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ABSTRACT

Total radiative power losses have been measured by a pyro=
electric detector on the CASTOR fokamak in a broad range of
plasma parameters, It was shown, that while for the low density
operation (ﬁe-f 1019mf3) the most imporitant channel of energy
losseg is a thermal conductivity, the high'density regimes are
radiative dominant. Using a simple analytic energy balance model,
the connection‘between such high level of radiation and shrinking
of the current channel resulting in an enhanced MHD activity 1s

disgussedo



1, INTRODUCTION

The CASTOR tokamak (R = 0.4 m, a = 0.085 m, BTé;lQS T) is
s reconstructed version of the TM-1-MH tokamak, working in the
Institute of Plasma Physics, Prague, Czechoslovak Academy of
Selences. Experimental and numerical studies of the plasma energy
palance on the TM-l-MH tokamak [1] have shown that:
1) in the density and current ranges §e= (O®7=—«2eO);sr.].sz:n"”3 and
Ip= 11+17 kA, the central electron and ion temperatures are
in the range Té(O) = 150=300 eV and Ti(O} = 504100 eV respe-
ctively; |
2) the energy transport through the electron channel is well des-
cribed supposing the electron thermal conauctivity is given
by the Alcator scaling
_X; = 5x1019/ne [mzsml9 mwjj : (13
3) the dominant channel of the energy losses from the icn compo-
nent is a thermal éonductivity well described in terms of the
neoclassical model., The charge exchange plays some role on
the periphery of the plasma column, but its influence on the

global ion energy balance is negligible for investigated den-

sity range.

Previous investigations performed on the CASTOR tokamak {EJ
have shown, that the baslc plasma parameters have not changed
gubstantially comparing to the TM=1l=MH tokemsk., However, for a
more detailed understanding of the energy balance, it is neces-
sary to have additionsl data about such important channel of
the energy losses as is radiation., The radiastive power losses

are caused predominantly by a line radiation of impurities and
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the radiation dominated dlscharges are hence usvually characte-
rized by a high electron density or by an enhanced concentrati-

on of impurities.

We report here an analysis of preliminary experiments
devoted to investigation of the radiative power logges and the
global energy balance under various discharge conditions on
the CASTOR toksmek (section 2). Some local features of the elec~
tron component, especially at high density discharges, are illu-
stratéd by a simplified model of the energy balance. It s appro-
ximate solution is presented in Appendix 2. The electron density
has been also increased till the stability limit and discharges

with disruptions have been studied as well (section 3).

Before describing results obiteined, we mentidn briefly the
used diagnostics. The plasma current and loop voltage were moni-
tored to determine the ohmical heating power, Line ave_aged

slectron density T_ was measured by an 4-mm intexrferometer.

e
Radiative power losses Prad were registered by an absolutely
calibrated pyroelectric detector (LiTaOB) [3]s located toroidal-
ly 90° awsy from the limiter. More detailed description of the
detector is given in Appendix 1. An absolutely calibrated VUV
monochromator () = 50610 mm) [4] was used for monitoring of
different spectral line intensities. Plasma magnetohydrodynamic

(MHD) activity was detected as well.



2. ENERGY BALANCE

Fig, 1 presents typical temporal evolutions of various cha-
racteristic parameters of the discharge: plasma curvent ng

s line sverage electron density E and radiati-

loop voltage U o

loop
ve power PRAD‘ All experimental results, presented below, have
been obtained at the toroidal magnetic field By= 1.3 T, Plasma

current I reaches its maximum value at about 2 ms and then it

is approximately constant, as well as the loop valtag@g until
6.5 ms, This quasistatienary time interval has been used for the
eﬁergy balance analysis, Plasma dengity is comtrelled by an im-
pulse gas puffing. Radiative power lomses are in ths range of

10 kW in presented case, i.e., they are appr@zimately 30=40 % of

the OH power,

Fig. 2 shows dependence of the ohmic and radistive powers
on the average deunsity Ee at the different velues of the plasmg
current. It may be seen, that absclute value of the rediative
~ power doesn depend substantially on the plesms current while
1%t increases, in all investigated cases, approximately proporii-
onally to the density. According to common maed expression for
radiative power [5] PRAbﬂlﬁiéﬁeff « 1) this fact indicates
thet the effsctive plasma charge E@ff decrsases with increasing
density. It is in accordance with the spectroscopilc measursmentse
carried out in E4] a8 well. Conseguently, for given demnsity, the
relative radiative lossas ERAD/POH decrease with ineressing

