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ABSTRACT

A theoretical method is given which allows computing the acceleration to terminal velocity of cloud and
raindrops at various levels in the atmosphere. For drops of equivalent radius 800 um <0< 3500 um our
theoretical predictions were found to agree well with the results of an experimental study carried out in the
UCLA Rain-Shaft. For drops of 20 um £ 29 £ 80 um our theoretical predictions were found to agree well with
the experimental results of Sartor and Abbott (1975). Experiment and theory indicate that in air of 1000
mb and 20°C, drops of 2o>1000 um need distances of at least 12 m to accelerate to terminal velocity.

1. Introduction

For a realistic simulation in the laboratory of the
hydrodynamic behavior of cloud and raindrops it is
necessary to design cloud chambers in which the drops
are able to reach terminal velocity. For this reason
numerous researchers have taken great pains to design
wind tunnels in which the drops are freely supported

in an air stream (Blanchard, 1950; Komabayasi et al.,

1964 ; Cotton and Gokhale, 1967 ; Spengler and Gokhale,
1970; Pruppacher and Neiburger, 1968; Beard and
Pruppacher, 1969; Montgomery and Dawson, 1969),
or constructed acceleration systems through which
millimeter size drops are accelerated over relative
short distances to terminal velocity (McTaggert-Cowan
and List, 1975a, b).

Many times, however, researchers find themselves in
a situation where sophisticated experimental equip-
ment, such as expensive wind tunnels, are not available
so that they must design a more simple chamber. Such
construction requires knowing the distance over which
the water drops, planned to be studied, reach terminal
velocity. Except for some older field experiments by
Laws (1941), who studied the acceleration of millimeter
size drops under rather unsatisfactorily controlled ex-
ternal conditions, and some recent laboratory work by
Sartor and Abbott (1975) with small drops of radii of
20 to 80 pm, little is known about the distance water
drops in air require to accelerate from rest to terminal
velocity. Also no theory exists with which one would be
able to theoretically predict this distance for any tem-
perature and pressure of the air in which the water
drops fall.

Recent literature shows that knowing the accelera-
tion distance of drops to terminal velocity is beneficial
not only to experimentation in cloud microphysics but
also to studies designed to determine the efficiency

with which cloud and raindrops scavenge air pollutants.
Thus, Starr and Mason (1966) studied the scavenging
efficiency of water drops up to 1 mm (100 pm) in radius
inside a 1.2 m high chamber; Hampl et al. (1971),
Hampl and Kerker (1972) and Kerker and Hampl
(1974) made scavenging studies with drops up to 2.5
mm in radius inside cloud chambers up to 5.15 m
height; and Adam and Semonin (1970) investigated
the collection efficiency of water drops of 1.25 mm
(1250 um) radius for submicron aerosol particles in a
shaft of 12 m height. The experimental acceleration
studies of Laws (1941), which show that drops between
1 and 3 mm equivalent radius require distances be-
tween 12 and 17 m for acceleration to terminal velocity,
suggest that the above mentioned scavenging studies
were carried out in chambers in which the drops did
not at all, or only marginally, reach terminal velocity.

In order to shed some further light on this problem
we carried out a drop-acceleration experiment inside
the UCLA Rain-Shaft. We also extended the theo-
retical method of Beard (1976) for predicting drop
terminal velocities to include predicting the time and
distance water drops need to reach terminal velocity
in air of specified temperature and pressure.

2. Experimental set-up

The present experiments were carried out inside the
UCLA Rain-Shaft. This facility was erected during the
construction of the Mathematical Sciences building of
UCLA in 1968. The shaft extends vertically over nine
building floors, measures 35 m in height and has a
cross section of about 1 m2, In order to confine an air
volume whose temperature, humidity and purity could
be controlled, a cylindrical plexiglass tube of 0.45 m in
diameter was inserted into the shaft. The tube con-
sists of 3 m long sections, tightly sealed against each






