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I ntroduction

Dust is produced in Tokamaks by various different processekiding arcing during disrup-
tions and ELMs, and agglomeration. It is important to untderd what effect the creation of
dust in Tokamaks has on the long-term operation of the deVice dust poses problems both
for safety and performance. For example, a significantitvaaif the tritium inventory can be
absorbed by dust, posing a radiological threat. Dust maybheeta transport impurities around
the scrape off layer (SOL), and perhaps even to the core plasm

Carbon is chosen as a divertor material in most Tokamaksaliie ¢xcellent thermal prop-
erties. However, it readily reacts with hydrogen isoto@es] this increases chemical erosion
yields. Dust characterisation studies have shown thabecadiist grain produced in Tokamaks
are most often on the micron scale. Tungsten will also be us#te ITER divertor. Tungsten
has very low sputtering yield, but can melt and blister urtigh thermal loads. Studies of
tungsten divertors are currently underway.

Recently, there has been some interest in quantifying tfeetedf dust transport and the
associated transport of impurities [1, 2]. We present hesellts from a dust transport code
(DTOKS) developed by the authors.

The code calculates the charge, temperature and forceg actia dust grain. To estimate
the charge we use an adapted orbit motion limited (OML) eqoatncluding secondary and
thermionic electron emission yields. The currents of iom$ @ectrons can then be calculated,
and the heating and cooling mechanisms acting on the grhgsel parts have been discussed
in a previous publication [1]. We concentrate here on thd dgsation of motion and present

simulations using plasma backgrounds generated using B2S&0.

Equation of Motion
Dust grains are charged, and are therefore are affectedésnekelectric and magnetic fields
according to the Lorentz forogy(E + vq x B), whereqq is the charge on the grain, ang is

its velocity. This can be shown to increaseaag, wherea is the dust radius, as the particle
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evaporates.

The flow of plasma around the dust particle exerts a drag igoe it. This drag force is usu-
ally separated into a number of components: neutral dragosrndirag, electron drag is ignored.
We also ignore neutral drag because the concentration dfateoutside the very edge of the
plasma is small. We have an effective flow pressure due toaldl®w, or more specifically ion
flow. Using the relative velocity, — vg, the force on the particle ®a2min|vp — Vg (Vp— Vq),
wherevy is the plasma velocity, and we assume a cross-sectigragfrather than the OML
cross-section. This is most accurate if the plasma is saper&nd any focussing of the ion
flow is small.

Density and temperature gradients within the plasma arergy small over distances of
the Debye length scale, and we can therefore ignore theyseegsadient force.

Gravity is usually small compared to the other forces meriibin this section, butis included
as itis important for the motion of large dust grains, or thaion of dust grains outside plasma
regions.

The rocket force [2] requires a temperature gradient to lséaswed by the particle, so that
one side of the particle begins to ablate, and propels th&cigain the opposite direction. A
micron-sized grain cannot sustain a large enough tempergtadient. Therefore, we do not

include it, but the importance for larger grains or non-sjaé particles requires further work.

Plasma Background and I nitial Conditions

It has been estimated theoretically that dust can reachisméd 0-100 ms?! by acceleration
in the divertor region [2]. From IR camera data, it has bedimeged the initial speed could
even reach 1®ms 1. We assume that dust enters the plasma from the outer diveiioer
injection points will be studied in future publications.

The plasma background used is B2SOLPS5.0 [3]. This is a flugeplasma code based
on the B2 model that is capable of generating data for thegpeoco#f layer region of various
Tokamaks. This enables us to study dust grain interactiah plasmas in both MAST and
ITER.

Results

We begin with micron radius carbon dust injected at 10 hiato MAST at various angles
to the outer divertor plate. The dust trajectories in thelall and toroidal planes are shown in
figure 1. We see that dust injected to the right of the verticttie poloidal plane is accelerated
in the plasma and ejected, leaving the plasma and travelirige outer wall. As the initial
trajectory is changed towards the x-point the dust trauathér towards the core, eventually
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Figure 1: Micron radius graphite grains in MAST.

evaporating around the separatrix. Injected further tde/éine centre column, the particle can
leave the plasma, travel around the centre column and ez-drg plasma. The particles can
travel significantly toroidally. An important result is théhe major acceleration mechanism
while the particle is in the plasma is flow pressure.

We can generate a plot of the
impurity deposition injecting par-........

Ly

ticles at 0.1 increments in the  —=>-

2282014

poloidal plane, and summing u_:
the mass evaporated in each ceﬁ%
We weight the deposition of each
particle by the cosine of the angle
of injection as this is a likely dust
source distribution from a rough

surface. Figure 2 shows that de-

position is confined to the inside

of the torus. The units are arbifFigure 2: Impurity deposition for micron radius graphite
trary, as we have not specified thgrains in MAST.

guantity of dust produced. Hope-

fully, more information on the quantity of dust produced pkot will become available in the

near future.
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Figure 3: Impurity deposition for 1 micron (left) and 100 man (right) radius tungsten grains
in ITER.

For ITER, we repeat the analysis, and it turns out that micaolius carbon dust is confined
to the plasma near the base of the divertor even at an inftedc of 18 ms1. We therefore
concentrate on tungsten dust for this study, as we are agguistays intact in the liquid phase,
and can therefore survive at higher temperatures. We fitd.@fams 1 is required for micron
radius tungsten dust to reach inside the separatrix. Ag isdittle knowledge about tungsten
divertors, it is possible that the modal size of tungstert dusy be larger. If we increase the
dust radius to 100 microns, we find that the initial speed ireguis only 10 ms?! (see figure
3). This emphasizes that the characterisation of dust ftorgsten divertors, and the expected
mass of dust created per shot is of critical importance tdRTE
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