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Machine learning (ML) is widely used in Computational Fluid Dynamics (CFD) to approximate com-
plex input-output relationships, accelerating or replacing numerical simulations. However, classifying
flow fields by inferring labels that are not directly computable from equations, remains almost unex-
plored [1]. Existing methods [2] rely on expert-driven features from specific flow sub-regions, limiting
generalization. We propose a novel approach combining physics-informed clustering with modern deep
learning for a comprehensive flow field classification.

Inspired by Callaham et al. [3], we apply Bayesian Gaussian Mixture Models (BGMM) to cluster
flow fields based on RANS equation-derived features, ensuring clusters reflect underlying physics. Clus-
ters characterized by geometric properties and statistical features form a point cloud fed to a PointNet-
based architecture, which captures spatial relationships and provides permutation invariance.

We test our method in two scenarios: NACA airfoils with defects (e.g., bumps, cavities) and real
human upper airways showing pathologies. Approximately 4000 simulations for airfoils and airway
datasets validate the effectiveness of our framework, accurately identifying airfoil defects and patholo-
gies while reducing the computational costs of processing such high-dimensional data. By leveraging all
CFD data and incorporating spatial and physical relationships, our approach offers a scalable, holistic
solution for analyzing complex aerodynamic and biomedical flows.

Figure 1: The x and y components of the velocity in a sagittal section obtained from a RANS simulation
in real human upper airways.
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