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Current and Thermal Quench in JET and ITER Disruptions
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Self mitigation of asymmetric wall force in asymmetric vertical displacements (AVDE) and of
thermal quench in locked mode disruptions is presented. Theory and simulations are compared

to JET experimental results, and applied to ITER.
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Figure 1: (a) shows sideways force Fyc; calculated with M3D-CI1, the Noll force FNjo3, from
JET ILW disruption database 2011-16, and Fy.; calculated with M3D-CI1. The sideways force
is eliminated if CQ time < VDE time. (b) shows current /, vertical position Z, q,, the sideways

and Noll forces, and the energy of magnetic modes b,;,,.

There are two main possible kinds of damage from ITER disruptions. Electromechanical
damage can be caused by asymmetric wall force in asymmetric vertical displacements (AVDE).
It has been shown that if the current quench (CQ) time is sufficiently short, the asymmetric wall
force does not occur [7, 9]. Recently the detailed mechanism of the asymmetric wall force has
been presented [1].

A thermal quench (TQ) can cause excessive heat load and melting of the divertor wall mate-
rial. Recently it was shown that the TQ in JET locked mode disruptions is caused by a resistive
wall tearing mode (RWTM) [3]. In ITER the RWTM is slowly growing, and it is possible that

ITER might not experience a rapid TQ as in present experiments. In ITER, there might be only
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disturbances, rather than disruptions.

Fig.(a) shows sideways force Fyc; calculated with M3D-C1 [2], the Noll force FNjo3 from
JET ILW disruption database 2011-16, and Fy,.; calculated with M3D-C1. The Noll force is
Fy = nBAMjz, with Mz = IZ, the product of toroidal current and vertical displacement, and
A is the r.m.s toroidal variation. The sideways force is eliminated if the CQ time < VDE time.
Fig.(b) shows the mechanism of sideways force. In the case the current / is held constant, and
not quenched. The vertical displacement Z increases in time and then saturates. Magnetic flux
is scraped off at the wall, and the plasma cross section shrinks, causing the value g, at the wall
to drop. When ¢, = 1, this excites a (1,1) external kink. The asymmetric and Noll forces, and
the energy of magnetic modes b,,;, increase together, then saturate and decay. If there is a CQ,
there is less current by the time the VDE saturates. In ITER, the CQ time would be expected to
be less than the VDE time, and the asymmetric wall force will be small.

The second topic is the TQ. Fig.(a) shows a locked mode in JET shot 81540. The locked mode
magnetic signal By is small, then increases. This is the disruption precursor. Then there is a
rapid spike, which is the TQ. Also shown in T3¢, the temperature near the plasma center at radius
r ~ 0.2a. Fig.(b) is a closeup in time of the TQ, measured in units of resistive wall penetration
time T,,,; = Sms. The TQ is caused by the growth and saturation a magnetic instability, with
growth time y‘l = 0.37,41 = 1.5ms, which is also the TQ time, Trp = }/‘1.

Theory and simulations show that this is a RWTM, with growth rate

Y4 = coS 13540 (1)

wall

where in this case co ~ 2, and 74 = R/v4 is the Alfvén time, S is the Lindquist number, and
Swail = Twai1/Ta- Fig.(a) shows the time history of total P and wall magnetic perturbations b,
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Figure 2: (a) history of a JET locked mode disruption showing precursor and TQ (b) TQ resolved

with time in units of wall time 7,,,;; = Sms.
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for an M3D [6] simulations with S,,,; = 10°,10* 10 and § = 10°. For larger S,,,;, P decays

more slowly, and b, increases more slowly. Here b, is the r.m.s. perturbed 3D normal magnetic
field at the wall, normalized to the toroidal magnetic field. Fig.(b) collects TQ time Trp in
Alfvén time units as a function of S,,,;;. The curve is fitted to a RWTM growth time. For large
Swair the RWTM not important and 7Tr¢ is independent of S,,,;. The left vertical line is JET
value, and the right is ITER. Linear simulations verify S~!/3 scaling of RWTM growth rate.

The TQ time Tr¢ is given by the smaller of 1/ or the parallel thermal transport time

1
o~ (-1 (2)
re (Y |>min

where 7 = a’/ (X\Ibz%)? X| 18 the parallel thermal diffusivity in the plasma edge region, by is
the root mean square amplitude of magnetic perturbations normal to the plasma boundary, b,
is the precursor amplitude of b,, when the RWTM is negligible, and a is the minor radius in the

midplane.
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Figure 3: (a) time history of total P and wall magnetic perturbations b, for simulations with

Swat = 103,10%,10°. (b) T7¢ in Alfvén time units as a function of S,,;.

The formula (2) may be applied to examine the effect of using realistic parameters, in partic-
ular the dependence of 7rg on T and b,. x| = (2/3)Kk/n = 2.1v27,, A combined form of bl

with both collisionless and collisional limits is

B TTRv,
1+ 7R/(2.1v.7,)

7 3)

Fig. shows TQ in ITER for 0.001 < 7/100eV < 10. The curve 1/y; has ITER values S,,q; =
3.5% 107, co = .51, and 1/7, has the JET value [3] Syq = 7 % 10%, ¢ = 2.2. The 7| curves are
7y with b, = 1073, and 7, with b, =2 x 1072 The TQ time given by (2). The value Tro =
10ms is also shown. It is clear from Fig.4 that there are two different temperature regimes. In the

collisionless regime the condition 7| > 10ms requires that T /Ty < 26(bo/ b,)*. In this regime
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Figure 4: 7 and 1/y, where 1/ is for ITER with S, = 3.5 X 105, co = .51, and 1/ is
for JET, with S,,u; =T X 103, co = 2.2. The T values are 7| with b, = 1073, and 72 with
by =2x1073.

Tro 1s very sensitive to b,. In the collisional regime, T' < 325¢V, the criterion is approximately
T/Ty < 4.9(by /b,,)4/ > a much weaker scaling with b,. The simulations presented here give

b, = by = 1073. This agrees with an empirical scaling of locked mode perturbation amplitudes

By before the TQ [4]. Another estimate [4] assumes a maximum island width w/a = 0.3,
giving b, =2 x 1073.
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