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ABSTRACT

Two theoretical models are presented which allow computing the efficiency with which aerosol particles
of radius 0.001 < r =< 10 um are collected by simple ice crystal plates of radius 50 < a. < 640 um, in air
of various relative humidity, temperature and pressure. Particle capture due to Brownian. diffusion,
thermophoresis, diffusiophoresis and inertial impaction is considered. It is shown that, analogous to water
drops, ice crystal plates exhibit a minimum collection efficiency within a specific size interval of aerosol
particles. This minimum is strongly affected by the relative humidity of the ambient air. The collection
efficiency of particles with r > 1 um is controlled by the flow field around the ice crystal, while
the collection efficiency of particles with r < 0.01 um is controlled by convective Brownian
diffusion. Trajectory analysis predicts that aerosol particles are preferentially captured by the ice
crystal rim. Our theoretical results are found to agree satisfactorily with laboratory studies

presently available.

1. Introduction

Recent studies show that a substantial fraction of
atmospheric aerosol particles is removed from the
atmosphere and returned to the earth's surface by
means of clouds and precipitation. Recent theoreti-
cal and experimental work on the efficiency with
which aerosol particles are collected by cloud drops
and rain drops has been summarized and critically
reviewed by Wang et al: (1978), Grover er al. (1977),
Slinn (1980) and Wang and Pruppacher (1977). Recent
field studies on the scavenging of aerosol particles
by rain have been discussed by Radke et al. (1978).

In contrast to the studies on scavenging of aerosol
particles by water drops, little attention has been
given to the scavenging of aerosol particles by ice
crystals. However, the few field studies which exist
on this subject point clearly to the fact that snow
crystals play an important role in the removal of
aerosol particles from the atmosphere. Thus, Reiter
(1964), Reiter and Carnuth (1969) and Carnuth (1967)
carried out field studies on the scavenging of aerosol
particles by snow in storms over the German Alps.
Graedel and Franey (1975) carried out similar field
studies in the United States. Both of these field
investigations showed that snow scavenges aerosol
particles up to 50 times more efficiently than rain,.
when based on equal equivalent water content of the
precipitation. A similar conclusion was reached by
Itagaki and Koenuma (1962) and Magono et al.
(1974, 1975) who made field studies in Japan and
found that snow crystals of diameters between 400
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and 1800 um had collection efficiencies as large
as 0.3-0.6.

Unfortunately, all the mentioned field studies are
plagued by serious shortcomings which stem from
the fact that they are based on observed changes in
the aerosol particle concentration during a precipi-
tation event. Such particle concentration changes
may be the result of scavenging as well as the result
of air mass changes which often accompany a pre-
cipitation event. In addition, the collision efficiencies
derived from field studies usually apply to a wide
spectrum of ice crystals and aerosol particle sizes,
both changing in time. This makes it very difficult to
extract from the observed data collection efficiencies
which apply to an ice crystal of particle size collect-
ing an aeroso! particle of particular size. Also, the
relative humidity, and thus the phoretic forces,
usually vary greatly during the precipitation event.

Laboratory studies also point to the fact that ice
crystals are efficient aerosol scavengers. Experi-
ments involving natural snow crystals, generally of
platelike type, were carried out by Knutson et al,
(1976) and Sood and Jackson! in an outdoor chamber .
in the Chicago area. The aerosol particles studied
had diameters between 0.5 and 7 um and consisted of
NaCl, latex, B. Subtilis spores, and a fluorescent
material. The relative humidity in the aerosol pick-up

! Sood, S. K., and Jackson, M. R., 1970: Scavenging by

snow and ice crystals. Precipitation Scavenging—1970, 121-
136 [NTIS CONF-700601].






