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Improving Transformer-Based Three Dimensional Flow Field Prediction via
Surface Curvature-guided Sampling
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Abstract

High-resolution automotive flow-field prediction requires efficient representation of large surface and volume meshes
while preserving local geometric features that influence the flow. In the original Anchored-Branched Universal Physics
Transformer (AB-UPT), surface anchors are selected randomly, so local variations in vehicle surface geometry are not
explicitly considered during anchor selection. This study introduces a geometry-informed surface-anchor sampling
method to examine whether anchor placement based on local surface variation improves flow-field prediction. Local
surface variation is estimated from the covariance eigenvalues of neighboring surface coordinates and combined with a
uniform sampling component. The proposed method is compared with random sampling under the same model
architecture, training conditions, and fixed surface-query evaluation protocol using the subsampled DrivAerML dataset.
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Fig. 1 Comparison of random and curvature-weighted
surface anchor distributions based on PCA surface
variation
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Table 1 common experimental settings

Parameter Value
Train / validation / test 50/10/50
Epochs / seed / batch size 200/42/1
Surface anchors / queries 16,384 /8,192
Volume anchors / queries 16,384 /0
Geometry points / supernodes 32,768 / 16,384
Hidden dimension / heads 192/3
Surface / volume blocks 12/12

Optimizer / betas Lion/ 0.9, 0.99
Initial / final learning rate 5x107°/ 1x107°
Warmup / weight decay 5%/ 0.05
Gradient clipping norm 1.0
Training precision Mixed floatl6
Evaluation interval 10 epochs
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Table 2 Test relative L2 errors at epoch 200
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