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ABSTRACT, A. C. Best haz found an empirical formula for the size distribution of raindrope. If F () is the

fenction of liquid wator in the air comprised by dropa of diameter less than x, 1 — F = exp [—(x a)" |, wherv
a and a aro constants for any particular rainfull. Canbrary to the goneral supposition that the above fornwula
applios Lo the aversgo size distribution of @ number of samples of rain, it has been found that the formula holds for
individual samplos, in 90 out of 104 casos of gonoral mansoon taing and in 134 oub of 169 cased of thunderstorm ruins
rocorded at Poona, Tho formula fails whore the liguid water distribubion is wultimodal (generally bimodal) or is

J-shaped.

"Tho paramoters a and n are found to be indepondent for general rains but are connected by the average rolation
a n = 7-1 mm for thunderstorm rains, There1s also a correlation hetween the intensity of precipitation I and the pura.
mater n. For genoral rains the avorage relation found is 1 = 69 exp [—0° 14 (n—=3-3)7] and that for thunderstorm

raius is I == 975 exp (—n).

1. Introduction and Resulls

Best (1900) has shown that most of the available
data on the drop-size distribution is in aceordance
with the formulae —

14-1"-=l!.\[l [—(r'a)* | and a = AI*

where F is the fraction of liquid water i the air
comprised by drops of diameter less than ;@ and
n are constants for a particular rainfall. From the
first of these equations it follows that —

log logy, [1/(1—F)] = —0.36 + n (loger —logq)

and that log log,, [1/(1—F)] plotted against logr
should be a straight line with slope n. The value
of acan be caleulated from the intercept.

Following the usual practice, the whole of the
data on thunderstorm rains consisting of 169 sam-
ples was divided into 17 groups and average
values obtained. On using these for plotting
log logy, [1/(1—F)]against log,.z, it was found that
in 9 casesa strajght line was obtained, in 7 cases
two straight lines were obtained and in one case
three straight lines were obtained. Suspecting
" that this non-agrecment was due to averaging of
such heterogencous material, Best’s lines were
plotted for two individual samples of rain with

identical value of the intensity of precipitation,
viz,, 3+3 mm/hr, having very different diameter
spectra of liquid water. The avernge values for
these two samples were caleulated and a similar
graph was plotted. It was found that the graph
was a straight line for cach of the mdividual
samples with its own values of @ and » as shown in
Figs. 1(a) and 1(b). For the average values, how-
ever, the plot showed a sharp kink so that two
straight lines with different slopes were obtained as
shown in Fig. 1(v). Realising that the individual
samples were more suitable and that there was a
danger in calenlating averages of such heteroge-
neous material (very different dimmeter spectra),
Best's lines were plotted for all the 169 mdividual
samples, It was found that a straight line was
obtained for 134 samples, showing that Best's
formula holds for individual samples. It was further
found that the 35 samples for which the formula
does not apply, could be divided into three cate-
gories as follows —

(a) Two straight lmes with the second line
having a higher slope were obtained in 21 cases.
An exactly similar result was oblained by Best
(1950) for the Tast -Hill data which he has attribut-
el to the small amount of data corresponding to
that line.




144 ¥ N

KELKAR

log
o

I F g X S

rd
)

log o, (-

“ro

"Ny

G

{a)

Fig, 1. Best’s formula log log,, |1 (1
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F)| plotted against log,,» for two identical intensities

and their average
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Fig. 2. Best’s formula log log,, [1/(1

DiAMETER (mm)

)] plotted against log,,» for drop size distributions which

do not satisfy Best’s formula

(h) Two straight lines with the first line having
a higher s]ulnz were obtamed m 7 cases.

(¢) Three straight Jines were obtained in 7 cases

u_'_'_al]rl.

