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Radius of influence of a vortex
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ABST RACT. Using the pressure profile in and around a vortex lube a simple relati on for the radius of influen ce of
the vortex has been der ived . Tbe results have been applied (0 assess the region of maximum de vastation in a tornado . The
analysis reveals that the occ urrence of 'eye wall' reg ion in a tropic al cyclone is a hydrod ynamical phenome non.

(2)~=2111

2. Results and d iscuss ion

where, 'V is the tangential veloci ty.

There are two types of mot ion; spin motion inside the
vortex lube and the induced motion outside the vortex tube
which is irrotational. It is easy to verify that

Consider a circular vortex tube of radius •R' in an
incompress ible fluid with its axis of rotati on perpendicular
to ry - plane:.!"e motion is two dimensional and the verti c­

ity vector '~ ', is directed along z-axis, its value being

constant within the tube and zero outside. From Stoke."
theorem the circulation surrounding the tube is given by:

influence of a vortex extends upto a distance -./2 R from the
centre as far as pressure is concerned ('R' being the radius
of the vortex), The pressure profile from the vortex centre

to the distance -./2 R shows that the pressure gradi ent

between the region R to -./2 R is the steepest. Thu s, the
observed structure of tropical cycl ones which shows the
exis tence of an 'eye wall' region having steepest pressure
gradient and most fierce weather (Riehl 1954), conform s to
the above hydrodynamical phenomenon ,
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I , In troducliun

With cenain modifi cations many concepts of hydrody­
namical vortices could be applied to explain the observed
behaviour or atm ospheri c von ices. Needle ss to say, the main
factor that separa tes an atmospheric vortex from a hydrod y­
narnical vortex is the earth ' s rotation. Due to this the mete ­
orological vortices show some distinct characteristics . Yet
several features of atmospheric vortices are derivable from
the characteristics of hydrodynamical von ices. There are
many non-di sjoint feature s where Coriolis force makes little
difference. One such example is the similarity between
small scale atmospheri c von ices (like tornadoes, du st devils
etc .) and the hydrodynamica l vortices. Up to a considerable
dist ance from the centre. even a synoptic scale atmospheri c
system like tropic al cyclone has several features of a hydro­
dynamical vortex.

Brand (1970) has applied certain characteristics of
Rankine vonices to study the mutual interaction of tropical
cyclones. In a recent study (under publication) the author
has applied the cavitation phenomenon observed in hydro­
dynamical vort ices to expl ain the occurrence of the 'eye'
regio n in a tropical cyclone.

It is well known that a vortex affects the fluid beyo nd
its bou ndary.The velocity and pressure distributions outside
the vortex are determined by the spin and the size of the
vonex. In the present study it has been established that the

·Pr~s~n.' affiliation: Meteorological Centre. Bhubaneswar. India .
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