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Introduction

We extend the implicit vorticity equation on the electric potential 𝚽 by Ampère's and Ohm's laws on 𝑨 ∥ and 𝒋 ∥ .
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MMS Verification

Electromagnetic effects and micro-instabilities are known to play a key role in driving plasma turbulence in the pedestal region. In particular, they affect the filamentary structure of turbulent plasma blobs in the Scrape-off layer [1]. For more realistic simulations it is thus desirable to integrate these effects into the physical model.

Currently SOLEDGE3X uses an electrostatic assumption with a fixed magnetic field. Perpendicular fluctuations of the magnetic field 𝑩 can be derived from the local value of the magnetic vector potential in parallel direction 𝑨 ∥ known from Ampère's law. It is also crucial to consider electron inertia [2] which requires solving for the time evolution of the parallel current density 𝒋 ∥ in the generalized Ohm's law.

𝜕 𝑡 Ω 𝜋 contains terms from the evolution of the vorticity and 𝜈 𝑒 drives a diffusion on 𝒋 ∥ for numerical stability. For more compact stencils in the numerical discretization, 𝑨 ∥ and 𝒋 ∥ are defined on a poloidally and toroidally staggered grid. Both fields are forced at domain boundaries (wall and core).

At the domain boundary, 𝑨 ∥ is forced to 0 and 𝒋 ∥ to the sheath current 𝑗 ∥ 𝐵𝐶 = 𝑗 𝑠𝑎𝑡 1 -𝑒 ´Λ-Φ/𝑇 𝑒

Physical Model

The Method of Manufactured Solutions [4] verifies the 2nd order convergence of the numerical scheme for equations ( 1) -(3). Arbitrary fields were defined for 𝚽, 𝑨 ∥ and 𝒋 ∥ and analytic source terms derived to maintain a steady state. 

Wave Analysis
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We consider a 3D slab with periodic boundary conditions in all directions with an initial wave profile on the electron density with one wave mode per dimension. In the system (1)-( 3), we ignore the vorticity terms 𝜕 𝑡 Ω 𝜋 and the diffusion on 𝒋 ∥ . let us further evolve the electron density:

We expect a decaying standing wave with frequency: 

Table 1. Convergence behaviour of the different vorticity systems

Simulation results for different combinations of equations ( 1) -( 3) on a 3D limiter case with ~500.000 cells. There is no action of the potentials on the fluid quantities via drifts. We use the LGMRES iterative method with the GAMG preconditioner on 96 computing cores. Profiles for the potentials in a 3D simulation on a limiter case with ~500.000 cells under consideration of "ExB" and "gradB" drifts.

Numerical Aspects

𝚽 [𝐕] 𝐀 ∥ [𝐓 ⋅ 𝐦] 𝐀 ∥ [𝐓 ⋅ 𝐦]
Turbulent Simulations Preliminary results let turbulent structures appear in 𝑨 ∥ . In a future step, the impact of 𝑨 ∥ on the magnetic equilibrium and a resultant new drift will be investigated. For more compact stencils in the numerical discretization, 𝑨 ∥ and 𝒋 ∥ are defined on a poloidally and toroidally staggered grid. Both fields are forced at domain boundaries (wall and core).
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Fig 2 .

 2 Fig 2. Convergence of the MMS model

Fig 3 .

 3 Fig 3. Transition between Alfvén and thermal electron waves The continuous line indicates the expected wave frequency according to equation (6). The points are the fitted frequencies for all 4 fields on a 3D SLAB domain with 63 points per dimension. Snapshots of the wave structure in the 𝜓 -𝜃 plane are shown above. The results agree with the findings in [5]
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 4 Fig 4. Snapshot for 𝚽 (left) and 𝑨 ∥ (middle) and toroidal fluctuations of 𝑨 ∥ (right)
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