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ABSTRACT. Results of measurements of the size distribution of raindrops made at Poona during
of August, September and October 1956, are reported in the
c&?i."ed. at the ground level per m? per sec for varioug ranges o
sities of precipitation ranging from 0to 40 mm hr-. Average

form of a similar table, Histograms showing the number, volume of liqui
meters nre given for six typical intensities of precipitation.

and kinetic energy K (in joules) of raindrops per m? per

rI'I].iIlLll‘\J[?ts per m? per sec, against the raindrop dia
The variation of the total number N, momentum M

sec with intensity of precipitation is shown graphically. By the met

are obtained.

N=T7101%¢ M=1651,and E=2-8x1073 1118,
The results are presented in a form suitable for soil erosion problems.

1. Introduetion

In a previous publication (Kelkar 1945)
the anthor had reported some measurements
of the size distribution of raindrops at Poona
by the method of splashes for different kinds
of showers such as drizzle, light shower,
moderate shower, ete. The intensities of pre-
cipitation were not measured and the classi-
fication into different kinds of shewers was
more or less arbitrary., Fresh and more ex-
tensive measurements have now been made
from records of dropsizes obtained during the
months of August, September and October
1956, at Poona. The rates of precipitation
have been measured by giving a timed
exposure and a correlation of the dropsize
distribution with rate of precipitation : has
become possible. Tn the present paper, only
general rains have been considered. Thunder-
storm rains will be treated separately.

‘ The results can be presented ir two ways,
fﬂther as number of drops grouped accord-
ing to diameter received on the ground per
n}’ per sec or as the number of drops of
different diameters per m® of air. The former
method adopted in this paper is suitable for
problems of soil erosion while the latter is
suitable for correlation with radar obser-
vations and s of interest also as a matter of
pure meteorology.

the months
form of a table showing the number of drops re-
f diameter at 0-25 mm interval, for different inten-
values have been calculated and presented in the
d water, momentum and kinetic energy of

hod of least squares the following relations

where [ is the intensity of precipitation in mm hr=*.
The data are confined to general rains.

2. Measurement

The method used is substantially the same
as reported earlier (Kelkar 1945). However,
instead of coating smooth white paper with
ink and drying, it was found to be easier to
give a light coating of a soluble dye, with a
pad of cotton wool, following the usual prac-
tice in the filter paper method. Coloured
circular spots are obtaired on a practically
white background.

