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The 1/v neoclassical transport and Mercier plasma stability for a magnetic configuration of 1=2 torsatron system
with the centered planar magnetic axis, which was done by selecting the winding law of the helical coils, formed in
the model of the 1=2 torsatron Uragan-2M type, are investigated numerically. For calculating the transport
coefficients and Mercier stability criterion a technique, based on integration along magnetic field lines in a given
stellarator magnetic field (NEO code) is used. The magnetic field of helical windings is calculated by the Biot-Savart
law. The transport coefficients are presented in a standard form containing a factor depending on the magnetic field
geometry. The obtained results are compared with corresponding results for two variants of torsatron Uragan-2M

«standard» configuration.
PACS: 52.55.Hc

INTRODUCTION

In paper [1] by selecting the winding law of the
helical coils, formed in the model of the torsatron
Uragan-2M (U-2M) type comprising the additional
toroidal magnetic field coils, the I=2 torsatron with
centered planar axis of magnetic surfaces was proposed.
As is shown in paper it is possible to realize the
magnetic surfaces with a negative shear and a magnetic
well in such system. High magnetic well values and
negative shear in the proposed torsatron type system
suggest a possibility of an MHD stability of plasma in it.
In the present work, numerical calculations have been
carried out to investigate the confinement properties of
this 1=2 torsatron configuration that have the planar
magnetic axis coincident with the circular geometrical
axis of the torus.

Neoclassical transport in so-called 1/v regime, in
which the transport coefficients are increased with
reduction of particle collision frequency v and Mercier
plasma stability for a magnetic configuration of 1=2
torsatron system with the centered planar magnetic axis
are analyzed using numerical methods [2,3] (NEO
code) based on the integration along magnetic field lines
in a given magnetic field. One of the characteristic
features of these methods is that if the magnetic field is
originally available in real-space  coordinates,
calculations can be performed without a field
transformation to magnetic coordinates. The obtained
results are compared with corresponding results for
«standard» magnetic configuration of torsatron Uragan-
2M [4].

NUMERICAL METHODS AND RESULTS OF
COMPUTATIONS

According to the general concept of stellarator
optimization [5], numerical calculations of the 1/v

transport are of big importance for assessing the general
confinement properties of the device. Usually, the 1/v
regime is characterized by the so called effective ripple

(equivalent helical ripple), gjf}z, (see, e.g., in [5]). The

quantity gjf/.fz enters into neoclassical transport

coefficients as a geometrical factor representing the
influence of the magnetic field geometry. In paper [2]
the field line integration technique is proposed for

computations  of 53],}2 in  arbitrary

configurations using real space variables. This code is
automatically taking into account all kinds of trapped
particles. Here, the 1/v neoclassical transport is studied
for 1=2 torsatron with centered planar axis of magnetic
surfaces using the field line following code NEO [2] for
computation of transport measures.

The results of 83//2 computation for 1=2 torsatron

stellarator

configuration that have the planar magnetic axis are
shown in Fig. 1 (curve 1). These results are presented as
functions of the ratio r/a with r being the mean radius of
the magnetic surface under consideration. The mean
radius a relates to the outermost magnetic surface of this
configuration. For comparison in Fig. 1 the results of

our earlier 8;9/‘\2 computations [4] for “standard”

configuration of torsatron Uragan-2M (k¢:0.375, where
Ko=Btn/(Btn*tBt), B and By are the toroidal
components of the magnetic field produced by helical
and toroidal field coils, respectively) are shown in two
cases: B /Bg = 2.5% (curve 2) and B,/Bg =~ -2.5%
(curve 3). The first corresponds to initial “standard”
configurations which is well centered with respect to the
vacuum chamber and second corresponds inward shift
configuration.
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Parameters 863;.2 as functions of r/a for a magnetic configuration of I=2 torsatron system

with the centered planar magnetic axis (curve 1), for «standard» Uragan-2M configuration:

B./Bo=~2.5% (curve 2) and B /Bg=~ -2.5% (curve 3)

As follows from Figure for the initial «standardy U-2M
configuration the 1/v transport is essentially bigger than
that which is desirable from the viewpoint of the
stellarator ~ optimization. Markedly smaller  1/v
neoclassical transport can be obtained in «standardy»
U-2M configuration by changing the resulting vertical
magnetic field by a way which lead to an inward-shifted
configuration. (see curve 3). This way can be of interest
although the inward shifted configuration can posses a
magnetic hill (instead of a magnetic well). For the 1=2
torsatron with centered planar axis of magnetic surfaces
having a magnetic well the effective ripple values (curve
1) are some bigger than for inward shifted configuration
U-2M in the central region and became smaller than that
for outermost magnetic surfaces.

