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Abstract

The greatest difficulty in stellarator optimisation is todfimagnetic configurations capable of
confining fast particles well enough to avoid unacceptadnige alpha-particle losses in a reactor. At
the same time, the neoclassical transport of thermal pestioust be kept low and the field should
be compatible with a divertor. In the Wendelstein (HELIAB)el of stellarators, the latter relies
on the existence of a chain of magnetic islands at the plasige, evhich requires the rotational
transform to assume a specific, low-order rational valués,Tinturn, calls for the bootstrap current
to be minimised.

Here, a highly quasi-isodynamic ([1], [2]) HELIAS-type MH[3], [4]) equilibrium is presented
which exhibits very low neoclassical transport in combimratvith a stong mirror component of the
field, resulting in good confinement of fast particles. Initidd, the bootstrap current is kept small.
The properties of various coil sets desiged for this conéiian are compared and the dependence
of the confinement of fusioo particles on the number of coils is investgated.

Configuration Optimisation

Optimisation of the MHD configuration is performed using RROSE ROSE Optimises
Stellarator Equilibria) code. ROSE uses VMECI[5] to compute an MHD equilibr and
VM2MAGI6] to evaluate the spectrum of the magnetic field in Beocoordinates [7]. The
code is written in C++ and makes use of software created foDIRSET suite of codes ([8] -
[10]).

The parameter space subject to optimisation comprisegttive set of Fourier coefficients
of the plasma boundary, represented in VMEC as

r=" rmnCOS(2T(Mu—nV)), z="Y zmnsin(2r(mu—nv)) (1)

whererq is always held constant.

The evaluation of the configuration properties generatesnalpy function optimised by one
of several possible optimisation algorithms. The most irtgod ones include Brent’s algorithm
[11] and a massively parallel algorithm performing line mirsations inN principal axis di-
rections and superpositions of these axes.

Some of the most important quantities entering into the ipemanction minimised by the

optimiser include



41%* EPS Conference on Plasma Physics P1.070

Mercier stability

e [-profile .
e magnetic well e quasi-symmetry

e curvatures of the plasma boundary e Bmpr-values and ratii between these
e magnetic mirroiR = EmacBmin o effective ripple [12]

BmaxtBmin

MHD Configuration

This work presents an approximately
guasi-isodynamic configuration. It was
obtained by optimising for a small ef-
fective ripple on flux surfaces located 7
ats—0.4/0.5/0.6/0.75 while the mag- .

netic mirror was allowed to move freely
in the interval 01 < R < 0.15. More- Figure 1:Toroidal cuts of the flux surfaces of the config-

over. the use of an island divertor redration (left) and radial profile of the rotational transform

quires a small bootstrap current, result"9ht)

ing in a small perturbation of the boundary islands. 003

-=-- std hi mirror, $>=2%

For this purpose, the-profile was optimised to lie inside an | = st mior, $>=4%

- Hydra 23, $>=5%

interval 1 = 0.92...1.0. In addition, the ratio of the magnetic ooz /,/-j;/;
field components (Boozer coordinat@s)y /B 1 was optimised . |- e

for a prescribed radial profile. The aspect ratio was fixedlat  o.01- q
12

A set of toroidal cuts of the optimised boundary and a plot % 6z~ 64 05 - 08 = 1

of the-profile are shown in Fig.1. The complete set of Fourier

coefficients of the boundary is shown in Table 1. Figure 2:Effective ripple of the

optimised configuration com-

pared with W7-X.
The neoclassical behaviour was investigated with the 1D

Transport and Fast Particle Confinement

transport code NTSS [13] using mono-energetic transp@fficeents computed by DKES[14].
The bootstrap current density and the particle densitigsdd with this procedure are shown
in Fig. 3.

The ability of the configuration to confine fast particles igparamount importance for the
operation of a viable fusion device. Since it is expected tiwa density will have a rather flat
radial profile, it is necessary to confine fusioa launched at great distances from the magnetic
axis. Fig.4 shows the evolution of tleeparticle loss fraction for different starting surfaces and
the losses obtained for a realistic fusmmpopulation corresponting to the profiles obtained with
NTSS.



