Pellet sublimation and expansion
under runaway electron flux”

D.I. Kiramov, B.N. Breizman

Accepted manuscript, Nuclear Fusion: https://doi.org/10.1088/1741-4326/ab966a



Motivation



Motivation

Lehnen M. et al 2018 R&D for reliable disruption mitigation in ITER Preprint: 2018

The present baseline approach foresees the injection of argon into the current quench
phase preemptively to radiate the energy of the runaways, should they form.



Motivation

Lehnen M. et al 2018 R&D for reliable disruption mitigation in ITER Preprint: 2018

The present baseline approach foresees the injection of argon into the current quench
phase preemptively to radiate the energy of the runaways, should they form.

B.N. Breizman et al., Nucl. Fusion 59, 083001 (2019)

A total of up to 32 pellets can be injected from the equatorial ports with a diameter of 28

mm and length to diameter ratio of L/D = 2. Each of these pellets can deliver up to 10?3
argon atoms.
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The similar overall effectiveness of the two injection methods suggest that SPI does not

offer significantly enhanced impurity mixing into the RE beam compared to MGI. This
implies that relativistic electrons are fully ablating the pellet fragments near the edge of
the beam, before any significant radial penetration can occur.

* Are the pellets available for mitigation of the RE current
in ITER transparent for the REs with energies of the
order of or larger than 10 MeV?

* Will the cryogenic pellet be sublimated instantly at the
edge of the RE beam 1in ITER?
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Power input from the
REs per individual atom

Drp = ZﬂmeczrezclnAﬁeenREZp L,=v, (Ssb/pRE)

Sublimation distance

It 1s apparent that the pellet will sublimate
immediately 1f

L<d
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Pellet sublimates immediately 1f
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Conclusions

The pellets available for mitigation of the RE current are transparent for
the REs with energies of the order of or larger than 10 MeV;

The cryogenic pellet will likely be sublimated instantly at the edge of the
RE beam. This was already observed in recent experiments’;

The sublimated pellet expands rapidly and spreads over the poloidal
cross-section of a tokamak on a millisecond time scale. By the time it
covers the poloidal cross-section, its temperature lies in a 1 eV range, and
the 1onization fraction stays low. Further ionization of the material 1s
likely to occur during the toroidal expansion phase.
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