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Introduction | Nonlinear vs quasilinear GKW
Accurately predicting turbulent light impurity transport in tokamaks has been a challenge for gyrokinetic : i I 2
codes, e.g. [1,2,3] and remains as such, in some regimes where the impurity profiles are hollow [3]. : S I m u atl O n S
Furthermore, impurity transport modelling using reduced transport models is becoming an important 0 Comparison of nonlinear GKW simulations with quasilinear estimate using:

» Linear simulations at k,.p; = 0 and kgp; = 0.2 to 0.9 using the mixing length rule: Y

<k >2

Ingredient in integrated modelling frameworks due to additional nonlinearities involved via light and heavy
impurity profiles evolution and is well illustrated e.g. in current ramp-up modelling [4,5]. In this context, a » Good agreement for cases at p = 0.5 on density peaking, D/x; and D /x,
: » Lowest R/Ly; cases disagreement D /y
» Maximum of |¢|? well reproduced with quasilinear rule but overestimation of small scale
contributions

set of nonlinear gyrokinetic simulations with GKW [6] have been performed to investigate existing

discrepancies with experimental data and possible discrepancies with the quasilinear reduced model
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d Interest in reduced model for turbulent heat and particle transport (including impurities) within
integrated modelling frameworks
» The quasilinear gyrokinetic code QualiKiz routinely used in such frameworks, e.g. [11, 12]
» Applied to p = 0.5 and fluxes directly compared to nonlinear GKW simulations
» Boron density peaking and ion heat fluxes in relatively good agreement BUT most of cases are
found stable in particular at low R/L;

O Database of measured boron diffusion and convection coefficients described in [3]
- Strong correlation of the boron density peaking with normalized ion temperature
gradient
» From dominant ECRH heating to dominant NBI heating
» Similar trendsat p = 0.5 andp =04
» Choice for nonlinear simulations based on R/L;
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0 Comparison of heat fluxes with power balance analysis forp = 0.4and p = 0.5 : in QualLiKiz despite flux 0% v 0% e 0% T 0% O 0% I
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» Electron heat flux quantitatively well reproduced : matched simulations
» lon heat flux underestimated at low R/L7; and overestimated at larger R/L; in : CO n C I u S | O n
particular at p = 0.4 (larger impact of fast ion stabilisation sensitive to fast ions :
pressure) : 2 Nonlinear gyrokinetic simulations in good agreement with experimental transport coefficients for boron
- ] b " +h , tal data f 0.4 and 0.5 : similarly to the quasilinear simulations of [3]
omparison of boron fluxes with experimental data for p = 0.4 an = 0. . : : e e
:’G 4 oredicti £ densit pk' but fails t pd oll p £  Electron and ion heat transport in reasonable agreement (fast ion stabilization included)
ood predictions of density peaking but fails to reproduce hollow profiles . e . : : : .
> Outli P ‘) CR/I f}/ P , ECgRH Heat NFI;I P Q Outward boron convection still missing even in nonlinear simulations
utlier at larges ., off-axis eating + i .
g _ / T, =00 _ 5 o 0 Comparison to the reduced turbulent transport model QualiKiz
» Range of variation of diffusion and convection coefficients reproduced except for outward > Lack of electron heat transport
convection » For flux matched simulations (with GKW NL) good predictions of boron convective and diffusive coefficients
» Underprediction of convection and overprediction of diffusion » Electrostatic potential amplitude spectra shapes well reproduced but overestimation of the amplitude
» Nonlinear simulations does not help recovering outward fluxes even in presence of fast ions QO Difficulties in predicting heat and impurity transport simultaneously with QuaLiKiz
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