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The [OB-induced drift of the pellet deposited materiabyd a crucial role in
determining the fuelling efficiency and average tegf the particle source. Owing to its
displacement along the magnetic field gradient,pbet material is deposited deeper into
the plasma when the pellet is injected from thehHtgeld Side (as compared to an injection
from the Low Field Side), leading to a more efficiéuelling. Up to now, several models
were developed for interpreting the experiments extchpolating present day performance
of pellet fuelling to ITER-grade devices [1-3]. Theommon feature is that the drift
velocity is determined for a part by the balancevieen (i) a leading term resulting from the
compensation of the curvature current by the pedéion current and (ii) a braking term due
to an Alfvén wave emission at both ends of the claDdnversely, they differ in what
concerns the additional braking that is requiredetmoncile the calculated displacements
with the measurements, although all the phenomewaked up to now originate in the
winding of the field lines around the major axis tbe machine and specificity of the
magnetic configuration. Among them, it is shown[3} that the different images of the
potential distribution resulting from the cloud gosation overlap when propagating in the
plasma. As a consequence, connections appear hetiieepositively and negatively
charged parts of the cloud, along which a paralledsistive — current flows, reducing the
cloud polarisation and thus the drift velocity. ifst calculation, that neglects the details of
the magnetic structure and considers only an aeemnnection length between the
positively and negatively charged parts of the dlouas shown to reproduce satisfactorily
the pellet deposition profile in some Tore SupEl &nd FTU experiments [4].

In the model presented here, this approximatiaensoved and the drift velocity is
calculated by taking explicitly into account thaia#ion of the self-connection of the cloud
cross-section and of the connection length (i.eeffieiency of the braking mechanism) as
a function of the local value of the safety facthn example is shown in figureaandb
which display a schematic view of the potentiakritisition around the cloud (figurea),
and the superposition of the images of this pasérdistribution, in the poloidal plane
opposite to that of the cloud, after 7 toroidalnturin each direction (figurebl The
calculation is done at = 0.39 m for parameters typical of Tore Supaa= 0.75 m,R =
2.4m, magnetic fiel, = 4 T, central density and temperatmg0) = 4 x 13° m™ and
T»(0) = 4 keV, safety factor from 0.85 to 3, with a cdiital cloud of radiud; = 1 cm
located in the midplane. Although this situatiors@s a very small time interval after the
cloud has been depositedl(5 x 10° s), it can be seen that the different images ef th
positive and negative parts of the potential disition overlap in several places, which
means that, for a part of the cloud cross-sectiwgre are field lines that connect, through
the plasma, regions of opposite polarisation. Stheepotential distribution propagates at
the Alfvén velocityCa, the number of toroidal turns to be consideredeases with time,
proportionally toCat/zR, and thus the proportion of the cloud cross-saddg, for which
field lines connect regions of opposite polarities.
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Figure 1. (a) Diagram of the potential distribution aroundccboud cross-section in a poloidal plane and along
a flux tube. The region positively (negatively) el is in red (blue); the over-density itselfimited by the
black circle or rectangle and (b) zoom (for a pdiai angle of about/3 above the equatorial plane) of the
cross-section of the plasma showing the superpasdf the images of the potential distribution @f &fter 7
toroidal turns in each direction.

Three regions can be identified on figuite 1

- That without overlap, representing a proportiyp of the cloud cross-section, for which
the potential propagates along the field lineshat Alfvén velocity. The corresponding
damping term is that due to the emission of an Alfwéve at both ends of the cloud.

- That for which the overlap is such that the catioa appears between regions of identical
polarisation, leading to a constant potential klhg the connecting field lines. No damping
is associated with this part of the cloud.

- That, representing a proportidh,, of the cloud cross-section, for which the overigp
such that the connection appears between regiooppdsite polarisation. In this case, a
parallel, resistive current flows along the fieidels, decreasing the cloud polarisation and
thus the drift of the homogenizing cloud down thagmetic field gradient. This current
depends on the value of the parallel electric fiejd and local plasma conductivity,.. Its

valueis|, = g, E,P . /TR;. The relation betweel, andEg is obtained from the geometry

of the flux tube, whose lengthlisonand thicknes®,, yielding E, (L, - Z,) = E.R, -
In addition toly, the currents closing the circuit are the polaigsacurrent in the cloud
| oo = ZoRonompED/Bf’ that due to thélB and curvature driff __ = ZzoRo(po - pw)/RBw
and that carried by the Alfvén wavg,, = 2E_P,, RO/IUOCA. Using E, =V,B,, the drift
velocity Vy is obtained from the condition[| =0, leading to :
o, _2p-p)_ VB [, 2 ., nRo.
dt nm,R MM, Z, . HeCo - Leon = Zo
In these expressionsy, is the ion mass anpy. are the pressures in the cloud and the
plasma, respectively. For times shorter than the tof first connexionzeon, P,, =1 and

P,,=0. For longer timesp,. - 0 and P_ -, 1/2. The two quantities that govern the

magnitude of the damping term duelfoare thusr,, and L, Whose dependence with
minor radiuspis plotted in figures2and 2 for a typical 1 MA Tore Supra discharge.