Plasma current.
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Because we are lacking of sufficlent data about radial pro-
fiies and so0 we have no possibility to investigate the problem
Jlocally, our aim was to estimate the role of different energy
losses channels in the glebal plasme energy balance only. There-
fore we estimete at first the total value of power Pei’ trans-
ferred from electrons to the lons due to the collisions in the
whole plasma volume. Fig. 3 presents an enumerated dependence
of P el 0 the density taking into account the real dimensions
of the system and assuming @ priori in the whole plasma volume
the electren temperature at least double the ion one. Uncertainty
in the snumerated values of Pei is caused by the uncertainty in
the value of the ion temperature., The minimum and the maximum
values of Pei correspond, according our previous charge-exchange
measurements, to the limit ion temperatures in the cenirel plasma
region 150 and 50 eV respectively. The absolute value of Pei de-
pends only weskly on the profiles Te(r) and Ti(r)e It may be seen
from Fig. 3, that Pei becomes & significant loss channel at suf=-
ficiently high densities of the plasma.

Comparison of the ehmic and radietive powers and the quanti-
ty Pei shows that it is possible %o distinguish two gqualitatively

different regioms with respect %o hg:

1) Regiom 1.019 -3,

The ohmic power substantially excesds Pp,; and P ei in this

density range, what indicetes that the main part of energy deli-
vered into the plasma escapes through the glectron thermal con=
conduction chennel te the limiter (or wall). In Fig., 4 this

= P ., transported through the plasma

~bower Paogn= Pog = Prap = Feir
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boundary due to the thermal conduction at densities Eefilolgm'B,

versus the plasma current I_ is presented. By dotted line the

p
game power, but computed according formula

* f_ <-/7e7c::>](/

CoND 2 T
£

e
is given. For this computation the average slectron temperature

was estimeted according to the Spitzer conductivity formula
ktaking Zopp= 2o Here /' denotes plasma volume, ?;e the electron
energy confinement time connected with the losses due .to the
thermal conductivity Cee = 32/41;?, where Ao = 2»5x1019/ﬁe
[mzs_l, m"?]. The value of the constant in ;X; was choosen to
ensure the best fitting of PSEND with the‘curvg Poogpe This
value is one half of that in the Alcator scaling (see eq. (1)).
In sﬁite of somewhat rough estimation the difference is ndt so
great, Finally, it is interesting tc note, that in this density
range the quantity PCOND is for given current practically inde-
pendent on Ke (see also Fig. 5). It indicates, that )%?is really

inversely proportional %o the Ee’ ag Alcator scaling predicts,.

2) Region T, 2 104973,

In Fige 5 the(dependences of the input ohmic power, power
transferred from electrons to the ions, radiative power and
quantity 'PCOND= POH - PRAD o Pei are given for different 'va-
lues of the plasma current, While for demsities T, < 10193
the main part of the plasma energj escapes through the plasma
boundary due to the thermal conductivity, for densities Ee,>
> 1019111“3 the influence of this channel upon the energy balan-

ce is significantly weaker. The decrease of P.qyyp could be a



congequence of the flattening of the electron temperature profil
at the column periphery, maybe connected just with an enhancemen
‘of the radiative losses and transport of heat from electrons to
the ions in this region. Indeed, in this range of ﬁe, the effect
of mechanisms mentioned would be quite deciglve as the total'po—
wer lost by radiatlon represenis more than one half of the ohmic
one (see Fig. 5) and the power transferred to the ions has been
already approached value about 10-20 % of the input power at

Ee a5205x1019m”3» If the density increazses up to ﬁez:2,531019m“;
the effect of the thermal conduction becomes quite negligible,
The globsl energy halance of the plasma is then determined by
the radiation and energy transfer to the ions only. At densities
Eefx'BxlOlgm“B the comtribution of these two channels are compa-
rable and each of them equals approximately one half of the ohmic

power for I_= 17 k.

