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Outline ©

e JET AVDEs
— comparison of JET data with M3D simulation
— asymmetric wall force suppression in JET RE experiments
e |TER disruption simulations
— reduction of wall asymmetric force, halo current
e Runaway electron fluid MHD
— suppression of asymmetric wall force wall force in JET and ITER simulations
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JET

S
Comparison of M3D simulation and JET shot 71985 @}

Validation of M3D compared maximum values in time of several variables
[Strauss, et al. Phys. Plas. 24 (2017)]

variable simulation | experiment
Zp 1.5m 1.4m

HF 0.16 0.16

AF; 1.1 MN

mBAM;, | 1.2 MN 1.3 MN

Zp - vertical displacement

HF - halo fraction

A - amplitude of toroidal varia-
tion

A F, - asymmetric wall force

M7z = Zyl, - vertical current
moment

Asymmetric wall force is approximated by Noll force:

AF;I; ~ WBAMIZ
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Reduction of asymmetric wall force N

Asymmetric wall force depends on ¢/ 7q1, Where ¢ is the current quench time

and 7, 1S the resistive wall penetration time.
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Solid curves: M3D simulations of shot 71985 where 7o /7,4 Was artificially varied.

Plots of asymmetric wall force AF,, and Noll formula AF; ~ tBA M.

dots: AM;z and ¢ calculated for shots 85858 and 90386 in

[S. Jachmich, et al. , EPS (2016)] Points "MGI” are all JET shots "VDE+MGI” with

ILW, 2011-2016, superimposed on simulation results.
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ITER disruption simulations @\}

[Strauss, Phys. Plasmas 25 020702 (2018)] An ITER FEAT 15MA initial state was used,
with current profile modified to represent MGI mitigation. The current was set to zero

outside the ¢ = 2 magnetic surface. This made the plasma MHD unstable and caused
a TQ, as well as a VDE.
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The plasma was evolved at constant current and then decreased linearly.

(a) Time history of I, Zp, AFy, P in wall time units. Simulation with 7c¢ /Tyq = 1/2
(b) AFy, Noll relation tBAM;,,in M N, and halo current fraction 100 x HF as
functions of 7cq/7ywau- ITER is in the regime 7o /74 < 1, s0 the

asymmetric wall force is small.
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Runaway Electrons - Fluid model @)

MHD simulations were extended by adding RE fluid model. Runaway fluid equations are
[Helander 2007],[Cai and Fu 2015]

107
- ot — V||<D - 77(J|| - J||RE) (2)

and J|RE Is the RE current density.The RE continuity equation can be expressed,
assuming the REs have speed c

OrE J|RE
—cB -V S 3
5 ( 5 ) + SRE (3)
where Sp g in the following is a model source term.
Srp = a(t) (J|| - J||RE) JirE > 0, (4)

which is avalanche - like. Approximately

B. v( ”gE> — O(vy/c) ~ 0 (5)

which is solved similarly to electron temperature, like a bounce average method.
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JET RE asymmetric wall force (®)
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(a) Simulation intialized with JET shot 71985, with REs added, showing time history of
current I, RE current I, vertical displacement Z,, and A Fy.

(b) Solid curves: A Fy in M3D simulations of shot 71985 where 7o /7,4, Was artificially
varied, without REs. Shot 71985 has ¢ = 57,,,- The lower curves are with REs.
A Frp used source model in (4).

dots: RE shots "MGIl+Runaway” from ILW, 2011-2016 database. The data and simula-
tions agree well.
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Runaway Electron ITER simulation L

Runaway electrons quench slowly, and can change the regime to ¢ /Tya > 1.
ITER simulation is the same as previously, but adding RE model.
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(a) Time history plot of toroidal current I, RE current I, AF;, halo fraction H F’, and

Zp. The asymmetry decays in time, so AF;; and H F' decay.

(b) AFy, AFRg HF, HFRE, and H Frpy, as a function of 7o /Tyan-

HFgrg,—peak with REs during entire time history.

HFrr, —peak in second half of time history, when less wall force and halo current are

produced.
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x (o) X x x
Contours of (a) ¥, (b) Jy, and (¢) JyrE attime t = 3.27,,,;; in the previous time history.
The currents show effect of magnetic stochasticity, and a region of large J,r g near the
upper wall, consistent with larger AF,, and HF.

(d) ¥, (e) Jg, and (f) Jyrp at time ¢ = 8.57,,,;. The current perturbations are smaller,
consistent with smaller AF, and HF.
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Runaway Electron VDE (@)

o
Tyde/Twallr  VS: Tco/Twall lp vs. Z,,
. T 3.5 T T
10 f MHD E §> TCQ / TwaII =8 ——
i _ it : 25 | g —
= :Lvo{_e -2 ll_wall : , % 2
2 | “vde T "CQ ] -
E = 15| X
> LE E - \
1r \
| ' 05 | T~ ]
01k . N . e . 0 L L ! ! ! |¥
0.1 1 10 0O 05 1 15 2 25 3 35 4 45
TCQ/TwaII (a) Zp (b)
In the ITER MHD model, the time for a VDE to reach the wall, 7, 4., is well fit by

vde — : 6
fvde = 4 7cQ/ (5Twall) ©)

In the RE model, 7,4 = 7¢(@- There does not seem to be a saturation to 7,4, o< 7411
The resistive VDE appears to be eliminated.

(@) Tyde VS- T for REs and no REs.

(b) Ip vs. Z, for REs.
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Summary @)

e JET asymmetric wall force decreases with CQ time, in simulation and
MGl experiments

— Simulations are consistent with JET data
o ITER isinsmall 7cq/Tyqn regime.

— Asymmetric wall force and halo current will be small
e Runaway Electrons fluid model simulations

— REs can suppress the asymmetric wall force even with Tc >> 7,41
— REs have small asymmetric wall force in JET and ITER
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