To bring ont the cause of the failure of the for
mula, liquid water distributioncurves were plotted
below each line, To facilitate comparison, log,, @
values have been plotted imstead of . If IV, dus is
the amount of liquid water in unit volume of air
comprisec by drops of diameter between » and
w4-deanl W is the total amount of ligquid water

in a unit volume of air, W./W gives the fraction of

liquid water ina given volume of air per unit range
of dinmeter. The values of W,/ IV are plotted as

ordinates. The resultsare shown in Fig. 2. Tt is seen
that when the hqguid water distribution curve hasan
initizl long tail and rises to a sharp maximum
towards larger diameters  (J-shaped distribution),
two straight lines with the second line having a
higher slope are obtained as in Fig. 2(a). When,
on the other hand, the eurve has an initial sharp
rise and a long tail towards laveer diamoeters,
again two straight lines with  first line having a
higher slope are obtained as in Fig. 2(h), Here the
liquid water curve looks rather symmetrical be-
cause of the distortion due to logarithmie plotting
along @ When the liquid water distribution cyrve
18 bimodal, three straight lines are obtained as in

Ifig, 2(c), The Best’s formula applies to a UMy, |




STZE DISTRIBUTION OF RAINDROPS —PART VI

o 1 ] : L | i I n »
£ 3 e 5 & F 4 a ]
Fig. 3(a). Variation of the parameter « with parameter » for thunderstorm rains
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Fig. 8(h). Variation of parameter @« with parameter u for
general rajns

distribution which is very nearly symmetrical
about the mode diameter, Best’s formula seems to
give the hest smoothened ont version of the
observed distribution of liquid water even for
individual samples. :

For general rains it is found that Best’s formula
gives straight lines for 90 out of 104 samples
recorded. Out of the 14 cases where the formula
does not apply, one belongs to category (), seven
belong to category (b) and six belong to category

(e).

Fig. 4(a). Varlation of the infensity of precipitation with
the parameter » for thunderstorm rains

A.

It scems’ i a;‘ s a possibility, that for a
sample oi'uét_liu wiﬂﬂl Best’s formula does not
apply, we o signyfianeonsly rain of two different:
physical origins, e.g., rain from two different clonds
at different levels. Nature might produce such a
hybridisation, giving rise to very unsymmet rical
liquid water spectrum, as observed on the ground
level,

2. Parameters a and n
To examine whether there is any correlation
between @ and n, values of @ are plotted agamst

P
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Fig. 4 ‘b). Variation of the intensiiy of precipitation with

the parameter » for general rains
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Fig. 6. Variation of the parameter « with 7 for thunderstorm rains

the eorresponding values of % and the resnlts are
shown in  Fig. 3(a) for thunderstorm rains and in
Fig. 3(b) for general rains, It is seen that the
the average value of @ decreases as n increases und
the a Verage relation is found to bhe an 71T mm.
For general rains, @ remains practically constant
for all values of %, showing that o is il“li'lll‘llllt'llL
of n.

To examine whether there is any eorrelation
between the intensity of precipitation 7 and the
parameter u, the values of I are plotted against
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Fig. 5. Frequency polygons for the parameter » for thunderstorm
rains and for general rains
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the corresponding values of », shown in Fig. 4(a)
for thunderstorm rains and in Fig. 4 (b) for general
rains, For thunderstorm rains the average relation
hetween I and # is found to be —
I =975 exp (—n).
For general 1ains the corresponding relation is—
I=6'9 exp [—0+14(n—05-5)*].

[1 is also of interest to examine the frequency of
oceurrence of particular values of n. Tig. b pives
the frequency polygons for thunderstorm rains and
for general rains,
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Fig. 8. Variation of the median volume diameter with / for thunderstorm rains

The parameter a is related to the intensity of
precipitation 1. On plotting @ against I to a
double log scale, it is found that e attains constant
limiting values towards low and high intensities
and inercases lincarly with I for intermediate
valoes as shown in Fig, 6 for thunderstorm rains.
For general rains a logarithmie plot of @ against I
gives a straight line throughout the whole range
of Tasin g, 7.

The median volume diameter  dy, plotted
against [ to a double log seale is shown in Fig. 8.
This shows features similar to the a=I relation,

for thunderstorm rains.

According to Best’s formula the median volume
dinmeter dy, = 0+69'» . To find the amount of
divergence from the Best's formula shown by in-
dividual samples, the ratio dyfa is plotted agamst
n in Fig. 9 (a) for thunderstorm rains and in Fig,
9(b) for general rains. The caleulated curve is
shown by full lines and the individual points by
dots. Taking into account the fact that the values
of dgy and a are estimated to an accuracy of about
5 per cent the remaining dispersion must be attri-
buted to a real divergence from Best’s formula.
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Fig. 9(a). The ratio d,,/# as a function of the parameter »
for thunderstorm rains

3. Conclusion

hu-mu-ll}si('m it may be said that Best’s theory in
the present form is i||:1|lt-|||1;lln. The present investi-
gation only shows that most of the diameter
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