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INTRODUCT LON:

Gasoseillation experiments were performed at the divertor Lokamak
ASDEX to evaluate particle transport under different discharge conditions.
These experiments followed a method deseribed in /1/. In order to induce
density perturbations in the plasma, the external gas feed was modulated
Wwith a sinusoidal wave form of chosen frequency (5, 10 or 20 Hz) and the
density modulation at the four horizontal chords (r =0, 10, 21, and 30 cm)
of the ASDEX HCN-laser interferometer was observed. A typical result of
this measurement is shown in Fig. 1.

The precision of the technique arises from the extraction of the complex
Fourier amplitudes from the full wave form over several periods. The ampli-
tude and phase have an accuracy typical of a signal averaged over several
nundred milliseconds.

DETAILS OF THE ANALYSIS

The transport parameters are determined by picking functional forms
for the diffusion coefficient D{(r) and the inward convection velocity V(r),
which is a major improvement to /1/, where only constant D and V were
considered. The particle transport equation is solved and the chord
integrals are performed, adjusting the free parameters to give the best
least-squares lit to the experimental points. Conceptually, the system can
he ideallized as a boundary-valus problem in which the outermost channel
gives the edge density and the inner channels are computed from it,
although the actual analysis is more complete with a model for the source
layer and plasma beyond the separatrix radius. Furthermore, the experimen-—
tal data are normalized to the centre channel for comparison with the
caleulations because the centre channel is most accurate, thus propagating
the minimum error.

Mathematically, there are three complex numbers (amplitude and phase
of the density perturbation) to be fitted and generally three free par-
ameters (two in the density and one in V) to be adjusted for each fit type.

The allowed functional forms for D and V are tabulated below; they may
be combined in various ways.
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pDischarge Ip
type KA
ohmia, H' 320
ophmie, HY 320
ommic, HY 320
ohnic, H* 320

ro
o

omnia, HY »near 3¢
dens.
ohmie, H' =+limit 320

ohmie, H* 320
ohmic, D* 380
ohmiec, D* 380

Co-NI, HO + p* 330
0.65 MW

Ctr-NI, HO » D* 380
0.65 MW, with
sawteeth

Co-NI, HO » D' 380
0.35 MW

Co-NI, HO + D% 380
0.67 MW

Co-NI, HO + D* 380
1.35 MW

Na D v n
1013 om=3 n2 571 m s~

1 (zarbon- 2.00/4.60 61.0 3

ized)

1.5 3 1.90/1.10 13.0 3
2 n 0.70/9.6 54.0 3
i " 0.40/0.69 3.6 3
5.2 i 0.34/0.50 6.6 3
Bl 0.2571.1 8:5 3

Tolf 2.00/2.42 48.0 3

3.0 0.26/0.50 6.0 1

4.2 0.10/0.30 3.0 1
3.0 0.88/2.20 6.0 1

3.0 0.80/1.40 8.0 1
4.2 0.30 3T 1
L 0,40 2.7 1
b,2 0.40/0,70 3.0 1

Convective velocities of the form V(r/a)" are considered. The coeffi-
cient V and the exponent n are tabulated. Tne ohmie hydroger discharges are
convective valoeity, the results are less clear Cor
deuteriun. In cases where no clear distinetion could be made, the simple
(r/a) form is “isted. With the applieation of injeection power the (r/a)
form is better than the other radial dependences for V.

best fit with a (r/a)3

CONCLUSIONS

The analysis of a density scan in hydrogen indicates a decrease

central D of almost an order of magnitude, when ng i3

increased from

10'3en~3 to ~2.3 x 1013em™3, 1In parallel the energy con.inement time 1,
linearly increases in this range from -20 msec Lo a saturation valus ol

53 msec (Fig. 2).

in

X
Ta




10

Fig. 2: Dens
ohmic hydrogen plasma,

ity scan in an

H; , OH-plasma showing a pronounced decrease
I,=320kA . B, =2.27 of the central diffusion
SaEbaiel Wl coefficient D,y in the density
20 range 1 to 2.3 x 1013em 3.
— During the same phasa the
in 15 energy confinement time 1,
E linearly increases to its
& saturation value at higher
O 104 densites.
05
The density profile
peaks during this phass and
Ob the electron temperature

monotonically drops, with a
fi, (10%cmd) o5 : .
e 1PP 3. GrR 10488 slight broadening of the pro-
file. The linear increase in
Ta, found at low densities,
Seems Lo be closely connected to an improvement in central particle
conf inement.

The changes in transport near the density limit and with neutral
injection are significant and characteristic of the phenomena.

The behaviour near the density limit can best be deseribad as a
decrease in D near the centre, which has the effect of improving the
central particle confinement. The decrease is quite marked and the results
may well be consistent with neo-classical D on axis. Comparable results
have been found for TEXT and a similar behaviour is also known for
impurities from ISX-B /2/. With carbonized wall the central D rather shows
a flat response over a wide density range up to the density limit.

The effect of neutral injection is to increase the rate of diffusion
In relation to the ohmic case for the sane isotopa. No significant effect
on convection is to be seen but the effect on D is pronounced even at low
POWers and becomes stronger (up to a factor of three) with inereasing NI-
power. Only L-type cases with sawbeeth during injection could be measured
and for these no difference of co- versus counter-~injection is found.
Quantitatively, the increase in particle diffusivity seems to be even
greater than the increase in thermal diffusivity associated with the L-
mode.
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