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A model of the dynamics of the plasma in the lokamak CASTOR is ,pmrm\,ul
It is shown that a small amount of experimental data may provide J‘l(,h quali-
tative and even quantitative information when they are used wilh a system of
related models and computer codes. Actually, the melhod consisls in: breaking
the sell-consistent system of transport equatiens (1)~—(4) in a chain ol intercon-
nected equalions which are casier to be numerically solved separalely. A large
number of iteralive trials can be perfornied in order lo reproduce Lhe experi-
mental data with the consltraint that self-consistency is approximately fulfiiled.
Besides, an estimate of the transport coefficients results) Using Lhis information,
the full model und large computer codes determine a credible picture of Lhe Lhﬁ-
charge dynamics and a good estimation of plasmia paramelers. ’

1. INTRODBUCTION

In order to understand the evolution of the pimnm in a tokamak
discharge, besides the experimental work, it is necessary-{o- perform theo-
retical fx.nd conmputational studies devoted to the identification of the
fransport; model. - These studies often provide new information which
is only implicit in the rough experimental vesults. In fact, each tokamak
device imiposes particular temturex on plasma behaviour which are not
easily inferred from the general theoretical frame. This paper is an attempt
to build a system of (‘ompuicr codes,, - h(n\/mo ditferent complexity levels,
and a method of using them in connection wnLh a small amount of expe-
rimental data as an efficient tool'in identifying the transport model and

in estimating some plasma. parameters which a ¢ not experimentally
dqfuermmea A :

The swernplification ot thl method is performed on the CASTOR
tokamak (a. small device I = 0.40 m, ¢ = (1.075 m, Hy= 1.3 T) work-
ing at the Institute of Plasma Physies in Prague. The specific feature
of this tékamak is the evolution of the h]mco—avprwud electron density
which has a fast growth, followed by an exponential decay instead of the
quasistationary regime Obberved in other devices (Fig. 1.h). These weak
particle eonimement characteristies are “compens ated by feeding the dis-
charge using the gas. puﬁmw procezlure This study being focused on
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understanding the conditions of the anomalous particle losses, the gas
putting is not taken into account. Besides  the temporal evolution of
the average electron density and of the total plasma current (Fig. 1. a, b),
the intensities of two line radiation from the carbon impurity atoms,
integrated on plasma diameter, (Fig. 1. ¢) are the ouly experimental
data used in’ connection with numerical computations.

The numerical study consists of two stages. The first stage containg

:a very large number of runs of some interconnected, small codes based

on simplified physical models which determine the approximate plasma

parameters as well as the transport model consistent with experimental
data. In the second stage, using large computer codes based on extended
=) t=] =]

models, the predictions of the first stage are verified and corrected. In-

troducing the estimated transport model in the complete transport code,

the credible evolution of the plagma parameters is determined. )
- A brief deseription of the models and of the codes used in this study
is presented in §2. §3 contains the main results while the conclusions

are summarized in  §4. , :

2 MODELS AND CODES

" The theoretical study .of the tokamak plasma evolution relies on

the transport processes of particles and energy. The main plasma and

field parameters are the solution of the following set of partial differential
equations Tepresenting the energy balance for electrons (1) and ions (2),
the diffusion of particles (3) and Maxwell’s equations (4,5) in 1-dimensional
geometry corresponding to axial symmetry : :

B2y b 2w Earn))-
~3 % ng—T‘ [Z] e B — Qraa — ity {Oion v‘(Tg))’ (1)

- ([t ST )+ g L= T gy,
ar 2 My Tﬂ‘n" . ;

. “”‘pnoEcz‘é“ (.T"* To} *”cnd<51on'”(Te)>”-2‘;“ Ty, (2)
o ai‘l“”“‘ _3__ (r®) = NNy { Oten ”(Ts» 4+ Smp - (3)
! ot rior B B e -
4
(5)
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Here, the usual notations are utilized. m, i, To==clectron mass, density
and bemperature ; iy, iy, L = lon tslgx;gs,‘ Lder ,.‘SIAL)" . z\nd t‘g}nlp?&};}l{‘) i
J. = plasma current density; By = poloidal magnetic tield ; F = ovoidal
clectyic field; . = the inverse of the clectron-ion collision frequency
V — the radiat diffusion veloeity of particles; @ = the particle:

Ve 5 i S P T R
diffosion flnx, @ = .. The thermal conduetibility floxes have the
form : : -
'
Gy =— (T e = H =0, 1 X (6)

o

;",, [ ce E et ‘-,“'.-‘. ‘;1’,' g : ».j'-'
ya being the carresponding conductihility. co ticient. The expression of

