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Volume-averaged reaction models are spatially uniform representations of physical-chemical 

systems. Solving ordinary differential equations from database of reactions, they offer 

versatility, speed, and high sensitivity. Such performances are hardly achievable with partial 

differential solvers, despite their accuracy in strongly non-uniform systems, making 0D 

attractive for large parametric studies and multiscale workflows. 

To address high-precision multi-physics applications, geometric extensions of volume-

averaged models have been developed. Based on the system symmetry, the dimensionality can 

be increased [1] while preserving a drastically reduced computational cost. 0D models can 

describe fluids under diverse conditions: from chemical vapor deposition (CVD) to surface 

etching, or propulsion systems. They are well suited for HPC-oriented applications requiring 

massive parametric scans, uncertainty quantification, or multiscale coupling. In nuclear fusion, 

these reduced-order models can be efficiently deployed to benchmark more complex 3D solvers 

and to replace or assist them within multiscale simulations, thereby reducing node-hour 

consumption on HPC systems. For instance, a multiscale code with a 0D plasma injector can 

describe the evolution of plasma-facing materials (PFM) in divertor configuration [2]. 

Designed for multiscale simulations and morphological evolution of PFMs, we will show the 

mesoscale development of this code. Remaining naturally parallel at the workflow level, it is 

suitable for deployment on HPC clusters for large simulation campaigns. Beside the geometric 

extension, compared to previous studies [3], the novelty lies in the description in a unique 

algorithm for both gas and plasma in a native multiscale algorithm for PFM aging. We 

demonstrate the method using a helium-hydrogen plasma coupled to a tungsten plate as PFM. 

In addition, applying the same approach to CVD simulations of silicon and silicon carbide has 

improved prediction accuracy compared to previous 0D models [4].  
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