The role of time in the computational definition of minimum bubbling velocity in gas-fluidization 
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Abstract

The paper analyses the computational definition of minimum bubbling velocity. The difficulties in computationally realizing transition to bubbling, in contrast to the more straight forward experimental method, have been detailed. We find that the role of ‘time of bubble persistence’ is lacking in the current definition which warrants attention. A meaningful direction ahead has been proposed based on results of coarse and fine mesh simulations using kinetic theory based two-fluid model (TFM). For the first time we analyze fine mesh simulations of the transiently evolving bed to understand bubbling transition computationally. Comparison and contrast between experimental and simulated observations as regards transition to bubbling phenomenon have been made, which helps in benchmarking the fidelity of TFM simulations. Here, simulations show a deviation from experiment in that the regime change always occurs more continuously over a velocity range rather than the more abrupt and discrete transition to bubbling observed in experiments.
 
Gas-fluidized Geldart A and Geldart B powders [1] manifest a transition to  bubbling at a unique velocity called minimum bubbling velocity experimentally defined as the gas superficial velocity when a ‘clearly defined bubble’ appears at the bed surface [2]. For Geldart A particles the minimum bubbling velocity marks the end of homogeneous expansion which is missing for Geldart B particles. The latter bubbles right at incipient fluidization. This transition, particularly in Geldart A particles, is industrially very important as it affects the gas-solid contacting which is closely related to reactor performance. CFD has been a useful tool in investigating fluidization behavior of powders over a wide range of length and time scales. Researches have simulated the transition to bubbling using both Eulerian-Lagrangian and Eulerian-Eulerian approaches and there is consensus that the computational definition of minimum bubbling velocity as the velocity when particle lean region (bubble) appears in snapshots is subjective. Apart from the fact that the solid volume fraction contour selected to define the boundary between bubble and emulsion phase is arbitrary [3], there is no restriction on the time of persistence of the bubble when realizing minimum fluidization i.e. the current definition allows that minimum bubbling is reached even if the bubble appears for only 0.3s. All theses difficulties have been detailed in the first half of the paper. In the second half we return to the fundamental definition of minimum bubbling as a period marking regime change which must yield a new bed configuration. After inspecting many animations simulated using different mesh sizes we propose that the fundamental definition is met only when heterogeneous structures (bubbles or dilute regions) persist with time, eradicating the former homogeneous bed structure and evolving to a new configuration. We show the markers that TFM manifests during this transition, which are mesh size dependent.  Also as these markers must persist with time, we demonstrate that importance of time in the definition of minimum bubbling velocity.
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