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Numerical studies into the toroidal magnetic field structure of a new modification of the /=1 polarity stellarator with
a single (m=1) helical coil pitch along the whole length of the torus have been undertaken. Depending on mutual
toroidal and helical magnetic field directions, there may exist two centered magnetic surface/helical divertor
configurations in the modified /m=1 stellarator. Similar helical divertor configurations have been realized in the
tokamak [9, 10] in order to stabilize large-scale instabilities and to avoid current disruption.
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1. INTRODUCTION

From an engineering viewpoint the magnetic system
of the /=1 stellarator with a single (m=1) helical coil pitch
along the whole length of the torus is one of the simplest
stellarator-type magnetic systems. The stellarator contains
only one magnetic field period, /m=1. In comparison with
other helical coil systems (/m>1), the system under
discussion provides a better access to the working volume
and can minimize the helical coil materials consumption,
approaching in these characteristics to tokamak magnetic
systems that have an extensive magnetic divertor.

However, from the viewpoint of providing, for
example, a greater space between the magnetic surface
existence region, i.e., the plasma core, and the wall, the
classic scheme of the /=1 stellarator magnetic system
substantially ranks below more complicated /=2,3,4
polarity helical systems. This is connected with the
properties of both a spatial magnetic axis and a single
separatrix rib of the magnetic surface configuration in the

I=1 stellarator [1-3]. In the case of the /m=1 stellarator
with sizable toroidicity, the magnetic surface existence
region is localized close to the minor equator of the torus
[4]. For this reason, it may appear to be of little use for
the stellarator experiment.

This paper reports the results of numerical calculations
for the modified /m=1 stellarator magnetic system model
that permits one to avoid appreciably the above-
mentioned drawbacks.

2. THE ESSENCE OF MODIFICATION

The essence of modification consists in the fact that
one of the two helical coils of an ordinary /m=1 stellarator
(Fig. 1,a) is fully split into two equal parts [5]. The parts
have equivalent currents (-/) and are displaced [6]
symmetrically relative to the unsplit helical coil (current
2]) by a certain angle |[4¢|<z in the toroidal direction
(see Fig. 1,b).
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Fig. 1. Top view of helical coils of a) ordinary Im=Istellarator and b) modified Im=1 stellarator.
The toroidal azimuths of poloidal cross-sections are shown (see Fig. 2)

3. CALCULATION MODEL

Numerical calculations of the modified I/m=1
stellarator magnetic system were carried out for the
following ideal model:

- toroidicity a=a/Ry=0.3 (a is the minor radius of the
torus, R, is the major radius of the torus); - polarity /=1;
- number of helical coil pitches along the length of the
torus m=1;- the number of magnetic field periods /m=1;
- the number of filament-like helical conductor turns in
each of 3 helical coils is 1;

- the helical coils are laid on the torus according to the
cylindrical winding law & @)=m @, where ¢ is the toroidal
angle and @is the poloidal angle;

- the toroidal (poloidal) angle of relative displacement of
helical coils in the calculation model under consideration
is Ap=46=30°.

The helical coil system is plunged into an
axisymmetric magnetic field B,=B,R,/R generated by the
coils of the toroidal magnetic field (not shown in Fig. 1).
Here B, is the toroidal magnetic field value on the circular
axis of the torus, R is the observation point radius counted
from the rotation z-axis of the torus. The transverse
magnetic field (perpendicular to the equatorial plane of
the torus) is assumed to be absent, B,=0.
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4. RESULTS OF CALCULATIONS

As the calculations have shown, the magnetic field
structure of the modified /m=1 stellarator depends to a
great extent not only on the value of the toroidal magnetic
field B,, but also on its direction in relation to the value
and direction of the helical-coil magnetic field. The
calculations were performed for the both directions of the
toroidal magnetic field with the same absolute value of
the ratio B,/b,=25 (B,/b,=-25), b, being the amplitude of
circular-axis magnetic field generated by the helical
current 2/. Hereafter, the values of magnetic field
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structure parameters for B,/b,=-25 are presented in
brackets.

Fig.2 shows the poloidal cross-sections of the
magnetic surface configuration calculated in the modified
ml=1 stellarator model. The cross-sections are spaced by
the toroidal angle @ within the limits of the magnetic field
half-period ¢=0°, 90°, 180° (see Fig. 1,b). The dark and
light circles in Fig. 2 indicate the position of thin current-
carrying helical conductors with opposite current
directions, which form the helical coils of the calculation
model. They are found on the torus surface o =0.3 (thin
large circles).
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Fig. 2. Cross-sections of magnetic surfaces (dotted lines) and equiconnect [7] (solid lines) in the modified Im=1
stellarator within the limits of the magnetic field half-period (see Fig. 1,b): a) B,/b,=25, b) B,/b,=-25
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Fig. 3. Rotational transform angle (i), magnetic well (hill) (U), field ripple () as functions of the average magnetic
surface radius r/R, in the modified Im=1 stellarator:B,/b,=25 - solid lines, B,/b,=-25 - dotted lines

