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Motivation

It has been experimentally observed in both tokamaks [1, 2] and stellarators
[3–5] that peaked density profiles lead to enhanced confinement regimes.
Here, we perform gyrokinetic simulations with the code stella [6] focusing on
the effect of the density gradient on nonlinear heat fluxes. The simulations are
collisionless and consider a vanishing electron temperature gradient.
The influence of the magnetic geometry is investigated by means of an inter-
machine study that includes the ASDEX Upgrade (AUG) and Cyclone Base Case
(CBC) [7] tokamak, as well as the W7-X, LHD, TJ-II and NCSX stellarators.

Magnetic equilibria

The simulations are performed at a radial location ρ = 0.7, except for the linear
map of CBC which is performed at ρ = 0.5. The center of the flux tube is
located at (ζ, θ) = (0, 0), and the flux tube is extended up to 3 poloidal turns
for linear simulations, and 1 poloidal turn for nonlinear simulations.
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Growth rate of the most unstable mode for kyρi ≤ 2

Growth rate of the most unstable mode for kyρi ≤ 2 and a/LTi = 3

The growth rate increases monotonically with the normalized density gradient
a/Ln for the CBC tokamak, and for the TJ-II and LHD stellarators.
There is a milder dependence of the growth rate on a/Ln for AUG, NCSX and
W7-X, moreover, around a/Ln = 2 and a/Ln = 4 the growth rate decreases
with a/Ln in W7-X and AUG, respectively.
Based on mixing length arguments, only small wavenumbers will contribute
significantly to the heat fluxes, therefore, it is important to observe that the
most unstable modes for AUG, NCSX and W7-X are characterized by having
larger wavenumbers than for LHD, CBC and TJ-II.

Ion heat flux at a/LTi
= 3 with kinetic electrons

In AUG and CBC the ion heat flux increases with the normalized density
gradient a/Ln, up to a/Ln = 2.5 and a/Ln = 3, respectively.
For LHD and TJ-II the ion heat flux is approximately constant.
The ion heat flux in NCSX and W7-X is reduced strongly for a/Ln > 0.5.

Contributions of kinetic electrons and the ion temperature gradient

With adiabatic electrons, the ion heat flux decreases with a/Ln, which is to
be expected for ITG’s. Introducing kinetic electrons increases the ion heat
flux enormously for the tokamak and significantly for W7-X.
The density-gradient driven modes (TEMs) drive more ion heat flux with
increasing density gradient a/Ln. Introducing an ion temperature gradient
a/LTi typically increases the ion heat flux, except for a/Ln > 2.5 in W7-X.

Conclusions

In W7-X and NCSX, the ion heat flux is reduced strongly with a/Ln, despite
the modest reduction in the growth rate in W7X and the modest increase in
growth rate in NCSX. In TJ-II and LHD, the ion heat flux shows a modest
reduction with a/Ln, despite the monotonic increase of the growth rate.
In the CBC tokamak, the ion heat flux and growth rate increase with a/Ln,
whereas in AUG the ion heat flux increases and then decreases strongly with
a/Ln while it’s growth rate is approximately constant.
In general, the dependence of the growth rate on a/Ln does not correlate
with the dependence of the ion heat flux on a/Ln.

Future research

In future research we aim to identify the modes that contribute to the heat
flux and understand why TEMs and/or ITGs seem to be more efficient
driving turbulence in some magnetic geometries than in others.
Moreover, an experimentally relevant electron temperature gradient needs to
be included to improve the calculation of the ion heat flux Qi, and to obtain
a meaningful calculation of the electron heat flux Qe.
Finally, the question remains how these results change when adding collisions.
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