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INTRODUCTION 

The injection of frozen deuterium pellets into Tokamaks has been proposed as 
a r e-fuel ing methoc , and for profile modification . A third use for injected 
pellets , which forms the subject of this paper, is to facilitate understanding 
of particle and energy transport . We report on the injection of 
cylindrical (0.9x0 . 9 mm) pellets into ASDEX (R = 165 cm, a = 40 cm) discharges 
of either the Ohmic or low-power ("L mode") 1 neutral beam type. Pellets were 
injected at ap~roxima tely 600 m/sec using a pneumatic injector developed by 
Biichl, et al ., which is capable of firing two pel l ets e i ther simultaneously 
or with a time del ay . The princ i pal measurements involved penetration depth , 
and evolution of electron densit y and temperature profil es . 

PENETRATION DEPTH 

At line averaged densities \rie = ( 1/2a)Jned.0 gr ea t er than about 3.5 x 10l3cm- ' 
for Ohmic discharges (Te ~ 600 eV), the ablation rate was approximate l y that 
given by Mil era-Fos te r model,3 which resulted in a penetration depth of appro­
ximately 30 cm. For l ower densities , the ablation depth was typically 15 cm 
or less at ne = 2x 1Q13cm- ' . This enhanced ablat i on rate is believed to be due 
to the presence of a small high energy e lec tron component , and can be roughly 
correlated with the runaway population of the discharge. For neutral beam 
discharges at the hi gher densities , penetration was small (E; 10 cm) due to 
the higher temperatures (Te -= 11 00 eV) of these discharges and ab lation by 
fast ions. 

PARTICLE TRANSPORT 

Several experiments over the past years4 have produced resul ts consistent with 
suggestions made independent ly by Engelhardt, et a l . S and Coppi and Sharky6 
that partic l e flux i n Tokamaks can be represented by an expression of the form 

f< "' - D [ ;~ + «- (...-) 10.: n. ] c 1 l 

where et = 1 i n Engelhardt ' s model and (1 - r2/a2) -1 in Coppi' s model. Dis ta­
ken t o be cons tant, and i s on the order of 0.5x104 cm•/sec , much larger than 
neoclassical. Data was used from a 2-channel HCN in ter fe r ometer t c attempt to 
determine the applicabil i t y of Eq . (1) t o the perturbation in r caused by 
pellet inject i on . The interferome ter measured line densities on two horizontal 
chords , one through the midpla ne and one displaced 20 cm. The pelled-induced 
perturbation satisfies the cont inuity equation 
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provided the "steady state" sources are not strongl y altered by t he pelle t 
particles, wh i ch are assumed t o be fu lly ionized during the ab l at i on pr o­
cess . The procedLre adopted was to sol ve equa tion (1 ) for va r i ous D, and the 
two values of et , using the measured penetrat ion dep t h and pe l let s i ze , and 
an initial par t i cle deposi tion profile s imi lar to that give n by the Milora­
Foster t heory. From the ca l cula t ed values of~ (r,t), the two interfe r ome t er 
channel t ime hi stories were ca lculated , with D a nd varied to give t he bes t 
f i t. An exampl e of this is shown i n Fi g . I, wh e r e ol = 1. It i s c l ea r t hat 
D = 4000 cm' sec-1 gives the closest fit . In genera 1 , the Coppi mode 1 gave a 
poorer fit . The agreemen t was not quit e as good at lower densities, for 
shallower penetration, bu t indicated that D increases with decreas ing densi­
ty , as expec t ed . A limi t ed amount of data was ob ta i ned for L mode neutral 
beam discharges, and i ndica t ed a dramatic r educ t i on in particle confinement. 

For shots with rel a tively deep pellet penetration, the ca l culations r eferred 
t o above gene rally indicate a rapid ad justment t o a nearly pa rabolic profile, 
i n 10 ms or so , f ·:>llowed by an overal l relaxation to t he ori gina l "plateau" 
profile during the next 50- 100 ms. This l a tter portion of the decay can be 
used t o infe r a global particle decay time , "t: . It can be shown, using a 
simple zero- dimensional mode l coupling the glogal neutra l (divertor chamber) 
and electron populations tha t t he r elaxation of the pelle t-induced dens i t y 
pe r t urbation is a function primarily of~ P• and is relat ive l y insens itive 
to the r ecycling coefficient . (This i s in d irect contras t to gas s witch-off 
exper i ments where the decay time depends primarily on 't"p/ ( 1-r)). In this way 
we dete r mine values o f ~ p of )1 50 ms fo r the pel le t - injected population , as 
opposed t o typically 60 ms fo r ~ p determined in s teady s t a te prof iles ma in­
tained by a feedback- control led gas value . This reflects the fact t hat partic­
les c loser t o the magnetic axis a re better confined , a nd is consis t en t wi th 
the form of i' as g iven by equation ( 1) . 

ENERGY TRANSPORT 

A four channe l ECE sys t em7 was used to meas ure the elect ron t emperature pro­
fi l es as a func tion of time . Figure 2 shows Te( t ) a t four radi i following pel­
l e t injec tion in to a rela tively high densi ty Ohmic discha r ge . The pellet pene­
trates to about r = 10 cm in 0 . 5 ms, so tha t the s i multaneous tempe rature 
depr ess i on on t he outer three channe ls i s to be expected. I t i s s:imewha t sur­
prising t ha t the t emperature also dec reases s i multaneously at the innermost 
l ocation, but transpo r t within the q = 1 s urface is known to be very rapid . 
The observed initia l temperature de press ion is nearl y adiabat i c . That is, t he 
observed A Te i s cons isten t with a redis tribution of t he or i gina l thermal 
energy among the ori ginal a nd new (pellet-supplied) particles . 

It was an unexpec t ed f ea ture of these experimen ts that an initia l temperature 
drop was always measured simultaneously at all r adii, r egardless of pellet 
penetration depth, although the subsequent Te (t) was sensi t ive to penet rat i on 
dep th. A striking example i s shown in Fi g . J for a double pe l let injection 
into a neutral beam heated d ischarge , when the pene t r ation was l ess than 10 cm 
beyond the separatrix . Meas urements errors arising f rom refrac t ion or cut- off 
have been cal culated and ruled out , so that the traces are believed t o be 
accurate t emper ature records . Calcu l ations by Lengye l 9 suggest that mult i ple 
charge exchange processes may be r esponsbile for the observed behaviour , 
while the othe r explanat ions are still be ing inves tigated . 
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Fi g. 1. Compa ri son of Calculated and Measured ne Traces Using Englehardt 
Flux Model. Upper curves are for mid-plane chord, l ower cu rves for 
chord displaced by 20 cm. Ohmic discharge. 
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Fi g. 2. Temperature Histories at 4 Radi i, Following Pellet Inject ion into 
Ohmic Discharge at 1423 msec. Pel l et penetration to r • 10 cm. 
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Fig. 3. Temperatu re Histories at 4 Radii, Following Pellet Injecti on into 
N.B. (L Mode) Di scharge at 1524 msec. Note simultaneous Te 
depression on all channels, despite pellet penetration only to 
r • 30 cm. 


