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The thermal quench 
induced by a hot VDE

 

JOREK simulation of a JET VDE
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Introduction

The thermal quench 
induced by a hot VDE

 

JOREK simulation of a JET VDE

Poincare plot during the TQ

#95110

We will focus on this phase, 
in particular on

• The TQ onset
• The TQ duration
• The TQ dynamics

for different machines



4Modelling of the Thermal Quench during Vertical Displacement 
Events in AUG, JET and ITER

F.J. Artola – TSDW (2023), @PPPL (USA)
Measuring the TQ during VDEs

Measuring the TQ in JET

~0.8 ms

V. Riccardo et al 2005 
Nucl. Fusion 45 1427

SXR

ECE - midplane

H10H10

H14
H14
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Measuring the TQ in JET

G. Arnoux et al 2009 
Nucl. Fusion 49 085038

Max SXR signal

Measuring the TQ during VDEs
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W Xia et al, 2023 
PPCF 65 085011

Measuring the TQ in EAST

❑ Large scatter in   
TQ duration for hot 
VDEs [0.1-3] ms

Measuring the TQ during VDEs
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Simulation setup

The simulated cases in JOREK

 

 

 

PSL

PSL

No iron core

+ additional 
passive 

structures

N Schwarz et 
al 2023 PPCF 
65 054003
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JOREK setup

Parameters AUG (N. Schwarz) JET (J. Artola) ITER (J. Artola)

VDE direction Downwards Upwards Upwards

Parallel flows No Yes Yes

Toroidal harmonics 0-4 0-5 0-5

2.5 2 2

2.5 2 2

0.9, 0 2, 400 2, 300

Diamagnetic flows Yes No No

30 30 30

 

Simulation setup
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JET case: exp. features

 

S. Gerasimov

 

S. Gerasimov

Shafranov, V.D, Soviet Physics 
Technical Physics 15 175 (1970) Figure from “Tokamaks”, 

Wesson
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Comparison with JET
 

Time

SXR - H14

TQ onset
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Comparison with JET
 

SXR - H14



12Modelling of the Thermal Quench during Vertical Displacement 
Events in AUG, JET and ITER

F.J. Artola – TSDW (2023), @PPPL (USA)

JET simulations

Equilibrium evolves 
significantly during the linear 
growth phase

 

TQ onset

 



13Modelling of the Thermal Quench during Vertical Displacement 
Events in AUG, JET and ITER

F.J. Artola – TSDW (2023), @PPPL (USA)

The initialization problem
 

C. Sovinec
VDE induced TQ in NSTX

Artola, F.J., C. 
Sovinec, S. 
Jardin et al, 
Phys. Plasmas 
28, 052511 (2021)
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JET simulations
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Re-scaling technique
 

 

Keep identical dynamics for 2D VDEs
(JOREK 2D simulation of an ITER VDE)
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Comparing the AUG, 
JET and ITER TQ
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The TQ duration
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Dynamics differ with scaling technique
 ITER case
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Minimum TQ duration
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Parameters AUG JET ITER

4 3.4 3

2.8 2.1 2.0

2.6
(consistent with experiments)

1.7
(experiments show 1.4) 1.97

Equilibrium reconstruction 
fails at expected TQ time

Experiment
JOREK N Schwarz et al 2023 

PPCF 65 054003
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Parameters AUG JET ITER

2.8 2.1 2.0

2.6
(consistent with experiments)

1.7
(experiments show 1.4) 1.97

Internal 2/1 mode
+ external 3/1 & 5/2

External 2/1 and 4/2 modes + internal 1/1External 2/1 and 4/2 modes + internal 1/1
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The AUG TQ
Poincare plots
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Connection length and parallel 
transport

 

Sub-ms losses
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The JET TQ
Poincare plots
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The ITER TQ
Poincare plots
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Scans for ITER and JET
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Influence of wall resistivity

❑ Changing wall resistivity at 
TQ onset

Weak dependence 
(< 2 factor difference for 
variations of a factor 30)

Ideal wall
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Influence of wall resistivity
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JET

ITER-
like

AUG-like
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The tearing mode scaling

 

F C Schuller 1995 Plasma Phys. 
Control. Fusion 37 A135

Callen, J.D., Waddell, B.V., 
Carreras, PPCF (Proc. 7th Int. 
Conf. Innsbruck, 1978)
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The tearing mode scaling

 

 

Callen, J.D., Waddell, B.V., 
Carreras, PPCF (Proc. 7th Int. 
Conf. Innsbruck, 1978)
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The tearing mode scaling

 

 

AUG

JET

ITER

Callen, J.D., Waddell, B.V., 
Carreras, PPCF (Proc. 7th Int. 
Conf. Innsbruck, 1978)
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Conclusions
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