41%* EPS Conference on Plasma Physics P1.070

Ne Np » N Npe[1020/m3]

jebs jibs jbs [A/mZ]

e _
| bs™ -2.13kA - ev0|= 0.969
i r
Ibs_ 64.31kA 1.35 - ne"ne: 1.240
le: 62.18kA 0.9 E_
o W=1190.573MJ
0.45
F 1_=2.38s
obe vl T E
1 . 0 0.5 1 15 1550421 43¢
r [m] r[m] E

Figure 3:bootstrap current density (left) and particle density profiles (right).
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tances from the magnetic axis. Therefore, the® 600 6067 “oor

dependence of particle losses on the numkﬁr o _

gure 4:Particle losses fora particles launched at
of modular coils was investigated. Fig.5 Sho"ﬁ‘%scribed radial coordinate (left) and for a realistic fu-
the losses as a function of time asdbr un- sion population resulting from a 1D transport analysis
optimised coil sets with 8-14 coils per periodright).
It can be seen that the losses decrease noticeably as thenahdoils is increased.
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Figure 5:Collisionless losses af-particles launched at individual flux surfaces for different numbers

of coils.

Optimised Coils
A first coil design was undertaken using

ONSET. Purely modular coil sets encoun

tered difficulties from a series of Slantegigure 6:Tentative coil design including a pair of mod-
coil sections located at the inboard side Qf;teq toroidal coils at the inboard side of the machine.
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the bean-shaped cross section. Fig. 6 shows a coil set whadglition to the modular coils a
pair of modulated toroidal (MT) coils is used to mitigatestbroblem. These MT coils approach
the inboard side if the bean shaped cross section so as taraihlical coil situated at this
location while assuming a greater distance from the plasntiaeacomplementary symmetry

plane. In subsequent optimisations it will be attemptedeekgplasma configurations that can

be espablished with a simpler coil set.

n m I'mn Zmn n m 'mn Zmn
0|0 25.4298 0 n s o 0 | 3 | 0.00202364| 0.0535335
110 1.09593|  -1.36459 g i 8:8522;2 (f(')gé‘zggég 1 |3 | -0.0146856| -0.0502491
2 | 0| -0.0399858| -0.115748 % | 2 | 0000761007 -0.00430612 2 [ 3| -0.0768693| -0.0385529
3 | 0 | -0.00537742| -0.00305466 o5 0.0195205|  0.0188931 3 [ 3| -0.0921131| 0.0784001
4 | 0 | 0.00174473| -0.00495772 15 0.0553224 0109673 4 | 3 | 000394272 0.0147176
5 | 0 | 0.00337058| -0.00034427 o | 2 0221458|  0.0817899 -2 | 4 | -0.00547501| -0.00235218
-5 | 1 | 0.000674323| -0.0023505 I o11248|  0.0287965 0 | 4 | -00311839| -0.031407
-3 | 1 | -0.00514378| -0.0143292 5 | 5 0.258059 020012 1|4 0.0511426| 0.0335454
21| -0.0156841| -0.00353282 s | 2 0.0519387|  -0.0964263 2 | 4 | 000529469| 0.0423136
11 0.151769|  0.230968 2 |2 | 000624124 000929519 3 |4 0.0156413| -0.0218105
0|1 1.84208 2.50824 3|3 0.0130003| -0.000837961 -1 | 5 | -0.00533847| -0.00642917
1)1 -1.00169 |  0.792056 513 | 000273621 0.00175197 0 |5 | 0.000311829| 0.00602492
2 |1 -0.125854 0.1714 1|3 | 00108624  .0.0919563 1 | 5 | -0.00507777| 0.00560832
3 |1 0.0369412| -0.0179021 3 | 5 | 0.00242683| 0.00985353
Table 1:Fourier coefficients of the optimised plasma boundary
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