One sees that integgrsurfaces are characterized by small valuegg@fandLco,
associated to an efficient braking of the driftfdct, these surfaces act as drift barriers and
limit the effective displacement. As a consequericea giveng-profile, theIB-induced
displacement exhibits a stair-like dependence wbletted versus the pellet penetration,
each integeg-surface blocking the drift of the pellet depositedterial.



34th EPS 2007; B.Pégourié et al. : Influence of integer g-surfaces on the drift of the pellet deposited material 3o0f4

0%

(a)

107

0 01 02 03 em 05 06 07 0.8 0 01 02 03 »M 05 06 0.7 08

Figure 2. (a) Time of first connexior,, versus minor radiug. (b) Effective connexion lengthg},. versus
minor radiusp. The g-profile is also shown.

Code predictions were compared to a database ot &0opellets launched from the
LFS in Tore Supra ICRH discharges. Main parametérboth the target plasmas and
injected pellets are summarized in table 1. Quastiof interest are, for each pellet, the
radius of maximum ablationg.p, that of maximum of density incrememye, and the
corresponding values of the safety factpp andgqep In order to limit the uncertainties due
to the fluctuations of the @ emission, the radius of maximum ablation was estth from
a simple NGS ablation calculation. That of maximdeposition is obtained from the
difference between the pre- and post-pellet densitfiles, the delay between the time at
which the pellet is injected and that at which plost-pellet density is measured being in all
cases less than 5 ms. In each case, the corresgoralue of the safety factor is taken from
equilibrium reconstruction.

Ip N.»(0) (@) |Tw(0) |To(@)|a@) [ Vo Np

IMA] [[10° m? |[10"° m?] | [keV] |[keV] [m/s] [[10?° D]
0.6 5.2 1.9 23| 019 8| 200-24Q.6-4
1 4.4 0.9 41 | 07| 44 190-200.8-4
1.3 5.2 0.95 41| 054 35 100-2p8.2-5

Table 1. Main parameters of the target plasmas for the date of LFS-launched pellets used in the present
study. Plasma current,,l central and edge densities and temperaturgs(Ora) and T, (0/a), edge safety

factor, g(a) and pellet injection velocity and palé content, Yand N. In all cases, the magnetic field is, B
= 3.7 T and the ICRH power&y= 4.5 MW.

No substructure appears whag,, is plotted versugxy, for the whole databasé, (= 0.6, 1
and 1.3 MA, figure 8): the points are uniformly distributed over theoMhinterval with an

average value of the displaceme(pgep—pabl)z 7 cm. Conversely, fol, = 1 MA, theggeps

tend to cluster around ~ 0.5@d%or o, < 0.55%a and ~ 0.72a& for o > 0.55%, these
values ofpyep cOrresponding approximately to the locationgqof 2 andq = 3 (figure ®).
This behaviour can be generalized to the wholebda This is displayed in figure,3
whereqqep is plotted versusjp for the three groups of pellety, € 0.6, 1 and 1.3 MA). In
this case also, theyeps cluster around 2 or 3, depending on whethgris smaller or larger
than ~ 2. The results of the corresponding simaatiare displayed in figured3exhibiting
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the same trend. This good agreement between measoi® and code predictions strongly
supports the model described in the first parthefpaper. Nevertheless, it is found that the
values of the global displacement calculated by Wiy are not significantly different to
those found when neglecting the effect of ratiapablues. It follows that the calculation
described in [3] seems to be accurate enough fppeactical purpose.
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Figure 3. (a) psefa versusossia for pellets launched from the LFS yH 0.6, 1 and 1.3 MA.

(b) Indentical to (a) for pellets launched in=4 1 MA discharges. Yellow dotted lines are theitpws of the
Odep; Ganl = 2 and @ep= 3 flux surfaces.

(c) quep versus g, for the whole database. Red curves are histograhusving the two components of the
distribution of ge,when the g's are uniformly distributed between 1.5 and 2.5.

(d)Simulated counterpart of (c).
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