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Numerical studies were undertaken to elucidate the influence of the helical-coil finite angular size on /=4 stellarator
magnetic surface characteristics. The calculations are applied to the closed magnetic surface configuration removed
from the torus surface. The magnetic surface characteristics did not change significantly in comparison with ideal model

of the /=4 stellarator magnetic system.
PACS: 52.55.Hc

1. INTRODUCTION

The /=4 stellarator is generally referred to the class of
helical magnetic systems applicable for plasma
confinement [1, 2]. An analytical estimation [1] and
numerical simulations [2] of an ideal model of the /=4
stellarator comprising filamentary helical coils have been
carried out. They show a possibility to realize a magnetic
surface configuration with a steeply growing angle of
rotational transform near the configuration edge and a
negligibly small value of the rotational transform angle in
the central part of the configuration. Therefore, two
comparable-in-volume regions with different plasma
confinement can be formed in a magnetic plasma trap
based on the /=4 stellarator magnetic system.

One of two regions (the inner one) is, in fact, a region
of plasma confinement in a simple axisymmetric toroidal
magnetic field.

In another (outer) region plasma confinement takes
place in a toroidal magnetic field with rotational
transformation of field lines.

It is not improbable [3] that a significant difference in
the transport coefficients in these regions can lead to
formation of a zone with decreased values of transport
coefficients (transport barrier) and transition to high
plasma confinement mode (H-mode).

Moreover, similar to the magnetic systems of /=2 and
=3 stellarators the magnetic system of the /=4 stellarator
can provide a controllable and deep detachment of the
closed magnetic surface configuration from the torus
surface, i.e., plasma column-wall spacing [4].

Probably, the practical realization of the /=4 stellarator
will create a need to determine the influence of a real
finite size of helical coils on the basic characteristics of
magnetic surfaces. In this paper magnetic surface
characteristics are numerically studied for the /=4
stellarator with regard to the angular size of a single-layer
helical coil and one of possible methods of conductor turn
packing in the layer [5].

The main purpose of the study is to get a general idea
about the tendencies in variations of /=4 stellarator

magnetic surface characteristics when passing from the
ideal magnetic system closer to the real one.
2. CALCULATION MODEL

The calculation model has the following parameters:

- toroidicity a=a/Ry=0.25 (a and R, are the minor and

major radii of the torus, respectively);

- [=4 is the polarity;

- m=2 is the number of helical winding pitches along

the torus length;

- the number of conductor turns in each of 8 single-

layer helical coils is 7 (56 in total).

Each helical coil comprises the base conductor turn
lying along the base helical line. The last 6 conductor
turns are wrapped beginning with the base line on the
both sides symmetrically of it (in the ideal model the
helical coils comprise the base conductor turn only).

The base helical line is marked up on the torus
according to the cylindrical winding law:

A ¢y=m9, (1

where ¢ is the toroidal and @is the poloidal angle.
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Fig. 1. Top view of the helical coils (shaded) of the I=4
stellarator calculation model. The toroidal azimuths of
poloidal cross-sections are indicated (see Fig. 2)
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The angular size of helical coil measured along the
minor torus equator is close to the maximum possible
value, A¢ ~TVIm.

With the described method of packing, the points of
the helical line of the nth conductor turn shift relative to
the points of the helical base line with regular intervals
counted along the torus parallels. So, the linear size of
each helical coil measured along one of the torus parallels
is the constant value, AS=R(1-a)A4¢ (see Fig. 1).

The helical coil system is plunged into toroidal
axisymmetric magnetic field B,=BoRo/R, where By
determines the value of the toroidal magnetic field on the
circular axis of the torus, R is the observation point radius
counted from the major axis (z-axis) of the torus.

The transverse magnetic field is assumed to be absent,
B~0.

3. COMPUTATIONAL RESULTS

Fig. 2 shows poloidal cross-sections of the magnetic
surface configuration calculated in the /=4 stellarator
model with taking into account the single-layer helical
coil angular size and the described method of conductor
turn packing in the layer. The cross-sections are spaced
by the toroidal angle ¢ within the limits of the magnetic
field half-period ¢=0°, 11.25°, 22.5° (see Fig. 1). The
results of simulation concern the magnetic surface
configurations moved away from the torus surface,
nda~0.4 (n. is the average radius of the last closed
magnetic surface). For the given value of the toroidal
magnetic field B, this can be reached by variation of the
helical coil current.

The points and circles in Fig.2 mark the position of
thin current-carrying conductors with alternate current

directions forming the helical coils of the calculation
model. They are located on the torus surface a/Ry=0.25
(thin circles).

It is seen from Fig. 2 that in all three cross-sections the
closed toroidal magnetic surfaces (dotted lines) are rather
well centered and have a square contour in the edge
region of the configuration. This is an evidence of a
higher helical symmetry stability of the /=4 stellarator
magnetic field relative to the perturbation caused by
bending of the straight magnetic system into the toroidal
one.

