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Sadly, many have lost/will lose their 
job (minimal investments in people in 
the UK, no ExCALIBUR2 yet)



Turbulence at the Exascale

• Prepare four finite-difference Computational Fluid Dynamics solvers for exascale systems
• Exascale-ready multi-physics coupling interfaces, Uncertainty Quantification, I/O & Machine Learning tools
• Use of the Domain Specific Language library OPS and the 2DECOMP&FFT library for CPU and GPU capabilities
• Four use cases for a greener UK society (wind energy, green aviation, air quality & net-zero combustion)

uDALES



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

Richard Feynman

Turbulence



Turbulence and CFD



• OPS DSL developments: new robust code-
generator –> clang and fparser2 + Python 
and Jinja2 templates : both C/C++ and 
Fortran APIs.

• New parallelization backends → C/C++: 
HIP,SYCL, OpenMP Offload  + MPI | Fortran 
: OpenMP Offload

• Heavy dev on multi-precision capabilities

2DECOMP&FFT is a software framework written in modern Fortran to build 
large-scale parallel applications. Designed for applications using 3D 
structured mesh and spatially implicit numerical algorithms. Fast Fourier 
Transforms available.

OPS is an API with associated libraries and preprocessors to generate parallel executables for 
applications on mulit-block structured meshes.

• Updated capabilities with GPU porting and 
hybrid OpenMP/MPI porting

• Enhanced experience for users 



Python-based modelling framework for 
the compressible Navier-Stokes 

equations targeting high speed flows

•  OPS with specific hardware backends, such as MPI/OpenMP for 
execution on CPUs, and CUDA/OpenCL for execution on GPUs

• It has been ready for exascale for few years

• Addition and testing of various new features such as extracting 
data on 2D/3D sub-domain, random stochastic forcing generator on 
CPU and GPUs, automatic code generation for various precision

• Quick and smooth installation on various multi-CPU/GPU machines

• Flow with shocks

• Transition laminar-turbulence

• High-speed flows



• Flow over staggered array of cubes

• Indoor-outdoor flow interaction

• Determination of drag coefficient of trees

• Air quality in urban street canyon

• Flow over realistic urban-like obstacles

• Diurnal cycle microclimate simulation - urban area

uDALES
Multi-physics microscale 
modelling framework for 

outdoor urban environments

• Improved scaling/performance using 2DECOMP&FFT 

• Higher-fidelity geometry representation with new IBM

• Robust preprocessing script to interlink STL triangles and fluid mesh

• Capability of simulating indoor-outdoor flow interaction

• Synthetic inflow turbulence generator

• Moving towards GPU capabilities via 2DECOMP&FFT



• New multi-backend approach

• NVIDIA GPUs and CPUs capabilities

• New tri-diagonal solver 

• I/O via ADIOS2

Modelling framework for 
incompressible flows with a 

wind farm simulator

• Magnetohydrodynamic turbulence

• Turbulence with particles

• Turbulent wall-bounded flows

• Viscoelastic turbulence

Currently “playing”
with

Isambard 3 & 
Marenostrum



• New approach based on OPS

• New version is ready with CPU and GPU 
capabilities

• Performance optimisation 

• Implementation of digital filtering method 
for turbulent inflow generation

• Chemistry pre-processing

Modelling framework for 
compressible single and multi-
phase turbulent reacting flows

• Combustion-based technologies (towards net zero)

• Turbulent reacting flows with chemical reactions

• Hydrogen-based simulations



Transverse activities COUPLING

Mesoscale and Microscale Coupling

The Askervein Hill project

BC from WRF

BC from xcompact3d



Transverse activities

QUANTUM

AI/ML

UQ



What’s next

• We recently secured some funding:

• UKRI Grant: Towards a more sustainable High Performance Computing 
sector: a hardware/software co-design proof-of-concept

• UKRI Grant: Real-time digital optimisation and decision making for energy 
and transport systems

• ARCHER2 eCSE: Porting Xcompact3d to AMD GPUs

• We are playing with EuroHPC supercomputers

• We are waiting for the outcome of the UKRI CCP call

• We are waiting for an ExCALIBUR 2 initiative

• We are waiting for a proper HPC infrastructure in the UK, investments in 
people and a UK 10-year rolling strategy for large-scale compute (not AI 
focused)



Credits: Sebastien LEMAIRE & Andrew MOLE
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