EFFECT OF A NON-CIRCULAR SHAPE OF THE TORUS ON THE I=2
TORSATRON MAGNETIC SURFACES

V.G. Kotenko
Institute of Plasma Physics of the NSC KIPT, Kharkov, Ukraine

The numerical calculations of magnetic field of the 1=2 torsatron magnetic system with non-circular poloidal
cross-section of the torus is carried out in the work. It is shown that the value §;=0.2 of maximal relative deviation of
a non-circular poloidal cross-section from basic circular one results in a several-fold contraction of closed magnetic
surface existence region. There is some increase in the values of rotational transform angle and the mirror ratio in the
central closed magnetic surfaces. An enlarged clearance between the outer boundary of field line stochastic layer,
i.e., the boundary of the plasma layer having transient plasma parameters (SOL plasma) and the surface of vacuum
chamber can be obtained by the transition from the circular torus to the non-circular torus under consideration.
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INTRODUCTION

As opposed to an ordinary circular torus poloidal
cross-section minor radius of which a,=const. in a
noncircular torus the poloidal cross-section minor radius
a,#const. In the field of fusion research an example of
noncircular torus implementation is, in particular, the
vacuum chamber of present-day tokamaks, which have a
D-shaped poloidal cross-section. For the first time, the
stellarator-type magnetic system with a noncircular torus
poloidal cross-section highly elongated along the
straight z-axis of the torus, has been discussed in [1, 2].
The authors reported that the influence of toroidal
effects on the plasma diffusion and thermal conductivity
can be significantly decreased in the systems. In paper
[3] were presented the numerical calculation results for
the ideal model of the I=2 torsatron magnetic system
with non-circular torus, which poloidal cross-section
shape differs to a lesser extent from the initial circle.
Each helical coil of the ideal model consisted of 1
filament-like conductor turn. The main goal of the
investigation was to discover the additional possibility
to enlarge the distance between the closed magnetic
surface existence region and helical coils, i.e., the first
wall-plasma spacing in the stellarator-type fusion reactor
[4, 5]. The present study takes into account the model of
the I=2 torsatron magnetic system with the non-circular
torus the helical coils of which have real size cross-

section.

a

INITIAL CALCULATION MODEL

As an initial calculation model with a circular torus,
we use an I=2 torsatron magnetic system. The main
geometrical characteristics of the model are similar to
heliotron Large Helical Devise magnetic system
characteristics [6]:

- toroidicity a.3=a./Rp=0.25, Rq is the major radius of
the torus, a.s is the average radius of helical coils (see
below);

- I=2 is the polarity;

- m=5 is the number of helical coil pitches along the
torus length.

Each helical coil comprises 35 filament-like
conductor turns. The turns of each helical coil are placed
in 5 layers in 7 turns at the layer. The layers are located
on the surfaces of 5 nested coaxial torus with minor radii
ai/Ro=0,=0.2, 0.225, 0.25, 0.275, 0.3 (i=1-5,
Fig. 1,a). The base (central) turn of i-layer is marked on
i-torus according to the combined winding law [7]:

0ci=00-K(B¢i-00). (1)
Here 6 is the poloidal angle, 6,=m¢ is the cylindrical
winding law, 8;=2arctg(((1+ o)/ (1- i) **tg(80/2)) is the
equi-inclined winding law, ¢ is the toroidal angle,
k=0.52. The last 6 conductor turns in i-layer are
arranged turn by turn along the base turn (packing by
method 2 [8]).

b

Fig. 1. Poloidal cross-sections of the nested coaxial circular tori (a) and inscribed non-circular tori (b)
Helical coil conductor turn traces are marked by large black points
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Fig. 2 shows the calculated poloidal cross-sections
for the helical coils and the closed magnetic surface
configuration in the magnetic system model under
consideration. The cross-sections are spaced apart by the
toroidal angle ¢ within the limits of the magnetic field
half-period, ¢=0°, 9°, 18°. As is seen from Fig. 2, the
chosen combined law for the helical coil winding
provides the mode for the closed magnetic surface
configuration with a centered planar magnetic axis [7].
In all three cross-sections, the magnetic axis traces are
disposed in the torus equatorial plane and its major
radius remains invariable, Rg;/Ro=1. The mode can be
realized at compensating uniform magnetic field
B,/By=0.35, where B, is the amplitude of the toroidal
component of the magnetic field generated by helical
coils on the circular axis of the torus. The average radius
of the last closed magnetic surface is r/Ry=0.14. The
magnetic surface parameter values are presented below
(in brackets).

Fig. 2 also represents (dashed lines) the calculated
cross-sections of the surface of the outer boundary of the
field-line stochastic layer [9, 10], i.e., the boundary of
the plasma layer having transient plasma parameters
(SOL plasma).

CALCULATION MODEL WITH A NON-
CIRCULAR TORUS
Similar to magnetic system with circular torus each
helical coil of the magnetic system with non-circular
torus comprises 35 filament-like conductor turns. The
turns of each helical coil are placed in 5 layers in 7

¢=0°

Fig. 3. Poloidal cross-sections of the magnetic surfaces in the calculation model with the non-circular torus
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¢=9
Fig. 2. Poloidal cross-sections of the magnetic surfaces in the initial calculation model with circular torus.
Cross-sections of the vacuum chamber is pointed out by clarified line

¢=9°

¢=18°

turns at the layer. The layers are located on the surface
of 5 the nested coaxial non-circular torus. By analogy
with [3] the running radius of non-circular torus cross-
section was determined from the equation:
Oni=%i(1-6i|cos(6o) ),

where §;=0.175, 0.178, 0.18, 0.182, 0.184 (i=1-5, see
Fig. 1, b). Consequently the base (central) turn of i-layer
is marked on non-circular i-torus according to the
combined winding law:

6=60-k (2arctg(((L+an)/(1-an)) g (B0/2))-60),
where k=0.52.

