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The simulation of turbulent flows is a central challenge in the aerospace industry, with applications ranging from drag
prediction on aircraft components to characterizing the noise generated by landing gear and high-lift devices. These
flows are inherently complex, spanning a wide range of spatial and temporal scale, and high-fidelity simulation
approaches such as Direct Numerical Simulation (DNS) or Large Eddy Simulation (LES) are often considered out of
reach for industrial-scale problems given current computational resources. Nevertheless, the advent of exascale
supercomputers, capable of performing over 108 operations per second; opens unprecedented opportunities to
perform advanced numerical simulations and push the boundaries of our understanding of turbulence [1]. Yet fully
harnessing this massive computational power is far from straightforward, and remains a major technical hurdle.

Two major trends in modern High-Performance Computing (HPC) help explain these challenges. First, most exascale
machines rely on heterogeneous architectures, combining CPUs with GPU accelerators. While such configurations
deliver impressive performance and energy efficiency, they introduce new layers of complexity. In particular, the
multiplicity of GPU vendors makes performance portability a critical concern: achieving sustained efficiency across
CPUs and GPUs from different vendor (Intel, AMD, NVIDIA, among others) requires careful tuning of memory layouts,
parallelization strategies, and cross-platform programming models, which vary widely in terms of intrusiveness,
abstraction level, and complexity (e.g., OpenMP, OpenACC, SYCL) [2]. Second, the growing demand for Al-oriented
workloads has driven the adoption of hardware optimized for lower floating-point precision. While this offers higher
performance, improved energy efficiency, and reduced memory footprint, it also requires careful algorithmic design to
maintain numerical stability and accuracy, particularly in the context of high-fidelity flow simulations [3].

Characterizing the impact of these trends on computational fluid dynamics (CFD) solvers is therefore a crucial challenge.
Existing large-scale Navier-Stokes solvers, developed over decades in both industry and academia, are notoriously
difficult to port to modern heterogeneous architectures due to their complex data structures and intricate algorithmic
patterns. By contrast, the lattice Boltzmann Method (LBM) [3] offers a more tractable alternative. Based on mesoscopic
kinetic theory, the LBM evolves particle distribution functions over a lattice rather than directly solving macroscopic
conservation laws. This results in a simple evolution algorithm consisting of a local collision step followed by a streaming
step with minimal data dependencies. Its high computational efficiency not only makes the LBM suitable for high-fidelity
turbulent flow simulations [4] (see Figure 1), but also provides an ideal testbed for exploring performance optimization
strategies and adapting solvers to emerging HPC architectures [5,6].
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Figure 1 - Examples of high-fidelity flow simulations performed with the lattice Boltzmann method.
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The main goal of the internship is (i) to explore the performance of the lattice Boltzmann method on modern
heterogeneous HPC architectures, with a particular focus on GPU accelerators, and (ii) to identify best practices for
developing efficient and portable solvers adapted to such heterogeneous systems. To achieve this, the internship will
include the following tasks:

1. Familiarization with GPU programming and cross-platform models. Benchmark different programming
models (such as OpenMP, OpenACC, SYCL, ...) to identify the most efficient & portable strategies.

2. Understanding the lattice Boltzmann method and identifying performance-critical kernels. Perform a
baseline CPU performance analysis and profile the code to identify the most computationally intensive kernels.

3. Porting and optimization of critical kernels on GPUs. Implement the key kernels on GPU using the chosen
programming model and evaluate the achieved performance against the CPU baseline.

4. Exploration of reduced-precision arithmetic. Assess the impact of lower floating-point precision on the
computation time, numerical stability, and solution accuracy, using concepts introduced in [7].

The intern will have access to ONERA’s internal computing facilities and may also perform tests on national HPC
facilities. Code development will be tracked and managed using Git to ensure reproducibility and collaborative workflow.
The internship will follow an open science approach, making use of ONERA’s publicly available codes such as
Cassiopee and Fast where relevant. The resulting insights and best practices will directly contribute to ongoing efforts
at ONERA to port and optimize its simulation tools for next-generation computing platforms.
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