{he electron diffusion flux in equation (3) contains both the _ueoclagsmgnl
ithe banang.

part and the anoalous

inward pineh  deternined hy.
orbits [17: : , I

A m o\ 2
A ~ 0w b # v
R R anﬁ*«f) D
aroo gy LR Rt
The plasma in the CASTOR tokamak heing far from the neoclassical

banana regime, low values were attribu ted to the parameter o whiech is
2 measure of the importance of the phenomenon (x € [0,10]). o
Tn the initial stage, the radiation from the neutral atoms of hydrog‘m}
and the eomplexiiy of the ionizationh processes devermine large, losses
of energy (greater than the fundamental energy) for each. D(PW];X ;,‘91"3"““45?@
electron-proton pair [2]. A time dependent, . coetficient f(t) is introduced

in the power lost by electrons th(-,'!;zgh_ junization in cq’t’uyt’xopi (1) in ‘01“(1 T

{o account for this process:
f(1) = 13.6{1 +
. RL’) LS. ( ¥ P X ]
i 13.6
The neutral atom density ny{r, ) is simply deseribed ag an exponen-
tial decay in time of o radial profile also determined by an exponential
radial dependence : : DI

i

200 Sk
00 exp (Y m)

gl 1) = Vg oxp (—if5y) exp (—(a — 7)/ro) (9)

{60y and R, are the ionization and charge @};ch&nge rates yuise.dk in the
context of the neutral gas influence on the energy balance. The values of,
the parameters T, Tg, o, I appropriote for the description of the: CASTOR
discharge were found to range respectively in t}m mt.erya.ls 3 .(0..30 — 0.30)
ms, (0.4—0.6) ms, (0.2—0.3) Xa and (0.6 10" —1.10%)em ",

The density of radiated power g and the effective charge [Z]
ave determined assuming corona equilibrium for the impurity stages of
jonization. A more accurate description of the impurity evolution was
also used in eonnection with plasma transport model (1)-—(5). It cpnsu.;tg
in solving a diffusion equation for the total impurity density and in dis-
sributing this density on the ionization stages according to the corona
squilibrivm. Tn the frame of the neoclasssical transport corrresponding
to CASTOR tokamak, this model leads to unphysical results (strong
accumulations in the central region and singular behaviour of the etfective
‘charge at plasmsa border). This suggested the necessity of a more detailed

'

sy

e
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study of impurity dynamices which, due to its complexity, was performed
separately from the plasma transport code. ' ' B

In the electron temperature equation (1), the boundary condition
I (r = a)is time dependent, the value being obtained by solving an appro-
ximate energy balance equation at this point. The other parameter bound-
vy conditions are constant values. )
. ._.The specific_transport model is contained in the expression of the
coetficients D, y., yx; appearing in the fluxes of particles and heat. The.
basic theoretical model indicated for the CASTOR tokamalk conditions
i the high collisional limit of the neoclassical regime (Pfirsch-Schluter).
The corresponding expressions for the coelficients are :

xe = vep® (1 + 0.6 ¢°)
AL = 1]-41\":',?%0(’)'/3)”2 k (10) .
D

R

x5

Here o is the electron Liarmor radiug; ¢ is the safety factor, v, is the ion
collision frequency and py, is the ion Larmor radius corresponding to the
poloidal magnetic. field. . ’
- The set of -equations (1) — (5) was numerically solved by means of
the computer code described. in [3]. o S
o The selection of the parameters of the physical model which could
reproduce some particular experimental data implies usually a large
numper of computer runs. The code based on the selfconsistent system
of egquations (1)-(5)is a difficult tool in this attempt. Besides, it did not
clearly reveal the relative influences of different characteristics of the
plasmg (e.g. densities ‘and temperatures). The use of simplified models
in a first stage of the numerical study is recommended. A separated study
for the impurity dynamics and for the electron. density evolution was
performed in cornection with the set of experimental data from CASTOR
tokamak (line intensities from carbon ions and averags electron density).
The space-time dependendes of the densities of impurity ion species
in each stage of ionization (n.(r, 1), (k — 1) e = electric charge) are deter-
mined from a system of diffusion type equations representing the particle
number conservation : o

