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NVIDIA Powers 
AI Factories
Data centers process mountains of continuous

data to train and refine AI software. Companies

are manufacturing intelligence, and their data

centers are becoming giant AI factories. NVIDIA

is the engine of the world’s AI infrastructure.
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AI Physics AI Agents Physical AI

AI Revolutionizing Industrial Design and Engineering

Advanced Simulation Virtual Prototypes Intelligent Manufacturing Autonomous Operation System Level Design



AI Physics Domains
Use Cases across science and engineering

Computational Fluid Dynamics Structural Mechanics Weather & Climate (Earth2)

Thermal Energy Generation Molecular Dynamics (ALCHEMI)



Optimized Kernels

TransformerEngine & 
NVIDIA Warp

Model Functionals & cuML
custom ops

Scale Up & Scale Out

Multi-GPU / multi-node 
parallelism

DistributedManager & 
ShardTensor

Physics 

Fine-Tuning

Physics-informed loss 
integration

Grounded solutions & 
generalization

NVIDIA PhysicsNemo
PyTorch++ for AI Physics

Open Models

Model Zoo across SciML
Domain

Pretrained checkpoints on 
HuggingFace

Reproducible Recipes

30+ end-to-end NGC 
workflows

Built-in benchmarking & 
validation

Combines first-principles physics AI with enterprise-scale mesh performance to deliver 1000x faster solutions, turning 
months of low-level infrastructure setup into weeks of rapid, optimized execution.





GPU-Accelerated CFD: 
HELYX-GPU



Overview

HELYX-GPU

Product
• Dedicated GPU solver, released separately from the 

standard HELYX release stream

• Current HELYX-GPU version aligned with HELYX 4.6.0

CUDA support
• CUDA 11.x up to the latest releases (currently CUDA 13.4)

• CUDA 13.0 commonly used internally at ENGYS

Showcase case
• DrivAer, closed cooling configuration

• 93 M cells, ENGYS mesh generated with HHM

• Spalart-Allmaras DDES, single precision
• Function objects active; optimized code and settings

Showcase: DrivAer DDES



Performance: standard HELYX (CPU) vs HELYX-GPU on NVIDIA H100

HELYX-GPU

Wall time reduction
• Segregated: 512 → 37 min 

(~14× on 8× H100)

• Coupled: 647 → 26 min 
(~25× on 8× H100)

Scaling (segregated)
• 2× H100: ~5×

• 4× H100: ~9×

• 8× H100: ~14×

CPU baseline
• 192 AMD EPYC Genoa 

cores



Linearized Free-Surface 
Solver



Morphing Model Setup

Setup

Geometry variation
• Software → rbfCAE

RBF shape modifiers set:
• Bulbous bow → 3 shape modifications (2 

in-plane and 1 out-of-plane)
• Stern → 2 shape modifications (1in-plane 

and 1out-of-plane)

DoE generation
• 101 sample points using LHS (inc. 

baseline)

Bow Morphing Preview from Top and Front View



CFD Model Setup

Setup

Mesh
• Mesh size → 2.5 M cells (half model)
• Near-wall layers→ 5

Setup
• Solution→ HELYX-Marine Linearized-Free 

Surface (LFS) solver, steady-state RANS
• Turbulence→ k-ω SST

Post
• RTPP → Automatic data export

• Surface fields → VTK (ps, τw , elevation)

Pressure

Free-surface elevation



AI Model Setup

Setup

Dataset Preparation
• Automated split of dataset into train (81) + 

validation (10) + test (10) sets via random 
sampling

Training
• Model → Nvidia GeoTransolver
• No. sampling points → 22k

Inference on unseen geometries

Dataset 
preparation

Training

Inference



Testing: ship hull total resistance (Rt) relative error 

Results

DP # RBF Parameters Combination Rt,CFD [N] Rt,AI [N] Relative Error [%]