P
The investigation of thé energy balance at still higher den-

sities is more guestionable, Brief comparison of the established
power losses with ohmical inmput (PFigs, 2 and 3} shows, that even
’negle@ting conductivity losses, we obtain & discrepancy in the
quasistetionary power balance: Pei + PRAD>’ POH » One possible
explanation of this discrepancy could be cennected with charge-
~gxchange power losses P@XK), This loss channel is included in
the term P@i but, on the other hand, the charge-exchange atoms

are regigtered by theée pyroelectric detector, i.e. they emter the

X)An other uﬂeertainty in the energy balance follows from 8 cer=
tain nen-stationarity of ﬁﬁ at thse sufficiently great gas puffi:
However, a simple estimation of the term é)Wa/Dt‘an{BéTe}ﬁﬁt‘

shows, that thls effect iz not substantial,
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PRAD as well. Therefore, if ﬁhe charge-axchange atoms play &
gignificant rele in the global energy balance, the real radisti-
ve losses would be correspondingly lower than thé reaw output

data from the bolometer, To solve this problem, the signal from
bolometer was compared with the time evelution of intemsity of
the spectral lime O VI {(\ = 103 nm) whi&h should be representati-
ve line from the point of view of the energy balemce im high
current and density discharges [4]. Concordance of the both
evolutions (see Fig. 6) suggests, that comparing with the line
radiation the effect of the charge-exchange loss channsl is
negligible even at the highest densities. There ere only diffe-
rencies at the start-up (t< 1.5 me) and final (t2> 8 ms) phases

of the discharge, when radiation losses eve probably attributed
mainly to i@ns with lower degree of ionization. From the sugges-
tion, that the radiation power PRAD is méa%ar@d by the pyroelec-
tric detector correctly one can conclude, that the condition

P

= P has to bs fulfllled. ¥ig. 7 presents the ener-

ei = Fom =~ Frap

gy balance for demsities T, 2 2.5x107n™> eveluated under this

conditien (i.e. P__ = O, PGONDmeEQ The observed decrease of

ex
the power tramsferred from elestroms to ions Pgq With denslty
indicates an equilibrisation of the tempersitures of the beih

components,

As it>wa@valmeady emphasged above, we have not poasibility
to investigate the énergy balance of elestren component locally,
Nevertheleess, tc understand and to demonstrate some lecal pheno-
mena in more details, especially at high densities, & simplified

model of the emergy balance of electrons is discugsed in Appen-
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dix 2. The medel, assuming that the ohmical power is dissipated
mainly in the central region of plasma column snd energy is
transported te the periphery by the thermal conductivity, where
it ig then lost by impurities ions rediatien, is developed on
the basis of the available experimental data (the corresponding
valance equation see eq.(Al)). An spproximate analytic solution
outlined in Appendix 2 permits us t¢ estimaste & "characteristic
width A " of the elestron temperature radiasl profile (supposing
T, ~ SXP {aleag)} as @ function of ratie /3 of the total radia-
ted and ohmical powers (3 = Pp,p/Poy. Fige 8 illustrates the
contraciion of the electrom temperature profile with increasing
/A e Qualitatively similar results have been obtained by a nume-

rical caleculation of the energy balance in papers [5,6],

The peaking of the electron temperature is consequently
followed by & current channel shrinking, Scme experimental
sgpects of this phenecmencn (existence of a density limit, disru~-
ptive instability etc.) on CASBTOR tokamalk are discussed in the

next chapter.

3. CGRITICAL DENSITY

Tt iz well known, that inorsase of the plasma denalty in
$okamak sbove some limit results in the instability [7]. Im
this parsgraph we discuss the resulis of preliminary investiga-
tion of such high density regimes, in which the discharge beco-

mes unstable,



Figo. 9 présents the time evolutions of the toreidal current,
loop voltage, radiative losses and plasma MHD activity during
the’discharge with a disruptive . instabiliiy at time t = 5.7 m3,
As the toroidal current changes only slightlykduring the instabi-
1ity, we can characterize this instability like "minor™ one
gecording Kadomtsev classification [a]g It may be seen, that
while the radiative losses follow the plasma density increase
until the disruption (in the same way as during the stable dis-
charge)s they increase suddenly in the moment of instability.

In contrast to the MHD activity, mo precursor before the negative
spike of the loop voliage is observed. Simultaneous small incre=
age of the toreidal current and negative ioop voltage spike
indicate fast decrease of the plasma column inductance (fast
inward mdtion of the current channel and maybe its expansion

as well). Moreover, after the disruption the hard X-ray radiation
(HXR) observed during the discharge (not shown in Fig. 9) disap=-
pears. It indicates an escape of high energy electromns from

the plasma.