on;, -
ot

1 9 -
+_T_E‘— (T‘Dk) -+ nk—lc_ﬂadk) + 'n,k'n,c(pk - °‘k+1) +

; +?Z,g+1(“77/¢@1,+1) ="Sk ok : 11:_- . -) Z +1 (11)
‘Here, «, is the-ionization coefficient to the kth state, py is the recombi-
mnation coefficient from-the kth state and §; is the source of impurity ions '
in the Zth state of ionization. S '
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The ditfusion flux of the impurity jons ®. containg both the neo-
dabSlca,l term and an anomalons contnbutmu L Tt h&s the %nela,l tonn =

i : ;
A {5

where, a; and by are functiens of r and't'and of the plasnn p']yrfxmctem.
The expressions used by the TFR group were adopted. - :
.+ The numerical code,s ubed 110 qolve thls sy.\tem ot equﬂ.mons mre des—‘
cxl"bed in [4], [B}.
Neglecting the «hi"tmmn flux a,nd .supposme ‘that the ethbrlum

gondition is attained (—% = O) the ‘corona model is obtained. The long

LN
geries of runs aimed at the computed n,productmn of C"' and ¢V expe-

rimental line intensity evolutions were performed in these simplified con-
ditions. The input parameters were the total densities of ¢ and O and,
most important, the electren tempe ature T.(r,t). The influence of the
diffusion was studied only after such 2. rough eb'mtmmmon ot ﬂlb qpa‘ce tlmc
dependence of the electron temperature. o oo b
The electron density equation (3) was solved sep‘u'ately ﬁom “the
whole system (1) — (5} in order to qtudy t]u, I]lﬂUQIlL,L- of 5the tollowmﬂj
parameters : electron temperature T.(r,1), di ion D and coefficient o
of the inward pinch. [6] The source of debtmns fTom Lhe 1omza.t1011 of .
the neutral hydrogen gas was comput,ed it
given in [7 . The source from impurity. 1on17a.
impurity code with the same Th(r;#).0
These two codes used in tandem p

tron temperature profile and tlme dependence‘ éompamble Wlth expen-_;;

menta,l data. An additional venhmmonk f 1 salt iy obt%med by solv- .
ing & Slmpllfled (spmce mteom.ted) energy b'ﬂance equfmon Whlch glves
the evolutmn of the 'Wexa,rre eu,c’cron tempera,tme :

‘ '% (3‘— AT, ) = »d.ogT;ﬁl‘i Z;H‘(L,:(zf);/n/a%
BRI T S
— 07 ny OXD (~U/ )t — Prag — iy (13)

where Z,, and Pm are pr ovxded by the 1mpur1ty code, 7, is the energy
confinement time (t, ~ a?y,) and I,(t) is the tota,l placsma, current.

-These three simplified models constitute an. interconnected : chain ¥
of codes which was. used .in connection with expemmental dmta aecor-

ding to ‘the scheme presented in Fig. 2.
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on relalions be[ween the simplified m‘odclsk;lind Lhe computer codes

3. nESuUrs

" According to +h(, ])I(‘VlOUS c‘,ectlon, the hmt stq) in’ obtammg infor-
mation about Lhe discharge is to determine the qu'l.hmtlve features of

~ the space-time: dependence ‘of“the electron temperature; It consists in

computing the-intensities of line radiation for C'™ and CV given by the
corona model for various functions' 7T,(r, ¢). The e\penmental data sug Gest‘
that the electron temperature rapidly e\ceeds the value of 4—5eV (W]:nch '
gives the maximum of population tor CM") and incr with' & slow
rate: reaching: the maximum of population of 'C¥ (at about 30 eV) only’
atter -2 mseconds Taking:into account the fact that the expeilmenta,l data
are line integrated; the ﬂvneeeqsﬂ;y of a- careful examination of the spa,tnl““
distribution’ of electronftempelatm rises. A long series ‘of “computer
runs lead to the conclusion that the ‘¢omputed lme ‘intensities are very
sensitive to the turction 7T,(r, ‘t) and that only two types (physically allow-
gdl) of: Space-time dependenceb p1'0v1de results close to Lhe expemmen—
jal ones: - .
.. — @& broad (parabolic radial profile rising sl 717 e

About 10 ¥ #t 1 mn and 50 6V ot 3 “*;ni ORI Bme, tsaching
|+ & Tadial profile with a strong nommﬁonmty, having a narrow -
. maximum in the centre and a large’ ma,lgma.l zone of low, ‘quasi-
uniform. temperafure. The: central aximum ‘rises fagt’ in: tlme*~
(to about 250 eV in 2.ms) and saturates while the marginal zone,
extending mpprommately onchalf of the plasma ra,dlus has the”
tempora,l dynamiecs-of the previous case. ;
: ,I;l ‘hoth: cmsis, the necessity ‘'of obtaining: & rapid- h.ll ot (Lm line
intensity requires to increase the boundar value =
1eV._to 5-—-7 eV in the first mﬂhsecondy ¢ O,f the tempera,tme ﬁ'om

