
The change in the distribution of drops in a cloud
P. K. DAS

Meteorological Office, Gau/wti

(Receit'ed 18 February 1955)

ABSTRACT. The change in the drop-size spectrum, and the liquid water conte nt hu been computed for
different ty pes of di.dribution curves, T he drop-elee dleteibution WItA &lrluml"fl to follow a Gaussian curve, lind the
change in tbe epect rum wa. computed nnmericelly from an equation developed by Schumann. It i", shown lilat tho
number of lerge drop" in a cloud cannot increase by coa lescence. unleee the spectrum hall " \"f~ry large range or •
sharp f"'Ilk.

l

1. Introduction

In recent years much work h...s been done
to study the growth of drops in a cloud by
coalescence. The starting point in much of
the work has been to assume 8 homogeneous
cloud (a cloud consisting of drops of the same
size), and. then, to inject a comparat ively
large drop in it. The rat e of growth of the
lat ter is next computed by a step-by-step
method . This procedure is somewhat un
realist ic because a cloud is seldom homo
geneous; it consists of drops having all
different sizes. For this reason it was con
sidered wort hwhile to find out in what man
ner does t he drop-size spectrum chsnge,
both with respect t" time and space, in a
cloud. We begin, however, with the recent
experimenta l evidence regarding observ
ed drop-size spect ra and liquid water con
tent of clouds.

2. The ob$ened drop-size spectrum and liquid water
content of clouds

Squi res and Gillespie (1952) developed
a technique of measuring the size of cloud
droplets from an aircraft. Their observa
tions showed that the histogram of cloud
droplets was similar to a Gaussian distri
bution, part icularly in six of the ten slides
shown in their paper. Tbe diameter of drops
observed hy them varied from 10 to 60 " ,
with a mean value of approximately 30",
and the liquid water conten t was from 0·2
to 1·6 gm1m3• Similar features were also
noticed by 'Weiekmann and Aufm, Kampe

(1953) in another series of experiments using
the impactor techniq ue.

In the subsequent work, therefore, it will
be assumed that the size-distribut ion of
drops in a cloud is given by a Ganssian
curve, namely ,

(II)' = "•. expoGl. (r....:;j2 (2.1)

where, n(r) dr is the number of drops bet
ween' and ,+(lr; and "'0' a. arc constants
depending upon the liquid water content
and the standard deviat ion of the radins
(a). The mean drop radius is given by
r- and n. is the number of drops correspond.
ing tor.

The total liquid water content of the cloud
is obtained by the following equation-

'" = ~ . tt, P.! .... n(r). dr (2.2)

where N = Jn(,) dr is the total number of

drops in the cloud, and p is the density of
water. It thu s follows that if the range of
the drop-size spectrum, the standard devia
tion of tbe radius and the total number of
drops in a cloud be known, then the liquid
water eontent can be computed by nsing the
equat ions (2' 1) and (2·2) .

In the present work four different types
of distribution curves were studied. Thev
are shown in Table 1 with their properties. .












