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Disruption Properties - Timescales

Introduction / Summary

Disruptions are a critical issue for ITER because of the
high thermal and magnetic energies that are released
on short time scales, which results in extreme forces
and heat loads [1]. The choice of material of the
plasma facing components (PFCs) has impact on
heat load capabilities but also on the disruption
properties themselves. Main change with the
implementation of the ITER-like wall (ILW) in JET
(main chamber: beryllium, divertor: tungsten) is a low
fraction of radiation during disruptions. This has
significant implications: a) a hot current quench
plasma, b) long current decay times (often limited
by vertical displacement), c) high heat loads caused
by conduction of magnetic energy, d) higher halo
current and sideways impact.

Massive gas injection mitigates the loads and is
essential to protect the ILW from high heat loads and
mechanical stresses.
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Disruption Properties - Radiation

CFC

High fraction of radiated energy from 50% up to
100% of the available energy in the plasma.

ILW

Low fraction of radiated energy at maximum
around 50%. Lowest fraction for VDEs with only
10% of W

MGI

High level of radiation between 70% and 100%.
Scatter results from different injected species,
valve pressure or timing.
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Power balance during the current quench
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CFC

High radiation fraction causes fast current quenches. Distribution peaks around 3ms/m°.

ILW

Slower current quenches with broad distribution. More than 30% of all disruptions have current

quench times longer than 20ms/m°.

MGI

Fast current quenches recovered. Tendency towards slightly slower current quench with ILW.
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Disruption Properties - Electro-magnetic loads

Symmetric halo and eddy currents: vertical force causing rolling motion of the vessel

Asymmetric halo currents:

Displacement increases with impulse (time integrated force)

CFC

A maximum | /I, ofaround 0.2 is reached for non-VDE at t..= 20-30ms. This limits

the impulse and the vessel stresses.

ILW

The same peak values of 1. /I, as with CFC but at longer CQ times: higher halo
current impact and also higher sideways impact. Very long CQ with low I /I,

found for vertically stable plasma (long t., allows for shape control).

MGI

Accelerates the CQ and by this reduces halo and sideways impact. Higher eddy

current forces.

Halo current fraction and current quench time
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simple picture: maximum 1./l determined by

resistive time of the plasma Tq p and the halo current T m

and the transfer time Tp_ g (vertical displacement)
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Impact and mitigation of disruptions with the ITER-like wall in JET

