Experimental investigation of electrostatic effect on bubble behaviors in gas-solid fluidized bed
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Abstract: Electrostatic charges are generated and accumulated due to insulated particle-particle and particle-wall frictions in gas-solid fluidized bed. The excess accumulation of electrostatic charges has a severe impact on hydrodynamics in fluidized bed, even causes particle agglomeration and wall sheeting. Current research about electrostatics in gas-solid fluidized bed mainly focuses on electrostatic charge measurement and influence of hydrodynamics on electrostatics. However, the influence between hydrodynamics and electrostatics is mutual. The change of hydrodynamics will certainly alter the degree of electrification, and meanwhile, variation of charges on particles will also affect hydrodynamics in the fluidized. Unfortunately, there is a serious lack of experimental investigation of electrostatic effect on hydrodynamics. This is attributed to the fact that tribo-charging of particles strongly depends on many factors, including gas and solid physical properties, operating conditions and environmental conditions. A slight change of any of these factors will alter the electrostatics in the fluidized bed. Thus, tribo-charging of insulated particles is not very predictable or easily controlled, which raises the difficulty in quantitatively adjusting the degree of electrification in the experimental investigation. So far, electrostatic effects on hydrodynamics have only been studied through numerical simulation. Nevertheless, the simulations always involve numerous assumptions and simplifications which seem unreasonable according to experimental results. For instance, charge generation and dissipation are often neglected and the amounts of charge on particles are assumed to be constant and independent of particle sizes. What’s more, the results acquired from numerical simulation are always displayed without experimental verification. Therefore, it is of vital importance to investigate the electrostatic effects on hydrodynamics experimentally.
This work provides a first insight into the electrostatic effects on hydrodynamics, especially bubble behaviors experimentally by injecting a trace of liquid antistatic agents (LAA) into the fluidized bed. Different amounts of LAA (0~50 ppm) were injected to make the electrostatic charge vary in a wide range and the bubble behaviors were investigated simultaneously. The electrostatic charges in the bed were characterized by electrostatic probe and faraday cup, while the bubble behaviors were studied by pressure fluctuations. The results showed that the charges on particles in the fluidized bed decreased with increasing amount of LAA and charges were completely eliminated when injecting 37.5 ppm LAA. As the electrostatic charges decreased, the probability density distribution of pressure fluctuations widened obviously and the standard deviation increased. These results indicated an increase in bubble sizes and a stronger bubble movement, which were in accordance with the simulation results reported by other researchers.. The pressure fluctuations were further analyzed by extracting the incoherent standard deviation to quantitatively investigate the effects of electrostatic charge variation on bubble sizes. The bubble diameters acquired were compared with Mori and Wen’s correlation (AIChE Journal, 1975, 21:109-115) and found to be smaller than those estimated from classical correlation. This discrepancy was attributed to the neglect of electrostatic effect in the classical correlation. During the experiment, the bubbles were surrounded by charged particles. The repulsive force between charged particles restrained the ascending bubbles and leaded to a larger emulsion voidage. Therefore, the bubble sizes were reduced and the maximum reduction of bubble sizes due to electrostatic effect was 21%. 
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