A series .of computer runs. with: the fu]l 1mpur1t evolu’mon mod 1
(mcludmcv neochssmall dLﬂu%lon) confn‘ms that, even 11;1 this more 1001613- |

37T

4-c. 1163
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rate description, the two types of 1.(r, 1) ave in satisfactory agreement
with experimental data. The diffusion has an important intluence on the
space distribution of the impurity densities bub determinies only a small
shift ‘of the maxima of line integrated intensities toward later momenis
of #he discharge indicating that experimental vesults econcerning the car-
bon lines correspond in fact to slightly higher temperatures than those
obtained using corona model. ClnmrEnd 00 SOURRIE L
These first conclusions about electron temiperature together with
the corresponding source of electrons from impurity ionization were used
in the model for the electron density evolution: Keeping the collisionat
“neoclassical diffusion, it may be expected to obtain the sharp teniporal
maximum of the average density #.(f) on the basis of the electron’ source
provided by the ionization of the impurities. The important role of the
impurities in this first stage of the discharge is also supported by the
Jarge values of the radiated power [8] and of the effective charge. A long
series of computer runs was devoted to a compatative study of the two.
electron sources : from neutral hydrogen and from impurity ionization.
The results show clearly that the impurity source cannot overcome the
neutral hydrogen source of electrons. These sources determine that fash
increase of the electron density but, even when they are almost vanishing
and the density dynamics remains to-be dominated by diffusion losses,
it is not possible to obtain the experimental decay of 7. This indicates
the existence of an anomalous diffusion mechanism. in this stage of the
~ The aiin of the next series. of computer runs was the estimation - of
the diffusion coefficient which is in agreement with the electron:losses:
observed in experiments. A result of this investigation: consigts:in elimix:.
nating the broad radial profile of the electron temperature. It would imply an:
important ionization at later time moments:(#>1 ms) which partly: com-
pensates the anomalous diffusion losses.and the average -density: cannot:

‘have the observed rate of decrease. It seems that; only the model of warm::

central plasma channel is able, in the frame of these simplified calculations;:
to reproduce the experimental data concerning both the: carbon line inten-i¢
sities and the average density;evolution. ;. [« - T e

" Because the Pfirsch-Schiuter diffusion coefficient:is generally: valid -

for low temperature tokamak plasma, the anomalous diffusion coefficient.
was taken of the form: ’

where ¢ and ot:ajyre.consta,nts' to bedetérmined from the conﬁp‘ﬁ.ris‘on of the

computed results with the experimental ones.: Tn:this expression; the diffu-

sion. coefficient is of the Pfirsch-Schluter type atithe beginning of the
* discharge (¢ — 0) when the collision frequency ig very largeandthere is
no reason for any instability to develop: and; gradually departs from this
value with a time depending factor. The values of the: parametérs ¢ and
‘o which ensure the experimental rate of decay of the electron density 'were
about; 1000.and respectively 8.. - ]l i o Wi i
In order to have a supplementary control on the selfconsistency
of these separate evaluations, the 0-dimensional energy balance’equation
for electrons (13) was solved. and the average ‘temperature ‘determined.

o 'ﬁ‘l‘i:bl’lS]_)Ol"b TRoe

" posed to exponentially dec

‘and in the Ohm’s ‘equation
The results of these simulations indicate a smail decay of the temporal
“~rate of growth of the central-temperature but the ‘explosive evolution of T
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A satisfactory concordance hetween this:result and the-space average
an the warm central zone of the temperature which was determined to be
the hest input data in the previous calewlations, was cbtained (Fig. 4).
Besides, an estimation of: the dynamies of powers implied in the energy
valance of the plasma was. determined (Fig. 5). The power lost through
the ionization channel is important up to 1 millisecond. The maximum
of the power radiated from impurities approximately coineides with the
maximum of the average electron density (4 = 1 ms). In these simula-
tions, made without gas puffing, the radiation channel is no more impor-
tant after 2 ms when the teiperature evolution begins to be determined
ondy. by ohmie heating and theamal conduction. , :

 The principal conelugions of this chain of interconnected models
are the following : CRE S ‘ ‘

