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Gasoscillation e xperiments ware performed a t the dlve1·t or tokamak 
.~SDEX to evaluate p<?.rtlcle transport under di f f erent di schar ge conditions . 
These experiments fo l lowed a method descr ibed l n /1/ . In order to induce 
density pe::rturbations in the plasma , the ex t e rnal gas feed was modulated 
with a sinusoidal wave form of chosen f requency (~ , 10 or 20 Hz) and the 
density modulatlon at the four horizontal chords (r 0 , 10 , 21 , and 30 cm) 
o:" the ASDEX HCtl-laser interferomet er was observed . A typical result of 
this measurement is shown in Fig . 1. 
The precision of the Lechnique arises from the extract ion of the complex 
~our ier ampl i tudes from the full wave form over several peri ods . The ampl i -
tude and phase have an accuracy typical of a signal averaged o ver several 
hundred mi l l i seconds . 

DF,TAILS OF THE ANALYSIS 
The transport parameters are de term ined by picking f unctional f orms 

for the diffusi on coefficient D(r) and the inward con vection velocity V(r) , 
whi ch i s a major improvement to /1/ , wher e only constant D and V were 
cons idered . The particle transport equation is sol ved and t he chor d 
integrals are performed, adjusti ng the fr ee parameters t o gi ve t he best 
l eas t-squar es fit t o tile exper imental points . Conceptually , the sys tem can 
be idealized as a boundary- val ue problem in whi ch the outermos t channel 
gives the edge density and the inner channels are comptited from it , 
a l t hough the actual analysis is more complete wi th a model for the sour ce 
layer and pl asma beyo nd the separatr ix radius . Furt.hermore , the ex per imen
tal data are normalized t o the centre channel f or comparison with the 
calculations because the centre channel is most acc1wate , thus propagati ng 
the minimuTI error. 

Mathemat i cally , there are three complex numbers (ampli tudE' and phase 
of the dens i ty perturbati on) t o be fitted a nd general ly three free par
ameters (two in the density and one in V) to be adjusted f or each fit type . 

The allowed fun ctional forms f or D and V are tabulated be low ; the y mHy 
be combined in vari ous ways . 
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f•Jtlr~ -;:\j JI' fa .J r tn<> HC';- l ~s1;" 
int.~rr~r"cxn,11 er, l 1d11·~~d by 
si ·1uso~ ·1'1. mod111 dt. i:rn 0f ti1e 
tn'1 1=cl·1~ <:;~sf) '1uri:1g ~ 

~l1teau ph~~e 1f 3n 0~9 i ~ 
discharge . The brJken l i ne 
mar·ks LhP ph-1~v·~ l:ig b~ t \r.1 i~e-i 

the out•?1' :rnd <'•!ntra~ 
Chdnn1~l .-3 . 

For e;.r?h 5,~t, of ex p1-!r·i -~ 

mental rla L 'I a n1 ench ch0iae 
of f unctional forms , a fit 
ting pr · o,'.··.~n w'.ll fi nd t.11e 
t·Ho :Jr' ~.i1--01-: free constaril".:-; . 
For Lhe lw~-st2p D, ther~ is 
also Lhe r .Joii•Js h at 'Nhich 
the :1tep :)cc1Jr $ . 

All 5olutic)ns arc strongly C•Jnstrained hy the t ran:-1;>?rc eq11at i on a1Hi c!1ord 
; :-itee;ration . 

!lo cho i c~ of f r ee paramr.ters wi ll be a!)l~ to f i ':. ranrlom nu'TJbe1'.J for 
Lhe cx;.i~ri mental dat;i , s i milarly , e ven infinite fr'eedom •>f 'J(r) cou l r! not 
provide acceptabl e f its if V = O i s im~>scct . 

Questions of accuracy , unilueness , and robustness must !)e n ns wer ert 
sem i -empir i cally . A measur emen t of the ncc1wacy of the inferences ma y be 
obta ined by measur i ng va l ues of t he ~nplitude and phase in dlr f er en t but 
app;irentl y i den t i cal s ho t s , o r by repeating the measurements at di fferent 
t l t11es i i a long pl;:iteau or a t ni rrer en t muciulation frequencies . <:om pilr i son 
or the tr'an::>pr.wt coeff ic i en ts eva l uaterl f1' om sc1P.r ·..il da t ,1 s ets of t ha t k i nd 
pr ov ides o ne est i ma t e o f the :icc uracy o f t he coef fi cients , whi ch can only 
be regar1j ed a1; be ing d"t er :nine d t o Hi th i n tl1e obs•~rved vari a tion . 