To show the operating reglem of the CASTOR tokamak, WwWe
present the stability diasgram [7 ] im Fig, 10. The hatched area
correspends t¢ the unstable discharges. The guantity Eer ig
a critical density above which the discharge becomes unstable.

The paremeter Ecr,R/BT ig relsted to the relative level of

radiation /3 = Py,/Pam o 88 it has been shown in |6 |o
RAD' “OH A

Fig, 11 shows osclillograms of gignals from the four magne-

tic probes, uniformly distributed arcund the liner in = poloidal
Rt

¢crogs-section and registering the disturbance 5% of the polo=
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 dal magnetic field .3% o It may be seen qui#e regu1é$ ogcilla=

.ions corresponding to the m = 2 mode before disruption.

In Fig. 12 the temporai dependence of the ratie E@z/éﬂp;
frequency of the ogcillations for corresponding mode number f/m
@nd the island width S estimsted as J = b V£§/%@léj are given.
éy b  the radius of magnetic coil position is denoted. The is-
land width d  evalusted in such way increases rapidly approaching
;he disruption and its maximum value reaches 3-4 mm, Simultane-

' busly frequency of the iscillations decreases. The increase of d

nay be connected with a sharpening of the current density profile.
in Fig. 13 a calculated dependence of the island width for mode

h = 2 on the parameter o , assuming the current profile j(r) in
the form j(r) = (0)[1 (rz/a 271 is given. The calculation
yas carried out on the basis of the gquasilinear theory rlO]Xj

The value of the safety factor on the plasme boundary was taken

5.5 in this calculation (i.e. lpa 17 kA).

As we can see from Fig. 13, the resonant point is shifted
Erom the plasma center to the periphery with sharpening of the
(r) profile., Simulianeously the island width grows and achieves
e value about 3~4 mm. Nete, that ithe value of island width for
B =3, n =2 1is substantially smaller and so decisive contribu=
;lon to the MHD activity gives mode m = 2, »n = 1 only. It follows
‘rom calculations that.the maximum value of the S in this mode
:B reached atathe sufficiently sharp curvent profile. Such pro=-

'1le sharpening could be caused by a high level of radiative

E)More detailed desecription of the simulation for CASTOR toka-

mek is presented in [5].
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@sses (see Appendix 2). The strong profile sharpening could

central

0

ven result in the appearance of the m = 1 mode in the
lasma Tregion. The simulteneous existence of two modes m = 1

nd m = 2 could lead to & minor disruption, An enalygis of sig-

als from the magnetlc prabes shows, thet in the moment of dise

hption the oscillations of mode m = 2 are transfermed into the
scillations with a higher frequency (see Fig. 9), which may be

onnected just with m = 1 mode existence.

CONCLUSIOR

The total radliative power PRAD has beesn measured in & broad
ge of plasme parameters on the CASTOR tokamak. It has been
ound that the radiative power losses PRADg
i) are practically indeﬁeﬁdent on the plasma current;

i) they incrsase proportionally to the plasma denslty.

he only linear increase of FRAD with density lndlcatez some d@@m
age of the effec.lve charg@'zeff (it has been pupported by spe-
roscopic measuremenis). Morveover, measuring the obmical input

g 8nd estimating the power transferred to lona P 4 gimuliane—
usly, we were able to estimate the power losses by the thermal
nductivity P. of the electron component and, in some =ence,
He! establlsh & globasl energy balance of this cowponent. It has

en found that at the low density reglmes {ﬁ@fglﬁﬁtmwﬁ} the
nductivity channel is comparable with the obmic imput, while

e high densgity discharges with §@%;3x1019mm3 can be considered

radiative dominant. Decrease of the conductivity losses with

£
’g;
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ncreasing density can lead %o an increase of the plasme~limiter

énteractian (improvement‘of thermolisoclation of the plasma cqlumn)

énd caﬁaeqnently to a decrease of an impurities influx (end con-

Eequently a decreasge of Zeff) as it is indigated by the experiment.