- the plasma is heated nonupiformly on the cross section, a warm

ceptral region developing from the beginning of the discharge.
The low temperafive snarginal zone, having a slow evolution
i iinne, determines-the main contribution to the line radiation
from impurities ; S
— an shomalous tr
particle losses. , S
Mare specifically these studies allow an evaluation of the ditfusion coef-
ficient. Besides, they lead to an approximate picture of the main para-
metor evolution and of their relative influences which are not evident
in the full model. :

These conelusions are in agreement with the results of the full,
gelfeconsistent system of transport equations. The simulations performed
starting from the paraholic initial radial profile for electron temperature
show a fast heating of the central zone leading to the formation of a
central warm channel in the plasma. With the neoclassical-collisional -
ffivients; this: céntral! channel develops in time to an un-
physical very narrow, high peak of hoth temperature and cwrrent density
showing the onset of a thermalihstability in the numerical simulation.
Furthermore, no tendene leetron density decay is obtained. S

- This unphysical explosive growth of the central temperature could
be explained by not. including in the:simulation cne of” the following
phenomena: 0T a0 T

. — the existence of a Tun-away component in-the electric current;
| — the onset of some plasma instabilities. : '
Soth possibilities were studi 1 by means of the large trangport code..

The radial distribution of the run-away electron density was sup-
ly decrease toward plasma edge and, to have central
values up to 20% of:ihe total current density. This cemponent, does not
eontribute to the ‘ohmic heating of electrons and it was extracted from
the curront density- contained :

angport mechanism  develops leading to high

d in-the electron temperature equation (1) -
Maxwell’s equations were-net modified.

the-central channel cannot bé hindered.

S
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A At this low temperature, high collisionality regime, the possible

“the |

instabilities leading to anomalous transport are of dissipative electro-
static type ' [9]. In - fact, detailed —analysis indicates that,  in
the presence of a magnetic shear, the dissipative drift wave: is stable [10].
However, the instability can appear if some physical factor acts to loca-
lise the mode energy, lowering the shear damping: Tt has been demonstra-
ted [11] that a high electron temperature gradient provides such a mecha-
nism and destabilises the drift wave, altering the balance between the time
dependent thermal force and the local Tesistive absorption of energy. _

‘Phe previous studies indicate the existence of such large electron
temperature gradient associated with the presence of the warm  central
channel in plasma. In the case of low shear of the confining magnetic-
field, the unstable mode has the growth rate: : T

véraged on

1.:input into electron density and impu-

v 2 (bopo/ Do llve (1B

-,jf,a{ temperature tirme evolution: -

where k7! is the wavelength perpendicular to the confining magnetic

. , aln T, 1\, - ' .
field, Ly = ( ————i) is the characteristic length for temperature -va-

Lt

Telo! [ev]

or ,
riation, ¢, = [ T,/m; is the ion sound speed and ps=(mc,)[(eB)is the ion
Tarmor radius based on 7T,.v, is the electron-ion collision frequency.
The thermal conductibility can be estimated as y.=const. D using Kadom-
tsev's formmnla : » : :

‘(j'rity,simplifiéd codes; 2. resultiof the (O-dimensional cade

_ Fig. 4. — The- electron ‘Vtempé‘rat{lré‘»

~eentral channel ;

D=yl kL , - _ (18)

In the specific conditions of the tendency of explosive growth of central

Fig: 5.—. The power balance as determined from the
0-dimensional code for eleciror temperature evolution, .

temperature, y. is characterized by a small value in the centre of the
plasma (V T, = 0), has @ maximum at the limit of the central channel
(r = a/2) and decays to the plasma border. The results of the simulation
clearly show that the presence of this instability and of the associated
transport avoid the explosive evolution -of the central region transferring
an amount of energy to the cold plasma of the marginal region. However,
the radial dependence of the electron temperature is still characterized
by the existence of a warm central channel as seen from the evolution of
"‘:} " the peaking ratio 74(0)/Z. presented in Fig. 8. This feature of CASTOR
- discharge, also deduced in [8], i3 determined mainly by the dynamics of
the current density. The time of current penetration (g = 2 ms) is
greater than the total plasma current rise time (1 ms) which implies that

- average ~electron © T
5

‘result: of simplified model ; :

3. result of the full transport jcode.” ~

%«. the current density expands slowly from the central core to the plasma

N B border. This explains the development of a central warm channel in the

E. é plasma while the cooling by impurity radiation is only an a,dditiona,l cause
® 28 in the initial stage (¢>1ms). : R R

