CALCULATION OF THE MAGNETIC SURFACES OF THE URAGAN-2M
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Possibility of existence of closed magnetic surfaces in the Uragan-2M torsatron is analysed in case of zero current
in one coil of the set of the toroidal field coils. An influence of the current-feeds and detachable joints of the
torsatron helical winding is taken into account. A number of characteristic operating modes of the torsatron work is
considered. New computational results are obtained which can be of interest for studies of plasma neutron sources
based on stellarator type magnetic configurations with a mirror part of the magnetic configuration at the place where

the coil current is zero.
PACS: 52.55.Hc

INTRODUCTION

The Uragan-2M (U-2M) device (Ref. [1]) is an 1=2
torsatron with 4 helical field periods along the torus (big
torus radius is R=170 cm). The magnetic system of the
device consists of the helical winding, the vertical field
coils (basic and correcting) and the toroidal field coils
(16 by the quantity). Numerical study of magnetic
surfaces for this device has been carried out before in a
number of works (e.g., Ref. [2]). Magnetic
configurations of U-2M considered here are
characterized by the magnetic field parameters which
are shown in the following table:

Magnetic field parameters in U-2M

lines| hel tor vert Ko <B./Bo>
1-2 | 9100 | 6100 300 0.237 | 1.208 %
3 | 13900 | 5400 740 0.349 | 2.084 %
4 9800 | 7000 100 0.2258 | 0.93%
5-7 | 13500 | 5500 150 0.3384 | 1.406 %
8-9 | 13500 | 5500 100 0.3384 | 1.355 %

In this table ”hel”, tor” and “vert” are currents of the
helical winding (as well as of the basic vertical field
coils), the toroidal field coils and the correcting vertical
field coils, respectively, which have been extracted from
the logbook of U-2M. Strings given in the table refer to
the corresponding lines in the logbook from 20.02.2015-
27.04.2015. Using these values, parameters ko and
<B./Bo> are calculated with ko=Btn/(Bth+Btt) where Bth
and Bt are the toroidal components of the magnetic field
produced by the helical winding and the toroidal field
coils, respectively (see Ref. [1]).

For all configurations the magnetic field is calculated
using the Biot-Savart law code [3]), where influence of
current feeds and detachable joints of the helical
winding is taken into account by the approach analogous
to that in Ref. [2]. Along with the above indicated
modes calculations also performed for the mode

considered in Ref. [4] for ke *=0.24 and practically full
compensation of the vertical magnetic field.

Possibility of existence of closed magnetic surfaces
in U-2M with switched off one of the coils of a toroidal
magnetic field has been shown before by numerical
simulation in [5]. The experiments (see in [4])
confirmed the existence of closed magnetic surfaces in
such a system.

In the presented here calculations three cases are
considered for each mode. In the first case the currents
in the toroidal field coils are the same, in the second
case the current in the 8-th toroidal field coil is taken to
be zero and in the third case the current in the 14-th
toroidal field coil is taken to be zero.

COMPUTATION OF MAGNETIC
SURFACES

Integration of the magnetic field lines is performed
for the intervals corresponding to 250 turns around the
major axis of the torus. Cross-sections of the magnetic
surfaces obtained as the results of these computations
are presented in Figs. 1-8. These cross sections are close
to the position of switched off toroidal field coils. Each
figure corresponds to three considered cases: for the
currents in the toroidal field coils being the same (left),
for the current in the 8-th toroidal field coil being zero
(middle) and for the current in the 14-th toroidal field
coil being zero (right). In the captions under the pictures
the toroidal field coil numbers are given between which
the cross section is shown, numbers of the
corresponding lines of table are also shown. A circle
with a radius of 34 shows the inner boundary of the
vacuum chamber. One has to bear in mind that for the
case with the same current in all toroidal field coils,
outer magnetic surfaces are partly beyond the vacuum
chamber. Note that the computation results
corresponding to lines 8, 9 of the table are very close to
those corresponding to the lines 5-7.
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Fig. 1. Cross-sections between 8th and 9¢4 coils for kp=0.237 (lines 1, 2)
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Fig. 2. Cross-sections between 14th and 15th coils for kp=0.237 (lines 1, 2)
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Fig. 3. Cross-sections between 8th and 9th coils for kp=0.226 (line 4)
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Fig. 4. Cross-sections between 14th and 15tk coils for k¢=0.226 (line 4)
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Fig. 5. Cross-sections between 8th and 9th coils for kp=0.338 (lines 5-7)
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Fig. 6. Cross-sections between 14th and 15th coils for kp=0.338 (lines 5-7)
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Fig. 7. Cross-sections between 8th and 9th coils for kp=0.240 [4]
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Fig. 8. Cross-sections between 14th and 15th coils for kp=0.240 [4]
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Fig. 9. Distributions of B/B0 along the magnetic field line for the magnetic surfaces r/a=~0; n represents the number
of integration steps along the field line with 1280 steps per torus length. (left) zero current in the 8th coil, (right)
zero current in the 14th coil

