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In this paper, the first results of plasma parameters measurement by using the moveable Multi-purpose probe
(MPP) have been investigated and discussed. Multi-purpose probe was designed, constructed, and installed on the
IR-T1 Tokamak for the first time. This probe can simultaneously measure electric and magnetic fluctuations in three
directions: poloidal, radial and toroidal. The Multi-purpose probe is composed of three sections: electrical part,
magnetic part and the flow measurement section. The relation between Reynolds stress gradient and poloidal
particle flux can be investigated by Multi-purpose probe. It is quite compact and does not strongly disturb plasma. In
this paper, we have investigated and discussed about plasma parameters as the temporal and space evolutions of the
plasma potential, Reynolds stress, poloidal particle flux, flow velocity, electrostatic fluctuations and magnetic
fluctuations. The results show that the radial electric field has its maximum amount in the last Closed Flux Surface
(LCFS) while poloidal electric field is minimum at this point. Also, the Reynolds stress is minimum at LCFS. The
results show that decrease of the Reynolds stress cause to the remarkable increase of the poloidal particle flux. The
radial electric field and poloidal flow values have been changed in the vicinity of the LCFS. This means that

Reynolds stress can suppress turbulence and modify turbulence transport.
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INTRODUCTION

Recent progress in the control of plasma turbulence
and transport in magnetically confined plasmas has
opened a new era in plasma transport physics research
[1, 2]. It has been recognized that the cross-field plasma
transport through the edge is dominated by turbulence
[3-5]. Turbulence is responsible for anomalously high
losses of particles and energy in the edge plasma. In
order to suppress the negative effects caused by
turbulence, proper understanding of the phenomena
occurring in the plasma edge is needed [6]. The
mechanism for generation of mean poloidal flow by
turbulence is identified and elucidated. Flow generation
link to the quasilinear radial current or the Reynolds
stress. Poloidal acceleration will occur if the turbulence
supports radially propagating waves and if radii
gradients in the turbulent Reynolds stress and wave
energy density flux are present. Poloidal flows can
improve confinement regimes in fusion plasmas [7].
They can modify transport by impressing the
turbulence. Several mechanisms have been proposed to
explain the generation of sheared poloidal rotation in the
plasma boundary region including ion orbit losses [8]
and Reynolds stress [9]. To investigate the relation
between turbulence and transport at the edge of plasma
and the effect of Reynolds stress on suppression of
turbulence, and to investigate the relation between
poloidal flow and transport, we design and construct a
new moveable Multi-purpose probe (Multi-purpose
probe) in IR-T1 Tokamak. This paper is organized as
follows. A description of the IR-T1 and the Multi-
purpose probe is presented in Sec. 2; the results and
discussion are presented in Sec. 3; and conclusions are
given in Sec. 4.
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1. EXPERIMENTAL SET-UP

The experiment has been performed on the IR-T1
which IR-T1 is a small research Tokamak located at the
Plasma Physics Research Center. This Tokamak is an
air-core tokamak without a copper shell. It has a major
radius of R = 45 cm and a minor radius a = 12.5 cm, the
plasma current I, = 20...30 kA, the toroidal magnetic
field B; = 0.7...0.8 T, the average electron density n =
(0.3...1.5) x 10 m® and the electron temperature T, =
200 eV. This device consists of a vacuum vessel with
circular cross-section that was made from a stainless
steel welding structure with two toroidal breaks and a
minor radius b = 15 cm. The edge plasma parameters
have been measured by a novel Multi-purpose probe
(Multi-purpose probe). This probe can measure the
electric and magnetic turbulence transport in the edge
plasma, simultaneously. Also the poloidal flow can be
measured by using this probe. Multi-purpose probe
composed of three sections: electrical part, magnetic
part and flow measurement section. The structure of
these parts has been explained in the following
subsections.