91 0.00346, -0.0104, 1.31, -1.39, 1.4 103.66 103.27 -0.38
92 -0.0659, -0.0255, 1.03, -1.97, 1.32 102.89 102.74 -0.15
93 -0.0277, -0.0432, 1.33, 1.45, 1.27 103.47 103.18 -0.28
94 -0.093, -0.0441, 1.23, -1.59, 0.825 101.11 101.17 0.06
95 -0.0551, 0.0307, 1.38, 0.329, 1.37 103.85 103.62 -0.22
96 0.0179, 0.013, 1.01, 0.846, 0.865 102.08 102.09 0.01
97 -0.0486, -0.0342, 1.27, -0.85, 1.01 101.85 101.67 -0.18
98 0.00992, 0.0359, 0.946, -0.16, 1.48 104.20 104.02 -0.17
99 -0.0377, -0.0297, 1.01, -1.33,1.17 102.38 102.37 -0.01

100 -0.0614, 0.0216, 1.25, -1.74, 1.42 103.77 103.43 -0.33

Rt calculated integrating pressure and WSS results over ship’s hull (x2)



Resistance: statistics

Results

Rt scattered plot and histograms of relative error (%)



Resistance: whole dataset assessment

Results

CFD / AI predictions: Rt value and delta wrt baseline over the whole dataset

© Copyright 2026 ENGYS Limited. All rights reserved. CONFIDENTIAL.



GPU Computing: GeoTransolver processing

Results

Training time/epoch: ~ 24.68 s 

Validation time/epoch: ~ 0.72 s 

Total time: ~ 11880 s (3 h 30 min)

Testing time/DP: ~ 0.28 s (tot: 28 s)

Hardware
• GPU: NVIDIA L40 
• VRAM: 44.418 GB 
• CUDA: 13.0 
• PyTorch:2.9.0a0+145a3a7bda.nv25.10 
• Python: 3.12.3
• Docker image: NVIDIA PhysicsNeMo 25.11



Surface Pressure and Wall Shear Stress on Test Set | Front View

Results



Surface Pressure Field on Test Set | Bottom View

Results



Surface Wall Shear Stress on Test Set | Bottom View

Results



Free-surface Elevation (DP91)

Results

CFD AI Error



Multiphase VOF - Training



Morphing Model Setup

Setup

Geometry variation
• Software → Blender
• 3 design variables (bulbous bow)
• Morphing via harmonic coordinates 

character articulation algorithm
• Export to STL via Python API

DoE generation
• 133 sample points using LHS



CFD Model Setup

Setup

Mesh
• Mesh size → 1.8 M cells (half model)
• Near-wall layers→ 5

Setup
• Solution→ Transient VOF HELYX-Marine
• Turbulence→ k-ω SST

Post
• RTPP → Automatic data export

• Surface fields → VTP (ps, τw)

• Volume fields → VTU (elevation, phase.fraction)

VTP (Surface Fields)

VTU (Volume Fields)



AI Model Setup

Setup

Dataset Preparation
• Automated split of dataset into train (119) + 

validation/test (14) sets via K-Means 
clustering and stratified sampling

Training
• Model → Nvidia GeoTransolver
• No. sampling points → 30k
• No. epochs→ 500
• Hardware → 2x Nvidia RTX A5000

Inference on unseen geometries

Dataset 
preparation

Training

Inference



Results

Results

Validation metrics

Regression error

R2  Ct

Validation Set 0.940

Surface

ps τw

L1 [%] 0.5 0.4

Volume

Elevation Phase Fraction

MAE 0.0008 0.0009



Surface Pressure and Wall Shear Stress on Test Set | Front View

Results



Surface Pressure Field on Test Set | Bottom View

Results



Surface Wall Shear Stress on Test Set | Bottom View

Results



Free-surface Elevation

Results



Multiphase VOF - Optimization



Optimization Setup

Overview

The AI model created with GeoTransolver
on the VOF case was used for running a full 
hull form optimization

Optimisation setup
• Input Variables
• 3 morphing control points translation

• Design Objective
• MIN total resistance force

• Algorithm
• NSGA-II (30 generations, 8 designs per 

population)



Optimization Results > Convergence

Results



Optimization Results > Convergence

Results

Wall Shear Stress Pressure



Get Start Guides, Training Material, Example recipes, DLIs, build.nvidia.com

More details? Open Source Material

https://archive.docs.nvidia.com/physicsnemo/
26.03/physicsnemo/examples/README.html

https://github.com/openhackathons-org/End-
to-End-AI-for-Science

https://learn.nvidia.com/courses/course-
detail?course_id=course-v1:DLI+S-OV-48+V1
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