The relatively high level of the radiative power losses at
igh density should have an influence on the local parsmeters
f the plasma es well. A simple analytic mecdel of the emergy
alance has demonstrated a contrzction of the radial eiectron
emperature profile caused by increasing ratic /3 = PRAb/POH o
- jome experimental aspects of this effect are reperted. Because
éhe electron temperature radial profile is connected with a
adial distfibutien.@f the toroidal surrent, we have observed
t high density regimes phenomena caused by a shrinking of the
urrent channel as emhancement of the MHD asctivity, followed by
éisruptive ingtabilities. Simultanecus experimental and numerical
tudies of & disruptive dia@hafge with relatively high al(a) = 6.5
ave shown, thet the cobserved MHD activiiy is pessible to inter—
ret as a formation of a magnetic island m = 2 with the width
eaching the ?alua 3=4 mm just before the minor disruption.
he correspending caleuls’ed radius of the resonant surface o
g = 8/2 impliss a model current distribution §=7(0)(1- rA)
or X = 5=6 , Hewever, the reg@naﬂﬁ gsurface m = 1 is appearing
n the central region of the plasms column Ffor such rather con-
Nraéted current profile. Simultaneous existence of the both
éenti@ne@.m@daﬁ can lead to the minor disruption under our

onditions,

S
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From experimental data (see Fig. 12) it is possible to

%timate a rotationsl veloelity of the magnetic island m = 2 as

éy(ré) = Zﬂbrsef/m 2 2.5x10°m/s just before the disruption.
“upposing Ve
Jlectric field E and the toroidal magnetic field BT” we can

to be connected with the existence of & radial

jstimate By = v, +Bp = e 3x10° V/m. On the other hand, the

bserved value of Ve well agrees with the velocity of a dismag=

e

etic plasme rotation at the redius r =r, = a/?2

TP o 2 T2 (o o -

2‘2 = F/I —]{ o a— ﬁ)[L) [ s /7 i e ¥ /./

[« (a.ﬂ/r?(t/ f/,.:_ /(}) e 57_

or T, (0) =150 eV (p = n,.T, is the plasma kinetlc pressure).

ﬁu



APPENDIX 1

yr@electric detector.

The pyroelectiric effect is connected with a change of the
spontaneous polarization PS of @ comvenient pyroelectric ma’berial9
due to a change of its temperature, The current generated is gi-
ven by the expression:

2R 27 O E D
-/4 = ,,dp r
27 Df’ 27 /(pc

where Pe - the spontaneous polarizeation per unit area of the

detector,
A - area of the detector,
© and ¢ = the mass density and specific thermal capacity
of the detector material respectively,
P - power absorbed by the detector.
For the crystal LiTaOB used 88 2 pyr@ele@tric detector, the
quantity ¢3Ps/aT dependa only weakly on the temperature for
£ 400°C, Moreover, it was experimentally proved, that senaiti-
vity of this detector ie practically constant in a very broad
range of photon energy. For gamples used in the experimant repor-
ted here the gquantity C)PS/AT has been determined by absolute
calibration ef the detector neing a synchrotron rediatlon with
a known intensity and spectrum cwrr@spending well to the distri-
‘bution of lime radistion of the hot plasma (A\4100 mm) [3].
Bellow, the basic parameters and dimensions of the detector

uged are summarized:

::-7'-2)440 (/;/K = ?beﬂ)ky//ﬂ ‘7(0‘7/’%/‘,7

Y
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2@ These data give

= 0,5 mm, diamater 10 mm, A = 43.35 mm
g the following absolute sensitiviiy of the detector:

Jo= 5@ 7 - 7x1078 AW .
dT Lp.c
he equivalent cireuit of the detector and measuring clrcuit
re depicted in the Fig. Al. Here RDs CD are internal resistan-
e and capacity of the detector and R, C are the constant
f the measuring circuit. As usually BRp>» R (RDﬁ'IO G5 while

41 M), we have the following time resolution of the detector:
T =R{(C+Cp).
or our conditions it is desirable to have T< 100 pus and at

iven'capacity (C + CD) = 800 pF we have used the value of

easuring resistance R = 0.1 M.

The detector is mounted on the movable support, so that the
osition of the detector with respect to the plasma column can

e changed.,

Finally, we will discuss the calculation of fthe total radi-

ted;pawer P from the toroidal plasma column on the bagias of

RAD
he experimental datae obtained by means of the described pyroe-
ectric detector, Under assumption of the uniform distribution

f the radiated power over the whole imner surface of the liner,

or the ecrystal located at the liner radiusg the power registe-~

L *
5§wnere A is the active area of the detector and ‘5,:-4?lf?a

Els the area of the liner. The last expression allows to determi-

:
;éne the quantity Poape
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It is necessary %o note, that in addition to the radiation

é}he detector is sensitive to the flux of charge-exchange neutrals

a5 well. I% is not pessible, in principle, to distinguish the

contributions of these two effecis. Charge—-exchange atoms can

play significant role in discharges with a relatively high densi-

ty end lon temperature namely.

