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Mathematical modeling and experimental evaluation of
square-shaped electrostatic sensor arrays for
gas—solid two-phase flow measurement
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Abstract: To study the sensing mechanism of square-shaped electrostatic sensor arrays that compose of distributed
strip-shaped electrodes, a mathematical model was proposed based on electrostatics theory and image method. Through
simulating a moving point charge with different moving paths, the induced charge and current of different electrodes in
the sensor arrays were derived from the proposed model. A gravity-fed particle flow test rig with a square-shaped pipe
section was designed and constructed to evaluate the mathematical model. The square-shaped electrostatic sensor arrays
were composed of two layers of strip-shaped electrodes, and 12 (3 X4) strip-shaped electrodes were uniformly embedded
in four flat pipe walls in each layer. By changing particle’s position across the pipe section, outputs of different electrodes
in the sensor arrays were obtained accordingly. The results show that experimental results are in line with simulation
results from mathematical model, which indicates that the proposed model is effective in practice.
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sensing area partitions on cross-section!'”)
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Fig. 2 Coordinate system of mathematic model for

electrostatic sensor arrays
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Induced charge and current of different electrodes when point charge moves along the central axis in center of zone V
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Fig. 4 Induced charge and current of different electrodes when point charge moves along the central axis in zone |
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