
  
     An inter-machine dataset covering devices of 
different size and a variety of magnetic configurations is 
comprehensively analysed to assess the ranges of validity of 
neoclassical (NC) transport predictions in medium- to high 
density, high temperature discharges. A recently concluded 
benchmarking of calculations of transport coefficients from 
local NC theory [1] allows now a quantitative experimental 
energy transport study. While in earlier inter-machine 
studies of NC transport in 3D devices the electron energy 
transport at low densities has been investigated [2], this 
study focuses on the energy transport at medium to higher 
densities as anticipated when approaching reactor conditions. 
The validation approach as done here is to compare two 
fluxes: first, the ‘NC flux’ is determined with the NC 
transport coefficients and the gradients of the experimental 
density and temperature profiles. Second, the sources from 
deposition calculations considering heating and particle 
sources (the latter where available) yield the ‘experimental 
flux’. Both fluxes are compared and the NC radial electric 
field ENC 

r was compared with measurements of Er where 
available. Technically, the steady-state energy balance 
analyses were performed using the integrated transport code, 
TASK3D [3] for LHD discharges. Fig. 1 shows an example 
for an energy transport analysis for LHD. More details are 
to be found in Ref. [4]. 
     In TJ-II the NC particle fluxes and electron energy 
fluxes agree within r/a < 1/2 � 2/3. The NC prediction for 
the ion energy flux does not match at all. The radial electric 
field is found to reflect ion-root conditions but differs from 
measurements significantly (|ENC

r | < |Eexp
r |). For the assessed 

W7-AS plasmas, NC theory is consistent with experimental 
findings for F  and Qe,i within r/a < 2/3. There are some 
differences in Er for the outermost radii. In the selected LHD 
discharges, large contributions of NC ion transport to the 
overall energy fluxes are found both in the standard and the 
inward-shifted magnetic configuration for r/a < 0.7. The 

electron energy flux complies with NC predictions for the 
STD (R=3.75m) case in the same region but appears to be 
underpredicted for the IWD (R=3.6m) configuration even in 
the core region. The radial electric field measured by CXRS 
shows differences to the ambipolar Er specifically for the 
STD case in the plasma core. 

 
Fig. 1. Transport analysis for LHD discharge #109696 
(t=4.44s). Te and ne comes from Thomson scattering, Ti 
from CXRS (grey Ti data from inboard-side measurements) 
and a central value from X-ray imaging (magenta star). Er 
data are �t ± 15 ms weighted-averaged CXRS measurements. 
F are the particle fluxes and P are the energy fluxes (lower 
row) for experimental (exp.) and neoclassical (NC). 
 
For densities n > 4 × 1019 m�3 and temperatures above some 
keV, it can be concluded that the NC energy fluxes 
significantly contribute to or even fully comply with 
experimental findings in the plasma core region. 
Nevertheless, larger discrepancies to NC predictions are 
found in adjacent parameter regimes in LHD (e.g. [5,6]). 
For the peripheral region, the energy transport cannot be 
explained by NC transport. In line with this result, 
fluctuation measurements with phase-contrast imaging  
indicate fluctuation amplitudes being maximum in the 
periphery at wavenumbers compliant with ITG or TEM 
turbulence. The global confinement for the assessed 
parameter range complies well with the ISS04, gyro-Bohm 
type energy confinement scaling for LHD and W7-AS. 
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