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M3DC1 Simulations of JET shot 71985
M3D simulations: [Strauss, etal. Phys. Plas. 24 (2017)]
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Time history plot of toroidal current I,,, and vertical displacement Z, as function of
t/7.. Simulation time units 7, = 10374, experimental time units 7. = 7,qy. ¥ at
t=0andt = 87,.

In simulations, evidently 7,,,; ~ 10374.
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Twlz: wall 7 ~ 0.06
TR Awall Mwall
With 6yq11/awanr = 0.06, ayey = 1, Tr is resistive decay time. The decay of I, and

saturation of Z, agrees qualitatively with experimental data.




scaling of VDE growth time in ITER simulations

VDE growth time Tyge/Tya,  VS. Teo/Twall
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The growth time of the VDE is well fit by

TCQ

Tude

1+ 7o/ (5Twan)
where 1,50 = t(§£ = 4m) — t1.

There are two limits of the VDE.

Small 7cq/Twail, Tvde = Tcg. VDE is driven by CQ. ITER 2D simulations are in this
limit [Miyamoto, 2014].

Large 7cq/Twails Tvde = S5Twau- VDE is an n = 0 RWM. This is the JET limit.



3D M3D simulation and JET shot 71985 data

Validation of M3D compared maximum values in time history of several variables

variable M3D JET 71985
Zmag 1.5m 1.4m

HF 0.16 0.16
AHF 0.07 0.05
TBAM;y 1.2 MN | 1.3 MN
AF, 1.1 MN

Nrotation(a) | 2.8 2.8

AI/T 0.045 0.055

Comparison with M3DC1 is in progress.

Zmaz - Maximum vertical displacement
A - amplitude of toroidal variation

HF - halo fraction

Mz = Z,1, - vertical current moment
AF, - sideways or asymmetric wall
force
Nrotation -
periods
AT - amplitude of toroidally varying
part of toroidal current

number of toroidal rotation



Reduction of asymmetric wall force

Asymmetric wall force depends on 7¢q/Twaii-

AF,, TBAMz, VS. Teo/Tyal
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Solid curves: M3D simulations of shot 71985 where 7¢q/Twau Was artificially varied.
Plots of asymmetric wall force A F, and Noll formula AF, ~ ntBAMj.

dots: AM7rz and 1¢q calculated for all JET shots "VDE+MGI” with [LW, 2011-2016,
superimposed on simulation results.

Effect of M GI on 7¢g might be modelled with M3DCH.



JET locked mode TQ precursor

It may be possible to predict TQ by monitoring precursor of locked mode [DeVries,
2017]

If the mode produces a (2,1) island width ~ 0.3a there will be a TQ

In JET, the mode has to be measured on the outside of the vacuum vessel, rather far
from the plasma. It was assumed that the mode amplitude falls off as (a/7)?.

Is this correct? (S. Gerasimov)

Jet shot 81540 linear mode was calculated with M3DC1 and its structure and growth
rate were calculated.

(The shot was also unstable to a (1,1) mode. The equilibrium toroidal field was
rescaled - Bateman scaling - to eliminate the q = 1 surface)



JET locked mode TQ precursor with M3DC1

Linear M3DC1 simulations of JET shot 81540.

The purpose was to find the ratio of magnetic perturbations measured outside the
plasma, at the saddle coils on vacuum chamber wall, at R = 4.5 to the perturbation
in the plasma. From Fig. 1 (c) it seems the ratio is 0.1, between the maximum at
R = 3.3 and R = 4.5. The figure has a curve < 1/(R — Rp)? = 1/r2, indicating
that ¢ is well fit by this function in the midplane.
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JET locked mode - effect of ,,;

It was shown that 7¢q/Twaen has a substantial effect on wall force. There might be a
similar effect on thermal wall load in a TQ.

When vy7,.; > 1, the mode grows faster than flux perturbation can penetrate the
wall. The wall acts like an ideal wall.

v
3x10°°

Ki ic E:
T T T 0.005 T T T
1x107° T T
2.5x10° |
0.004 B
’ , 555555 2x10° |
&ﬂ 0.003 B 1.5x10° [
= O\ o T
IS =5 2 CH N
N \l@ § o i;/ = 1x10
0.002 b 5)(10'10 L
LN T s 0
0.001 B
5x10™0 | i
‘ } e 0000 ) ) ) _1x10° L L L I I I I L L
11111 0 100 200 300 400 05 1 15 2 25 3 35 4 45 5 55
LR (a) ¢r) (b) R (C)

(a) linear ¢¥/(R, Z,0),n, = 107° (b) v(¢) (c) ¥(R, 0, 0)

This has to be checked nonlinearly.




M3D nonlinear simulations of JET shot 81540

min ~0.17E-06 t= 2134.54 min -B,26E-06 t= 582.77
2 T T T T . 20 1000

800 [~

600 -

g ) -

200 |

0

) Al C) ),

(a) time history of total pressure for cases with different 7, : Po = 0, Ps = 5 X
10474, P = 2x 103, Ps = 103. For cases Py, P the pressure decays slowly, while
for P7, Ps it decays rapidly. (b) pressure at time t = 213474, case Pg. The pressure
is confined, (c) pressure at time t = 583714, case P;. The pressure is less confined.
(d) Temperature quench time 7r¢g vS. Tyair-

JET is in a regime y7,.; < 1, with fast TQ.

ITER is likely to be in regime y7,.; > 1, with slow TQ.

This might be relevant to ITER, because the long ITER wall time might mitigate the
TQ wall loading.
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Runaway Electrons - Fluid model

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

10y
5 — VI® - n(J| — JyrE) (1)

and J) gg is the RE current density.

The RE continuity equation can be expressed in terms of the RE current assuming
the REs have speed ¢

JIrE

~ —cB-V <7> + SkrE (2)

where Srg in the following is a model avalanche source term

Sre = cin(J — Jre)JrE
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Runaway Electron simulation

Runaway electrons quench slowly, REs might change the regime to 7cq/7Twar > 1
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(a)Time history of RE simulation with total current I, runaway current Irzg, and wall
force AF,. (b) ¢ att = 0.87ya. (C) J4 (d) Jre at same time.
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Summary

Goal is to compare M3DC1 and M3D simulations of JET
M3DC1 2D VDE saturates and is consistent with JET shot 71985

3D AVDE
— M3DCH1 in progress: several asymmetric variables are measured in JET
— MS3D: agreement with JET

— decreasing the CQ time lowers the asymmetric wall force

JET locked mode TQ precursor
— linear M3DC1 gives mode amplitude

— nonlinear M3D shows TQ mitigation

Runaway Electrons fluid model simulations
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