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Existing Physics Datasets

BLASTNet

AirfRANS

DrivAerNet++

The Well

ClimateSet
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Existing Physics Datasets
v Extensive geometric and solution data but lack generative workflows for creating new variants 

v Some datasets provide generative workflows but are 2D domains with idealities

v 3D datasets have limited design variations 

v Datasets for Fluid-Structure Interaction (FSI) missing
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AutoHood3D Dataset and Generation Workflow

Dataset Specs
• 16000+ parametrized hood 

datapoints 
• 16000 x 8 temporal solutions 

for each impact scenario
• 1750+ engineered curves for

designing new variants
• 2500+ GenAI Text-to-CAD pairs

Data Generation
• Co-Simulation workflow with 

CFD and FEA solvers 
• Solvers are fully customizable
• Additional physics for different

force scenarios possible
• Curate new 3D FSI datasets 
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Dataset Modalities
3D Mesh (STL)

Point Cloud

Mesh – Solid (VTP) 

Mesh – Fluid (VTP) Surface Field Pressure Gradient

Surface Field Displacement
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Dataset for Generative AI Applications

v Text-based paired corpus of 2587 hood geometries 

v Gemma3-27B VLLM for annotation

v Additional reasoning traces included

v Prompts included to create new datasets
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3D Hood Generation

STL (Inner Hood)

SegmentationRescaled Shell Database of Curves

Final 3D HoodRescaled 
Shell
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Developing Diverse Designs
Curve 

Features t-SNE Plot for Clusters

Total of 16000 variations created with cluster sampling and additional 16000 with random sampling methods 
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Co-Simulation Workflow

Run LES solver: 
pimpleFoam

Extract field 
values at 

specified time 
intervals

Prepare fluid 
case, meshing, 

run checks, 
distribute cells

OpenFOAM tools
(blockMesh, 

surfaceFeatureExtract, 
snappyHexMesh, 

checkMesh,
decomposePar)

3D Multi-physics 
coupling

Prepare solid 
case, meshing, 

run checks, 
distribute cells

Run stress solver: 
solidDisplacementFoam

Geometries 
assigned to 
CPU pools 

(maximize usage of 
HPC resources)

Node allocation 
managed with

Input Geometries: Output Field Data:

Post-processing
(Project resultant field 

values onto STL)

Multi-processing

Extract field 
values at 

specified time 
intervals
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Surface Fields and Features 

Geo 030

Geo 080

Geo 090
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Predicting Surface Pressure and Deformations Mapping
In-Distribution Test

Out-of-Distribution Test

v Five Models:

§ PointGNNCon

§ GraphUNet

§ GraphSAGE

§ PointNet

§ MLP

v Additional tests for 
Homophily, Ablation and 
Neighbor sensitivity in full 
text
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Multi-Physics Loss Objective Needed
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