L kel The diffusivity (15), (16), having small values at the plasma bor-

CL . der, cannot determine the experimental decay of the average eléctron

wZ density. The anomalous diffusion coefficient. estimated by the previous

Bl simplified caleulations (14) must-be added. In. the impulations performed
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with the full transport code, this was introduced with a dependence on the:
plasma parameters of the Pfirsch-Schlnter type (characterized by large
values at the border and small values in the centre) as in (14). However
it was found that the time dependent factor must . be modified in . order

$o-get the shape of the: experimental average (,luctron denmty evolution:

(Fl“‘ 3). Thie resulting 'y, 18 shown in Fig. 7.
This coefficient may be determined by theielectro .smtu drift wave
turbulence. Rough estimates of the particle dlﬂ:uqmu b L‘s(‘d on thc “ml\mrr

length’’ fwsumptlon D = Iy L3(#.[n)?

the values found for XD = y./1.5, %, given in Fig. 7) would imply a
level of density fluctuations #./n, ~ 80 — 1009, in the outer region of
the plasma and ./n, ¥ 10—20%, in the central zone.

The set of results presented in Figs 8—12 is obtained from a dis-
charge simulation which begins with the following conditions: %, —
= 3.2- 10" em™?, uniform on the radins; Z7.(0)=5eV; T,(0)=1eV;
I, ="1kA, reaching 12kA in Ims. The neutral atom density and the car—

faw] / '
; ’ [HI. E\ L S ‘
. 5 " ‘ "
o C J,
RN

: timsi

Fig. 6. I”.he mtemlt £s of line radlahon from C.ITI (A = 2296 &) and (AV (A-—
%2‘)70 A) ] prtnmmlql 2. resuit of the simplified modc} -3 resu}t offthe full
“{ransport code. : . :

Cwith kip, = 0.3, v =0.1 co,.'
(Whpre; oy = (kL T,l)/(eBL,;) is the dvift’ w‘we frequency) tOOLthel‘ with,

i

%

AR P

t [msl
TFig. 7. — The values dciex mmcd f01 the thermal

conductibility 'in' the ‘centre of the ‘‘plasma
. and at its border,

2"

¥ 703

¢ s

Fig. 9. — The electron density for the CASTOR dis- Fig: 1

central and average values and the peaking
ratio’ R = n,(0)/R,.

charge :

|33
o
[

[ms]

Tig. 8. ~The electron tempelature deter mmed for
the CASTOR discharge : central and average values

and : the peaking ratio: R = .Te(())/i‘-,.

. e . R‘
d [A[cm?‘]l

200 I+ A
%
. &
iee k _5*
iy
L
-
]

*% i » e

tlpst

0. — The current density dgterminéd for the
ASTOR discharge : central and average values and

the peaking ratio R = J(0)/J-
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bon and oxygen content which were found to lead to ¥ esults consistent
with the experimental data are vespectively: 1013 em™3, 0.8 102 em ™3
-and 0.8 102 em~3, S
The obta,ine};d average Z,, was about 3 at £ = 1.5 ms.

: Fis . : .

~ 4. CONCLUSIONS

, Fhe following picture of the dizcharge evolution in CASTOR tokamak
. emerged. : o
Due to the fast rise of the total plasma current, a central warm
channel develops, both electron temperature and emrent density acquir-
ing peaked radial profiles at ¢ = 0.5 ms (Fig.s 8 and 10). The correspond-
ing large gradient of 7', destabilises the drift wave which contributes
by anomalous thermal transport to the spreading of heat and cmrent in
‘the plasina cross section. However, a warm central channel persists,

the peaking ratio saturating at about 3—4 (higher than the value 2,
which corresponds to parabolic profiles). The electron density keeps a~

ather broad, approximately parabolic radial profile (Fig. 9).

A drift- wave turbulence develops gradually. in time, . reaching
maximum level at about 1.5 ms. It strongly influences the particle and
heat losses providing the explanation of the fast electron density decay
while the ion component remains cold. It reaches a maximum of about
30eV at = 1 ms followed by a slow decay due to the continuous lowering
of electron-ion energy transfer. This model of the CASTOR discharge
“provides numerical results in satisfactory agreement with the input ini-

tial data (curves 3 in Figs 3 and 6). In addition, the computed loop volt--

age and the total radiated power were found consistent with experi-
mental measurements from [8] (Figs. 11 and 12). '

At > 1 ms). The central electron temperature saturates at ~ 250eV (Fig. 8):..
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" Fig. 11. — The computed loop voltage. , Fig. 12. — The computed radiated power.
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