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Overview

I CTH experiments indicate that disruptions can be
avoided with the addition of stellarator field.

I NIMROD captures this effect: we simulate a
disrupting and a non-disrupting low-q scenario with
low and high values for the stellarator field,
respectively.

I Summary and ongoing work.
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CTH: Flexible magnetic configuration with
vacuum transform variable by factor of 10

I Helical Field coil and Toroidal Field coil currents adjusted
to modify vacuum rotational transform: 0.02 < ιvac < 0.3.

I Shaping Vertical Field coil varies elongation κ and shear.

I Trim Vertical Field coil and Radial Field coil control
position.
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CTH: With up to 95% of the rotational transform
from plasma current

I Helical Field coil and Toroidal Field coil currents adjusted to
modify vacuum rotational transform: 0.02 < ιvac < 0.3.

I Shaping Vertical Field coil varies elongation κ and shear.

I Trim Vertical Field coil and Radial Field coil control position.

I Central solenoid drives Ip ≤ 80kA, dominating total transform.

Ro = 0.75, R/a ∼ 4, ne ≤ 5×1019m−3, Te ≤ 150eV , |B| ∼ 0.5T
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By adding a vacuum rotational transform it is
possible to avoid disruptions even if q(a)< 2

I It is possible to operate at
q(a)≤ 2 without disrupting
despite the external kink
mode tokamak theoretical
limit.

I In a disrupting discharge,
m/n = 3/2 and 4/3 activity is
observed. In a non-disrupting
case, only the latter activity is
present [1].
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Disruptions in plasmas with low edge safety
factor are avoided by adding a stellarator
rotational transform

I Disruptions occur if ιvac(a)≤ 0.03, and are suppressed if
ιvac(a)≥ 0.08 [1].

I qtot(a) is the value of the edge safety factor at peak plasma
current.

I Fractional transform: f = ιvac/ιtot , ιtot = ιvac + ιplasma = 1/q.
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An equilibrium reconstruction of CTH shortly
before the disruption is used as the initial
condition for NIMROD simulations

I The 3D equilibrium loaded into NIMROD
corresponds to the plasma ∼ 2ms before disrupting.



8/20

NIMROD simulations with ohmic current are
modeled by adding a current source term

I CTH discharges are ohmically driven.

I Ohmic current is driven in the simulations by adding
a source term (Jsource) in the induction equation:

∂tB =−∇× [η (J−Jsource)−V×B]+κdivb∇∇ ·B

I Jsource is taken as the current at the beginning of the
simulation.

I Jsource prevents the resistive decay of the plasma,
whose characteristic diffusion time is of the same
order as the total simulation time ∼ 2ms.
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A disrupting and a non-disruptive CTH discharge
are used to initialize NIMROD

I The vertical lines indicate the initialization time.
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Reconstructed profiles for q(ψ) and J‖ at the
beginning of the simulations

low ιvac, qa = 1.9

f = 0.03, ιvac = 0.015

high ιvac, qa = 1.6

f = 0.12, ιvac = 0.075
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Both simulations start from a good set of closed
flux surfaces

low ιvac, f = 0.03 high ιvac, f = 0.12
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The 6/5, 7/5 and 8/5 symmetry-preserving
islands develop early in time

low ιvac, f = 0.03 high ιvac, f = 0.12
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Later in time the simulation for the disrupting
discharge develops an extended region of
stochastic field

low ιvac, f = 0.03 high ιvac, f = 0.12
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Non-symmetric modes grow to high amplitude in
the low ιvac scenario but saturate at low
amplitude in the high ιvac configuration

low ιvac, f = 0.03 high ιvac, f = 0.12

I Even in the case where the vacuum rotational transform
is low there is significant coupling between the different
families of Fourier modes (kNp±1, kNp±2).
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For a low ιvac the 4/3 and 3/2 modes grow to
high amplitude and interact with the
symmetry-preserving islands

n = 2

n = 3

Time = 1.23ms Time = 1.53ms
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For a high ιvac the 4/3 and 3/2 modes saturate
at low amplitude

n = 2

n = 3

Time = 1.23ms Time = 1.53ms
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Summary and ongoing work

At low ιvac:

I The 3/2 and 4/3 modes grow to high amplitude.

I These modes interact with the symmetry preserving
islands.

I This results in an extended region of stochastic field.

At high ιvac:

I The 3/2 and 4/3 modes saturate at low amplitude.

I The 6/5, 7/5 and 8/5 symmetry preserving island chains
remain throughout the simulation.

Presently, we are implementing the power flux diagnostic
pioneered by Ho & Craddock (1991) in order to obtain a
picture of the flow of power through Fourier space.
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