
Visualizing massive CFD 
outputs in game engines using
level of detail and dynamic 
loading



What is a CFD?

https://spectrum.ieee.org

https://spectrum.ieee.org/what-is-driving-the-shift-towards-cloudbased-cfd-and-fea-simulation


Why CFD’s?

Ø Aerodynamics

Ø Flood Risk Assessment

Ø Wind Energy

Ø Urban Heat Sinks

https://www.researchgate.net

https://www.researchgate.net/publication/268223531_Reduced-Order_Chemical_Mechanisms_for_Oxygen-Enriched_Combustion_of_Methane_and_N-decane_Fuel


Massive





CFD Scale



Current Issue

Ø Massive datasets do not fit into memory

Ø Manual loading of data in and out of memory

Ø Unclear which data represents a specific area



Research Question

“ Can massive CFD results be visualized in 
Game Engines in real-time while 

presenting valuable information?”



Proposed Solution

Ø Automate Data Loading
Ø No human interaction required

Ø Level of Detail
Ø Provide detail based on user distance

Ø Game Engines



Dynamic Loading



Level of Detail (LoD)

https://gamedev.stackexchange.com

https://gamedev.stackexchange.com/questions/31883/how-change-lod-in-geometry


Pre-Processing



Generating Regions

Entire Study Area



Generating LoDs



Visualization



LoD loaded for Regions

Visualize
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Unload



Visualization Techniques

Volume RenderingBarbs Iso-surface Rendering



Barbs



Volume and Iso-surface rendering in 
Game Engines

Ø Textures & Shader



Creating Textures

LoD 3 8x8 Texture



Iso-surface



Volume Rendering



Results



Results



Pre-Processing Time



Error



Limitations   &   Future Work
Ø Slicing

Ø Sub-regions

Ø Optimizations:

Ø Number of regions

Ø Number of LoDs

Ø Load, render and destroy distance

Ø Empty Voxel

Ø Cannot export visualized data

Ø None rectangular study areas



Conclusion

Game Engines are capable to visualize 
massive CFD simulations in real time



Thank you!


