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This work presents a comparison of a Computational Fluid Dynamics (CFD) model and several
machine learning (ML) predictive models of an industrial-scale Chemical Vapor Deposition
(CVD) reactor, used for the coating of cutting tool inserts. The performance of the developed
two-dimensional, time-dependent CFD model of the reactor that accounts for mass, momentum,
species transport, and chemical reactions is compared with that of several ML regression
models utilizing the information given by the production data for the thickness prediction of
the produced coatings. The proposed models will be compared based on their accuracy and
computational cost since the latter is a criterion for their implementation in everyday
production.

The studied CVD reactor has a complex geometry that consists of around 45 perforated trays,
stacked one on top of the other. The cutting tool inserts are placed on the trays and are coated
when a mixture of gas reactants enters through perforations on a rotating central tube. The
geometry changes in each production run as the number of inserts is typically big and each one
is placed in a different tray with dedicated special design.

The proposed CFD model is appropriately simplified to include the dominant physical
mechanism as well as a chemistry model and it can deliver accurate thickness predictions at a
reasonable computational cost. The same output is delivered by the ML regression model,
namely it can predict the thickness given several inputs including the geometry, chemical
recipe, and year of production. The implemented tree-based regression methods (decision trees,
random forests, xgboost, etc.) appear to outperform other ML methods for the investigated
dataset while also being more interpretable. Nevertheless, the CFD approach can shed light into
the relevant importance of the dominant physical phenomena, especially in applications such
as CVD where mechanisms such as diffusion and convection compete with each other and with
chemical reaction rates.
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