The details of the calibration have been
already described in the earlier paper (Kelkar
1945). The calibration curve was, however,
then extrapolated towards smaller diamete-
rs. This was due to the difficalty of obtaining
water drops of small diameters. Ne tip, how-
ever small, flat or tapering, would give drops
less than about 2 mm in diameter. This diffi-
culty has now been overcome by using a na-
tural phenomenon in which such small
drops are produced. Tt is well known that
when a hanging drop breaks away from the tip
of a tube, it is followed by a smaller droplet
called the Plateau’s spherule, The diameter
of the Plateau’s spherale has been found to
depend upon three factors, viz., () the time
of formation of the main drop, (&) the external
diameter of the tip and (¢) the inter-
pal diameter of the tip. A varrow vertical
rectangular portion of a sheet of ground glass
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was strongly and uniformly illuminated, Tn
front of the ground glass sheet wag mounted
a rotating circular dise with four narrow slots
init. The glass tube was arranged to he in
front of the rotating disc, Water was allowed
to trickle slowly under a constant pressure
head to ensure uniformity. A series of pie-
tures at an interval of 1/50 sec of the falling
droplet  were taken by means of a  Cossor
oscillograph recording camera o a 33 mm
film run at a speed of 5 inches per second,
The narrow slots in the rotating dise served
the double purpose of scanning the picture
and providing intermittent views. Fig. 1
shows sample photographs of the falling
Plateau’s spherule together with the main
drop.  Even this small droplet is seen to
oscillate in shape under the control of surface
tension forces. However it was possible to
pick out a phase in which the droplet was
either spherical or very nearly so. In any
case the mean of the vertical and horizontal
diameters measured with a travelling micros-
cope was taker to be the diameter of the
droplet after multiplying by a suitable factor
which depends upon the reduction produced
by the camera. The droplet was photogra-
phed at a height of 189 cm from the floor,
A series of splashes produced by the droplets
were obtained on the coated paper placed
nearly at the ground level. just before and
just after the photographs vere taken, to
ensure uviformity of the droplet diameter,
The splash of the Plateau’s spherule was
separated fromthat of themain drop either
by using a gentle horizontal crosswind by
means of a small electric fan or more simply
by moving the paper hovizontally. The
height of fall of 189 em was sufficient for the
droplets to attain their terminal veloeity
before the splash was produced. The diame-
ters of the splashes - were measured with a
travelling microscope and the mean values
were calculated. Fig. 2 shows sample records
of the splashes of Plateau’s spherule together
with those of the main drop for three different
rates of trickle for the same tip. At Ia rger
rates of trickle two droplets were obtained.
But the series of pictures obtained on the film
shows that in this phase of two droplets, the
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reproducibility of the phenomenon is poor.
The ratio of the diameters of the two drop-
lets undergoes erratic fluctuations and some-
times o1 Iy a larger single droplet is produeed,
For good reproducibility it was therefore
lecessary to use a slow rate of trielkle, Dirop-
lets of various diameters were producd hy
=g tubes of different external diameters.
The smaller the diameter of the tube the
smaller was the droplet at slow rates of tri-
ckle. Tt was possible to exterd the calibra-
tion"curve to 0«6 mm diameter hevond whick
it 1s extrapolated for still smaller diameters.
Fig. 3 shows the calibration curve in which
the ratio of splash diameter to drop diameter
iz plotted against the drop diameter. The ratio
rather rapidly increases upto drops of 1-5 mm
diameter and more slowly afterwards, Table 1
shows the valies of the splash diameter and
the corresponding drop diameter based on
the calibration curve. Tt was found that the
extrapolation of the former calibration curve
is justified as the new data fit the original
curve,

Sheets of paper 21 em X 35 cm were used,
Asuitable exposure was given by uncovering
and covering the paper. The exposure was
measured with a stop watch reading to 1/10
of a second. A series of papers were exposed
to rain at as rapid an interval as it was possi-
ble to do with the help of an agsistant, as the
exposed papers had to he removed ard put
away for drying and a fresh paper hrought
for exposure. The data are therefore, also
usefu! for studying the dropsize variation
with time. Fight rain periods have heen re-
corded | 3 in August, 3 in September and 2 ip
October. In all 104 papers were exposed and
the total number of drops actnally measured
is 49,208, 'The diameters of raindrops have
been  determined within an interval of
025 mm. The number of drops within each
diameter group received on the ground per
m?* per second have heer calculated by
taking into account the area of the paper and
the time of exposure. The rate of precipita-
tion has been determived from the volume of
liquid water received, the area of the paper
and the time of exposure. As the time of ex-
posure varied from 1 sec to about a minute,
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Fig. 1. Photographs of falling Plateau’s spherules Fig. 2. Splashes of Plateau’s spherules
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TABLE 1 TABLE 3

Splash taindrop Splash Raindrop

: : , 4 Most pro-
diameter diameter diameter diameter Most pro

fmm)

(mm) (mm)

min

Rate of precipitation

bable drop
diameter

u'3_ 025 185
1-2 050 20-5 3-50

<70 220 3-75

mm hr™?) (mm)

L
w2

: 1-00
6:3 1-25 020 — 080 O0-50 — 0-75
79 1-50 29-3
9.5 1-75 20-5 080 —4-0 075 — 100
11-0 2000 313 4 1 )
0 —90 00 — ;
126 2.25 33-6 1125
14-0 2:50 364 0.0 —40-0 125 —1-50
15-7 276 38-5 RrPi]
17-2 300 $1-0 i iK)
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the values of the intensities of precipitation
are more accurate for smaller intensities
than for larger ones,

3. Resuits

The intevsities of precipitation in mm hr-!
have been arranged in order of iucreasing
magnitude and the corresponding dropsize
distribution is given in Appendix I. The
total number of drops of all sizes per m? per
see have algo heen calculated. These together
with the number of drops actually measured
are given in two separate columns. The most
probable drop diameter which corresponds
to the maximum or the mode of the frequency
curve is seen gradually toshift from small
value to larger values as the intensity of pre-
cipitation ircreases. The individual records
show statistical fluctuation of about 0-25
mm up or down in the position of the
maximum. As the intensity increases, there
are very frequently more than one maximum.

