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3 jV(D T • n T )dv 2 eel 1 

Density scans wexe performed on JET at diffe rent Bt and lp values. No clear 
dependence was found for the con.fineJllent of the inner plasma on I • in con­
trast with previous results [5}. The scaling of TE with density ~s shown in 
figA; -rE appears to scale as De O'6 ; uncertaintie s at higher densities ('\.30'1.) 
are related to higher Ibn loss~s. 
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It Is found that in JET ohmic 
plasmss, ion losses exceed 
neoclassical values and 
become dominan t , a t higher 
plasma currents, at lowe r 
electron densities than 
previously reported (6]. The 
total energy confinement time 
in the r.adla tion free region 
of the plasma scales l ess 
than linearly with D ' . 
without saturation e~fects 
at higher densities. No 
clear de pendenc e is observed 
as ye t on plasma current ·and 
toroidal field. 
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Study of Electron Heat Conductivity on T-10 by Propagation ot a 

Heat Pulse f rom ECRH 
T-10 Group 

Kurchatov Instttute of Atomic Energy. 123182, Mosoow, USSR 

Usual method of determination of the local K! from the ener­
gy balance is valid only in low density plaamas when the energy 
flux is transported largely through the electron (not ion) chan­
nel . The K~-value estimated on T-10 /1/ and on other tokamaks by 

propaeation of cooling. wave excited by ·pellet 1s, aa a rule, a 
few timel3 higher than XB• Similar discrepancy 1s reg iste red in 

e ST 
SOIJe experiments w-hen·messurins Ke by heat pulse propagation 

fro:n an internal disruption. It is not clear yet whether those 

discrepancies era t he results of tnc errors in the energy balan­
ce component me asurements or they ere tbe results of plasma per­

t uroation b:r such El. "dynami c " method. At l,est, the discrepancies 

may indicate a complex structure of the heat flux observed in 

tl: e Oi:'-:li c pilas e : the outward u.eat conductivity flux i~ compensa­

ted to El. breat extent, by the inward convective flux. The IIheat 

i n j ec-i;ion " could destroy this balance. 
' c 'l'he K; - value is measured on T-l0 also by El. heat pulse pro-

peGation fro:!! ECRR. This technique al lo'Ns to control the level 

of perturbation of ini tial plasma. If the HP-power is absorbed 

in a narro\'/ region near tbe ECR-zone then, out of 1 t the K~C_ 
value averaged through the layer (r2-r1 ) can be found from: 

where 

2 
K~C= 2.) (r2-r,.:...:~ •• /In- 2 1!1( t

2
)-ln- 2 1!1(t,)/. (1) 

t 2- t, 

o 6 aT (r2 • t) 
l!I (t)=(r2/r ) •• --~------

1 6Te( r" t) 

with Eerm was measured by the EC- radiometer at 4 radii simultane­

ously. The mul tidete'ctor imaging system was also used. Add! t10-

nally. both techniques were used to detennine K~T=ne(r2-ro)2/8dt. 
( r o is the mixing radius, 6t is time of a heat ~ulse E6opagation 
f rom r O to r) /2/. Two regimes were chosen to ,study Ke : 
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In A- regime /J/ the x!-value has been shown to be equal to 

2 .1 017 cm- 1s - 1 in the Ohmic phase and to vary slightly with r . 

The results of measuring 6. Te (r j I t) /TeOH( T' j ) during ECR.l{ \'Ii th 

I\U,:: 360-t)80 kW are given in Fig . 1 ( curves 1, the data are ave r­

aged over 5 discharges). Fig . 2 shows the re l ative T -increase 
• e * q, ::ATe (r j ,t)/.6.Te ( r k , t) for diffl?rent pairs of rj,rk • The lV -

value. does not tend to ze r o at t -<- 0 , what is the result of e. 
wide absorption layer. As 6. T (r.) Q( r.) A ne(r

k
) __ ~ __ L ~ ___ "_ . _____ _ 

d Te (rk ) t-O Q( r k ). ne(r j ) 

the profile of the specific HF- po'T.l'! r, Q( r), can be determined 

from the data shown in Fig .2 and from the measurements of 

dTe /d t t -<-0 within the laye-r of the maximum deposit of HP- power 

(Fig.). The Q-profile turns out to be too wide to a llow the 

~C- calculatio~ by (1), the re fo re the transport code was used 

to determine i\:C. The good agreement Vii th the experimental re­

sults took pla~e at K~C= 2 .1 017vTe/Te QH cnt 1s- 1 · (Fig.l, ....,curves 
2 ). Thus, the IIdyna.'Tllc ll method gives in A-regime the K",:,C_vallle 

.B • . \7hich is close to ""a. In thi.s regime . the r adius rO of a r er;ion 

affected immediatly by an internal disruption .,BS snown to be 

2. 2.5 times lareer than tha t predicted by heuristic theory of 

/4/. At larger radii a diffusive propagation of heat pulse ta<es 

place . Hov/ever. too roue;h estimation of r O leads to an unce r ta­
i nty in ~T= (0.8 . 1 . 8) . 1017 cm- 1s - 1 • 

In B-regirne specified in /5/ and in the Ta'.Jle ,. K! is equal 

to (0.3..,. 0 . 5)1017 cm- 1s - 1 in plasma interior·~ O< r<1 6 cm • . The X­

ray detector signals ~iv en in Fig . 4B indicate that s ar,teeth can 

be well described by a diffusive propagation of .heat ·ilithin the 

region r=7 ..,. 10 c~ (r
s

=2 . 5 cm) in the Ohmic phase of this re~ime . 

The perturbetion .due to inte rnal disruptlgn is sm~ll and a llow 
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to measure K;T \'/hich is show~ tQ be equal to (O.J-tO.5")10,7. cm-1 

9 - 1 (r=7. 10 cm) . With ECRH the electron heat conductivity rises 
up to (4.8)1017 cm-1s-1 in a time not longer" than 10 ms (F1g . 4a~ 

-" . ST The le-value close to ~ was calculated at a steady state of 
e e b 

EeRE. At BCRH start-up (F1g.4 ), an increase in a delay time and 
a rise in the slope of X-ray intensity signals with a distance 
from the ECR-zone were observed out of the power deposition zona.. 

The simulation pointed out to possibility of appearance of the 
e nhanced transport region which followed the \'I(we front. The en­

hsnced transport appears to be the result of e rise in V Te 

(or VPe ). 

1. In the regime with high electron heat conductivity K =2.,d7 
- 1 -1 ";C e cm s, ~e measured by a heat pulse prop~getion from ECRH coin-

c ides \',ith x! determined from the energy .balance. That poihts to 
:.he diffusivity nature of the heat transport in this. re(!ime .. An 

increase in le under ECRH can be described by' the scaling KeC:O~. 
2. In the 10\'1 current regime with high "n and low K /5/ BCRH . e e 

leads to a steep rise of the electron heat " transport. The enhan-
ced transport is saved during the whole ECillI-pulse. The region 
of the enl:anced transport follows the ther.nal wave front. A pos­
sible r eason of the enhancement is an instability development 

due to a rise in VTe (or in VPe). ~tnother reason can consist in 
that the heat flux directed toward the center can compensate, to 
a great extent, the heat conduction losses in the Op~1c phase, 

but this balance is broken when VTe rises. under ECRH. 
3. Too large value of ~ determined by a cooling vmve propaga­

tion from a pellet is, probably, explained by an extremely 
strong plasma perturbation by the injection. 
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