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Int”Turbulence is the most important unsolved problem of classical physics” 

Richard Feynman
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• London Array: 175 wind turbines, 3.6 MW each, total 630 MW, can 
provide electricity for 500,000 homes [in theory]

• Capacity factor (actual output divided by the theoretical capacity): ~45%

• Increased capacity of 50 MW by wake steering → 40,000 more homes
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Introduction: how to study turbulence?

Critical challenges for exascale computing (in general):

o Power-usage restrictions / decrease in processor clock rates, an increase in core counts, 
more complex memory hierarchies and less available memory bandwidth per core

o Diverse mix of heterogeneous and homogeneous / many-core systems along with multi-
level memory hierarchies and programming paradigms

o Bandwidth limitation → reducing data movement: control load unbalance and minimise 
(global) communications 

o Growing gap between compute capacity versus I/O capabilities
o Domain Specific Language that separates the science source (what is to be computed) 

from its parallel implementation (how to program the hardware) is emerging as the way 
forward but not so easy in practice

Exascale? We are ready!
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Opportunities for exascale turbulence simulations:

o New normal:  high-fidelity simulations of turbulent flows based on 100-1,000 billion mesh 
points / cells with 10-100 million cores for 100-1,000 hours

o Only a small increase in flow regime (x3-x5)
o Opportunity for multi-physics high-fidelity simulations
o Mandatory shift to high-order methods
o Generation of database for improved/new turbulence models
o Great potential to combine machine learning algorithms and our tools (turbulence 

modelling, flow reconstruction, optimisation, design)
o Huge opportunity for UQ (increase confidence/robustness of our tools)

Exascale? We are ready!



Exascale? We are ready!

2 approaches: 
Domain Specific Languages & multi-backend codebases
2024/2025 TARGET: simulations on 5,000/10,000 GPUs 

uDALES



Thank you!

X/Twitter: @ukturbulence

The UK Turbulence Consortium
https://www.ukturbulence.co.uk/

https://www.ukturbulence.co.uk/
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