Fig. 2 also shows the calculated cross-sections of the
equiconnect surface [6] (solid curves). The equiconnect
surface is a surface of the outer boundary of the stochastic
layer of field lines, i.e. the outer boundary of the plasma
layer with transient plasma parameters, the so-called
scrape-off layer (SOL) plasma. The positioning of the
equiconnect cross-sections may by useful to prevent
direct interaction of the SOL plasma with the vacuum
chamber wall, the radiofrequency units used for plasma
generation and heating and with diagnostic tools.

The magnetic surface parameters as functions of their
average radii are shown in Fig. 3 by solid lines.

It can be seen from Fig. 3a that the rotational
transform angle is negligibly small, i<10%-107 (in 2T
units), in the central part of the magnetic surface
configuration, /7:<0.5 (inner region). In the outer region,
r/n:>0.5, its value is steeply growing to i~0.47 (0.5) on
the last closed magnetic surface, /Ro=0.112 (0.103).
Here, the shear value is several times higher than standard
one in the /=2 or /=3 helical magnetic systems. In the
outer region a moderate value of the magnetic well,
-U=0-0.026 (0.018), is observed (Fig. 3b and c) the field
ripple y=1.1-1.33 (1.3). The characteristics of the ideal
model of the /=4 stellarator are presented in brackets.

p=11.25°

p=22.5°

Fig.2. Cross-sections of magnetic (dotted lines) and equiconnect surfaces (the surface of the outer boundary of
stochastic layer of field lines, i.e. the outer boundary of a plasma layer with transient plasma parameter, the so-called
scrape-off layer (SOL) plasma, solid lines) in the =4 stellarator calculation model within the limits of the magnetic
field half-period (see Fig.1)
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Fig.3. Rotational transform angle (a), magnetic well (b), field ripple (c) as functions of the average magnetic surface
radius for the “real” (solid lines) and ideal (dashed lines) model of the |=4 stellarator

4. SUMMARY

The numerical calculations having been performed
demonstrate that in the /=4 stellarator model with helical
coils of finite angular size the magnetic surface
characteristics such as the rotational transform angle,
maximum field ripple value and the average radius of the
last closed magnetic surface differ less than ~10% of the
value inherent in the ideal model of the /=4 stellarator
comprising filamentary helical coils. Also, the magnetic
surface position and shape and form of the rotational
transform angle radial dependence do not have a
noticeable change. One can only observe a magnetic well
increase by a factor of 1.5. Owing to the form of the
equiconnect, the SOL plasma-wall interaction is supposed
to be reduced in a plasma trap based on the /=4 stellarator
magnetic system.
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MATHUTHBIE IOBEPXHOCTH 4-3AXO/JTHOT'O CTEJUVIAPATOPA C YUETOM YIJIOBOM IIUPUHBI
BUHTOBBIX OBMOTOK U CIIOCOBA YKJIAJAKHX ITPOBOJHUKOB

B.I'. Komenko

HpOBeHeHO YUCJICHHOC U3YYCHUC BIIUSAHUSA KOHEYHOH yI‘HOBOﬁ HIMPHUHBI BUHTOBBIX 00OMOTOK Ha CBOMCTBA MarHUTHEIX
HOBGpXHOCTGi/‘I B 4-33XOJ1HOM cTejiapaTrope. Pacuersl oTHOCATCT K KOH(bI/IpraL[I/II/I 3dMKHYTBIX MAarHMTHBIX
HOBerHOCTeﬁ, YAAJICHHBIX OT IMOBEPXHOCTU TOpA. CBoOlCTBa MarHUTHBIX HOBerHOCTeﬁ o CpaBHCHUIO C I/IZ[eaHLHOﬁ
MOJECIBIO 4-3aXOI[HOFO CTeJu1apaTopa CymeCTBEHHO HE U3MCHUINCD.

MATHITHI IOBEPXHI 4-3AXO/JIHOI'O CTEJIAPATOPA 3 YPAXYBAHHAM KYTOBOI IIUPUHA
I'BUHTOBHUX OBMOTOK TA CITOCOBY YKJIAJIKH ITPOBI/IHUKIB

B.I'. Komenko
BukoHaHO dHMCeNbHE IOCITIIKCHHS BIUIMBY CKIHUCHHOI KYTOBOi IIMPWHMA TBHHTOBHX OOMOTOK Ha BIJIACTHBOCTI
MAarHiTHUX TOBEPXOHb B 4-3aX0JHOMY cTejapaTopi. Po3paxyHKH TOpKarOThCs KOH(Irypamii 3aMKHYTHX MAarHiTHHX

MOBEPXOHb, BIIAJIEHUX BiJl MOBEPXHI Topa. BracTHBOCTI MarHiTHUX MOBEPXOHb B MOPIBHSIHHI 3 17€aIbHOI0 MOJIEILTIO 4-
3aXOJHOTO CTeJIapaTopa CyTTEBHX 3MiH HE 3a3HAJIM.
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