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Multiphase reaction model based on bubble structures in bubbling bed
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Abstract: Gas-solid bubbling beds embrace complexity coupled by flow, heat/mass transfer and reactions over a
wide range of spatial-temporal scales, which meso-scale flow structure, e.g., bubble, plays a critical role on gas-
solid transfer. It is necessary to build meso-scale model on the basis of reasonable physical simplification of real
processes, for accurate interpretation of heat/mass/momentum transfer and reaction in gas-solid flow systems. A
multi-fluid reaction model from bubble structures was proposed with a consideration of effects of non-uniform
meso-scale structure on gas-solid reaction in bubbling bed. Further, the mass transfer and reaction model in the two
fluid model (TFM) was modified by a defined heterogeneity reaction index, which made the model easier to use.
Model was validated through simulation of ozone catalytic decomposition in bubbling bed, showing good agreement

with literature data.
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Fig. 1 Sequential processes of reaction and mass transfer in bubble-based EMMS flow structure
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Table 1 Material properties and operating conditions

Parameter Value
particle diameter d/m 6.0x1073
particle density p,/(kg-m™) 1586
gas densityp,/(kg'm~>) 1.225
gas viscosity t/(Pa-s) 1.8x1073
minimum fluidization voidage &, 0.4
superficial gas velocity Uy/(m's™) 0.5
bed diameter/m 0.1
bed height/m 2.6
solids inventories/kg 5
static bed height/m 0.774
reaction rate constant, &,/s™! 4.49
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Fig. 3 Variation of heterogeneity index H; against voidage in
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Fig. 4 Axial voidage profiles calculated with different drag

models and their comparison with experimental data
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Fig. 5 Variations of dimensionless ozone concentration against time at exit and its axial profiles calculated with different models
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