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Fluidized beds are among the most commonly applied gas-solid contacting reactors in industrial processes ranging from fluid catalytic cracking (FCC), coal/biomass gasification and combustion, and chemical looping combustion (CLC).  Although solids mixing is often assumed complete, the characteristic time for vertical and lateral solids mixing can in fact be of the same length as other physical and chemical processes occurring in a fluidized bed[1].  Existing models either fit an dispersion (axial/lateral) coefficients or instead apply a more realistic description of the upwards and downwards solids motion due to the rising action of bubbles e.g. the contercurrent back mixing model (CCBM)[2]. However, many of these models are highly dependent on empirical assumptions for the wake and drift fraction of the bubbles. These fractions –which can also be reformulated as a wake exchange coefficient- quantify the relative amount solids displaced by the motion of the bubble and a wide scatter exists depending on the theoretical solution or experimental data set used [3]. Surprisingly, there does not exist agreement on what controlling parameters are necessary to predict these fractions- although Geldart [6] has speculatively expressed them as a function of Archimedes number.  Attempts to extract these wake and drift fractions by modeling single bubbles rising in a infinite or bounded inviscid fluid [4,5] have yet to lead to generally applicable correlations for use in bubbling fluidized beds.  Moreover, the consideration of the effects of interacting bubbles and wall-friction effects for small diameter and thin beds have not been investigated fully. 
In this study, cylindrical (3D) and thin rectangular (pseudo-2D) fluidized beds of varying diameter were simulated in three dimensions using an Eulerian-Eulerian simulation tool, Multiphase Flow with Interphase eXchanges (MFIX). This computational approach to dense multiphase flows treats solid and fluid phases as interpenetrating continuum and applies the kinetic theory of granular flows (KTGF) as a closure model.  Subsequent digital image analysis (DIA) techniques and post-processing techniques were used to extract the relevant solids motion and bubble statistics. The results are compared with a simplified hydrodynamic mixing model which treats the solid phase as incompressible and inviscid fluid. The influence of wall friction is found to significantly affect the wake and drift fractions especially in the thin rectangular beds. 
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