The qu;in titatl ve c val ·ntion of t he e r'ror ls bascrl u n t he " 3SQ", t he 
su11 <)f t he :iquares of t he d if f e r ences !)etween obsO?r ved an d computed compl e x 
a:n ;>li.tud e~; 'lt the d i f f er ent radi al :>osit i ons . Tt de t ermines the choic"s o f 
run •)t i onal for m and values of the constant:> an:1 t.he un i qucness o r these 
choiceo . ~hen th i s parameter i s used , the coef f icients f or each da ta set 
anrl r it typ~ ar e well determi n ed : Convective velocit i es differing by 2 01 
1nrl diffusion coef f i cients d iffering hy 10'£ P"?do1ce 11lstlnctly poor er f i ts . 
'iow0·1')r' , val•Jes obtained !'or different mor111'i~tion frequencies or shot :> at 
th~ s·i:ne nominal ;>las11a p.~rameter::> oft en •1i ffer by m•xe th'-ln that . A t ota l 
r-:rr?r of perhaps 30~ i:i V and 20',b in D shu1ilr! b•! used in ;:ssigni ng t rans 
p,r t coefficients to d i schdrge condit i ons . 

TR/dl'.°;I")':·; Ri::SIJL r[-) 

'fn .. fo llowi ng d i schar ge cnnd i ti•>ns wr!re .Jialyze11 :in.1 t,f1e res11lts a r e 
.>•1:nm..irl7.'<1' i 1 the t:ib le bel•),J . The' f1rnct. i•)l1dl l•?p<?n•i••<lc..::; of the tr-dnSp.)rt 
c 1•:r1· 1r; i •:>1ts arc t huse <~h i ·~h f i t the c:~p~r i ml"n t..11 'liltii best . For· th<? 
di ft'uoo.;1·)<1 <:•1~fficlen t the r10J J I; ·~om1non o n"! l:; " Lw';-step D, h3ving one D 
1~< 11~ cm) ·1'11 'lll•JU1er· D (r',1') ,,,n) ; th"' t"NO y,,;,;r,f; ur-e lis t ed i n ?r der , D 
;il.,n:;.; ~,.:ing ~.wgt:r· towar·J.; t,he pc1·iphr.ry . 
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i)ischdrge Ip ne :> v n 

type >;A 1013 cm- 3 ;n2 s- 1 m s - 1 

- -----------·· -·---·--····· ··-·-···----- ·- -· - -- ------ ---·---------------------------------

ohlni l~ . H• 320 l ( :::arbon- 2 . 00/4 . 60 61 . 0 3 
i zed) 

o>rn i c , 11• 320 1 . 5 1 . 00/1 . 10 13 . 0 3 

ohmic , 11• 320 2 0 .70/9 . 6 54 . 0 3 

oh;ni c , 11+ 320 4 0 . 40/0 . 69 3 . 6 3 

oh:n j ·~ , H+ .. ne;ir 320 5. 2 0 . 34/0 . 50 6 . 6 3 
den:; . 

ohmic , H+ .. limit 320 3. 1 0 . 25/1 . 1 8 . 5 3 

ohmic , H+ 320 1. 4 2 . 00/2 . 42 48 . 0 3 

ohmic, o• 380 3 . 0 0 . 26/0 . 50 6. 0 

ohmic , o• 380 4 . 2 0 . 10/0 . 30 3. 0 

Co-N I, Ho .. o• 330 3 . 0 0 . 88/2 . 20 6.0 
o . 65 MW 

Ctr-N I , Ho .. o• 380 3 . 0 0 . 80/ l . 40 8. 0 
0 . 65 M\-1 , with 
sawteeth 

Co- NI , Ho .. o• 330 4 . 2 0 . 30 3.1 
0 . 35 MW 

Co-N I , Ho .. o• 380 li. 2 0 . 110 2 . 7 
0 . 67 MW 

Co-N I , Ho .. o• 380 4 . 2 O.ll0/0 . 70 3. 0 
1 . 35 M\-1 

Convective veloc ities of the form Vlr/a)n are considered . The coef f i
cient V a:id the exponent n ar e taoulated . T1e oh;nlc hydroger: discharges are 
best f l t with a (r/a)3 ~onvective valocity , the results are less clear f or 
deuteriun . In cases where no cl ear distinction could be made , the s impl e 
(,•/a) fo rm is ·. i sted . With the appli c'lt io11 or injnc~ion power the (rial 
f orm i s better than the other radial ~epende11ces f or V. 

