig. 8. Dependence of plasma electron temperature 7, on the
radial coordinate 7. Solid line corresponds to the Ohmic phase
and dashed line to the biasing phase of the TEXTOR discharge
#112172. Vertical line shows the radial position of the limiter
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Fig. 9. Dependence of the radial electric field £ on the radial
coordinate » during Ohmic phase of the TEXTOR discharge
#111626. Solid line corresponds to the E calculated with
contribution of temperature and dashed line to the one calculated
without contribution of temperature. Vertical line shows the radial
position of the limiter
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The reason for this dramatic decrease of the temperature
contribution to £ during the DED phase of the discharge is
that when DED is applied plasma temperature is strongly
reduced (see the Fig. 11).

IV. Conclusion

The study of intermittent burst characteristics at the
edge of the TEXTOR tokamak and their modification
during electrode biasing and DED regimes is reported.
Conformable modifications are observed in two regimes.
The reason should be that these regimes modify the
radial electric field which has conformable effect on the
dynamics of coherent turbulent structures and plasma
transport through E xB, induced sheared poloidal rotation.
Thus, in principle, after detailed investigations and
refinement it might be possible to use certain regimes of
DED as “contactless biasing” which will be beneficial for
the external control of plasma turbulent transport in next
generation fusion devices.

E ,V/em
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—-80+
-100r

~120 I I I I I
43 44 45 46 47 48 r,cm

Fig. 10. Dependence of the radial electric field £ on the radial
coordinate » during DED phase of the TEXTOR discharge
#111626. Solid line corresponds to the E calculated with
contribution of temperature and dashed line to the one calculated
without contribution of temperature. Vertical line shows the radial
position of the limiter
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Fig. 11. Dependence of plasma electron temperature 7, on the
radial coordinate . Solid line corresponds to the Ohmic phase
and dashed line to the DED phase of the TEXTOR discharge
#111626. Vertical line shows the radial position of the limiter
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