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ABSTRACT

A mathematical function is presented to approximate the shape of conical hydrometeors such as conical
graupel and hailstones and large falling raindrops. The function provides a method of parametric classification
of conical hydrometeors. Steps and examples of fitting to real conical hydrometeors are given. The examples
demonstrate that this function closely approximates the shape of these particles. Formulas for calculating
the axial cross-sectional area, volume and area of the surface of revolution are given. The function will be
useful in the future study of the physical properties of conical hydrometeors.

1. Introduction

The shape of cloud and precipitation particles is
one of the most important microphysical properties
in cloud physics. Particles of different shapes falling
in air may have different flow fields around them and,
therefore, may be subject to different hydrodynamic
drags. These drag forces have significant influences
on the microphysical behavior of these particles, such
as their fall velocities, surface heat dissipation rates
and collision efficiencies with other particles (Prup-
pacher and Klett, 1978). The shape is also one of the
most important factors affecting the backscattering
of radar waves by particles (Atlas ¢t al., 1953; Battan,
1973).

Many hydrometeors have complicated shapes,
such as hexagonal columns, plates, and dendrites for
ice crystals, cones and spheroids for graupel and hail-
stones, and near-oblate-spheroids for large raindrops.
These shapes often make the analysis of physical
properties difficult. One often has to approximate
these shapes by other simpler shapes, for example,
large raindrops by oblate spheroids, ice columns by
circular cylinders and ice plates by thin oblate spher-
oids. The approximations are made so that simple
mathematical formulas can be used to describe the
shapes of these particles. In this paper we want to
investigate the conical-shaped hydrometeors.

There are two main kinds of conical hydrometeors:
conical graupel and hailstones; and large raindrops.
Barge (1972; quoted by Battan, 1973) investigated a
total of 1920 hailstones and reported that 21% of
them were of conical shape while 41, 10, and 8% were
oblate, spherical and prolate, respectively. Although
the fraction of conical hailstones was not the largest,
it is large enough to deserve some special attention.
Many graupel are also conical, as reported by Knight
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and Knight (1970), Locatelli and Hobbs (1974) and
Hobbs (1974), among others. Falling raindrops of
millimeter size usually have near-oblate-spheroid
shapes with a more-or-less round top and flattened
bottom (Pruppacher and Klett, 1978). Under certain
conditions, such as in a strong vertical electric field,
drops can be elongated to become pear-shaped (Prup-
pacher et al., 1982; Richards and Dawson, 1971).
They can also be thought of as conical particles.

Conical graupel and hailstones can be approxi-
mated by spherical sectors, or the combination of a
flat-based cone and a spherical cap, as has been done
by Jayaweera and Mason (1965) and List and Sche-
menauer (1971). While these approximations are cer-
tainly workable, and indeed much has been learned
by making such assumptions, they also have some
shortcomings. For example, these approximations all
consist of two surfaces, conical and spherical. This
may cause some difficulties for theoretical study of
these particles because the two surfaces constitute a
mixed boundary problem, which is usually more dif-
ficult to solve. The shapes of falling raindrops have
been investigated theoretically by Pruppacher and
Pitter (1971). They used a cosine series to represent
the shape of a deformed drop. Their method is nec-
essary for the determination of drop shape under the
influence of certain forces. On the other hand, for
some studies of physical properties, such as the heat
diffusion rates from such drops and the flow fields
around them, it may be desirable to have a simpler
mathematical function instead of a series to describe
their shape.

This paper presents a single mathematical function
which can describe the shapes of conical graupel and
hailstones and some deformed raindrops. It will be
shown in later sections that this function does ap-
proximate many conical hydrometeors. This function






