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COMPARISON OF PARTICLE TRANSPORT FOR TARGET GAS AND IMPURITIES IN ASDEX 
UNDER SATURATED AND IMPROVED OHMIC CONFINEMENT 

+ 
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Max - Planck-Instltut fur Plasmaphysik 
EURATOM Association , 8046 Garching , Fed. Rep. of Germany 

INTRODUCTION: Particle transport in ASDEX was investigated for On~lc 
deuterium plasmas under saturated (SaC) and improved (IOC) confinement 
conditions . Transport in the target plasma was analyzed, using oscillating 
gas- puff experiments. The results are compared to transport of impurities 
evaluated from impurity gas-puffing 'and laser blow-off experiments under 
similar plasma parameters. 

METHOD FOR THE TARGET PLASMA: The determination of particle transport 
coefficients is based on the solution of the particle conservation equation 

anlat '" - V ' r + P, r • -DVn - V n 

including an ion:' zation production term P and a general particle flux r 
with both diffus:'on D and convection V. This equation is linearized for 
small sinusoidal perturbations from equilibrium, giving an equation for the 
perturbed density, which can be brought into a form suited to direct 
numerical solution. As an improvemeAt to the previously used analytical 
method Ill , 121 . this allows a better description of the radial dependences 
of D and V, which are evaluated by fitting the calculated values for the 
complex perturbation amplitude to the values measured at different 
interferometer chords. 

TRANSPORT RESULTS: Using this scheme, particle transport can be best 
modelled by a constant value for D in the inner plasma region and a 
different, normal ly higher value in the confinement zone. The transition 
between both regi ons takes place within 10 to 30 % of the full radius, 
typically starting outside the Q=l surface. A similar dependence is found 
for the convective inward term , where an additional linear increase with 
radius has to be superimposed . 

Transport parameters determined this way for hydrogen plasmas allow a 
good description of the measured equilibrium profiles at all densities. In 
deuterium this holds for densities in the linear range of Te (LOC) , but. 
for higher values the calculated profiles are normally more peaked thaD the 
measured ones . A possible explanation could be the substantially strohger 
modulation of the profile shape, found in deuterium for the same relative 
line density perturbation. To get a good agreement with the measured 
equilibrium profile for these cases, the central inward convection has to 
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be fixed at a low value, while the other transport parameters are evaluated 
by the fitting procedure . The central diffusion and the edge values of 0 
and V are only slightly altered by this modificat i on , which has been used 
for deuterium, at the expense of a somewhat lower fitting accuracy with 
respect to t he measur ed perturbation amplitudes . 

In figs. 1 and 2 the changes of the central and edge diffusion , 
respectively, are shown versus density . Both quantities decrease by 
approximately an order of magnitude between the lower and higher end of the 
LOC. In the SOC , 0(0 ) and De remain constant, a further de~rease , however , 
is obtained if IOC conditions are reached . In Fig . 3 the radial dependences 
of all transport parameters are shown for a case of beginning sac and an 
laC case . The absolute values for inward convection are nearly equal for 
both regimes , only t he transition from low centra l to higher edge V seems 
to be shifted to larger radii In IOC. The main changes occur in the 
diffusive transport , which is reduced by about "a factor of 3 in the outer 
part of the plasma for laC and , to a less extent , also in the cen t ral 
regIon. T:"Ie corresponding increase of V/D is in accordance with the steeper 
density g~adients measured for the peaked IOC profiles 13/ . 

METHOD fOR THE IMPURITIES: The transport coefficients of the impurities 
were determ i ned by means of sinusoidal modulated gas - puffing of SiH~ and 
H2S and , for metallic impurities like AI, Ti and Cr, using the laser 
ablation ~ethod . With gas puffing , the phase shift to the gas valve and the 
amplitude of spectroscopic Signals are measured . Values for the diffusion 
coefficient are determined by analyzing the phase shift at a given 
modulation f requency and al t ernatively from amplitude ratios for different 
frequencies . Additional in f ormation about the convection velocity can be 
obtained by analyzing the radial profile of the fourier amplitude . The 
profi les of phase shift and amplitude are measured by r adial scan of a 
spectrometer in a series of equivalent shots. 

With laser ablation the characteristic times for maximum emission and 
exponentia l decay are evaluated . The t r ansport coefficients are determined 
using an analytical model for anomalous transport and , for more 
sophisticated transport models , using an impurity transport code . 

TRANSPORT RESULTS fOR IMPURITIES: for the comparison of sac and lac regime 
only the laser ablation was used so far . In first studies the transport 
parameters for the target plasma were inserted in the impuri t y transpo r t 
code , but no satisfactory agreement of predicted and measured decay times 
could be derived . A better fit to expe r imen t al results was obtained by 
using the ansatz for anomalous ~mpurity fluxes r z '" - D anz/ar + V nz with 
o '" const . and V '" Va r/a . We found 0 ~ 0 .69 m2/s in the sac regime and a 
strongly reduced value of 0 e 0. 33 m2/s in the laC regi me. The inward 
drift vel ocity was found to be nearly the same for both sac and laC with 
Va .. 0 . 25 m/so 

Figure 4 shows these parameters as a function of radius . Figu r e 5 
shows the measured and predicted time development of the Ti XX signal for 
sac and IOC regime . 

In a further study we used a model with neoclassical transpor t and an 
additional anomalous diffusion term . In this case we found slightlY' higher 
values for dif f usion correspdondi ng to the s t ronger neoclassical i nward 
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drift. With the model of pure anomalous transport we obtained , however, a 
better agreement of predicted and measured time development of signals. 

CONCLUSION: A comparison of the t rans por,t parameters for electrons and 
impur iti es leads to the result that the diffusion of the impurities is 
substantially higher in the sac as well as in the roc r egime . The radial 
dependences of 0 and V, however, are similar and the ratio VIO shcws the 
same behaviour for electrons and impurities, where we see an increase at 
!;he transition from SOC to IOC regime for both species . ' 
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~ Behavi our of 
the central dif­
fusion , when the 
average density is 
increased through 
the linear range to 
SOC respect" IOC 
values" (The open 
circles mark the 
series, where, due 
to wall conditions, 
the transition 
sac .. IOC was 
possible) . 

~ Behaviour of 
the edge diffus i on, 
shown for the same 
series of discharges 
as 1n Fig. 1" 
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~ Diffusion D 
and inward drift 
veloci ty V in deu-
teriwn versus nor-
mall zed plasma 
rad1 us. shown for a 
sac and an laC case 
within a series . 

~ Im purity 
transport coef­
ficients as a func­
tion of radius . 

~ Time de­
velopment of mea­
sured and predicted 
TIXX signal f or the 
sac and IOC regime , 
respectively . In the 
SDC shot ;23608 
laser blow off was 
performed at t~O.9s, 
in the IOC shot 
t23610 at t - l .8s . 
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