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1- INTRODUCTION

The mechanisms underlying the energy confinement behaviour in ohmic tokamak

discharges are not yet understood. It is well known that the confinement time increases with

the average density and saturates above a critical value of the density, but several

explanations exist for this saturation: the onset of ionic turbulence, an impurity content effect

on Drift Trapped Electron Modes, or T|e modes stabilization by the increase of P (see ref.l

for a review). The present study is an analysis of a set of ohmic discharges in TORE

SUPRA with Ip=1.6 MA , B=4 T , R=2.35 m and a=0.78 m, where the average density

was increased from 0.9 to 4.2 1019 nr3. For these plasma parameters, the energy

confinement time given by magnetic measurements saturates for <ne> > 2.5 1019 nr3

(fig. 1). It is emphasized here that the onset of ionic turbulence is unlikely in TORE SUPRA.

This conclusion relies on a transport analysis and turbulence measurements by CÛ2 laser

scattering, whose results are presented in this paper.

2 -LOCAL TRANSPORT ANALYSIS

A local transport analysis has been performed using the LOCO code [2]. Electron

density and temperature measured by interferometry and Thomson scattering are input data

to this code. The ion heat diffusivity is adjusted so that the calculated ion temperature agrees

well with the one measured by charge exchange. Figure 2 shows the electron and ion heat

diffusivities in the gradient zone (r=2/3a) as a function of average density. The electron heat

diffusivity XTe decreases with <ne> for <ne> < 2.1019 nr3, while the ion heat diffusivity

XTi also decreases, from 0.9 to 0.Sm2S"1. The latter values are well above the neoclassical

estimate (the ratio is close to 15 at low densities). For <ne> > 2.1019 nr3, %Te saturates at

a value close to ImV1, while %ii saturates at a value close to XTe/2. This behavior can only

be guaranteed up to <ne> = 3. 1019 nr3, where error bars on XTÎ become too large to
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allow a clear conclusion. The saturation of XTe is also confirmed by heat pulse analysis [3]

which shows a similar behavior, except that values obtained for XTe are larger than the ones

given by LOCO: a classical result in tokamaks. The change of slope seems also to occur for

a larger density. The saturation of the confinement time therefore seems to be well explained

by a saturation of the electron heat diffusivity. The variations of ion and electron

diffusivities with density are apparently similar, although a degradation of XTi (°r XTe) at

very large densities cannot be excluded. Note that the saturation of the energy confinement

time with density occurs after the saturation of XTe at <ne> = 2. 1019 trr3 : this is because

equipartition is not yet attained and Zetr is not at its minimum value at this density. The cause

of the electron heat diffusivity saturation cannot be clarified in these experiments. The

effective charge number varies in fact as l/<ne>, and the average electron temperature as

<ne>"2'3: it is therefore not possible to know if the key parameter is the impurity content, the

collisionality or the plasma beta.

3- TURBULENCE MEASUREMENTS

Density fluctuations are measured in TORE SUPRA by using a CÛ2 laser scattering

experiment, ALTAIR [4]. This diagnostic allows localized measurements and its heterodyne

detection permits the direction of wave propagation to be measured. The level of turbulence

integrated over frequency, for a wave number Ic1=OOOm"1 and a s :attering volume localized

at the edge, is indicated in fig.2: it shows a good correlation with the electron heat

diffusivity. Fluctuation spectra at low and high densities are shown in fig.3: it turns out that

waves propagating in the ion diamagnetic direction exist at all densities. There is therefore

no onset of an ionic turbulence at <ne> = 2. 1019 nr3. Whether there always exists an

ionic turbulence in TORE SUPRA remains an open question. It is nevertheless possible that

this ion feature is due to a doppler shift linked to the inversion point of the radial electric

field near the edge. This hypothesis is under investigation : preliminary calculations bas_ed

on pure electron drift turbulence and a shear layer localized at r/a=0.90±0.03 give a

reasonable agreement between calculated and measured spectra [5]. Finally, it must be

stressed that the theoretical threshold for ionic turbulence is never reached in TORE SUPRA

ohmic discharges, a result which supports the above conclusion [6].

rV.-CONCLUSTON

The saturation of the energy confinement time in TORE SUPRA is governed by the

behavior of the electron confinement. This appears through a saturation of the electron heat
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diffusivity, correlated to similar variations of the density fluctuation level. Ion heat transport

is not neoclassical at low densities and is correlated to the electron heat transport. No

dramatic changes of ion heat transport appear at the saturation point and so an ion turbulence

is not necessary to explain the saturation. Moreover, no ion turbulence onset is observed in

coherent scattering spectra at the saturation. Although an ion feature is always present in

these spectra, it is likely to be due to the presence of a shear layer near the plasma edge.

Consequently, the saturation of the confinement time seems to be correlated with the

behavior of the electron drift turbulence.
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Fig.l: Energy confinement time

versus average density for

TORE SUPRA deuterium

discharges with Ip=1.6MA, B=4T,

Ro=2.35m, a=0.78m. The solid

Une indicates the Alcator law.
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fig.2:Electron (black points) and
ion (circles) heat diffusivities at

r=2/3a and turbulence level
versus average density.

Crosses indicate values obtained
from a sawteeth heat pulse analysis

0.15 -,

0.10-

0.05-

0.00-

S(f) (a.u. <ne>=1.21019m-3

f(MHz)

1.0 -0.5 0.0 0.5 1.0

0.8-

0.6-

0.4-

0.2-

S(f) (a.U.) , <ne>=4.21019m-3

/(MHz)
1

-1.0 -0.5 0.0 0.5 1.0

fig3 : Density fluctuation spectra from CQz laser scattering
for kj^oOOnr1, at low and high densities.

Positive frequencies correspond
to waves propagating in the electron diamagnetic direction.


