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1. 7 Ablation Characteristics and Sawtooth Phe-
nomena in the HL-1M Pellet Fuelling Plasma

DONG Jiafu
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LI Bo
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In recent years pellet injection (PI) ex-
periments have been performed at HL-1M to
study the characteristics of plasma with
peaking density profile and to improve con-
finement. The works are focused on the rela-

tion of MHD activity and improved confine-

GUO Gancheng
LIU Yong

ZHENG Yinjia
WANG Enyao

Sawtooth

ment on the pellet penetration depth and the
process of pellet ablation in the plasma.

In HL-1M PI, the H, and soft X-ray sig-
nals are obtained with two sets of PIN diode
arrays. The pellet cloud image with ten expo-

sures and the images of multi-pellet ablated
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in one discharge as well as some useful in-
formation on pellet ablation have been ob-
tained with a CCD camera. According to the
variance of the inclination angle of the pellet
ablation cloud in different radii(r), the ¢
(r) of the HL-1M plasma is estimated.

1 Experimental set-up and diagno-
stics

The experimental set-up and main diag-

nostics are shown in Fig. 1.

SX-deterctor array

LH,emission detector array

Fig. 1 Experimentil set-up

In HL-1M the H. detectors and a soft
X-ray (SX) detectors with 20 channels of
PIN diode respectively are located on the top
of the same poloidal cross section of pellet
injection port. The sight line of two detectors
is vertically covered the full poloidal section.

The SensiCam 360LF CCD camera is
mounted 8. 7 ¢m above and formed an angle
of 13.4° with respect to the pellet injection
line. The line sight of camera can cover the

horizontal pellet path in plasma.

2 Experimental results
2.1 Sawtooth phenomena and MHD
activity

The sawteeth appeared in nearly all kind
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of tokamak discharges, some models assume
they are MHD instability and can be influ-
enced by PI. The variances of MHD activity
have been observed in HL-1M with PI dis-
charges. In most of HL-1M PI discharges, the
instabilities are suppressed especially in
deep pellet injection, sometimes, the instabil-
ities are excited by pellet.

When the pellets penetrate into center re-
gion the sawtooth and the precursor oscilla-
tion of m =1 mode were be suppressed, the
q =1 surface disappear and the current pro-

file of plasma is flattened as shown in Fig. 2.
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Fig. 2 (a) The sawtooth and precursor oscillation of m = 1
mode and (b} the saturation m =1 mode are sup-

pressed, ¢ = 1 surface is disappear by pellet

The sawtooth activity were suppressed for
30 ~50 ms as pellets penetrating into or
close to ¢=1 surface. In some cases the
sawtooth Is suppressed by pellet but m =1
mode still present, it means the plasma cur-
rent profile is still peaked, only the internal
disruption are suppressed.

When T. and N. are lower hefore PI, the
T. dropped rapidly and the N. profile be-
came very peaked in short time (10 ms) af-
ter PL. The intensity of SX emission in center

region rises and an m =1 mode superim-



posed on it, the g =1 surface appears, it may
be due to the sharp increase of N. gradient
that leads the discharge into sawtooth oscil-
lation region in Fig.3(a) .In Fig.3(b), a
large m =1 mode is immediately excited but
the internal disruption of sawtooth oscillation
were not observed, the turbulence of m =1
mode superimposed on signals of T. and N..
In this case the profile of 7. keeps peaking
and the amplitude of T. does not drop, the
plasma current channel became narrow, this
implies that the pellet only deposited at the

outer region of plasma.
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Fig. 3 (a) The intensity of SX emission risen in center
region of plasma, the ¢ =1 surface appears by
pellet, (b) the m =1 mode with large amplitude
excited by large pellet

2.2 Observation of pellet penetration
The temporal and spatial evolution of Ha
emission is usually used to analyze the de-
position and penetration depth A, of pellet
in plasma.
When pellet enter into the hot plasma, a
cloud (10 2 ~10* m~*) with high dense

and cold (several eV) plasmoid forms and

moved with the pellet. These plasmoid con-
tain a fraction of neutral atoms and non-fully
ionized ions and emitted visible light of H.,
which is directly proportional to the pellet
ablation rate. We think that the position of
the peaking value H. indicates the position
of the pellet in plasma.In HL-IM PI dis-
charges the A, has been measured by means
of multi-channel H, emission signal and A-
bel inversion method. The A, is in the range
of 110 ~260 mm.

The average velocity v. of ablation cloud
moved in the plasma is estimated by AA,/
At. The ablation cloud traveled over 11 cm in
0. 29 ms, so the v, is ~400 m
ver, the free flying velocity v of the pellet

+ s~ '. Howe-
before it entering plasma is 460 m - s™' in
this shot. We noted that the v, is slower than
v and the deeper the pellet penetration the
slower the v, as shown in Fig. 4.

