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Disruptions are an inherent property of tokamak plasmas, which cannot be completel

eliminated. The consequences of disruptions are especially

dangerous for large machines like JET and even more so for ITER. Disruptions can cause large Electro-Magnetic (EM) loads on the tokamak components and huge thermal loads on the
Plasma Facing Components (PFCs). Moreover, high-energy powerful Runaway Electron (RE) beams may arise during disruptions and cause serious damage of the machine.
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1. JET SPI The SPI can fire pellets with a diameter of d = [4.57, 8.1, 12.5] mm and pellet compositions of D2, Ne with D2 shell,

Ne+D2 mixture, Ar and Ar + D2 sandwich pellets. The pellets are released by means of propellant gas or a mechanical punch.
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Fig.10 The speed of a pellet depends on the mass of the ' % T[S A
pellet, the diameter of the barrel, and whether a mechanical P ]
punch 1s used. However, comparison between barrels can
be very misleading. The larger barrel has less restriction
for the propellent gas. Thus, a medium size pellet B 1s &
faster than a small size pellet C with the same mass |
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4.1 CHARACTERIZATION OF DISRUPTIONS INSTIGATED BY PELLETS

The SPI system on JET is intended to be used to study the physics of disruption instigated by pellets and 1s
not used as a true disruption mitigation system. The experiment was performed with [ = (1.1 - 3.1) MA,
internal (thermal + poloidal magnetic) pre-disruptive plasma energy W2l = Wpdis + Wwis g = (1-15MJ
mainly with Ne + D2 pellet composition, but also with Ar pellets.
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Fig.11 Small pellet C instigated disruption: (a) plasma current, (b) electron temperature, (¢) line density, (d)
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Fig.7 Lines of sight of the fast visible camera views: left 1s
KLDT camera view from Oct.5 to Oct.4 and Oct.3; right 1s

KL8 camera view from close to the midplane in Oct 8
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Fig.5 JET vessel plan view: SPI Fast Vlslble (KL8 and KLDT) and Infrared (KL12 and KL.14) camera views, Bolometry, Interferometry,
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Fig.17 Plasmas with high internal (thermal
+ poloidal magnetic) energy require a high
content of Ne or Ar pellet to obtain a short

SPI experiment
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(4.2 CHARACTERIZATION OF DISRUPTIONS INSTIGATED BY PELLETS
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Fig.12 Medium pellet B instigated disruption. pellet Fig.13 Fragment flies with ngn-uniform
fragments (Ne I line), are clearly visible throughout CQ even  speed with a large spread of in range (66 —

and widens with time.
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at the end of CQ when the pellet fragments hit the inter wall. 177) m/s. The cloud of neutral Ne lengthens
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lengthens, but does not expand in a cone, initiated disruption is approximately the same
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Fig.14 Sum of all Ne I images starting from Fig.15 Despite the large difference in the parameters
cooling and further in the process of the (;Q for of pellets C and B, the number of Ne and D atoms and
small pellet C and medium pellet B. Moving the speed of the pellets, their efficiency, in terms of
through the plasma, the cloud of neutral Ne Tqo..o and measured radiated energy during SPI

remaining in the form of the cylinder,

Ohmic plasma Ip = 2 MA
\_ P P /

= CCFE i
@ VIT

\_

2404 24.06 24.08
Time (ms) A
Fig.18 Pellets with a very
small amount of Ne
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Pellets with a very small amount of Ne, and accordingly large amount of D, instead of
causing a mitigated CQ, create the conditions for a “cold” VDE, which Is the worst-case
scenario for plasma termination.
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AVDESs are dangerous for two reasons: firstly, the plasma surface currents that the plasma
shared with the “wall” can melt beryllium PFCs, and secondly, AVDEs can create large sidewayy
forces acting on the vessel. Both destructive impacts were regularly observed on JET-ILW.
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Fig.21 EFIT reconstruction
In the end of axisymmetric
phase of VDE. The inserted
Image is low field site of
the melted Be taken during
Inspection.
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Fig.19 Two phases of VDE: Fig.20 AVDE heating of beryllium plate, left. maximum
axisymmetric (m/n = 1/0) and temperature of the plate recorded by KL14 and KL12
asymmetric (m/n = 1/1). Infrared cameras, Be temperature range: (500 — 1000)° C.
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The prevention of hot VDE with SPI was demonstrated. The pellet arrival stopped the vertical movement
of plasma, preventing plasma from entering and melting the Be upper dump plate. In addition, the
cessation of the vertical motion of the plasma also prevents the drop of the safety factor q,; and, as a result,
\ the SPI prevents AVDEs, where large vessel asymmetric (radial) displacement occurs.
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For details/disscusion see “Mitigation of disruption electro-magnetic load with

SPIl on JET-ILW” paper due to be submitted to the NF by August this year
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