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ABSTRACT. Noniterative, unconditionally stable numerical techniques for solving
condensational and dissolutional growth equations are given. Growth solutions are
compared to Gear-code solutions for three cases when growth is coupled to
reversible equilibrium chemistry. In all cases, results from the new growth schemes
matched Gear-code solutions nearly exactly when growth and equilibrium calcula-
tions were operator-split with a 1 s time interval. Results also matched well for a 15
s interval. With a 15 s interval, the growth-equilibrium schemes can be used in a
three-dimensional model. Longer operator splitting intervals, in some cases, induced
oscillations in concentrations caused by delays in feedback between equilibrium and
growth calculations. Simulation results indicated that gases and aerosols were closer
to equilibrium when the relative humidity was 90% than when it was 40%.
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INTRODUCTION

Among the processes affecting the size dis-
tribution and composition of atmospheric
aerosols and cloud drops are condensation,
dissolution, and evaporation. Several nu-
merical methods have been developed to
simulate condensation and evaporation.
These include finite element methods (e.g.,
Varoglu and Finn, 1980; Tsang and Brock,
1986; Tsang and Huang, 1990), discrete size
bin methods (e.g., Gelbard and Seinfeld,
1980; Toon et al., 1988; Rao and McMurry,
1989), the cubic spline method (e.g., Mid-
dleton and Brock, 1976), modified upwind
difference methods (e.g., Smolarkiewicz,
1983; Tsang and Korgaonkar, 1987), and
moments methods (e.g., Friedlander, 1983;
Whitby, 1985; Lee, 1985; Brock et al., 1986).
Dissolution and evaporation in dilute solu-
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tions have also been simulated in a number
of papers (e.g., Schwartz, 1984; Chameides,
1984; Jacob, 1986; Pandis and Seinfeld,
1989; Bott and Carmichael, 1993; Sander et
al., 1995). One paper proposed a model
that simulates dissolution and evaporation
in concentrated solutions (Wexler and Se-
infeld, 1991).

Numerical studies of aerosols require that
growth and chemistry equations be solved
at high ionic strengths. Only the last paper
listed above considered growth in aerosols
at high ionic strengths, but results were not
reported for three dimensions. Because
aerosols affect spatial gas and radiative
fields, their simulation in three-dimensions
is important. In this paper, noniterative,
unconditionally stable solutions to conden-
sational and dissolutional growth equations
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