§4. Simulation Study of LHD Magnetic Field
Optimization by Control of Vertical Field
Coil Currents

Watanabe, T.

Volume enclosed with the last closed magnetic sur-
face, Victs, is one of the most important parameters for
the plasma confinement performance. In the LHD, Vi
is determined by the helical pitch parameter v and R,.
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Fig. 1: Effect of inward shift of magnetic axis for the ro-
tational transform ¢/2m. The positions of the last closed
flux surface are plotted together with the values of the
plasma volume Vj.s. Results for the straight helical sys-
tems are also shown.

2»24lllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIL
= (@) E
= 1% Y crg/2m =2.056 =
20F o n/m=10/5 —
= (ENE E
B - A0 3
N - =
% 1.8 it i = 20/11—3
= E | E
E . s, =
= T n/m=10/6 —5
P LI =
i — n/m =20/13
jIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
26

O

(b)

L Dgan

25

\Y =24.784

= LCFS = 3

= COIL CURRENT (KA ) 3

uE- HC-0=4192 _3

-~ E HCM=110 3
= E ol HC-l =17.808 3
\:"E 23E- ! ov=125
S E o 15 =9782 3
> = IV =37.725 3
2E E

5
20 ¥y =1.20 {'-!

E Rpx=3.63 M 3
20j|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIF
36 37 38 39 40 41

CUR-IV (KA)

Fig. 2: Change in yeg/27 (a) and Viegs (b) at IV coil
current sweep. Helical coil currents, OV coil current and
R,y are fixed.

The helical pitch parameter dependency of equilib-
rium and the stability of the high beta plasma in the

LHD type magnetic configuration is studied numerically.
It is confirmed that the small + configurations are fa-
vorable for the LHD-type fusion reactors in the point
of robustness of high beta equilibrium, compatibility of
easy ignition and high output power of core plasma, in
addition to a sufficient space for blankets 1.

The inner shift of the magnetic axis increase the
Viets, due to the increase of average toroidal magnetic
field which intensifies the adiabaticity of the equation of
the lines of force (Fig.1).

We have confirmed that Vi is also, possible to be
maximized by the control of the current distribution of
three sets of vertical field coils (OV, IS and IV coils),
under the specified value of the R,x and 7. Perturbed
magnetic field components, which cause magnetic surface
breaking, can be decreased by control of vertical field coil
currents distribution. Therefore, the increases of tjcsf /27
and Vg are linked as shown in Fig.2.

Rotational transform and Poincaré plot of lines of
force are shown in Fig.3 and Fig.4, for the case of the
maximized Viggs.
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Fig. 3: Distribution of the rotational transform.
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Fig. 4: Poincaré plot of lines of force. Coil currents are
shown in Fig.2.

1) T. Watanabe and H. Hojo, ”Helical pitch parameter

dependency of high beta equilibrium of helical plas-
mas”, Plasma Fusion Res. (submitted, 2010).
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