To smoothen out the variation of individual
records the observations have been grouped
into sets of five (except the last four observa-
tions grouped together) and average values
of the intensity of precipitationand the
number of drops of different diameter groups
have been calculated and are shown in
Table 2. The positions of the maxima (given
in bold types) clearly show a gradual shifting
towards larger diameters. Upto intensity of
precipitation of 13 mm hr-* the frequency
curve has only one maximum and for larger
intensities there are two maxima, 4.e., the
distribution becomes bimodal. One of the
two maxima lies in the region of smaller
diameter (0°50-075 mm) showing the
presence of a considerable number of smaller
drops along with the larger ones. Table 3
shows approximate ranges of the rate of pre-
cipitation and the corresponding most prob-

able drop diameter, i.c., the mode of the fre-

quency curve,

Apart from the frequency of drops, the
volume of liquid water, momentum and kine-
tic energy of drops of different diameters are
also of importance for soil erosion problems.
Calculations of these quantities have been
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Fig. 3. Calibration curve
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made and for six typical intensities of preci-
pitation, wiz., 0-20, 0-57, 1°5,5-4, 13 and
34 mm hr! the results are plotted semi-
logarithmically in Fig. 4 in the form of his-
tograms. The position of the maximum of the
frequency curve or the mode may be taken as
a criterion to distinguish between different
types of dropsize distributions. The first five
of the above mentioned intensities of preci-
pitation have their maxima in different dia-
meter groups. The last has been chosen for
its high rate of precipitation and its bimodal
distribution curve. The histograms for the
volume of liquid water, momentum and
kinetic energy for a particular intensity of pre-
cipitation are very similar in general chara-
cter. The position of the maximum has in all
cases shifted towards a larger diameter group.

The variation of the total number, momen-
tum and kinetic energy of raindrops per
m? per sec with intensity of precipitation
is also of interest. Fig. 5 is a semilogarithmic
plot of the total number of raindrops N
against the intensity of precipitation I
(in mm hr1). Inspite of the large scatter
of points the total number of drops on the
whole increases with intensity of precipita-
tion. On account of the logarithmic plotting
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of the intensities, the rate of increase of the
number of drops towards higher intensities
has been exaggerated. By the method of
least squares the relation between these
quantities is found to be

N=T10 1047

Fig. 6 (p. 131) shows that the momentum-
intensity plot is linear. If M represents the
momentum (in ¢.g.s. units) of raindrops per m?
per sec the relation
M=1656 1
is obtained. Fig. 7 (p. 131) shows that the
logarithmic plot of kinetic energy ¥ in joules
against intensity of precipitation I is linear.
The method of least squares gives the relation
E=2-8x10-3 jt18

Fig. 8 shows sample records of splashes
of raindrops for six different intensities
of precipitation. The time of exposure
is also given for each record. These photo-
graphs were obtained by contact printing
through the paper record and a paper nega-
tive was made. By again printing through
the paper negative, positive prints were
obtained without using any camera and
film/plate. Insome photographs the texture
of the original paper is seen. The magni-
fication is obviously unity.

Though the average dropsize distribution
for a particular intensity of precipitation
has a definite significance there are occasional
wide fluctuations from the average. Fig. 9
ghows  three dropsize distributions for
identical intensity of precipitation of
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Fig. 9. Different dropsize distributions for identical
intensity of precipitation

06 mm hrl. Fig. 9(a) has its mode in the
region 0-50 to 0-75 mm and represents the
normal distribution curve. Tig. 9(b) shows
that the mode has shifted to 1-00—1-25
mm. The total number of drops is very
small.  But a small number of large drops
produce the same intensity of precipitation
as a large number of small drops. Fig. 9(c)
is an intermediate case where the mode is
in the region 0-75—1-00 mm.
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