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The SOLEDGE3X code 

• Merging of the transport code SOLEDGE2D and the 
turbulence code TOKAM3X 
 Can be used in 2D (transport) or 3D (3D transport or 
turbulence simulations) 

 

• Solves fluid equations for multi-species plasma based on 
Zhdanov closure [Raghunathan et al., PPCF, 2021] 

 

• Electrostatic at the moment – Electromagnetic version 
under development 

 

• Implements several neutral models: 
• Fluid neutrals (diffusive): very crude but fast and robust 
• Kinetic neutrals: EIRENE – high fidelity   
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The SOLEDGE3X drift-ordering fluid model 

• Mass balance (for all ion species – quasi-neutrality for electrons) 

 

 

 

• Velocity decomposition 

 

• Ionization/recombination sources involving neutrals are computed by the “neutral solver”, for 
instance EIRENE when using kinetic neutrals. 
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Collisional closure terms 
Ionization terms 
External sources 
“Anomalous” diffusion for 
transport simulations 



The SOLEDGE3X drift-ordering fluid model 
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E cross B Diamagnetic Polarization 

Collisional closure terms 
Ionization terms 
External sources 
“Anomalous” diffusion for 
transport simulations 

where 



The SOLEDGE3X drift-ordering fluid model 
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with 

Collisional closure terms 
Ionization terms 
External sources 
“Anomalous” diffusion for 
transport simulations 

so called vorticity 



The SOLEDGE3X implementation 
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The SOLEDGE3X implementation 
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Application to a TCV-like turbulent simulation 
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TCV#51333 

TCV « like » 



Application to a TCV-like turbulent simulation 
• Turbulence in high recycling regime is observed 

 
 

 
 

1/10/2021 9 AAPPS-DPP Conference 

Left: Density in 3D showing filaments. Right: Poloidal map of 
electron density (/m3) + divertor zoom showing neutrals 
density (/m3) and Hydrogen radiation (W/m3). 



Application to a TCV-like turbulent simulation 
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• Though, 1ms after turbulence reduction, 
no clear steepening in pressure profile 

• Er takes very high values: missing term 
to control plasma rotation? Ion viscosity 
effects 
 [Sigmar & Helander, Zholobenko et al., 
PPCF 2021] 
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Summary 
• New SOLEDGE3X code enables 2D/3D transport and 3D turbulent simulations for multispecies 

plasma. 

 

• First application to power ramp on TCV like case including neutrals shows onset of turbulence 
reduction around separatrix at high power 

• Similar results with other codes: e.g. GBS [Giacomin et al., J. Plasma Phys., 2020] 

  though ion viscosity effects on current balance missing (ill controlled plasma rotation) 
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• Missing terms to be implemented and simulations 
to be re-launched at higher resolution (now 
possible thanks to better strong and weak scaling 
with algebraic multigrid iterative solvers) 

 

• More information on code website 
www.soledge3x.com (under construction) 

 

 

 

 

http://www.soledge3x.com/


Drift waves 
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The SOLEDGE3X implementation 
• Status of implementation: 

 

Code runs routinely in 2D transport and 3D turbulent. 3D transport simulations with non-
axisymmetric wall OK. 

 

 Neutrals: fluid model OK in 2D and 3D, EIRENE 2D transport only for now 

 

 Missing term: polarization velocity not included in particle, parallel momentum and energy 
transport 

 

 Missing term: Drift and current associated to stress tensor divergence (ion viscosity) 
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