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ABSTRACT

Eulerian-Lagrangian couplings are nowadays widely used to address engineering and technical
problems. In particular, CFD-DEM couplings have been successfully applied to study several
configurations ranging from mechanical, to chemical and environmental engineering. However,
such simulations are normally very computationally intensive, and the execution time represents
a major issue for the applicability of this numerical approach to complex scenarios. Furthermore,
parallel coupling of independent software/libraries is inherently difficult. But in this case, DEM
particles moves within the CFD phases and hence a 3D volume coupling is necessary, which
represents a important amount of data to be exchanged. This volume of communication can
have a considerable impact on the performance of the parallel execution [1, 5].

In this work, we propose a novel approach to address this issue and perform an efficient par-
allel coupling of CFD-DEM simulations. This relies on the combination of two techniques: a
co-located partitioning strategy and a dual-grid multiscale interpolation. The co-located par-
titioning strategy imposes a constraint on the partitioning of the CFD and DEM domains:
domain elements co-located in the simulation space are assigned to the same partition, and then
attached to the same processor [2]. This requires a meta-partitioner which is able to take into
account the constraints of the both CFD and DEM problems. As a result, most of the coupling
data exchange occur within the same processor, or within the same process if the two CFD and
DEM libraries are linked together into one executable, which considerably speeds-up the parallel
execution. In addition to that, we introduce a dual-grid multiscale method [4]. A fine mesh,
offering better numerical properties, is used to solve the CFD problem. Then, a coarse mesh is
used as an intermediate layer between CFD and DEM to exchange the fluid and particle fields
which are interpolated between the two meshes. This method brings the advantage to remove
any constraints on the CFD (fine) mesh, while the coarse mesh can adapted to the particle
size of DEM problem and partitioning constraint, and then reduce inter-process communication
between the CFD and DEM parts [3].

This combined approach for parallel coupling of CFD-DEM has been successfully used to per-
form large scale simulations of debris within a dam break flow, and combustion of wet biomass
particles in a moving grate boiler. We assess the correctness and performance of our approach on
elementary benchmarks and at a large scale with a realistic test-cases. The results show a signif-
icant performance improvement compared to other state-of-art CFD-DEM couplings presented
in the literature.
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