
Evaluation of the DPMFoam solver
Fernandes C., Ferrás L., Semyonov D., Covas J.A., Nóbrega J.M
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Multiphase flows are relevant in several industrial processes, thus the availability of accurate numerical modeling tools, able
to support the design of products and processes, is of much significance. OpenFOAM version 2.3.x comprises a multiphase
flow solver able to couple Eulerian and Lagrangian phases using the discrete particles method (DPM), the DPMFoam. In this
work the DPMFoam solver is assessed by comparing its predictions with analytical results and experimental and simulated
data available in the literature. They are results from Goldschmidt’s [1] and Hoomans’s [2] theses and the analytical Ergun
equation. The goal was to define accuracy and performance of DPMFoam in general scientific or commercial applications.
Obtained results demonstrate a good agreement with the reference simulation data and is within reasonable deviations from
the experimental values.

Basic OpenFOAM tutorial with the Goldschmidt’s case, corresponding to a fluidized bed problem, was used as a refer-
ence. The tutorial can be found under $FOAM TUTORIALS/lagrangian/DPMFoam/Goldschmidt folder in the OpenFOAM
installation. Geometry and physical properties were adjusted accordingly to match those of reference experiments.

Figure 1 and Table 1 provide the most relevant results obtained, concerning the fluidized bed dynamics and data. In Figure
1(left) DPMFoam is compared with the Goldschmid’s data: DPM solver, experiments and two-fluid model (TFM). From there
it is clearly seen that the DPMFoam produces the same flow patterns as the Goldschmidt’s code, and the bubble dynamics is
visually similar to that in experiments. Figure 1(right) shows the comparison with the analytical Ergun equation. It allows
to conclude that, in general, DPMFoam correctly predicts the pressure drop, but near the minimum fluidization velocity the
system behaves differently than predicted by the analytical results. It gives considerably lower pressure drop, but approaches
the theoretical value as the velocity increases.

Figure 1: Multiphase flow fluidized bed case study: (left) Snapshots of the bed at 1.5 times the minimum fluidization
velocity Umf and (right) Pressure drop through the bed.

Table 1 presents the averaged bed dynamics data. It also allows to conclude that the bed dynamics is similar to that of the
Goldschmidt’s solver to a reasonable level of accuracy.

Table 1: Multiphase flow fluidized bed case study: Quantitative comparison of bed height data.

fluidization velocity < h >t [m] RMS < h > [m] Expansion freq. [Hz]
experiment 1.25 Umf 0.092 0.0098 1.6
experiment 1.50 Umf 0.114 0.0226 1.6
experiment 2.00 Umf 0.135 0.0323 1.4
DPM 1.25 Umf 0.085 0.0016 3.2
DPM 1.50 Umf 0.097 0.0052 2.0
DPM 2.00 Umf 0.120 0.0074 2.0
DPMFoam 1.25 Umf 0.083 0.0021 1.9
DPMFoam 1.50 Umf 0.094 0.0044 2.6
DPMFoam 2.00 Umf 0.116 0.0084 2.1
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