1.1. ELECTRICAL MEASUREMENT

The electrical part of Multi-purpose probe consists of
four arrays. Each array has four tips which can be in the
floating potential or ion saturation current state. Each tip
has a diameter of 0.54 mm. In each array one tip is
higher than other tips (Three tips of one array protrude
1mm above the state and one of them protrudes 2 mm).
The tips have been made from tungsten rod that can
bear high-temperature (Fig. 1). The radial electric field
can be found by this part according to equation (1):
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E; is the radial electric field, V; and V; are the floating
potential, dr is the radial distance between two arbitrary
tips which have been in the floating potential state. The
poloidal electric field can be obtained from equation (2):

E, =1 )

r

Where E, is poloidal electric field, ¥; and 1 are

floating potential and dp is the distance between two
arbitrary tips which have located in two different
poloidal positions. The radial and poloidal particle flux
can be obtained from electric field according to equation
(3) and (4):
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In these relations 7/ and [, are the radial and
poloidal particle flux. The density fluctuation is deduced
from the ion saturation current. The Reynolds stress can
be found by each electrical array according to equation
(5):

R=<E,E, >/B;*. 5)

That R is the Reynolds stress and By is toroidal
magnetic field. Also the radial profile of the electric
field and Reynolds stress can be obtained by this part.

4
A -
r s o
- (Smm)
> O /
——
-mlm’
4>|

>
0

Fig. 1. Schematic diagram of the electrical part of
Multi-purpose probe in IR-T1 Tokamak

1.2. FLOW VELOCITY MEASUREMENT

The direct measurements of flow velocities with a
sufficient spatial resolution are highly desirable for
better understanding of the reduction of the turbulent
transport and the consequent formation of transport
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barriers [10]. In its simplest manifestation, the flow
velocity can be measured by Mach probe [11, 12]. This
probe consists of two tips separated by an insulator. The
two tips measure the currents collected parallel and
antiparallel to the magnetic field. The aim of done
experiment is to understand the relation between the
Reynolds stress and the flow velocity in poloidal
direction and toroidal direction. So, the flow
measurement part has been designed and constructed to
measure the flow velocity in toroidal and poloidal
directions. It is located behind the electrical part of the
probe as shown in Fig. 2. It consists of 4 tips in which
are in the ion saturation current state. Each tip has a
diameter of 0.54 mm. They have been made from
tungsten .The distance between two tips is 1 mm and the
length of ceramic is 6 mm. The tips have to separate by
an insulator. For this purpose, a ceramic with 4
apertures have been used. The sides of apertures have
been prepared by filing as shown in Fig.2. So the
central part of ceramic acts as an isolator.

1.3. MAGNETIC MEASUREMENT PART

With this part, the fluctuation-induced Maxwell
stress has been measured. The Maxwell stress has been
calculated by equation (6):

<ij>:i(£+g)<Bng>. (6)
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In which B, is radial component of magnetic field
and B, is poloidal component of magnetic field. The
Magnetic measurement part consists of three coils. The
radius of each coil is equal to 1.15 mm. The number of
turns of coil is 80. The coils can measure total magnetic
flux in three directions: radial, poloidal and toroidal
direction. As shown in Fig. 3 the magnetic coils have
been placed on the top of ceramic tube. A ceramic tube
prevents from contact coils with plasma. During the
experiments, tips 4, 8, 12 and 16 were used for
measuring the ion saturation current while other tips
measure floating potential.

2. DISCUSSION

The radial profile of measured floating potential by
Multi-purpose probe is shown in Fig. 4. The results
show that floating potential is maximum value in the
Last Closed Flux Surface (LCFS). The curves of Fig. 4
show radial variations of floating potential in two
different poloidal positions. The radial profile of radial
electric field (E;) and poloidal electric field (E;) have
been obtained from floating potential according to
equation (1) and (2). As can be seen from Fig. 5,3, the
radial electric field has been calculated about 180, 300
and 25 VV/m in the SOL region, plasma edge and inside
plasma, respectively. In this experiment, the poloidal
electric field is about 50, 30 and 90 V/m in the SOL
region, plasma edge and inside plasma, respectively.
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Fig.2. The scheme of Flow measurement part of Multi-
purpose probe and its position in IR-T1 Tokamak
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|

Fig. 3. The scheme of Magnetic measurement part of
Multi-purpose probe and its position in IR-T1 Tokamak

As shown in Fig. 5, radial electric field has its
maximum amount in the LCFS while poloidal electric
field is minimum at this point. The results show that
radial electric field will be negative inside the plasma.
While the poloidal electric field increases inside the
plasma. The particle flux can be obtained from electric
field by the relations (3) and (4). The temporal evolution
of particle flux at different radius has been calculated by
Multi-purpose probe. The time evolution of radial and
poloidal particle flux at different radius are shown in f
Fig. 6. The results show that poloidal particle flux is
maximum value in time period t=18 to 25 ms. It is limit
that plasma current is flat. While time evolution of
radial particle flux is minimum in this time period. It
can be seen that the amount of poloidal particle flux at
LCFS is higher than the amount of it at the other
positions. This means that the radial transport is
decreased around the LCFS. For understanding of the
turbulence suppression reason in the plasma boundary
region, the radial gradient of Reynolds stress has been
measured.
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Fig. 4. The radial profile of floating potential measured
by electrical part of Multi-purpose probe
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Fig. 5. The radial profile of (a) radial electric field and
(b) Poloidal electric field measured by electrical part of
Multi-purpose probe