Disruption Properties - Thermal Loads Mitigation - Massive Gas Injectio
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| e — . Massive gas injection is done by a disruption
2 o RN NG £ AAN //_""' ; - 1053 mitigation valve (DMV)
; DMV parameter
1 - 832 injection volume: 650ml
‘ k _ upper dump plate maximum pressure: 3.6 MPa
= - o AL U - orifice diameter: 10mm
=0 : wall protection - 611 distance to separatrix: ~4.5m
/ time to full open: 1-2ms
1 _
f - 390 injected species:
| Ar,Ne,D,, He,10%ArorNeinD, (CFC)
'2: N pulse No 81782 Q| 160 D,, 10%ArorNeinD, (ILW)
20 30 40 )
R [m] : )
| maximum temperature ~1050°C
modest magnetic energy: W __, = 14.3MJ (2.2MA) 510w time resolution of 20ms M itigation _ RadiatiOn EffiCiency
low thermal energy: Wi, = 1.0MJ > actual maximum temperature
can be higher High radiation fraction up to 100% achieved
1.0 = Ar/D, high pressure ) with Ar+D, mixtures
CFC melting on upper dump plate tiles " ]
| e —— 7 o B S51%W, pure D, shows much lower radiation fraction
Thermal loads arise mainly during the thermal quench. ) 0.8 O l (with ILW much less impact fromreleased C)
Main loss channel for magnetic energy is radiation. s SaA— . 4% - 7 - ]
N ! AL s BN ;ﬁ - Ar/D, low pressure = Radiation fraction decreases with increasing
ILW ,_ T = 0.6 28% W, | thermal energy
- - e th 7]
Increased heat loads due to conduction of magnetic . i N * Li fit aives | diat Ffici duri
energy. Localised melting occurred. < ; ) inear fit gives low radiation efficiency during
MG 0.4 TmL * the thermal quench <50%!
pure D T .
Mitigates both, heat loads from thermal and magnetic 02 i 0% WQ :)ecr—:_y 1N Weol Woaome fountd_fo:" both bolometer
energy (see MGl section for efficiency). - W 0¥ ocations (see ,asymmetries”)
O 7‘u‘u‘u\uuu‘uM‘u‘uu\uu‘uuhuuuuhuuuu
Energy impact 0 01 02 03 04 05 0.
Wth / Wplasma
10 —— T 100015 17—
| a) U MGI II / 2 i [ b) /l / ] [ [ [ ] [ ] [ | [ |
e Az>05m /[ Aww=175m" BERE AT Mitigation - Radiation asymmetries
81 L 1 800 e . L - . - - _-
- , B // - 800 // mn/ - Massive gas injection is prone to radiation asymmetries S pulse No 77808
Aueties = 3 M P EI}]F | = ' /B ,/ 0 ' because of localised gas injection at © =0°. b '
— I O ' ' " plasma current [MA]
2 6F fm /o ) -4 B 600f ‘" : st P
= 1 i e— . = Ja /a - Bolometry at JET consists of two systems: .
o 55%;@% . oH B 5 1, ¥ ' horizontal view (® =135°) and vertical view (® =90°). N
3 B O 1 & O g g ® | :
~+ <= 400r e . :
= o - i 2 ED - | /FS - ' - Strong asymmetries during pre-TQand TQ B D=135°
O O ' 08 = = :
-/ m | : : L s : : :
- = LW - - p?"om m ] Asymmetries during CQ are decrease with increasing 04 Pus(V) - Pag(H) =
. - 2007 34 o Po(V) * Po(H)
0 | . % Az >05m - gas amount oof ad a ;
CFC 1 j/,{Eﬁ - . > 1.5MA | _ _ 02 3
. 1 oV ILW tends towards higher asymmetries 21755 21,760 21,765
L L Time [s]
100 1000 0 20 492 60 80 pre-TQ and TQ current quench
Tmag — 05 X TCQ [mS] Wcond X Tmag [MJ S ] 3.0 T T T T 2.0 A A A
a) Heat loads increase with the energy conducted to PFCs, W_ = W .+ W, -W_ ..-W_, and __ 25/ A i B
decreasing deposition time (upper limit is the loss time of W) S 15 = A A
b) Peak temperature rise during disruption (maximum if several peaks) c% 20" i A 1 N L A A
: . g 4 a4 C 3
Deposited energy with ILW measured by TC and IR 515 M a 200 0 & 'PD%E
s ] [ SN
61— = | 0 L] s |
100% st 0 =
VDE with s | ] 05 VDE/noVDE
wi / | 0 0 : : 3 i | i B D,
high triangularity 50 ./o to 100% of W, is found on upper protection = 05 open symbols: CFC. f A B ArD, low pressure
: limiter and dump plate : closed symbols: ILW | j A B Ar/D, high pressure |
ol I T BT NS RN SRR S AT FE AT FET TR TR SRR IR TR ATy
- 4r /o Om U O 50%.~ deposition on outer divertor is about 5% to 10% of W, 0.%.0 0.2 0.4 0.6 0'00_0 0.2 0.4 0.6
% o / O | MGI keeps energies below 2MJ for W __ +W, up to 20MJ and Wa F Woaans Wa F Wiaans
g0 E%”h'\t/r%%"l’;ltgﬁty " P - temperatures below 400°C
z | S B o i Mitigation - Closed-loop
2_MG| A/,/ 7000 4 low triangularity
éAAﬁ %D o Closed-loop operation is now mandatory in JET LI T ]
(AR L : > 400 = ! .
Aﬁ% A p closed symbols: IR forl,>2.5MA 200 P4 [MW] i JJL
LA open symbols: TC . o | P | N
0 - DMV triggered by n=1 mode lock or loop voltage 220 . i
0 2 4 6 8 ool o [MA] i T Z
W.... [MJ] 67 unintentional disruptions were mitigated by oo o start CQ
MGI during ILW campaigns 2011-2012 0oF 2 i
Disruption Properties - Runaways 05 7 [m] € -
P P y o - 5 disruptions were missed due to inhibits inthe ‘L Q| .
Limiter / Ar injection commissioning phase 100 o _
CFC 4 haolAl g
Runaways are observed in ~ 15% of all : :l_mo_l:‘sru||1otlr<‘)1nls1 V:frf missed due to incorrect Z'O_I § | | :
unintentional disruptions. Toroidal __ | iming (human error) 1o Uesow [KV] S -
magnetic and electric field defines — _| .. : 0.0 = S =
boundary for RE generation. Ar injection @ 3 ] G_as |nj?ctlon aftgr_the first TQ fo_r_all qlosed-loop 5 5B/, [10"°T/A] §i :
into limit fi tion i ine t 0 ] disruptions (sufficient for CQ mitigation, W, low 4 . .
Le ST cOnTigUration 1s a receipe to- - = ] oB/mT rior to TQ); interlock delay and trigger to be 0 — i — —
generate RE. O : P ’ y 99 17.30 17.35 17.40 17.45
© improved time [s]
ILW o ]
. ¢ 1 06 References
SIOW current quenCheS cause IOW GIECtrIC — ] - [1] Sugihara M et al., this conference, ITR/P1-14.
fields and MHD InStabllltleS Deliberate Ar —8 [A2] I\;I]atr’ﬁhg\év?zGFet al., "Plasma operation with metallic walls”, 20th PSI conference,
injection in limiter configuration shows no © 1 = CFC with RE ] [3?%eev}iesPCet al., "The impact of the ITER-like wall at JET on disruptions”, 39th
. @) B Wi ] conference, Stockholm, . ] 1 ithi
SIQnS Of RE - I B CFC w/o RE i Efl]aagbe:.A .etlal.,§ltmp§ltlof tI'2121I'?'ER-IikegNaII ofn Divertor Detachment and on the ftgﬁgvvcv)gl;kvz?csthsg %@?ﬁggga?quEuggﬁ\Z%A\:Ie?gpdnf:ggl,qu,?eztn‘;gﬂln;fl;’ee
MGI - m LW ] [[;?rﬂsé':,ynlélnml\l;l 'Qttgf, erlEuTcl_T%Easrig?\k5’12(oztg1|?) hgggfg.ence’AaChen’ 2012 views and opinions expressed herein do not necessarily reflect
0 - L L o I [6] Lehnen M et al., "Disruption heat loads and their mitigation in JET with the ITERIike those of the European Commission.
wall”, 20th PSI conference, Aachen, 2012
Argon and neon injection with CFC wall 0 10 20 30 40 g} Gerasimov S N et al, 35th EPS conference, Stackholm, 2012
caused in mOSt cases RE generation- electric field [V/m] [9.] V.yKipj[in et al '.'Ru.r,maways measurerﬁent on JE"I'" presented at the 22nd ITPA
Deuterium mixtures prevent from RE 1101 Lehnen N st &l J. Nuol. Mater. 390-391 (2006) 740.
generation_ [11] Kruezi U et al., J. Nucl. Mater. 415 (2011) S828.

... M) JULICH

EUREGIO CLUSTER FORSCHUNGSZENTRUM



	Seite1
	Seite2

