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Helicity injection
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 Poloidal current directly driven on open flux
(linking gun electrodes) - require mechanism to
transfer this to toroidal current on the closed flux -
a “relaxation process” e.g. Taylor (1974)
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Fluctuations and the » = 1 mode

* Fluctuations with toroidal mode number n =1 are
common 1n helicity-injected spherical tokamaks
and spheromaks

* Apparently play a major role in current drive
(relaxation)

— e.g. through a RMF like process involving rotating helical
structures (McCollam and Jarboe, 2002)

 In SPHEX, n = 1 mode associated with:
— Power flow from open flux central column to closed flux
— MHD dynamo on central column <'V X B>

— Current drive: toroidal plasma current decays when mode 1s absent
(Browning et al, 1992; al-Kharky et al, 1993; Willet et al, 1999) ., .,
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 We propose n = 1 fluctuations arise from
saturation of current-driven 1deal “kink™ instability
of central column of open flux - rotating helical
column drives current
— (Duck, Browning et al, 1997)
* Current drive (relaxation) operates when the high
current central column is linearly kink unstable
— 1instability modified by surrounding closed flux plasma torus
* In spherical tokamaks at higher TF currents (/. 4),
n = 1 fluctuations are dominant in outer layers of
open flux (near wall) - we expect the character of
instability to change with 7,
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Ideal kink instability of model 1D equilibrium

u=u, (open flux column),

u=u, (closedflux annulus)
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compressed — kink TIT777 = T
instability stabilised
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x10 Spherical tokamak 7 _, = 50 kA
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1D model

tability threshold at lower plasma currents as /4 increasegmﬂ
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2D equilibrium: SCOTS stability code
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eigenmodes of linearise
ideal MHD equations with
finite element
discretisation

Conducting walls, line-
tying at gun (z = 0)
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Coordinate system for stability analysis
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e Derive metric tensor in
(s, %, ®) coordinates
where s = (1 - YA, )12
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Angle-like coordinate y

The commorn forms of poloidal coordinate, basaed on imtesgrais
akang lines of comstant fluoe, bacomee infimiEas alt theae soeparatrisx.
Wira meeaed a policidal coordinate whickh canm be calculated
across thwe semaratrix, with continuowes first and sscornd
darivatives and retains the straiaht lins Bmit &t the gumn facs
akng x=0 2, s dafimned by thae Tunction
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Ongoing and future work

Modify coordinate system to allow X-points

Full study of 2D spherical tokamak equilibria -
find marginal stability threshold for various 7, -
expect instability becomes dominant on open flux
near edge

Real device geometries

Nonlinear simulations with 3D MHD code
(N1mrod) - saturation of mode amplitude (helical
column), current drive effects

Finite 1n instability code
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Summary

« Helicity injection current drive in spherical
tokamaks and spheromaks 1s closely associated
with n = 1 fluctuations arising from kink-like
instabilities of high current open flux regions

* A new 1deal linear stability code (SCOTS) has
been developed which properly models both open
and closed flux regions

* The kink instability 1s stabilised at sufficiently
high plasma currents (u,) - the current drive 1s
thus self-limiting - maximum toroidal current for
given helicity injection parameters -
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