For the regime of the line 3 for switched off toroidal  presented for the mode k¢=0.24 [4]. Analogous plots for
coils number 8 or 14 closed magnetic surfaces could not  the rest considered modes are not presented, since these
be found although good magnetic surfaces exist for the  plots are very close to those in Fig. 9
case when currents in all toroidal field coils are the
same CONCLUSIONS

~In Fig. 9 for the second and third cases plots of It follows from the results that a removal of one of
distribution of B along the magnetic field line are also  the toroidal field coils leads to a significant reduction in

38 ISSN 1562-6016. BAHT, 2016. Ne6(106)



the size of outermost magnetic surfaces, although such a
decrease in the U-2M operating modes corresponding to
line 4 in the table and Ref. [4], can be acceptable. The
results can be of interest for studies of plasma neutron
sources based on stellarator type magnetic
configurations with a mirror part formed in the vicinity
of the toroidal field coil with the switched off current

(e.g., [6]).
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PACYETBI MATHUTHBIX TOBEPXHOCTEM TOPCATPOHA YPAI'AH-2M C PABHBIM HY.JIIO
TOKOM B OJTHOM U3 KATYIHIEK TOPOUJIAJIBHOTI'O MATHATHOI'O IOJIA

B.B. Hemoes, B.H. Kanwowcnwui, I'.I. Jlecnaxkoe, M.M. Ko3yna

AnannsupyeTcs BO3MOKHOCTD CYIIIECTBOBAHHS 3aMKHYTBIX MarHUTHBIX TOBEPXHOCTEH B TOpcaTpoHe Yparan-2M
B Cllydae pPaBHOTO HYNIO TOKa OJHOW M3 KaTyIIeK TOPOHWAAIGHOTO MAarHUTHOTO IIOJS. YUHUTHIBAETCS BIMSHHC
TOKOTIO/IBOJIOB M TOKOPa3bEMOB BHHTOBOH OOMOTKH TOpCaTpoHa. PaccMOTpeH psii XapaKTEepHBIX PEKUMOB PaOOTHI
TopcaTpoHa. [lomydeHbl HOBBIE PE3yJbTATHl PAacUETOB, KOTOPHIE MOTYT IPEACTAaBIATh HHTEpEC IPU H3YUCHHH
MCTOYHMKOB HEHTPOHOB, OCHOBAHHBIX Ha MAarHUTHBIX KOH(UIypalusx CTEIIApaTOPHOTO THUIA C MPOOKOTPOHHBIM
Y4JacTKOM, B MECTE KaTYIIKH C HyJIEBBIM TOKOM.

PO3PAXYHKHU MATHITHUX MIOBEPXOHb TOPCATPOHA YPAT'AH-2M 3 PIBHUM HYJIIO
CTPYMOM B OJIHIN 3 KOTYIIOK TOPOiJIAJIbHOI'O MATHITHOI'O MOJISI

B.B. Hemoe, B.M. Kanioorcnuii, I'.T'. Jlecnakos, M.M. Ko3yns

AHaizyeThCsl MOXKIIMBICTh ICHYBaHHS 3aMKHYTHX MAarHiTHHX IOBEPXOHb y TOpCAaTpoHi YparaH-2M y BUNaJKy
PIBHOTO HYJIIO CTPYMY OJHIET 3 KOTYIIOK TOPOiJaIbHOIO MAarHiTHOTO MOJIsl. BpaxoBy€eThCst BILIMB CTPYMOIIiIBOIIB Ta
CTPYMOPO3HIMaHb TBUHTOBOi OOMOTKH TOpCaTpoHA. PO3MISHYTO psAn XapaKTepHHX PEeXUMIB poOOTH TOpcaTpoOHa.
OTprMaHO HOBI pe3yNbTaTH PO3PAXYHKIB, IO MOXYTb CTaHOBUTH IHTEpeC IpPU BHBYEHHI JDKEpes HEUTPOHIB,
OCHOBaHMX Ha MarHiTHUX KOH(Irypauisx CTelIapaTOpHOIO THIY i3 NPOOKOTPOHHOIO JAUISHKOK, B MICI KOTYLIKH 3
HYJbOBUM CTPYMOM.
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