Also Multi-purpose probe can measure time
evaluation of Reynolds stress at different positions. So
the relation between Reynolds stress and particle flux in
different radius and different times can be clarified by
Multi-purpose probe simultaneously. The radial profile
of Reynolds stress is shown in Fig. 7. Its minimum
value has been accrued at LCFS. The radial electric
field and poloidal flow values have been changed in the
vicinity of the LCFS. This means that Reynolds stress
can suppress turbulence and modify turbulence
transport. It can be concluded that decrease of the
Reynolds stress to cause the remarkable increase in the
poloidal particle flux. The radial gradient of Reynolds
stress plays an important role in driving poloidal flows
in the plasma boundary region. Decrease of radial
particle flux and increase of poloidal particle flux in
plasma edge improve the plasma confinement.
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Fig. 6. The time evolution of (a) radial particle flux and
(b) poloidal particle flux at different radius by electrical
part of Multi-purpose probe
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Fig. 7. The radial profile of measured Reynolds Stress
by electrical part of Multi-purpose probe

CONCLUSIONS

In this paper, the first results of plasma parameters
measurement by using the moveable Multi-purpose
probe have been investigated and discussed. This probe

has been installed in the IR-T1 Tokamak, recently.
Multi-purpose probe can measure the electrostatic and
magnetic fluctuation and flow velocity, simultaneously.
It was found that the radial electric field has its
maximum amount in the last Closed Flux Surface
(LCFS) while poloidal electric field is minimum at this
point. Also, the Reynolds stress is minimum at LCFS.
With comparison between the radial profile of poloidal
particle flux and Reynolds stress can be concluded that
decrease the Reynolds stress cause to the remarkable
increase of the poloidal particle flux. The radial gradient
of Reynolds stress plays an important role in driving
poloidal flows in the plasma boundary region. The
radial electric field and poloidal flow values have been
changed in the vicinity of the LCFS. This means that
Reynolds stress can suppress turbulence and modify
turbulence transport.
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PA3PABOTKA U U3I'OTOBJIEHUE HOBOI'O 30HJA JJI51 TOKAMAKA IR-T1
Mahmood Ghoranneviss, Sakineh Meshkani and Mansoureh Lafouti

[IpencraBneHsl W 00CYXIAlOTCS TI€PBBIE PE3YJIBTATHI, IOJYYEHHBIE C HCHOJIB30BAHUEM MOABHKHOTO
MHOroyHKunoHasisHOro 30HAa (M®3), koTophIii OBUI BIEpBBIE ycTaHOBJIEH B Kamepe Tokamaka IR-T1. C
roMo1bi0 M®3 MOKHO OTHOBPEMEHHO MPOBOANUTE U3MEPEHHST (PIyKTyaIuid SIeKTPHYECKOT0 U MarHUTHOTO TOJIei
B TpeX HANpaBICHHUAX: IOJOWIATFHOM, pPaIHalbHOM M TOPOHJANBHOM. 30HI COCTOMT W3 TpPEX CEKIHA:
ANEKTPUYECKON, MarHUTHON ¥ U1 M3MepeHHs (IyKTyallMOHHBIX MOTOKOB. M®3 mmMeeT HEOONBIINE pa3sMepsl U
HECWJIFHO BO3MymiaeT IwiazMy. C ero HOMOIIbI0 MOXKHO H3MEPATh COOTHOIIEHHE MEXIY TPaJUCHTOM CHIIBI
PeitHoBICA ¥ TOJTOMJAIEHBIM ITOTOKOM IUTa3MEL. [IpuBOSTCS M 00CyXIAaf0TCS JAHHBIE O BPEMEHHOM ITOBEACHUHN U
IIPOCTPAHCTBEHHBIX PACHPENEICHHUIX IUIa3MEHHOIO IOTEHLuana, cuibl PeliHoybAca, BEIUMYMHBI M1OJIOMAAIBHOTO
IUIA3MEHHOTO MTOTOKA, CKOPOCTH MOTOKA, 3JEKTPOCTAaTHYECKUX M MarHUTHBIX KojeOaHuil. M3 n3mepenuit cienyer,
4yro BOJMIM3M KpaitHel marHuTHOW noBepxHocTH (LCFS) panuanbHoe snexTpudeckoe Iojie JOCTHraeT MaKCHMyMa,
TOrJa Kak MOJOUAANBbHOE JIEKTPUUECKOE IMOJIE — CBOEr0 MMHHUMYMaA Tak ke, kKak U cuia PeliHonbnca. [lokasaHo,
yTo cuiaa PeliHonbaca BBI3BIBAET CYLIECTBEHHBIH POCT MOJOUAANBHOTO MAarHUTHOTO MOTOKAa. TOYHO TakXke B
okpectHOCTH LCFS m3MeHsIoTCS BeNMYMHBI paJHaibHOTO AJIEKTPHYECKOro MO U IHOJOMIAIbHOrO MoToKa. M3
9TOTO CJedyeT BaXKHBIH BBIBOJ, YTO CHia PeliHoibaca MOXET HMOAaBIATh TYpOYJIEHTHOCTh M OOYCIIOBJICHHBIH €10
MIEPEHOC.
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PO3POBKA TA BUT'OTOBJIEHHSI HOBOT'O 30HJA J1J151 TOKAMAKA IR-T1
Mahmood Ghoranneviss, Sakineh Meshkani and Mansoureh Lafouti

