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This study is focused on to address the pellet fueling issues such as ablation and mass
redistribution in the large helical device (LHD). It has been found that the ablation dynamics
strongly regulated by the local fast ion density profile generated due to the neutral beam
injection (NBI) heating. Owing to the asymmetric ablation in presence of the fast ions,
three-dimensionality in the pellet trajectory, and subsequently change in the fueling
characteristics has been observed. To explore the improved fueling properties by considering
the VB structure of the injection location on the pellet ablatant, pellet injection studies are
performed for the high field side, and the low field side injection locations. A comparative study
of fueling efficiency is presented at different plasma conditions for these locations.

To deliver an intact pellet within the curved guiding path for an injection location other
than outboard side, a low speed pellet injector is developed. This injector works on the
combined operation of a mechanical punch and He propellant gas. This injector can inject a
3 mmoe %3 mm? intact pellet with speed < 275 ms~ ! at a pellet formation temperature of 8.0
K, flexibly. The loss in pellet speed and mass inside the guide tube are less than 6% and 10%,
respectively.

Since, pellets are injected into the plasmas of 3D magnetic configuration; a three-

dimensional pellet-plasma interaction can be predicted. Therefore, applying the stereoscopic
technique, a 3D diagnostics system has been calibrated to image the pellet ablation process
inside the plasma. This imaging system uses a fast camera (time resolution of ps scale) and
bifurcated coherent imaging fiber. The calibration error of this system is < = 20 mm in the
pellet penetration direction and within =5 mm in the transverse direction, and is able to
measure the ablation dynamics with good accuracy.
In presence of asymmetric tangential NBI heated plasmas in LHD, an ablating pellet deflects in
toroidal and vertical direction rather than continuing its 1D motion along its injection direction.
Whereas, a both sided NBI has less significant effect on the pellet deflection. The toroidal
deflection is < 20 cm with acceleration of the order of 10% ms™2. The toroidal deflection is
successfully explained due to the unilateral ablation by the fast ions on the pellet surface and
the formation of the rocket force in passing fast ions direction. At higher ne, reduction in
deflection speed indicates the reduction of fast ion effect. In addition, the role of rotational
transform on the pellet ablation dynamics during its lifetime is explained. The three
dimensionality of the ablation behavior by associating with the change in pellet speed affects
the pellet penetration inside the plasma, and breaks the general assumption of the penetration
depth, considering the constant pellet speed.

In case of the LFS injected pellet, similar to that of the tokomak results, an outward
redistribution of the pellet mass has been observed in LHD. In tokomaks, owing to the VB
induced redistribution of the pellet ablatant, a better fueling efficiency has been reported for
HFS pellet injection. As the ideal HFS resides under the helical coil in LHD, it is difficult to
access this location. Therefore, in an alternative approach, injection of a pellet from the vessel
inboard side with an oblique angle to a location closed to the helical coil has been considered.
The injection position is optimized by performing a simple calculation for E % B drift effect
on the plasmoid for that location. In alternative injection case, due to the fast ion effect, the
pellet deflects three dimensionally to a location having similar characteristic as that of the LFS
injection. Therefore, final mass deposition profile seems to be similar as that of the LFS injection
case. The difference in pellet penetration and the deposition peak is around 15 - 20 cm. This
indicates the outward redistribution of pellet mass. This behavior is also confirmed by
analyzing the pellet ablation images, where outward mass drift at a speed of 8-10 kms™! or
more has been recorded. Considering the E % B drift effect for the alternative injection, it has
been found that there are certain possibilities for enhanced deposition, if the pellet can be able



to approach the calculated HFS location.

This work leads to the conclusion that the fast ions play a significant role in the pellet
ablation process. While discussing the fueling process in the fusion reactor, the effect of
the energetic ions on the pellet penetration process should be taken into account. Considering
the similarity in redistribution phenomenon of the pellet ablatant in LHD and tokomak for LFS
injection, it can be said that, the HFS fueling is necessary for reactor grade plasmas.
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B ERHHEABRETDZ L 2EENICERMT . ZOBRIL, vy MNEBRIIRETEZRLY
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T, MBIV S B T R L ¥ — R FOMEA R o TR Ly MERICRIETHEL ER
TAOMLERHDZ EERLE.
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T, h=F2ADONMURTHANPE AT Lz y NOBRBELER L, TR 7 XeA FOIEIL#
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BEBETT XEA R, Uy FHbETEHIZEH LTS8 - 12 km/s0 3 EE TIERRES AN JEFL B
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15-20em> 7 P ABRBERATE DR LERLE. ZORBRE, 77 XEA FOFEILHAEED,
Rl y MNABMEBIZBT 2 BN EEBREARICKET A Z 2R LTNA.

AETREWRICRBIT AREL, B CADKBMEFICR T RTFHE VT ) A 0FEHELEED
5 ET, Ny MUEORMCHEEEPVEE L W) BEER o A2 EZRHICHLNILTRY, 4
% OB FHBREICHRICRKVICERT A Z EPHFEINS. Lo T, AEEZESIAR P EL
FAFRE LTHoMmERH S L HE LR,



2011ETA26 B ICHPN A BEZES TR, EELOBERET LTV, BESRVW I L 2R LE.
T 0%, HEECLI2EEMARIABTORFALZZ T 210, BEERGESTIHAUCT, 25
Chleh DR EER L7z, HEEX, BEIA T LDB3RTA A= ZEEIS 2T A RS
LT, METIX-HIIBIT ALy MNAKBREZERR, 2RSS \%EET%@JL ZOBET
—ZDEFEITOZLITED, BIRT T A ~DORFEGEELZBELT A =00, BEA AV
L OBEROMBEBEOE B L EZERTOILERDH D L AR L. £12, &newiﬁﬁ%%ﬁ
T 55BN EL fmfﬁ:ﬁf\v v PAFREREORERUCESEEL HEEBEMT-o TRy, —ED
MAEEB 2 ZITT DD NEREN LEREFOREREL TWAZ L 2R L. AR ORER
X, REEER Ei&&)ff’*ﬁfﬂi/\XFLkh‘%’)#\J%ﬁi%ﬁ‘/% UAREICKWVNCEBRT 2 Z L8 HF I 5.

BRI OBRARIT, EFMEEUBNHICEEHRLE LT, SWABRESATWS, 72, B
BREBIIBVWT—EOMRAREOEEZIT->TEY, BNOLSHETIIWNI0EERRA Y —REE
ERITTVDS. FESIIBITHIREBETORES, BHINEEXOELHRIHO G, HEER+H2

BENEROTVWAIENRD LN,

201148 A30 B IZITh N ABRERITBW TS, B3 i@#ﬂa%gﬁﬁa<ik&bmﬁlﬁb
B0 OEMIC L HIREICE X T .

UEDRERIZELY, REEZESIIHBEENRRICAER THD LML,



