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Introduction

Detailed modeling of the radial electric field in the separatrix vicinity has been performed for

three divertor configurations: Upper Double Null (UDND), Lower Double Null (LDND) and

Connected Double Null (CDN) with the B2SOLPS5.0 transport code. The aim of the work

was to understand the results of the observations on MAST and ASDEX Upgrade (AUG),

where easier access to the H-mode was obtained for the CDN case. Radial electric field and

toroidal rotation profiles were compared for all three configurations both for low field side

(LFS) and high field side (HFS) cases.

Simulation results

For MAST three Ohmic shots ヽ7656 (LDND), ヽ7666 (CDN) and ヽ7669 (UDND) with

similar radial profiles of temperature and density in the core but different geometry of the

separatrices were simulated. For AUG shot ヽ19415 with equilibrium changing in time from

LDND through CDN to UDND configuration was simulated. The following modeling

parameters were chosen: i) MAST: plasma density at the inner boundary (6.3 cm inside the

inner separatrix at the outer midplane) 319102 /©? mn
coree , electron and ion temperatures

eVTeVT
coreicoree 100,100 ?? , turbulent diffusion coefficient smD /1 2? , electron and ion

heat conductivity smsm ie /5.1,/5.2 22 ?? ee , ii) AUG: plasma density at the inner

boundary (7 cm inside the inner separatrix at the outer midplane) 3191085.2 /©? mn
coree ,

eVTeVT
coreicoree 275,275 ?? , smD /5.0 2? , smie /7.0 2

, ?e . The MAST radial electric

fields in the simulations for the three configurations at the LFS midplane are shown in Fig.1.

The simulations for AUG are shown in Fig. 2. For MAST the LFS radial electric fields just

inside the separatrix in CDN and UDND cases are negative and comparable, while in the
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LDND case the electric field is smaller in absolute value. For AUG the CDN and LDND

electric fields are comparable while the UDND electric field is significantly smaller in

absolute value. Experimental results for AUG are presented in Fig. 3. Measurements were

performed using Doppler reflectometry diagnostics [1]. As can be seen for AUG, the

tendency obtained in the simulations is similar to that observed in the experiment: the

UDND field is smaller in absolute value than for the two other cases.

The calculated radial electric field profiles at the HFS midplane are shown in Figs. 4-

5. One can see strong spikes in the CDN radial electric field profiles at the separatrix both

for AUG and MAST shots. These spikes disappear in the LDND and UDND configurations.

The parallel velocity at the LFS midplane is shown in Fig. 6 for three MAST shots. In the

CDN case the parallel velocity is a few km/s more positive (negative sign corresponds to the

co-current direction) at the core boundary. This is consistent with observation [2]. The strong

counter-current parallel velocity at the HFS in the CDN case, Fig. 7, corresponds to the

counter-current Pfirsch-Schlueter flux observed on C-mod [3]. The dependence of the LFS

radial electric field on the divertor configuration might be explained by the change of

parallel fluxes in the SOL. The parallel fluxes are transported through the separatrix by

turbulent viscosity and generate an additional electric field. However, it is difficult to explain

the observed easier access to the H-mode in the CDN configurations by the change of LFS

electric field.

The origin of the spike of the radial electric field at the HFS for the CDN case is

connected with the different potential drops between the divertor plates and the equatorial

midplane in the LFS and HFS SOL, which are isolated in the CDN case. Indeed, these

potential drops are determined by the parallel momentum balance equation for electrons, i.e.

by the density and electron temperature profiles. These profiles are different in the

disconnected LFS and HFS SOL. On the other hand, the separatrix should be almost at the

same potential due to the high conductivity on the closed field lines. The separatrix potential

is determined by the larger LFS SOL. Therefore, the potential drop should exist in the

separatrix vicinity at HFS. This spike might cause the turbulence suppression everywhere

both for HFS and LFS and thus might decrease the L-H transition threshold in the CDN case.

Discussion

The impact of geometrical factors on the radial electric field structure at the LFS midplane is

connected with the change of the parallel fluxes in the scrape-off layer, which are
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transported through the separatrix due to turbulent viscosity and diffusivity. These parallel

fluxes in the core region are not divergent free and hence change the particle balance. To

keep the divergence of all the fluxes equal to the source term an additional radial electric

field arises, which produces the necessary additional poloidal BE
EE

·  drift. Simulations

demonstrate, however, that the difference in radial electric fields for different configurations

at the LFS equatorial midplane is not so pronounced. Thus the alternative possible

mechanism for lowering the L-H transition threshold for the CDN case might be the

turbulence suppression by the shear of the electric field inside the spike formed at the HFS

equatorial midplane. The spike is observed in all MAST and AUG runs including special test

runs. The amplitude of the spike depends on the difference in potential drops between the

divertor plates and the equatorial midplanes in the HFS and LFS SOL. The amplitude of the

spike might be controlled by the change of LFS or HFS SOL parameters. For example, the

change of parallel ion heat conductivity in the test run reduces the spike amplitude in AUG

by a factor of two. Another possible explanation for the lower L-H transition threshold in the

CDN case might be a lower level of turbulence when the two X-points are located at the

same separatrix.
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Fig. 1. Calculated radial electric fields at

the LFS midplane for different MAST

configurations, shots ヽ7656, 7666, 7669.
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Fig. 2. Calculated radial electric fields at

the LFS midplane for different AUG

configurations in the shot ヽ19415
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Fig. 3. Experimental radial electric field

profiles at the LFS midplane for different

AUG configurations in the shot ヽ19415.
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Fig. 4. Calculated radial electric fields at

the HFS midplane for different MAST

configurations, shots ヽ7656, 7666, 7669.
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Fig. 5. Calculated radial electric fields at

the HFS midplane for different AUG

configurations in shot ヽ19415
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Fig. 6. Calculated parallel velocity profiles

at the LFS midplane for different MAST

configurations, shots ヽ7656, 7666, 7669.
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Fig. 7. Calculated parallel velocity profiles

at the HFS midplane for different MAST

configurations, shots ヽ7656, 7666, 7669
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