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AB~:TRACT. 1 his paperpresen ts essentiall y a mathematical model to stud)'the mechanism of thechange of

volumc p~rtainin g to the growt h of a hailstone. The variations of concentration with respect to time as well
as the gro wth rate lor different sizes o f em bryo arc i nvest i~al cd . Whil,e this studv is in acc ord with the findings
of Xu (1983), Ziegler (1983), Nelson (1983) and Hcymsfield (1982), 11 brings out some Important chamcteris­
lie features in respect of the variation.. of ice concen tration and particularly, a drop in the concentration with
Increase in radius in initial stages.

I . Introduction

The growth of hailston e is considered as o ne of the
importa nt anc illa ry developments in the formatio n and
gr owth of convect ive storms. wh ile th ere a"pear to be
few studies and th at , too . of an observatio na l type.
As far as the present autho rs are aware. there docs not
exist a ny significa nt study on hailst on e in the Ind ian
context . Altho ugh studies o n hai lstone da te back to the
work of Schuman in thirties with a statistical content,
it is only in the 80.... that there was a new spurt for such
investigations. Mo... t of these stud ies . as already
mention ed. deal with ob...ervationv, For example,
Heym sfield 's ( 1982) concern was with that phase
of hailgrowth when the entire q uantity of wa tcr collected
without being frozen immediately is either soaked into
the interior of the particle or is accumulated on the sur­
face duc to va rious clo ud conditions. Nelso n's (1983)
was an expe rimental mod el study and pertinently it tell s
us about thc initial grow th rate of the ha ilston e, pa rti ­
cula rly in thc wet phase of growth . Xu ( 1983) developed
a three dimen , ional clo ud mod el to study th e gro wth
o f a hai lstone with in a supercell storm. the gro wth being
taken as a sum ma tion of melting rat e , the deposit ion a l
growth rate and the accretio n of ice pa rt icles. T he
growth in this mod el was fo und 10 depend o n em bryo
radius, density and clo ud droplet co ncent ration, Xu
(1983) has a lso fo und that sma ller embroys require more
time to grow int o a ha ilst one. Of a ll observa t iona l stud ies
Ziegler " al. (1983) h~ve made a significa nt ?en l.
Ziegler e al. ( 1983) studied ha ilsto ne growth withi n an
O kla homa multicellu lar sto r m. The obse rved ha il

trajectories were then comp ared with a numerical
Lagran gian growth mod el. T hei r find ings show th at a
lon.ger growt h time is .necessa ry fo r smaller embryos,
whic h co nform the findin gs of Xu (1983) . Embryo injec­
tion into the main upd raft provi des th e bulk of large ha il
prod uct ion. According to Ziegler el al. (1983), the
overall ha ilgro wt h rs do min at ed by wind field cha rac­
teristics.

In all the foregoing studies, the as pec t of va riat io n
of ice concentration which plays an important role in the
growth of ha ilstone has not bee n tak en into account .
The pu rpo se of the present paper is to consid er this
fundamental aspect wit hin a ma thema tical fra me-wo rk.
Thus, a time depende nt hailgrowth mod el has bee n de ve­
loped in ma thematica l terms. The model is used to
study the grow th of a hailsto ne and th e va ria tions
of ice co nce ntration in it . T he depen dence ofother micro­
physical parameters o n co nce ntra tion a nd their effect s on
growth have a lso bee n studied. The present model d ocs
not provide fo r the dy na mical/ microphysical interaction.

T he ana lysis presented in this paper enables us to a rri ve
at so me co nclusive results which do agree with obser­
vationa l findings o f Heym sficld ( 1982), Nelson (198 3).
X u ( 1983) and .Zlegleret ~/. (1.983). An importa nt spi n-OIl'
of this mod elling exerc ise In mathem at ical terms is
~hat there exists so me significa nt variation in respect o f
Ice concentration dependent on ume and radial distances
The drop or the di sconti nuity in th e growth proce sse;
particula rly . at the bo undary between the two phase;
is a lso well brought out in this presen ta tion . T he features
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