As it is known, the Mercie stability criterion is
widely used to study the MHD plasma stability in
stellarator magnetic configurations both analytically and
numerically [6, 7]. To investigate the plasma stability
using the Mercier stability criterion in system with the
centered planar magnetic axis, we apply the numerical
method based on the calculation of the terms contained
in Mercier criterion by tracing the magnetic field lines in
the given stellarator magnetic field [3]. The magnetic
field of helical windings is calculated by the Biot-Savart
law.

For the case of a low-pressure plasma with a finite
local pressure gradient this criterion can be presented in
the form of the inequality
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D<1/4, )
where
D=p' Xos _'th =, @)
(Xs—D'X)p)
with X, = <v w VB (B]V 1//|2)>/XB ,

Xoo=(hS)/ Xy, X,p= <th )|V l//|2)>/XB ,

X, =(S)/ X, and X, :<B2 /(|Vw|2)>. Here A is
related to the equilibrium parallel current density

Jy =DP'hB (the prime denotes the derivation with
respect to Y, Y is a magnetic surface label),

S :(Ewi)-vX(Ewi)/er and <A> is
determined by integration along the magnetic field line

(4)=[4dl/B/[dl/B.

From (2) follows that for p'< O (the natural profile
of p) and for X, —X,s >0 the D value is

smaller than zero. In this case the Mercier criterion (1)
is satisfied. As it follows from the numerical
investigation the plasma stability in system with the
centered planar magnetic axis this takes place for all
magnetic surfaces of this configuration. So, the stability
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Mercier criterion is satisfied for all magnetic surfaces of
this configuration.

SUMMARY

In the present work, numerical calculations have
been carried out to investigate the confinement
properties of the U-2M type I=2 torsatron with the
centered planar axis. Neoclassical transport in 1/v
regime and Mercier plasma stability for the proposed
system are analyzed using NEO code based on the
integration along magnetic field lines in a given
magnetic field.

As it follows from the numerical investigations, the
stability Mercier criterion for this torsatron type system
with the centered planar axis is satisfied for all magnetic
surfaces of this configuration. Numerical calculations of
the neoclassical 1/v transport for the proposed system
show that for the 1=2 torsatron with centered planar axis
the effective ripple values are some bigger than for
inward shifted «standard» U-2M configuration in the
central region and became smaller than that for
outermost magnetic surfaces.
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YUCJEHHOE UCCJIEJOBAHUE HEOKJIACCUYECKOI'O IIEPEHOCA B PEXKUME 1/v
U MI'I-YCTOMYUBOCTH IIJIA3MBI C UCHIOJIb30BAHUEM KPUTEPUSI MEPCBE
B 1=2 TOPCATPOHE C IEHTPUPOBAHHOM IIJIOCKON MATHUTHOM OCHIO

