1650

JOURNAL OF THE ATMOSPHERIC SCIENCES

VoL. 46, No. 12

An Experimental Study of the Scavenging of Aerosol Particles by Natural Snow Crystals

DAVID P. SAUTER AND PAO K. WANG
Department of Meteorology, University of Wisconsin, Madison, Wisconsin

(Manuscript received 16 February 1988, in final form 18 October 1988)

ABSTRACT

An experimental study of the scavenging of aerosol particles of mean radius 0.75 um by natural snow crystals
of a few millimeters is carried out. Aérosol particles are spherical indium acetylacetonate particles generated by
a modified La Mer generator. Snow crystals are obtained during natural snowfalls. Shapes of snow crystals
include needles, columns, broad-branched crystals, stellar crystals, and hexagonal plates. Aerosol particles are
dispersed into an aerosol chamber and snow crystals fall through the chamber to scavenge aerosol particles, The
collection efficiency of aerosol particles by snow crystals is found to decrease with increasing crystal size for all
shapes. This can be explained by the relative strength of the inertial force of particles and the hydrodynamic
drag force created by the fall of the snow crystal. Larger crystals would create greater drags during the fall and
force the aerosol particle to follow more closely to streamlines and hence reduce the collection efficiency.

1. Introduction

Removal of atmospheric aerosol particles by precip-
itation is one of the most important natural processes
in cleansing the air. It is often referred to as precipitation
scavenging. Both liquid (fog and cloud droplets, rain-
drops) and solid (cloud ice crystals, snow, graupel, hail)
precipitation can perform the scavenging act. We shall
call the former rain scavenging and the latter ice scav-
enging. The problem of rain scavenging of aerosol par-
ticles has been subjected to numerous studies and is
better understood. Readers are referred to Wang and
Pruppacher (1977) and Wang et al. (1978) for sum-
maries of laboratory experimental and theoretical
studies of rain scavenging. ‘

Compared to rain scavenging, the process of ice
scavenging of aerosol particles is inadequately studied.
Some earlier theoretical studies have been carried out
and are summarized in a companion paper (Miller

and Wang 1989). The present paper will focus on the .

laboratory experimental studies. The earliest experi-
mental study of ice scavenging was probably the one
performed by Starr and Mason (1966) who used paper
tissues cut in the shapes of snow crystals and dropped
them through an aerosol chamber. The applicability
of the results of this study to atmospheric ice scavenging
is questionable as the paper flakes cannot duplicate the
physical properties of natural snowflakes. Much im-
proved experiments were later performed by Knutson
et al. (1976) who conducted a series of experiments
using natural snowflakes and artificial aerosol particles
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in the Chicago area from 1968 to 1972, However, the
possible importance of the phoretic effects (due to
nonsaturation humidity) was not known at the time
and the relative humidity was not monitored during
the experiments. Consequently, the results were diffi-
cult to interpret. More recently, Murakami et al.
(1985a,b) conducted a series of experiments in Japan
using natural snow and artificial aerosol particles (0.1
t0 6.0 um in diameter). Quite consistent results were
obtained but the snow crystals were all of stellar shapes.
Since there are many other shapes of snow crystals, it
is desirable to determine their collection efficiencies as
well. The present study was motivated by this need.
The experimental setup and procedure, as well as dis-
cussion of results, are presented in the following sec-
tions.

2. Experimental setup and procedure

The experimental setup used in the present study is
similar to that used by Wang and Pruppacher (1977)
for studying the scavenging of aerosol particles by rain-
drops. However, the total dimension of the present
setup is smaller due to the fact that snow crystals, unlike
raindrops, require relatively short distance to reach
terminal velocity. A schematic and relevant dimensions
of the setup are shown in Fig. 1.

A modified La Mer generator was used to produce
0.75 um radius indium acetylacetonate aerosol parti-
cles. These particles are nearly monodispersed and are
of spherical shape as evidenced by electron micrographs
taken of them after being precipitated out onto a glass
slide by a thermal precipitator. The aerosol particles
produced by the generator would be flushed intoa 1.21
m long by 0.155 m inner diameter Plexiglas aerosol






