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1. Introduction 
Initial pellet injection experiments have been carried out on the DIII-D tokamak with 

a three barrel repeating pneumatic injector built at ORNL and originally operated on the 
JET tokamak [l]. These experiments have investigated density perturbations from the 
injection of 1.8 mm and 2.7 mm deuterium pellets (I  x 10'~rn-~ and 3 x 1019m-3 volume 
averaged density perturbations) into H-mode plasmas. In this paper we summarize the 
results from pellets injected into NBI heated H-mode plasmas. 

2. Pellet Ablation and Fueling Efficiency 
Diagnostics in the pellet injection line measure the pellet speed and mass for each 

pellet. The ablation process is monitored with a photohiode that observes the light 
emitted by the ablating pellet (assumed to be predominately D, light). The termination 
of the light from the photodiode used in conjuction with the speed of the pellet gives the 
pellet penetration depth, which is assumed to have minimal toroidal drift. In DIII-D, the 
duration of the pellet ablation event is 200-300 psec. 

The measured penetration depth has been obtained for a wide range of conditions 
on DIII-D. We have used the measured pellet speed and mass along with the measured 
plasma electron temperature and density profiles to model the pellet ablation for this 
set of data using several models previously used to test pellet penetration results from 
JET [2]. We have compared the calculated penetration depth of the pellets with the 
measured pellet penetration depth. We find that the neutral gas shielding (NGS) model 
with monoenergetic electrons and the NGS model with enhanced shielding from JET 121 
give the best overall agreement to the penetration data, however there appears to be a 
general tendency for the pellets to not penetrate as far as these models predict, possibly 
due to enhanced ablation from energetic ions resulting from NBI. 

The modeling of the pellet ablation event yields a radialcdistgbution of the pellet 
source that assumes 100% of the pellet mass is retained by the plasma. The percentage 
of the pellet mass retained by the plasma from an injected pellet is defined as the pellet 
fueling efficiency. In Fig. 1 we show the fueling efficiency determined from density profile 
measurements made within 2 msec of injection for pellets injected into DIII-D under 
different operating conditions. We note that the variation in the fueling e 
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Pellets injected into edge localized mode (ELM) free H-mode conditions on DIII-D 
have been found to not induce ELM activity and can be useful for studying the induced 
density perturbation evolution to determine particle transport properties. The density 
profile evolution following a 2.7 mm pellet injected into an ELM-free H-mode in shown in 
Fig. 4. The density profile shape following injection is maintained for > 100 ms and slowly 
decays to the pre-pellet density profile shape. The electron particle transport proerties 
are ascertained diffusivity from the particle flux by using the standard assumption that 

from 40 to 100% of the measured pellet mass. This agrees qualitatively with observations 
from JET [3] and other machines. The variation of fueling efficiency is found to vary 
more with NBI power than with penetration depth, leading us to believe that plasma 
conditions have a significant role in the resulting density retention. 

3. Pellet Deposition 

In the pellet ablation models, the ionized mass of the pellet is assumed to symmetrize 
in the toroidal and poloidal directions without any radial transport. Although the models 
have been shown to reproduce the penetration depth of the ablating pellets with some 
degree of confidence, there are differences between the resulting density profile and that 
predicted by the models. The density deposition from the models all predict a stronger 
deposition of pellet mass at the end of the pellet’s trajectory than is deduced from the 
density profile measurements. This discrepancy was noted earlier in results from JET 
and TFTR [4], however, the measurements here were made much closer to the end of the 
pellet ablation process than those from the earlier experiments. 

The Thomson scattering (TS) diagnostic was used in a burst mode of operation to 
investigate the possibility of fast radial transport during and after ablation and mass 
redistribution of a pellet. By timing the TS lasers to fire 150 psec apart, measurements 
were taken during the ablation process and during the 1 mSec following the ablation (up 
to 5 profiles within 1 msec). The TS detectors were saturated by the ablation light of 
the pellet (probably from bremmstrahlung emission) and so determination of the plasma 
density during the ablation process was not possible. Measurements following injection 
have shown that the plasma density profile has symmetrized within 100 psec of the end 
of ablation and that the density profile does not change on a rapid time scale. Fig. 3 
shows the density profiles taken 0.45 msec apart following ablation of a 2.7 mm pellet in 
an H-mode plasma and shows that there is very little change in the profile. These results 
indicate that there is no fast radial transport of the deposited pellet mass shortly after 
ablation of the pellet, but there may still be a fast radial transport of the mass during 
the ablation process while the ablatant is flowing along the field lines. 

4. Density Perturbation 
4.1 ELM-free H-mode 



re = -DVn, + vn,, where D is the particle d ih iv i ty  and v is a convective pinch velocity. 
The flux is determined using the measured density profile evolution and a calculated 
electron source profile. The d ih iv i ty  and pinch velocity are determined by using the 
offset linear relation between re/ne and Vn, /ne .  At a given radius, -D is the slope of 
this relationship over the duration of the density evolution while v is the intercept. The 
pinch velocity determined in these experiments is within a factor of 2 of the neoclassical 
value across the profile and increases toward the plasma edge. In Fig. 4 we show a 
comparison of the electron difksivity profile from the pellet perturbed density evolution 
in an ELM-free 2.5 MW, 1.5 MA discharge with the helium diffusivity profile from a 
similar non-pellet discharge [5]. We find that the dihivities are comparable in the outer 
region of the plasma where the density gradients are negative, but the electron difhsivity 
is particularly low near the core where the density gradient is positive. This possibly 
indicates that the particle flux is a nonlinear function of the local plasma parameters and 
is not well described by the standard diffusive model. 

4.2 ELMing H-mode 
Pellets injected into ELMing H-mode plasmas in DIII-D induce an ELM that generates 

comparable divertor D, intensity and duration as non-pellet induced ELMs in the same 
discharge as is shown in Fig. 5. The frequency or duration of ELMs is not affected by pellet 
injection even with density perturbations up to 33% of the plasma density. The intensity 
of the D, light is comparable to that from non-pellet induced ELMs. The pressure profile 
immediately after injection is reduced from the pre-pellet profile whereas in ELM-free 
H-mode it is nearly the same. The density profile evolution following the pellets, which 
penetrate to near the half radius, shows a rapid evolution of the perturbed density profile 
(< 6 ms) back to the typical broad H-mode profile shape followed by slow decay (> 200 
ms) of the density level back to the pre-peilet value. 
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Fig.1: The  pellet fueling e f i i e n c y  0s a function 
of neutrnl beam input power. 

Fig.3: The  pellet fueling e f i i e n c y  as a function 
of neutral beurn input power. 

Fig. 2: Density profile measurements made  450 psec apart 
after 2.7 mm pellet ablation in ELMing H-mode with 5 M W  NBI. 

Fig.4: The electrvn particle d i ~ v i t y  f o r a n  ELM-free 
H-mode (1.5 MA, 2.5 MW) determined from a pellet 
perturbation compared with the helium diffusiuity h m  
a similar discharge. 

Fig.5: The ELM activity induced by injected 2.7 mm pel 
and 1.8 mm pellets showing dwertor D, 
bursts similar to non-pellet ELMS. 
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Density Profile Slowly Relaxes in 
ELM free H-mode 
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Pellet Induced ELMs are Comparable to 
non-pellet ELMS 
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e Both 1.8mm and 2.7mm pellets induce ELMs in ELMing H-mode 
plasmas. 
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