B.H. Kaniocnotit, B.B. Hemoe

UucaeHHBIMH METOJaMM BBIIIOJIHEHO HCCIIEOBAaHWE HEOKIACCHYECKOro IepeHoca B pexume 1/v u MI-
YCTOMYMBOCTY IUIA3Mbl C MCIIOJIB30BAHMEM KpuTepus Mepcbe s JABYX3aXOJHOM TOPCATPOHHOM CHUCTEMBI C
HEHTPUPOBAHHON IJIOCKOM MAarHUTHOM OCBIO, YTO OBLIO JTOCTUTHYTO C MOMOIIBIO CHENHANBHOTO BRIOOpa 3aKOHA
HaBUBKH BHHTOBON OOMOTKHM B MOJENH, ONU3KOM M0 mapaMeTpaM K IapameTpaMm TopcaTpoHa Yparan-2M. Ilpu
BBIYHCIIEHUN KO3()(HUIMEHTOB HEOKJIACCHYECKOTO TIEPeHOCa B YKa3aHHOM PEXHMME U pacueTax BEeIMYHH, BXOJSIIHX
B Kpurepuil Mepcbe, HCIOJIb30BAHA TEXHUKA, OCHOBAHHAs HAa UUCJICEHHOM WHTEIPUPOBAHUU BJOJIb CHIIOBBIX
MarHWUTHBIX JIMHUHA B 3aJIaHHOM cTeutapatopHoM MarHuTHOM mosie (kogq NEO). MarHutHOoe mMose BHHTOBBIX
MIPOBOJHUKOB BBIYHCIUIOCH C HCIOJB30BaHMEM 3akoHa buo-Casapa. Ilomydennsle ko3¢ duIeHTs mepeHoca
MpEeJICTaBIEHBI B CTAaHJAPTHOM Gopme, conepkalieid (hpakTop, 3aBUCAIINNA OT TEOMETPHH MarHUTHOTO TTOJIST CHCTEMBI.
BBINIOIHEHO CpaBHEHME IOJyYEHHBIX PE3YJIBTATOB ¢ COOTBETCTBYIOLUIUMM PE3yJbTaTaMHU, MOJyYEHHBIMU paHee IS
JIByX BapHaHTOB «CTaHIAPTHOID KOHHUTypanuu TopcaTpoHa Yparad-2M.

YUCJIOBE JOCIIA)KEHHS HEOKJIACUYHOTI'O TEPEHOCY B PEXUMI 1/v
TA MI'JI-CTIAKOCTI IJIA3MHU 3 BUKOPUCTAHHSIM KPUTEPISI MEPC’€
B 1=2 TOPCATPOHI 3 HEHTPOBAHOIO IIJTIOCKOIO MATHITHOIO BICCIHO

B.M. Kanroxcnuii, B.B. Hemos

UncaoBUMH METOAaMH BHKOHAHO JOCHTIDKEHHS HEOKJIACHYHOTO MepeHocy B pexumi 1/v ta MI'Jl-crifikocTi
UIa3MH 3 BUKOPHCTAHHAM KpHTepiro Mepc’e mst =2 TopcaTpoHHOI CHCTEMH i3 IEHTPOBAHOO MIOCKOK0 MATHITHOTO
BicCIO, IO OYJIO JIOCATHYTO 3a JOMOMOTO0 CIEMialbHOTO BUOOPY 3aKOHY HABMBKH T'BHHTOBOI OOMOTKH B MOJETI,
Onmu3BKill 32 MapamMeTpaMu 0 mapaMeTpiB TopcaTpoHa YparaH-2M. [Ipu oGuncieHHi kKoedimieHTiB HEOKIACHIHOTO
MIEPEHOCY B 3a3HAYCHOMY PEXKHMI Ta PO3paxyHKax BEJIWYHWH, IO BXOMATh y KpUTepiid Mepc’e, BUKOpHUCTaHA TEXHIKa,
mo Oa3yeThCsl Ha YHCIOBOMY IHTETPYBAaHHI Y3HOBXK CHJIOBHX MAarHiTHHX JIiHIH B 3aJaHOMy CTEIapaTOpPHOMY
MarHiTHOMY o7l (kox NEO). MarHiTHe mojie TBUHTOBUX MPOBiAHMKIB OOYHCITIOBANIOCSA 3 BUKOPHUCTAHHSIM 3aKOHY
Bio-Caapa. OtpumaHi koedimieHTH epeHOCy MPeACTaBlIeH] B CTAHAAPTHINA (HopMi, 10 MICTUTH BaKTOp, 3aJIEKHUI
BiJl TeoMeTpii MAarHiTHOTO MO CHCTEeMH. BHKOHaHO MOpPIBHSAHHA OTPUMAaHMX PE3yJIbTATIB 3 BiIIOBIAHUMHU
pe3yibpTaTaMy, OTPUMaHUMU paHiIle Ut JBOX BapiaHTIB «CTaHAAPTHOI» KOHIrypartii TopcarpoHa Yparau-2M.
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