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ABSTRACT

A theoretical model is presented which allows determination of the efficiency with which electrically
charged, simple planar ice crystals collide with electrically charged supercooled cloud drops. The calcula-
tions are carried out for ice crystal plates of diameters between 100 and 1300 um colliding with cloud drops
of diameters between 2 and 170 um. The electric charges Q (esu) residing on the drops and ice crystals
were assumed to vary with the radius @ (cm) of the drop or crystal accordmgto Q = qa* with0 < ¢ < 2.0.
Our results show that the efficiency with which supercooled drops & g Ve ollected by simple planar ice
crystals is enhanced by electric charges, in particular, if g > 0.8, where g = 0.8 represents an electric

charge still considerably below thunderstorm charge.
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1. Introduction

In ‘“‘mixed’’ clouds, where ice crystals and super-
cooled cloud drops are simultaneously present, the
collision of ice crystals with supercooled drops con-
tributes importantly to the formation and growth of
precipitation particles. This collision mechanism,
commonly termed ‘‘riming,’’ has received consider-
able attention in the recent past. Thus, Locatelli and
Hobbs (1974) studied the fall speed and dimensional
relationship of rimed ice particles. Zikmunda and
Vali (1972), Kajikawa (1977), Pflaum et al. (1978),
and Pflaum and Pruppacher (1979) studied the fall
mode and growth behavior of graupel. Ono (1969),
Wilkins and Auer,® Hobbs et al. ,* Iwai (1973), Hari-
maya (1975), d’Errico and Auer,® Kikutchi and
Uyeda (1979) and, recently, Reinking (1979) made
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field studies to determine the efficiency with which
supercooled drops are collected by ice crystals of
various shapes. Pitter and Pruppacher (1974) and
Pitter (1977a) attempted to simulate the collision of
simple ice crystal plates by assuming the plates to
behave as thin oblate spheroids of ice around which
they determined the flow of air for different fall
speeds from a numerical solution of the Navier-
Stokes equation of motion. From the flow fields they
computed the efficiency with which small water drops
collide with the ice spheroids. A similar theoretical
study was carried out by Schlamp et al. (1975) for
columnar ice crystals colliding with small drops.
Laboratory studies on the same subject were carried
out by Sasyo (1971) and by Kajikawa (1974).

Little attention has thus far been given to the ef-
fects of electric charges on the riming process, al-
though it is well known that in mixed clouds in which
the ice particles grow by riming the ice particles and
drops quite frequently carry electric charges on their
surface. A first attempt to address this problem was
made by Pitter (1978). Unfortunately, this first at-
tempt was carried out for riming conditions (—18°C
and 400 mb) which are not representative for riming
conditions in atmospheric clouds. In the present
work more appropriate conditions were used. The
present work also improved the earlier expression
of Pitter and Pruppacher (1974) and of Pitter (1977a)
for the criterion of collision between the drop and
ice crystal plate near the ice crystal tip. Moreover,
the present work avoids some problems which arose






