Studying the parallel efficiency of CFD-DEM approach with inconsistent
domains for multiphase flows cases
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ABSTRACT

CFD-DEM approach is widely used for simulation of granular flow in different applications [1]. Such
applications can be simulation in blast furnace during iron production, particles flow simulations in
wells during drilling mud cutting process, simulation of circulating fluidized beds. The parallel
efficiency is crucial to CFD-DEM solvers for simulations of complex problems for simulating large
granular systems, where the equations are solved in parallel by the DEM and CFD modules. In the
coupling procedure for CFD-DEM approach, the particle information obtained in each module is
transferred to the other module. If the subdomains of individual processors in each module were
perfectly consistent, the information of every particle would be local to each processor for both CFD
and DEM modules. In this situation inter-processor communication is unnecessary in the coupling.
However, the subdomains in most numerical simulations are inconsistent. This is due to the
consideration of parallel efficiency when decomposing the domain. In this situation the information of
some particles obtained in CFD and DEM module are not stored in the same processor. Hence, inter-
processor communication is required for these non-local particles.

The parallelization in the present solver is performed as follows:
- The DEM dedicated module evolved the particles one step forward;

- The non-local particles are found in the DEM dedicated module. This is the preparation step before
transferring non-local data;

- The information of non-local particles in each processor is transferred to other processors;

- The particle information obtained in the DEM module is now local to the CFD dedicated module.
The information of the particles in the CFD module is updated and can be used in the next CFD step.

After last step the inter-processor communication is finished. The non-local data obtained by the DEM
module is transferred to update the information of particles in the CFD module. Following this
approach, the non-local information obtained in the CFD module can also be transferred to the particles
in the DEM module. The parallel efficiency of special solver sediFoam was studied [2].

Two famous multiphase flows cases for fluidized bed and sediment transport are performed to test the
strong scalability of sediFoam solver for large-scale simulations. We used several million particles and
different CFD meshes on various numbers of processors from 4 to 240. The simulations showed that
the efficiency of sediFoam depended from the number particles in each processor. The work is
supported by the Russian Foundation of Basic Research - RFBR (Grant No. 17-07-01391).
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