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Evolution of electron density, temperature and pressure profiles
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1. Introduction.

One of the most attractive features of the RI-mode of TEXTOR-94 (a limiter tokamak
with R=175cm, a=46cm) is the linear dependence of its confinement time on the electron
density what permits to operate with high energy confinement near the Greenwald density
limit (ng, = 1/T@%). [1]

The fact that the RI-mode scaling ]
(T =K N, (P, )?®) describes aso the 037 oy
linear ohmic confinement  (LOC-mode) ]
suggests that the transport in LOC and RI- ]
mode is governed by the same kind of 5
turbulence, caused by an instability with 1 ITERLBO-P & "# "oy i
linear growth rate inversely proportiona to ] PO s
the electron density. The dissipative trapped ] g
electron ingability (DTE) is considered as a 0.1 ]
possible candidate for such behaviour [2-4]. ] v 258
On the contrary, the transport in SOC and L- g
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mode is considered to be dominated by the
toroidal ion temperature gradient ingtability
(ITG).

Figure 1 shows the diagram of the
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Fig. 1. Normalised confinement time
versus Greenwald number.

normalised confinement time (T (P,,,)?% |

versus Greenwald number (n/ng,) for a data set taken at B,[02.25T and 380 < Ip (kA) < 400.
The lines represent the RI-mode, L-mode and H-mode scalings and the operationa beta limit
(Br=2). The experimental data set shoun by meansof the symbols coversan areadelimited
by the L-mode and RI-mode scalings and by the 3, limit. It is the aim of this paper to relate
this wide scatter in performance to relevant parameters that are capable of characterising the
profiles in density, temperature and pressure that might bring about the performance. The
described experiments were performed under siliconized and boronized wall conditions and
Neinjection. The plasmawas auxiliary heated by NBI-co combined with ICRH.

1. Correlation of the density and pressure peaking factors and of the ne value
with confinement performance.

A peaking of the density profile which occurs as aresult of impurity seeding is thought to be
instrumental in the RI-mode behaviour. Such a peaking can be characterised by the ratio of
the central to the volume averaged density (y, = n,0)/ <n,>). For the data set of Fig. 1,
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parameterised according to the density peaking factor, Fig. 2 shows the enhancement factor
of the experimental confinement time with respect to the RI-mode scaling 1 / 1, as a function
of the Greenwald number. It appears that, a a given density, an increase of the energy
confinement timeis correlated with an increase of density peaking factor. On the other hand
for afixed ratio of T/t an increase of electron density leads to an increase of its peaking
factor. The points with (t/t,,)>1 at n/ng, <0.8 pertain to discharges that follow the L-mode
scaling (ITERL-89P) when the latter predicts confinement in excess of the RI-mode scaling
(see Fig. 1). Figure 3 shows a much weaker correlation of the same data with respect to the
pressure peaking factor (yp = p, (0) / < p, >).

PRI A | s e b b b b b b b a1y

/1 T/t

129 R - 124 R -
b a | hg

3 o, Y;E’aﬁr E 3 v v:’%r* E

b wr LT T C b o T C

] Cag 4 £ ] K2l ¢ L

104 T Wiy E 1.0 Y¥JY@%*\’M¢$¢¢$ F

U7 SR %;Y - YWz;erY x EW F U_ v oo :‘s(rﬁr - TYYQ, :ér P, F

1 ¥ w £ 1 o r

E %D f{*g;ﬂv yrey ¥ T %Y e E ?Pv :JY oo Y v’# <@ @%‘; E

] T ¥ [ ] ¥ & £

0.8 ¥ E 0.8 1 & E

] - F ] F

E density ST a E pressure v Eey o LF E

] peaking factor % Fw 5 9 peaking factor . o 5

0.6 2158 " ong 2 063  ~+233¢ 3

E e Z %g ‘ Oog E E ¢ ‘{“’{P«{p@, ;

O4E neO/nGr; O4E *Zég neO/nGr;

o T o N e o o ST o T R o o m o o e
0.6 0.8 1.0 1.2 14 0.6 0.8 1.0 1.2 1.4

Fig. 2, 3. Confinement time respect to the RI-mode scaling versus Greenwald
number with density and pressure peaking factors as parameters.

