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Abstract—We present a technique for simulating coagulation among any number of aerosol types, each
with a different composition. The semi-implicit solution mechanism solves the coagulation equations over
size ranges divided into any number of discrete bins. The scheme conserves particle volume, requires no
iterations, and is numerically stable, regardless of the time-step. We compared the accuracy of the solution
to both analytical and time-series numerical solutions. Practical use of the scheme demonstrates that it is

computationally fast in a multiple grid-cell model.
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1. INTRODUCTION

Aerosol coagulation is important because it alters the
composition and size distribution of particles prim-
arily smaller than one micron in diameter, and these
particles affect visibility, health, and physical pro-
cesses in the atmosphere. For example, sulfate, nitrate,
and organic carbon particles between 0.2 and 1.0 um
in diameter scatter light, and soot particles smaller
than 1.0 um absorb light efficiently (Waggoner et al.,
1981; Ouimette and Flagan, 1982). Also, particles be-
tween 0.1 and 1.0 um penetrate to the deepest parts of
human lungs. Finally, small particles serve as cloud
condensation nuclei and surfaces on which chemical
reactions take place, and small aqueous particles ab-
sorb gases and serve as hosts for internal chemical
reactions.

Simulating coagulation requires computing colli-
sion and coalescence rates and changes in particle size
and composition over time. Atmospheric particles
collide as a result of Brownian motion, differences in
fall velocities, turbulent motions, and intraparticle
forces. Generally, Brownian motion affects particles
smaller than 1 ym in diameter, differential fall velo-
cities and turbulent motions affect particles larger
than 1 um, and intraparticle forces affect particles
independently of size (Fuchs, 1964).

Smoluchowski (1918) calculated an expression for
the coagulation kernel associated with Brownian
motion in the continuum regime, where the Knudsen
number (Kn) is much less than unity. In the free
molecular regime (Kn> 1), the Brownian coagulation
kernel appears to follow the kinetic theory of binary
collisions for gas molecules (Hidy and Brock, 1970;

Hirschfelder et al., 1951). Fuchs (1964) developed an
interpolation formula, described in Section 3.3, for
the Brownian kernel in the transition regime
(0.1 <Kn<10). Fuchs’ kernel matches the continuum
value at low Knudsen number and the free molecular
value at high Knudsen number (see also Sitarski and
Seinfeld, 1977).

To simulate changes in the size distribution of
coagulating aerosols, modelers have developed
a number of approaches that assume either a continu-
ous size spectrum or discrete bins that vary in size (e.g.
Lushnikov, 1975; Turco et al., 1979a,b; Suck and
Brock, 1979; Gelbard and Seinfeld, 1980; Tsang and
Brock, 1982; Seigneur, 1982; Friedlander, 1983;
Warren and Seinfeld, 1985; Toon et al., 1988; Kim and
Seinfeld, 1990; Strom et al., 1992). While all of these
models simulate changes in size of coagulating par-
ticles, few calculate changes in composition of such
particles, and fewer calculate changes in size and com-
position among different types of particles, each with
a different composition.

In one such case Turco et al. (1979a,b) derived
a basic semi-implicit algorithm to describe aerosol
droplets coagulating with condensation nuclei to
form mixed aerosols. Their equations assumed a geo-
metrically related size distribution, with the volume
ratio of adjacent size bins equal to two. Toon et al.
expanded this semi-implicit technique to allow the
fixed volume ratio between adjacent bins to exceed
two. Here, we further develop the coagulation equa-
tions to allow the volume ratio of adjacent bins to
approach unity. Furthermore, while we show results
using a geometric size distribution, the method pres-
ented here solves over randomly spaced size bins as
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