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A hierarchy of neutral models
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Summary of achievements 2021
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• Exploration of improved SpH approach by combining spatial segregation of neutral sources 

(based on stratum) with volumetric condensation of kinetic neutrals into fluid population in 

HCRs [W. Van Uytven et al, EPS 2021; W. Van Uytven et al., PET 2021.]

o Extended validity range of SpH approach / improved accuracy

o Flexible formulation of hybrid boundary conditions based on local collisionality criteria

o Intuitive continuation approach between fully kinetic and fully fluid models based on user-defined 

transition Knudsen number; towards optimal trade-off model accuracy vs. computational cost

• Successful application to ITER reference case [W. Van Uytven et al., PET 2021.]

o Speed-up factor 3-20 depending on transition criterion (trade-off speed vs. accuracy)

o Computational bottleneck due to atomic CX nearly completely eliminated

o Treatment of (kinetic) molecules becomes bottleneck



SpH + condensation applied to ITER reference case
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[W. Van Uytven et al, PET 2021.]



Summary of achievements 2021
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• Support for combination of SpH and mMH methods [N. Horsten et al., PET 2021.]

o Combine benefits (reduce drawbacks) of both approaches: reduce modeling error of SpH and 

cancellation error of mMH

o Successful application to JET L-mode plasmas

o Rigorous assessment of numerical errors and speed-up pending

• Mitigation of cancellation errors in mMH methods [L. Bringmans et al., PET 2021.]

• Alternative mMH approach that avoids cancellation errors by construction (WIP)

• KD APMC scheme for simulation in diffusive scaling [B. Mortier et al., SISC 2021.]

o Multilevel extension [B. Mortier et al., J. Comput. Phys. 2021.]

o Proof of concept post-processing estimation procedure [B. Mortier et al., PET 2021.]

• All fluid and hybrid approaches available in new, extended grids version of SOLPS-ITER

• Contributions to reference paper on hierarchies for modeling of neutrals in the plasma edge

[D. Borodin et al., NF 2021.]
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