In the HL-1M experiments the deposition
region of fuelling particles for gas puffing
(GP) and molecular beam injection (MBI)
were measured also by same H. detector ar-
ray. In MBI, the particle deposited mainly at
the outer region in the half of the plasma.
The peaked profile of N. also could be ob-
tained usually in the later period ( ~300
ms) of the MBI It seems that the drift of
ionized particles plays an important role in
this phenomenon. The fueling efficiency and
confinement performances of Pl are always
better than MBI and GP in the medium ave-
rage N..It indicated that the center region
deposition of fueling particles plays an im-
portant role in the improved confinement.
2.3 Photograph of pellet ablation process

In PI discharges, some typical image pho-
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Fig. 4 Typical temporal and spatial evolution of Ha line
emission intensity for pellet injection (up) and

the its contour plot(low)

tos of ablation cloud have been obtained
with CCD camera as shown in Fig. 5.
Usually, when the pellet injected into ¢ =
2 surface, the elongation of pellet ablation
cloud along the local magnetic field direction
(thus forming an in situ field line map) and
the inclination angle of cloud with respect to
the toroidal direction are clear. When toroidal
By inversed the inclination angle of clouds
reversed too, it means that the photos re-
spond truly the ablation process of the pel-
let. However, the pattern of the photos with
MBI always keeps same even though the
toroidal field direction inverted Fig. 5(low). .
Although the ablation mechanism and the
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Fig. 5 The typical photos and a reversal direction of the
inclination angle of the pellet cloud is observed
with the toroidal magnetic field inverted (up), but

the photos of MBI keeps same shape (low)

photo shape of MBI are not completely un-
derstood now, comparison the Fig. 5 (low)
and photo obtained with medium pellet in-
jection previously, the deposition region of
MBI is consistent with its photo shape in the

plasma.

3 Summary

In the HL-1M experiments, PI influences
the MHD activity and the confinement of
plasma. In most of PI discharges, the central
MHD instabilities are suppressed, the peaked
density profile and improved confinement are
obtained, especially in deep pellet injec-
tion. Sometime, in the discharges with lower
N. and T. the instabilities are excited by pel-
let.

The analyses of temporal and spatial evo-



lution of H, emission for PI, MBI, GP indi-
cated that the deposit region of particles
plays an important role for improving con-
finement of plasma. The motion velocity of
pellet ablation cloud v, is always slower than
vy, the deeper the pellet injection the slower

the v,.

The elongation along the magnetic field
the variance of inclination angle ' of the
pellet ablation cloud at different minor radii of
plasma are observed by an ablation cloud
photo with ten-exposure CCD camera. Accor-
ding to this observation the g-profile of the

HL-1M plasma in center region is estimated.

1. 8 Edge Structure of Reynolds Stress and
Poloidal Flow in the HL.-1M Tokamak

HONG Wenyu  WANG Enyao
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The determination of electrostatic Rey-
nolds stress and plasma poloidal flow veloci-
ty in scrape-off layer (SOL) and the boun-
dary of tokamak plasma have become of prime
importance due to its possible role in confine-
ment and the L-H mode transition ' *'. The
plasma confinement is sensitive to the edge
conditions. Theoretically, various mechanisms
have been proposed to explain the creation
of sheared poloidal flow. In brief, theories at-
tempt to explain the L-H transition focus on
the turbulence-induced Reynolds stress, col-
loidal velocity v. and radial electric field E.
structure at the edge. Turbulence Reynolds
stress plays a linking role between the tur-
bulence and averaged flows.

Measurements were carried out in the
LHCD, SMBI, MBI and NBI experiments of
the HL-1M tokamak. In recent experiments,
plasma performance was greatly improved

through the use of boronization, siliconiza-

CAO Jianyong

Poloidal flow velocity

LI Qiang  LIU Dazhi

Radial and poloidal electric field

tion, and lithiumization. Typical parameters
of ohmic heated hydrogen plasma are: n.<8 x
10" m3, 1,<320 kA, B+<3 T, electron tem-
perature T.(0) =0.5~1 keV and ion tem-
perature 7(0) =0.3 ~0. 8 keV, a pulse du-
ration of up to 4 s. LHCD at a power level of
1 MW, NBI at a power level of 0.4 MW
have been initiated. New fueling technique
with pellet injection and supersonic SMBI
and MPI were also employed to significantly
improve the energy confinement time and
density limit.

Neglecting the contribution of magnetic
fluctuations, the Reynolds stress Re was de-
termined by Re = (#,75). The {7,77%) term of
the Reynolds stress tensor can be related to
the E x B drift velocities, it can be deter-

[1.2],

mined using the expression
(6= -(E.Ey)/ B (1)
where 7. and ' is the fluctuating radial and

poloidal flow velocities of edge plasma re-
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