From Fig. 2 it can be seen that the magnetic surface
configuration contains a spatial magnetic axis in the form
of m=1 helical line lying on the surface of the torus
Fax/Roax=04y- The calculation gives the major radius of the
torus (magnetic-axis major radius) to be R,.,/R,=0.962
(0.962), and the minor radius (magnetic-axis minor
radius) to be r,/R,=0.02 (0.013). Since (1-R.u/R,)<<a
and a,<<a, the magnetic surface configuration appears
slightly shifted inward the torus. In the ordinary /m=1
stellarator model, the value of the shift is close to the
limiting value, (1-Rya/Ro)~0 [4].

It is also seen from Fig. 2 that in all the three cross-
sections the form of the last closed magnetic surface
(average radius r1./R,=0.095 (0.2)) keeps well. This is an
evidence of a higher helical symmetry stability of the
modified /m=1 stellarator magnetic field relative to the
perturbation caused by bending of the straight magnetic
system into the toroidal one.

Fig. 2 illustrates the calculated cross-sections of the
equiconnect surface (solid lines) [7, 8], i.e., the surface of
the outer boundary of the stochastic layer of field lines. In
the vicinity of the layer the plasma of transient
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parameters, the so-called SOL plasma, is confined. The
SOL plasma is a source of diverted plasma fluxes. It
follows from Fig. 2 that the considered modification of
the Im=1 stellarator can provide realization of two
different configurations of both the magnetic surfaces and

tokamak [9, 10] in order to stabilize large-scale
instabilities and to avoid current disruption.
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MOIUPUITUPOBAHHAS MATHUTHASI CUCTEMA Im=1 CTEJLJIAPATOPA
B.I'. Komenko

IIpoBeneHo  uHMCIEHHOE  M3y4€HUE  CTPYKTYphl  TOPOMAAIBHOTO  MArHUTHOIO  IOJIA,  CO3[aBacMoro
MOIU(UIIMPOBAHHOW MAarHUTHOW CHCTEMOH oaHO3axoaHoro (/=1) xiaccndeckoro creiiaparopa C OIHUM ILIAaroM
BUHTOBOH 00OMOTKM (m=1) Ha anmHe TOpa. B 3aBHCMMOCTH OT HampaBiCHUS TOPOWIAIBHOTO MarHUTHOTO TIOJIS
OTHOCHTEJIFHO BUHTOBOTO MarHUTHOTO NOJA B /m=1 cTemmapaTope BO3MOXKHO CYIIECTBOBAHHE JBYX LEHTPHPOBAHHBIX
KOH(UTrypanuii MarHUTHBIX ITOBEPXHOCTEH W BHHTOBOTO JAWMBEPTOpa. AHAJIOTMYHBIE BHHTOBBIE JAWBEPTOPHBIC
KOoH(urypanuu ObUIM peann30BaHbl B TOKaMake C IIETbI0 CTAOMIM3alMU KPYMHOMACIITaOHBIX HEyCTOWYMBOCTEH U
MOJaBIICHUS OOJBIINX CPHIBOB IIA3MEHHOTO OMHUYECKOTO paspsiza.

MOJNUPIKOBAHA MATHITHA CUCTEMA Im=1 CTEJJIAPATOPA
B.I'. Komenko

[TpoBeneHo uucenbHI PO3PaxyHKH TOPOINAILHOTO MArHiTHOTO MOJIS, CTBOPIOBAHOI'O MOIM()IKOBAHOIO MAarHiTHOIO
CHCTEMOIO OJTHO3aXOIHOTo (/=1) KiacMyHOro cTeyuaparopa 3 OAHUM KPOKOM I'BHHTOBOI OOMOTKH (m=1) Ha JOBXHHI
Topa. B 3aiexHocTi Bii HaNpsIMKY TOPOiJajJbHOTO MAarHiTHOTO MOJIS BiJHOCHO M'BHHTOBOTO MarHiTHOro mosis B /m=1
CTeJuIapaTopi MOXKJIMBE ICHYBaHHS JIBOX IEHTPOBaHMX KOH(]Iryparii MarHiTHUX HOBEPXOHb Ta TBUHTOBOTO JMBEPTOPA.
AHANOTIYHI TBHHTOBI JAWMBEpPTOpHi KOHQirypamii Oymo peami3oBaHO B TOKamalli 3 MeETOK cradimizarmii
KPYIMHOMACIITaOHUX HECTIHKOCTEeH Ta MPUAYLICHHS 3pHBIB IJIa3MOBOTO OMIYHOTO PO3PSLY.
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