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Introduction

The turbulent transport in the edge and scrape-off-layer (SOL) regions at the outboard mid-

plane of ASDEX Upgrade is investigated numerically and experimentally. Experimental data

obtained during the MST1 campaign from a number of L-mode discharges were analyzed, in-

cluding L-mode detached discharges induced by Nitrogen seeding.

We use the numerical code HESEL, which simulates interchange turbulence on outboard

midplane in 2D perpendicular to the magnetic field and where parallel dynamics has been

parametrized. In the numerical simulations the divertor conditions are mimicked by use of a

sheath boundary condition term in the generalized vorticity equation. This condition affects the

dynamics of the cross field motion of blobs. As energy, particles and momentum are mostly

transported into the SOL by these blobs, changing the sheath condition will change the overall

dynamics. To facilitate comparison of experimental and numerical results we have implemented

the Stuttgart probe[1] as a synthetic diagnostics into the HESEL code. We observe reasonable

agreement for the radial momentum transport using floating potential as a proxy for the plasma

potential. Using plasma potential provides significantly different results in HESEL. We also nu-

merically investigate the energy flux, not accessible experimentally. The energy flux is split into

three components: the convective, the conductive, and the triple product. In the near SOL region

all three components are equally important whereas the triple product dominates the energy flux

in the far SOL region.

A standardised Kepler workflow, with HESEL embedded, is under development within the

Integrated Modelling framework by the Code Development EUROfusion project. The work-

flow allow direct access to diagnostic data and shot parameters from the database at ASDEX
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Upgrade.

Model

HESEL is an energy conserving four-field model based on the Braginskii equations[2] gov-

erning the dynamics of a quasi-neutral, simple plasma. It describes interchange-driven, low-

frequency turbulence in a plane perpendicular to the magnetic field at the outboard midplane. In

the limit of constant ion pressure the model reduces to the ESEL model, which has successfully

modeled fluctuations and profiles in JET, MAST, EAST and TCV, see [3]. The HESEL model

includes the transition from the confined region to the region of open field lines (SOL) and the

full development of the profiles across the last closed flux surface (LCFS). The model is solved

in a local slab geometry with the unit vector ẑzz along the inhomogeneous toroidal magnetic field.

The generalized vorticity is the manifestation of the polarization current in the model and de-

scribes charge separation due to the inertia in the ion response to changes in the EEE ×BBB and ion

diamagnetic drifts.

In a cooperation between the task Turbulence and synthetic diagnostics workflows under

WPCD and MST1 a standardized workflow has been developed which is now being tested. In

the work flow experimental data including profiles of density ne and electron temperature Te,

q95, magnetic field, B0, are read directly from the AUG database and passed to the HESEL actor.

The HESEL actor then submits a job to the Gateway Linux cluster. Data from the synthetic

diagnostics, such as Langmuir probes and Lithium beam implemented in the HESEL code,

together with key parameters are automatically stored for later analysis.

Results

In Fig. 1a we display the profiles from a HESEL simulation using parameters obtained from

AUG shot #30301. The first notable thing is that the density and temperature profiles all have

sharp gradients close to the Last Closed Flux Surface (LCFS) with density and electron tempera-

ture approaching a background value already within 1 cm and ion temperature 2−3 cm from the

LCFS. However we can observe significant ion and electron energy fluxes, 〈neTα ṽr〉 ,α = {i,e},

far into the SOL. These fluxes are not transported by convective, 〈Tα〉〈ñeṽr〉, nor conductive,

〈ne〉
〈
T̃α ṽr

〉
, components as these to a large degree follow the mean of the density, 〈ne〉 and

temperatures, 〈Te〉 and 〈Ti〉, but of the so-called triple product,
〈
ñeT̃α ṽr

〉
. This is a consequence

of the very intermittent blob dynamics responsible for the energy transport in the SOL.

Figure 1b displays the time evolution of the radial power distribution. Each magnetic field

line has been mapped from the outboard midplane in HESEL domain onto the divertor. In

mapping the electron and ion energies we assume that the plasma is convected with the local
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(a) Profiles. (b) Power deposition on the divertor.

Figure 1: HESEL simulation simulation using parameters obtained from AUG #30301.

ion sound velocity; cs(r,θ , t) =
√
(Te(r,θ ,r)+Ti(r,θ , t))/mi and a poloidal average has been

performed. The individual traces from blob evolutions are clearly visible.

Figure 2 displays the Stuttgart probe head with 14 individual pins each measure either ion

saturations current, Is = eAipn
√
(Te +Ti)/mi or floating potential, Vf =Vp−αTe where Vp is the

plasma potential, α ∼ 3.2 for a deuterium plasma. The configuration of the individual pins varies

between shots. In HESEL we have implemented a synthetic Stuttgart probe head at different

stationary radial locations.

Figure 2: The Stuttgart probe

used on the MEM at AUG.

As an example of a comparison between the Stuttgart probe

and the synthetic probe Fig. 3 displays the momentum transport

at a radial position 1 cm from LCFS. The radial and poloidal

velocities are approximated as; vr ∼ −(V 12
f −V 9

f )/(δθB0) and

vθ = (V 12
f −0.75V 9

f −0.25V 7
f )/(δ rB0). We notice that the float-

ing potential and therefore also the velocities will be strongly

influenced by electron temperature fluctuations. Also, pin sepa-

rations and misalignment with respect to a local rθ coordinates

will affect the velocity calculation.

The momentum transport, Mr, is divided into contributions

from the Reynolds stress, Re =< n >< ṽpṽr >, the convective

term, < vp >< ñṽr > and the so called triple product, < ñṽpṽr >, where < f >=
∫ t

0 f (t)dt.

Based on results from the HESEL we conclude that if the velocities are based on plasma po-
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HESEL using floating potential
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HESEL using plasma potential
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Figure 3: Momentum transport calculated from the Stuttgart probe and synthetic data.

tential the derived momentum are overall in agreement with the results based on the correct

velocities. If, on the other hand, velocities are based on floating potential using cold probes

we obtain strong deviations. It should be noted that the synthetic probe data applying the float-

ing potential indeed are in close agreement with the measured ones. Thus, one may apply the

simulated data to provide a more correct estimates for the momentum fluxes.
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