IIpencraBneni 1 OOTrOBOPIOIOTBCS  MEpII  pe3yNbTaTH, OJAEpKaHI 3  BHUKOPHCTAHHSIM  PYXOMOTO
OaratodpysknionanpHoro 3oHAa (b®3), kortpuit OyB Bmepme BCTaHOBICHO B Kamepi Tokamaka IR-T1. 3a
nmoromororo b®3 MoxHA OHOYACHO MPOBOIUTH BHMIpIOBAaHHS (UIYKTYaIlill €JIEKTPUYHOTO i MarHiTHOTO IIOJIB Y
TPpOX HampsAMax: MOJOITaTFHOMY, pamialbHOMy H TOpOiTaIbHOMY. 30HA CKIANA€ThCI 3 TPHOX CEKINiH:
€JIEKTPUYHOT, MarHiTHOI Ta JUIl BUMIiproBaHHs (UIyKTyauiiHUX NOoTOKiB. B3 Mae HeBenuki po3MipH, Ta HECHUIIBHO
30yproe miaa3My. 3a HOro IOMOMOIOI0 MOXKHA BHMIPSATH CIIBBIIHONICHHS MiX TpaJi€eHTOM cuiu PeliHoibaca Ta
MOJIOIIAJIBHUM TTOTOKOM IuTa3MH. [IpHBOIATBECS 1 OOrOBOPIOIOTHCS JIaHI MPO YacoBY IOBEIIHKY Ta HPOCTOPOBI
PO3IOJINIEHHsT IUIa3MOBOTO MOTEHIaly, cwin PeliHonbaca, BeNWYMHH MOJNOINAIBHOIO ILIA3MOBOTO MOTOKY,
MIBUAKOCTI MOTOKY, €JIEKTPOCTATHYHHUX 1 MarHiTHUX KOJIMBaHb. 3 BHMIPIOBaHb BUXOJHTH, 110 MOOIM3Y KpalHBOI
marHiTHOI oBepxHi (LCFS) panianbHe eleKTpHYHE MOJe AOCAraE MaKCUMyMY, TOJI SIK MOJOIAaibHE CICKTPUYHE
T0JIe — CBOTO MiHIMYMY TaK, 5K i cua Peitronmpaca. [lokazano, mo cuia PefiHombaca CIpHYUHSE iICTOTHE 3pOCTAHHS
MOJI0INATFHOTO MarHiTHOTO MOTOKY. Tak came mo6mu3y LCFS 3MiHIOIOTECS BETHYMHH PagialIbHOTO €NEKTPUIHOTO
TOJISL Ta TIOJIOINANBHOTO TOTOKY. 3 IIBOTO 3pOOMMO BaXKIMBHI BHCHOBOK, IO criia PelfHONBICAa MOXKE TOJABIATH
TypOyJIEHTHICTE 1 00YMOBIICHHI HEIO MIEPEHOC.
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