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Abstract of Thesis

The vibrated fluidized bed is an apparatus that combines the air-agitated fluidized bed and the mechanical
vibrated bed to enhance fluidization, segregating, mixing, and so on. The addition of mechanical vibration
drastically alters the solid and gas flows in beds and enhances its physical complexity. In this study, dense gas-
solid flows in a vibrated fluidized bed were explored in detail by a proposed numerical model based on discrete
element method (DEM) coupled with computational fluid dynamics (CFD).

A DEM-CFD model based on a non-inertial frame of reference fixed to a bed was developed. Because the
high computational cost of DEM-CFD calculations is still a major problem, an upscaled coarse-graining model
was also employed. To realize a similar behavior between an original particle and an enlarged model particle,
non-dimensional parameters at the particle scale were deduced from governing equations. After the validation
study without the coarse-graining, the availability and limitation of the coarse-graining DEM-CFD model were
examined for a density segregation problem of binary particles with the same diameter but different densities.
It was found that, to reduce the computational costs by enlarging the model particle size while capturing the
mesoscopic structures, the ratio between the bed width and model particle size should not be less than 100. To
obtain similar segregation behaviors, the ratio between the bed height and model particle size should not be
changed.

The influence of the model particle size and the spatial resolution of CFD calculations on the average size
and number of bubbles in the coarse-graining DEM-CFD calculations was examined for a bubbling fluidized
bed. It was confirmed that the bubble size was scaled by the model particle size if the similarity in the particle
scale as well as the geometric similarity of the whole system were maintained. Coarse spatial resolution
increased the bubble size and decreased the number of bubbles and the countervailing influence of the model
particle size and the spatial resolution in a practical coarse-graining scenario resulted in nearly the same bubble
size.

The proposed coarse-graining DEM-CFD model reasonably captured the change of density segregation
behaviors depending on the gas inflow velocity under the same vibration condition: the reverse segregation in
which heavy particles located above light particles was observed when the gas inflow velocity was zero or much
less than the minimum fluidization velocity of the light particles. By increasing the gas velocity, it turned to the
forward segregation in which the heavy particles located below the light particles. Mechanisms of the reverse
segregation and the steep change from the reverse to forward segregation were elucidated by the proposed
model. According to the relative motions between the particles and the bed, the negative gauge pressure was
observed depending on the vibration phase. In the reverse segregation case, the accumulative effect of the
downward gas pressure gradient force induced by the vibration overcame the upward force by the forced air
flow. The wall friction transported both the heavy and light particles in the vicinity of the side wall to the bed
bottom where the local void fraction was comparatively high and reverse segregation mainly occurs. It was
revealed that the reverse segregation was the result of combined effects of the downward gas pressure gradient
force, the particle transport, and the local formation of high void region. The increase of gas inflow velocity

enhanced the upward pressure gradient force and the segregation turns to forward.
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