CONCLUSIONS 
The analysis of a dens ity scdn in hydrogen indi~ates a decreaoc in 

central D of almost an order of magn i tude , whi:n iie is in crea,>ed fr0111 l x 
1013cm-3 to -2 . 3 x 1013cm-3 . In parallel t he ener gy :::on, inerncnt. tim<0 1-? 

li nearly increa::ies i n t hi s range f rom -20 msec t o ;i ~'at u r a ti•111 ·rnl.JP. of 
53 msec (rig . 2) . 

m a, 11‘ gm 2 '1 [MUD/(LEO 3.6 3

._-,n:-11«-, 11' WW 3211 5.3 '1 0.5;!1/0.50 6.6 3
dwnw.

911mm, H' +1101: 3130 3.1 0.35/1.1 8.5 3

11’ 3911 1J4 2.00/1»: 118.0 3

0’ 3%: 3.0 v::;.7~3/0.-30 6.0 1

0‘ 3-10 4.2 12.10.10.311 3.0 1

r:>—:11, 11‘1“ + 12' 3910 3.0 c sag/2.20 5.0 1
O,fi5 MU

Ctr-NI, 11“ ,, '0‘ 3.10 3.0 main/1.110 8.0 1
0.65 MN, uiLh
sawteeth

30—111, 110 > 11‘ 3510 11.2 0.30 3.7 1
0.35 14111

Crrr-II, HO 7* D‘ 330 11.2 0.110 2.7 1
0.137 MN

uo—m, 110 + D' 33:1 ax: {MUD/0.71) 3.0 1
l.35 HM
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CONCLUSIONS
Th9 analysis of a dewsit y 3010 in hydrog#w 1ndifi1Lm: a JHCPCJJB in

mantra] D of a most an order a H
I
0

uagnitudp, 'h aw i: 1001. sud Fram l xf
1013cm"3 to -“ 3 x 1013Cm"3. nL. parallel thp unwvmv :un if“
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53 mseo (Fig. 2).
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Fig . 2 : Deneity scan in an 
ohmic hydrogen p13s·na , 
showing a ;Jronounced decrea;;e 
of the central diffusion 
c0efficient D0 in the density 
range 1 to 2 . 3 x 1013cm- 3 . 
During the same phase the 
energy co nfinement time Te 
linearl y increases to its 
saturat ion val ue at higher 
de ns ltes . 

The density pr· ofil e 
peaks during this phase and 
the electron temp~rature 
mono t oni cally d r· o p::i , '•it h a 
sl ig'lt broadening of the pro-
file . The linear increase in 
Te , found :i.t 10•1 de:1sit i es, 

seems to be closely connected to an improvement in central part i cle 
confinement . 

The changes in transport near the density l imit ;rnd wit:.h neutral 
injection are significant and charact er i stic o f the phenomena . 

The beha vio ur near the density l imit can be::it be de::icr ibed as a 
decrease in D near the cent r e , wh i ch has the effect of i mpr·ovi ng the 
central part : cle confinement . The decrease is quitP. marked and the r esults 
ma y well be consistent wi t h neo-classlcal D on axi~ . Comparable results 
have been found for TEXT and a si mi lar behavi our is also known for 
irnpurl ties f r om ISX-B /2/ . Wit h c;,rboni zed wal 1. the central D rather shows 
a f la t res po nse over a wi de density range up to the dens ity l i mit . 

The effect of neutral injecllon i s to incre ase the r ate of diff usion 
in relation to the o hmi c case f or the sa:ne isot1Jp') . No signific:;int e ffect 
on convection is to be seen but the effect o n D is pronounced even at low 
P<Y.Jers and becomes stronge:' (•Jp to a fa ctor o f th r ee) with incr eas inc NI 
po wer . Only L-type cases •1ith sawteeth t1ur1ng i:ijectlon cnul·i be rn•? asured 
;:ind for these no difference o f co- versus counter- inject i on is f ound . 
Quantitatively, the i:icrease in particle diffusivity seems t o be even 
greater than the increase i n thermal ~iffusivity assoc i ated wi th the L
mode . 

111 K.W. Gentl e , B. Richards and F . Waclbr oeck , 
Pl asma Physics , Vol . 29 , No . 9 , 1077 (1987) 

121 R. C. I sler , et al ., Phys . Rev . Lett . 55 , 2 ~1 3 ( 1985) 
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