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Abstract

A generalized formulation for coagulation of charged particles is presented in this paper. The
governing equations can be solved semi-implicitly for a number of discrete size and charge bins.
The computationally efficient mechanism gives volume and charge conserved solution with time. A
distinct way of handling electrostatic dispersion in dynamic model has been used in this work. The
scheme has been tested for charged, nebulized aerosol particles by model studies and also compared
with experimental observations. The model simulated results show that charge can significantly
affect the coagulation dynamics if charge level is higher than the Boltzmann equilibrium charge limit
for less than 1 µm particles. It was found that for the bipolar charge case, there was a significant
effect on the enhancement of the coagulation process. For the case of unipolar charge, electrostatic
dispersion was seen to play a role in the depletion of number concentration. The model was then
validated against results of six controlled experiments in which electrical low pressure impactor
(ELPI) was used for measurement of charge and number size distribution. Our model results were
found to be in reasonable agreement with observed values. The developed model is fast (independent
of time step) and numerically stable. It can be used for several applications involving coagulation
dynamics of charged aerosol particles.
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Nomenclature

(i, j) size classes of model input particles

(l,m) charge categories for model input particles

A Hamaker constant

Achamber area of the chamber

Atop,side,floor surface area
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