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Technical note

An analytical expression for the coagulation coefficient of
bipolarly charged particles by an external electric field with
the effect of Coulomb force
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Abstract

This article proposes an extension that includes an analytical solution for the coagulation coefficient of bipolarly
charged particles by an external electric field with the effect of Coulomb force, based on the known analytical
solution for the coagulation coefficient of bipolarly charged particles by Coulomb force without the effect of an
external electric field. The proposed solution agreed well with previous numerical results (Journal of Electrostatics
48 (2000) 93).
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

The coagulation coefficient of electrically charged particles by Coulomb force without the effect of an
external electric field has been deriv@abel, 1958; Fuchs, 19%4This coagulation coefficient can only
be used to describe the Brownian motions between electrically charged (including unipolarly charged and
bipolarly charged) particles. Althoudgoizumi, Kawamura, Tochikubo, and Watanabe (20@@erically
calculated the coagulation coefficient of bipolarly charged particles by an external electric field with
the effect of Coulomb force, Koizumi’s solution requires complicated computation. Here we unite an
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analytical solution for the coagulation coefficient of bipolarly charged particles by Coulomb force with
and without the effect of an external electric field.

2. Theoretical analysis

We assumed that the coagulation coefficient of bipolarly charged particles consists of two parts. One
is the coagulation coefficient of bipolarly charged particles by Coulomb force without the effect of an
external electric field. The other is that by an external electric field without the effect of Coulomb force.
This assumption is based on the fact that Coulomb force strongly works in a short-distance range while
the applied external electric field accelerates the coagulation in a long-distance range, thus the two effects
work independent of each other.

The coagulation coefficient of bipolarly charged particles by Coulomb force without the effect of an
external electric field is given byZgbel, 1958; Fuchs, 1954
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whereKy;; is the Brownian coagulation coefficient of neutral particlBmpluchowski, 191)7 andx is
the Boltzmann constant. is the absolute temperaturethe viscosity of the gas;; andg; the charge
quantities of the particles with diametefsandd;. Egs. (1)—(4) are applicable in the continuum regime
where the Knudsen number of a particle is small.

If |o;;|>1, thenf;; =~ —«;;. Thus, the coagulation coefficient of bipolarly charged particles by Coulomb
force without the effect of an external electric field, Eq. (1), can be approximated by

jTp—L E— Y N 5)
3neo(d; +dj)u di  d

The particle’s chargekpizumi et al., 200Dis given by the sum of the following two charging mecha-
nisms: the field charges, and the diffusion chargey:
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wheregg ande, are the permittivity of free space and the relative dielectric constant of the paHicle.
is the electric field of the corona dischargehe unit charge, anék andtq the time constants for field
charging and diffusion charging, respectively.
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