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main chamber beryllium
-2 -0.5

        heat load limit: ~25 MJm s

divertor tungsten
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heat load capability

disruption process
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all components carbon
-2 -0.5

        heat load limit: ~50 MJm s

high radiation efficiency

Carbon wall

The choice of material of plasma facing 
components affects

heat load capability

disruption process
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high radiation 
up to GW range

fast current decay

fast thermal quench

vertical displacement

halo currents

Carbon wall

Disruption in a nutshell
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slow current decay

hot CQ plasma

low radiation
several 10MW only

slower vertical displacement

longer halo current phase
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Outline

e radiation

time scales (current quench)

electro-magnetic loads

heat loads

mitigation by massive gas injection

nergy balance and role of 

The fundamental change with the new   is the 
absence of radiating impurities during the disruption process. 

ITER-like wall

Outline
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Energy balance

Wmag Wth

40 MJ (1500 MJ in ITER)

Wcond

1-3 ms

15 MJ (350 MJ in ITER)

Wcoupled

few 10 ms
to several 100ms

WradWcond

current
quench

thermal 
quench

Wrad

inductively coupled into 
vessel and poloidal field coils

30%-50% W  (JET)mag

heat flux to divertor / first wall

radiation from impurities
released during TQ

Wplasma = + - Wmag Wth Wcoupled
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Radiation

Wrad
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Radiation
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Timescales
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ITER-like wall

current quench time determined
by the transport / vertical growth time

Carbon wall

current quench time determined
by the radiation loss time

no runaway electrons formation

V.V. Plyusnin, V.G. Kiptily et al.
EX/P8-05
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Electro-magnetic loads

Electro-magnetic loads arise from

eddy currents

halo currents

vertical force

vertical force

radial displacement

rolling motion

toroidal current asymmetries

sideways force
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Electro-magnetic loads

small vertical displacement
open symbols: Dz < 0.4m at 70%IP
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Electro-magnetic loads

large vertical displacement
closed symbols: Dz > 0.4m at 70%IP
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Electro-magnetic loads

large vertical displacement
closed symbols: Dz > 0.4m at 70%IP

maximum I  determinedhalo
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Electro-magnetic loads

large vertical displacement
closed symbols: Dz > 0.4m at 70%IP

maximum I  determinedhalo

by competition between
plasma resistive timescale and
vertical growth rate
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Electro-magnetic loads

vessel displacement increases with impulse

2.0

1.5

1.0

0.5

0

ra
d

ia
l d

is
p

la
ce

m
e

n
t 

[m
m

]

0.020.010.0

sideways impulse [MN s]

0.03

ILW

CFCve
ss

e
l 
ro

ll 
[m

m
]

0.030.020.010.0

halo current impulse [MN s]

4

3

2

1

0
0.04

halo currents current asymmetries

ILW

CFC

d > 0.25

1.75MA ³ ³ 2.0MAI  P



electro-magnetic loads 2

thM. Lehnen, 24  IAEA Fusion Energy Conference, San Diego, 2012

Electro-magnetic loads

vessel displacement increases with impulse
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Heat Loads
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low thermal energy:            

W  = 14.3MJmag

W  = 1.5MJth
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Heat Loads

maximum temperature ~1050°C
(slow time resolution of 20ms)

modest magnetic energy:  (2.2MA)
low thermal energy:            

W  = 14.3MJmag

W  = 1.5MJth
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Heat Loads

Heat loads increase with

 =  + -  - 

and 

shorter deposition time 

Wcond Wmag Wth Wcoupled Wrad

t: upper limit of deposition timemag
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Heat load impact during current quench
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Heat Loads

I  > 1.5MAP
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fast valve

gas

He, D , Ne, Ar, 10%Ar or 10%Ne in D2 2

number of particles injected before TQ

injected species

220.1 - 20  ́10  » 0.2 - 40  ́Ne
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Massive Gas Injection (MGI)

MGI is applied now with the ILW
in closed loop for I  ³ 2.5MAP

E. Joffrin et al.
EX/1-1
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high level of radiation

species, injection rate, timing

W  / W  ~ 70% and 100% rad plasma
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MGI - Timescales

short current quench times
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MGI - Electro-magnetic loads

halo and sideways impulse negligible / force from eddy currents remains
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MGI - Heat loads
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pure D2

Ar/D  low pressure2
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Thermal quench:

High radiation fraction up to 100% 
with Ar+D  for ohmic pulses2

Low radiation for D2

low radiation efficiency

Radiation efficiency with increasing thermal energy

21
high pressure: N  »4 1́0inj,CQ  

Ar



low mitigation efficiency during thermal quench (ITER requires > 90%) 

Mitigation

Loads
magnetic energy contributes significantly to heat loads (in addition to TQ)
W  £ 500 MJ (ITER, 15MA, inside VV)mag
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Disruptions with the ITER-like wall -
What have we learned for ITER so far?

location of injection, scaling with injected amount?

Radiation

without carbon PFCs         low radiation
energy dissipation through conduction/convection dominates

stresses on vessel are increased due to longer impact of forces

10%Ar in D  efficiently mitigates heat loads and electro-magnetic loads 2

                           

Massive gas injection controls radiation level

MGI is now mandatory in JET for I ³ 2.5MAP 

nd
2  valve at outer midplane in 2013
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