Fig. 3 shows the poloidal cross-sections calculated
for the magnetic surface configuration generated by
helical currents, lying on the surfaces of non-circular
tori. It is seen from the Fig. 3, the combined law opted
for the helical coil windings for the system with non-
circular torus provides a mode for the closed magnetic
surface configuration with the centered planar magnetic
axis too. The mode is realized at a compensating
uniform magnetic field value B,/B, =0.361. The average
radius of the last closed magnetic surface is
r¢/Ro=0.047. The rotational transformation angle (in 2«
units) IS 1axis—1uc=0.98 (0.5)—1.14 (0.75) on the
magnetic surfaces, a zero-order magnetic well (hill)
U=-0.005 (0.002) takes place, and the value of mirror
ratio IS yais—V1c=1.05(1.02)—1.31(1.55).  The
appropriate parameter values for the initial magnetic
surface configuration are indicated in brackets.

Fig. 2 also represents (dashed lines) the calculated
cross-sections of the surface of the outer boundary of the
field-line stochastic layer.

¢=18°
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CONCLUSIONS

Numerical calculations of magnetic field in the 1=2
torsatron magnetic system model with the non-circular
torus the helical coils of which have real size cross-
sections is carried out in the work. Similar to ideal
magnetic system model [3] the transition from the
circular torus to the non-circular one results in a several-
fold contraction of closed magnetic surface existence
region. A noticeable increase in the values of the
rotational transform angle and the mirror ratio is
observed in the central magnetic surfaces. A zero-order
magnetic well value takes place. An enlarged clearance
can be obtained between the outer boundary of field line
stochastic layer and the vacuum chamber surface. The
result received can promote the further development the
conception of stellarator-type fusion reactor with
enlarged the plasma-1* wall spacing.
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BJIMSIHUE HEKPYT'OBOIl ®OPMbI TOPA HA MATHUTHBIE IOBEPXHOCTH JIBYX3AXO/HOI'O
(I=2) TOPCATPOHA

B.I'. Komenko

[TpoBeeHBI YHCICHHBIC PACUETHI MOJIEITH MATHUTHOM CHCTEMBI |=2 TOpcaTpoHa ¢ HEKPYTOBBIM MOJIOHIATbHBIM
ceueHneM Topa. [lokazaHo, 4TO MaKCUMajbHas BEJMYMHA OTHOCHTENILHOTO OTKJIOHEHHS 0i=0,2 MOJIONAAIBHOTO
CEUEeHHUs] HEKPYIOBOTO TOpa OT 0Aa3MCHOTO KPYyroBOTO CEYECHUsI NPUBOAUT K YMEHBILIEHUIO 00JaCTH CYLIECTBOBAHHUS
3aMKHYTBIX ~MAarHUTHBIX [IOBEPXHOCTEH ¥ HEKOTOPOMY YBEIMUCHUIO BEJIMYMHBI yIja BpallaTeIbHOTO
npeoOpa3oBaHusi W HPOOOYHOrO OTHOIICHHS Ha IEHTPAJIbHBIX MArHUTHBIX MOBEPXHOCTsX. CylIecTBEHHO
YBEJIMYMIOCHh PACCTOSIHUE MEXIY CJIOeM CTOXaCTHYECKHX CHJIOBBIX JIMHHMH, T.€. MEXIy IUIa3MOM IMepexoHbIX
napameTpoB (SOL-11a3Mbl) ¥ OBEPXHOCTHIO BAKYYMHOI KaMephl.

BILIWB HEKPYT'OBOi ®OPMHU TOPY HA MATHITHI ITIOBEPXHI IBO3AXOJHOIO (I=2)
TOPCATPOHY

B.I'. Komenko

IpoBemeHi 4wcenbHI PO3paxyHKH MOJETi MarHiTHOI cuctemMu |=2 TopcarpoHa 3 HEKPYTJIMM MOJIOiAaTbEHUM
nepepizoM Topa. [TokazaHo, 10 MakcHMallbHa BEJIMYMHA BIJIHOCHOTO BiAXmieHHs 6;~0,2 MOJOifaNbHOTro mepepizy
HEKPYTJIOTO TOpa BiJl 0a3WCHOTO KPYTJIOro IMepepidy MPU3BOAMTH IO 3MEHIIEHHS 007acTi iCHyBaHHS 3aMKHYTHX
MAarHiTHUX TOBEPXOHb Ta JO 30UIBIIEHHS BETUYMHH KyTa OOEPTOBOTO HEPETBOPEHHS 1 BEIMYUHM A3EPKATBHOTO
BIJHOIIEHHS Ha NEHTPAJBHUX MAarHiTHUX ToBepxHAX. CyTTeBo 30LIBIIMIACS BiACTAaHb MDK IPOIIAPKOM
CTOXaCTHYHMX CHJIOBHMX JIiHIH, TOOTO MiX IIasMor mnepeximaux mapamerpiB (SOL-mimasmoro) i moBepxHE
BaKyyMHOI KaMepH.
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