The variation of the parameter n; which depends on the ion density and temperature
profile shapes (N, =d (In T, ) /d (In n, ) ) deserves special attention as it is an important
parameter influencing the grovvth rates of ITG and DTE-modes [2-4]. The difficulty to obtain
an experimental ion density for each discharge does not allow to make a systematic analysis
of the evolution of n, value. We will use the evolution of n, as an approximation of that of n,
and show that this approximation is justified.

e When the RI-mode confinement s
- established, astrong reduction of n, value is
observed in different radiad zones of the
] e ey, v g plasna and under a variety of discharge
1.0 4 vf%f Yot 300  conditions. From Figs. 4 and 2 it appears tha
3 RS AT A - 1/Tg, a fixed density, is corrdated with a
0.8 N 7o - decrease of n, and that n, evolves roughly as
] Ty C - 1ly,. It is aso seen from Fig. 1 that the
s g values of n, are the most strongly reduced for

g points following the RI-mode scaling
] The time and space evolution of n, for
0.4 Neo /n o  Selected discharge conditions pertaining to the
e data set of Fig.1isillustrated in more detail in
0.6 0.8 1.0 1.2 1.4 the next figures. Figure 5 shows the time
Fia. 4. Infl ; ol th traces of the density and the diamagnetic
Ig. 4. Infuence or n, value on e energy for three selected discharges which
obtained performance. differs by their gas puff rate. For the same
discharges, Fig. 6 shows the evolution of the
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normalised confinement times versus the Greenwald number. At slow gas puff rate, the

confinement follows the RI-mode scaling up to the 3,, limit where MHD activity sets in [5],
which then triggers a back transition to a confinement state intermediate between L and RI-

mode. For the case of strong gas puff rate, arollover to L-mode is observed. In the third case

with an intermediate gas puff through the ALT limiter [6], a stationary confinement phase of
H-mode quality is obtained up to n/n;, =1.3 (but lower than the RI-mode scaling ) followed

by aslow back transition to L-mode.
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Fig.5. Variation of diamagnetic
energy and density for three different
gas puff scenarii.

Figure 7 shows the time evolution of n, in
the gradient plasma zone for the discharges
displayed in Figs. 5 and 6. When
confinement follows the RI-mode scaling,
one observes a reduction of n, with
increasing density, as witnessed by red
(#85984 up to 3.6 s) and the green (#85987
up to 3.1 s) curves. When a back transition
occurs, n, increases as the confinement
degrades. this could indicate the restart of
micro-turbulence. Note however that after the
back transition in # 85984 n_ only increases
dightly (red curve on Fig.7): the reduced
confinement after t = 3.6 s is now attributed
to MHD activity.
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Fig.6. Evolution of normalised
confinement with Greenwald number,
different gas puff scenarii.

Ny 485084 ;
E #85986 -
(p=0.4 g
8.0P=04 M.
il Lt A E
E ﬁw I i MWMWW‘ WV‘ JWJ\W :
6.0 i | 3
] |u“ IWWVW I
1 -
0t AL b dE
E M;ri‘ “L:“ﬁ\‘{y‘ﬂﬂlw,yvﬁ‘} \Mri i w’il b J’“‘WWU\’”TN \'“V"wm o ’Ji
2.0 Ey A ]
0.0+ - - . time

10 20 30 40 50
Fig. 7. n,temporal evolution for
different discharge conditions

Fig. 8 Radial profilesof n,for the three
discharges of Fig.5 at the same value of
n/ng=1.2.

Figure 8 shows the n, profiles prevailing in
the three discharges of Fig. 5 a the same
densty n/n, =1.2. In #87984, the
discharge isin the RI-mode and the n, profile
is peaked in the centre with low values in the
outer plasma zone. In the L-mode (#87986),
then, growsin the gradient region and gets
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substantially higher gi < 0.6. Discharge #87987 suggests that) iSets confinement, it
does so around mid-radius.

2. Experimental comparison of n, and n, values and modelling.

Figure 9 showsa comparisorof the temporalevolutionof n, andthe quantityn,” =
Ln, /LT, demonstrating fair agreement. To obtainttie n;, L n, shouldbe usedinsteadof
L n.. The knowledgeof the impurities concentrationsit eachionisation stateis neededand
first estimates could be obtained from simulatiyrmeansof the RITM-code[7]. Figure 10
shows theratio of Ln, andL n, for L-mode and RI-modeconditionsselectedrom the three
discharges of Fig. 5. It is fourtlat thesetwo quantitiesdo not differ by morethan20% in
the mid-radius zone with the highest gradiei¥e. tendto concludethatn, canbe usedasa
reliable first approximationof n, and that both of theseparametersare reducedwhen the
confinement, at a given density, is improving.
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Fig. 9. Comparison of the 7 values of Fig.10. Comparison of Ln, and Ln,
the electron and ion components. for different discharge conditions.

3. Summary.

1. The confinementimprovementwith respectto the L-mode is characterisedat a
given density, by an increase of the density peaking factor and atsdduzyeas®f n, in the
gradient plasmazone. The best confinementcorrespondgo that given by the RI-mode
scaling.

2. For allexperimentakonditionsin which n; andn, could be comparedthe former
matches the behaviour of the latter. As the lowering &f thoughtto be a crucial ingredient
to suppresdTG turbulencethe presentfindings tendto supportthe theoreticalexplanation
that RI-mode confinement improvement is tributary to the quenching of that turbulence [2-4].
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