APPENDIX 2

A simple analytic model of the electron component energy

balance of the plasma in & high density tokamak regime,

In the following anslysie we suppose, that the power 1is
radiated from the periphery and that this radiated power loss
is substantially less than the ohmic heating power in the central
regicn, We suppose further, that the senergy traﬁafer from elec—
tvons to ions is alse meny times less than the ohmic heating
power ana doesn’t influence substantially the balance of electron
energy. Both supposiems are uaa&liy fulfilled irn tokemak experi-
menta,

We start from the stationary balance esquation:

— ;!
o b
where " is radius; ( ) ﬁ'éi:@ §<€ 1z heat conductivity eof
electirons, Poe Ppap 18 okmlc and radiative power density,

respectively. Supposing /(eg gsfne (k = conet), To= TZ{§Q?)

| PR
(rg T,(0)) eand demoting x = r/a (a is the plasma radius),
K=d¢x7577 3fer; | i

i
i

.
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he eq. (Al) becomes:

- a * - , )
-x(x8) = Poy = rap - (AL")
/ Q.L

ere ( ) v jﬂ 7(_::0

£ the influence of trapped electrons on the conductivity is

[

) .
sooand P=Epy

neglected, thevohmic heating power density Pog and normslized

? xpression pé% equal:

A .
0 « B°T o ¥ -
Pow =G E = ge £te [w/w?, eV, V/m] ,
__ Teq
a2 V) B 2
= EET .

Yo

| OH kf‘£%¥ |
/Here G is the Spitzer plasma conductance (= = 1.5x10° and Zopp
g effective charge of the plasma), X is a toroidal electrie
ield. In the following we suppose the function §-(x) in the
orm (x) = exp(--xz/,.a?)9 where the parameter & determines
he width of the radial T, profile. If we put such form of G(x)
nto eq. (Al’'), supposing in the central regiem x« A validity
f inequality pézb<gp8§, we can obtaln easily the meniral

(o) = Lom 2l = =
Q) = ¢ 477 '0 ;= T
For x=a 7 A

The oentral electron iemperature is them follewing:

A L2 |
R = / L ey / 5 (42)
i’ maal

%’here Ip is the total plasma current %L ::/Q7522ﬁ7n%r

N 4- . |
C:-—-(//—- e-ZA?—) = 1,27 + 0.07 for &eﬁé—@; 0.8 >,



&

e toroidal elestric field E, assuming te be independent on the
adius, can be expressed as follows: |
. Z
327l C 25 5
=/- 4(/) = ] : (43)
SRV

For the determination of the influence of radiati@n on the

laﬁma'param@%ers, we usge aqa (A17) in aen integral form:

”X@/x)/ /(Po,«./ P ) xedx (a1"")
P

shaviour of the function —xé%// {gquantity propertional +to the
sat flow through the surface with normalized radius x = x, )
and nermalizeﬁ ohmic power dissipated inside the volume with

X ,

¢
adius X = X PS%(xb) = %é p@%(x} X.dx is shown in Plg. A2,

o
egpectively. The expression fer the total normalized ohmic
eating pew@rg dissipated in the whole cross-section per unit
enzth of the plasma column, we can derived undsr lmowledge of

he central valu@ of pé%{@} given above:
4

//’%N(X)Xﬁ'{ ,_/ @[p)x(/x.-:c )

Value eof the eonstant { see above. On the other hand, the

winalized heat flow )(é; seross the plasma boundery equals:
"7/7

T A
X{;’L/ -.‘--—__T_“(v‘ &

e fact, that - / 4; PGH = 0, 1s connected with the presence
X =

6f the radiative lasse%@ The relative value of these losses
/3 = PR&D/P5% = PRADJPOH‘i 1 is therefore simply related to

the characteristic width of the temperature profile A

-2
3 =1~ z. < 5 ~ (A4)
C A

S
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: o last relation (A4) is pessible %o find depicted in Fig, 8

ec. 2) of this preprint. According to that figure the radial

ofile Te(r) can be substantially influsmced by the presence
gtrong rediation. Raising the radistive loss from 40 te 100 %

suces its characteristic width from 0.8 to 0.4, 1.8, to the

e half.

The level of radiation impelrsthe energy sonfinement time

Lo of the electren component as well, Empleying the previously

obtained approximations we can write:

o ooV M _ 27 bea 2214 (e Aj)j (A5)
e . . .
< %,, 7, -27RE I (4 ,e-/.mz)
ere
W = o= /’7@ 27K Irrdr is the total energy of the

lesctron componente In &guimata the parab@lir pr@fil@ of the

lectron density was used {line averaged dengity ng é%ng(ﬁ))@

ging the eq. {(44), we can get dependense f?%c on /3 o In Pige

A3 the dependence of th@fmg the mermalized energy comfinement

? iﬁe, on /3 is given:

('C/VO/'/W - Z‘,/ (‘/_;); az)
T YEe

Ee c/,.

Using the sealing (A2)=(A4) we can estimate the electron

-7

emperature; loop voltage and energy conflnement tima, As an
xample, for the CASTOR toksmak, supposing f““ 5%1019m“15m13
75

S I VPesr
—0 _ y=3? ery .
/6 = 88 /T—] ‘ Z@Vg 10%]9
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= ’“’/“\—}E = 7 3 =74 i 7
(/ZOOP 27 75//;&} AR 10kA_/,
T. = 4.5,  Vorm "ms, 109m~3 /.
Ee - Ee

posing Z_pe= 2, A = 0.8 (/3<;0@5)g we obtain:

t/s
o _ [+
70 = 138 E—Ip} [ eV, 1om]9
- 4 Ty
U2 60p™ zszl f’_——/ [ Vs 10KkA [,
o ‘P -
7~ g 19 =37
Be™ 0.45 ng {msg 10 on Joe

%hese dependences of T; and Ulogp predicted by such simple
§6d31 are compared with the experimental results in Fig. Abg
‘can be seen, thgt the dependence of the electron temperature

A the center corresponds guite well to the experimentally

§§termined values. The agreement of the loop voltage with the

%axperiment9 however, is only qualitative,
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¢ captions:

Evoluntion of the low density discharge on GAS@QR toka=
mek, By = 1.3 T.

Radiated and heating pewer Pp,, and P,y versus average
plasma denaity E@ for a few velues of plasme current,
Caleulated dependence of the total power P@i trangferred
from electrens to ions on plasme denslity for CASTOR
tokemak sssuming T (r)>2T,(x}) .

Power losses by elestron thermal conductivity versus
plasma current for low demsity discharges on CASTOR
tokamak,

Power balance versus average demsity m_ for the three

e
values of the plasms currsnt (ng Ts 125 17 kA, Bg= 1.3 i
low and medium demsity discharges.

Temporal evelution of the average electron ﬁ@msity'ﬁgg
radiative power losses PR&D and relative intensity of

the oxygen spectral line 0 VI ( A = 103 mm) at high

ot

density regime ilpz 17 kA, Bp= 1.3 T)o
Power balance versus aversge density E@ for the three
values of plasma current (Ipz 125 143 17 kA)}, high
density discharges.

Calculated width of the electrom bemperature radial pro-
file A versus relative radiative power losses,
Temporal evelutien of a high density discharge {ﬁ%&z
= 4,5x10%%%3, I,= 17 kbj By= 1.3 ) with 2 minor dis-

ruptiom at t = 5.7 me.

=4




10,

11,

12,

13.

Al.
A2,
A3,

A4,

Hughill plet of density limit disruptions (R = 0.4 my
Bp= 1.3 To

Comparison of signal from four magnetic probes, unifer-
mly distributed sround the liner im a poloidal cross-
=gection. Correlation of signals indicetes an existence
of the mode m = 2, Time ,0Y sorresponds te & disruption,
TPemporal evolutlion of the ratio %%/B@ s fraquency of
the oseillations for corresponding mode nmumber f£/m

and the width of the magnetic igland (for m = 2).
Calculated resonant radius and island Width for modes

m/n = 1/1s 2/1; 3/2 versus parameter « of the model

o L
current distribution j = F(O)(1 = rz/az) o

Eémivalent circuit of the pyr@@le&tfi@ detector,
Radial behaviour of the terms in eq. (&1 ") in App. 2.
Normalized energy confinement time versus relative
radiated power (mee eq. (A5)).

Central electron temperaturs T:

and loop voltage Uloop
versus plasma current; comparison of the experimental

data with calculated scalings (A2) and (A3).
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