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A two dimensional mathematical model
of a tropical cyclone

WG. CDR. S. LAKSHMINARAYANA...'I

I lllliau Air Force Station, Cuimbatore

ABS11l.ACT. A two dimeu ional mathflm'1 1 i (~ al model ufa tro pica l eyclcn e j!ol developed. It e ppoars to represent.
closely tbe observed featuIOs of velocity , ~,rticit.r and divc rgeuoc fluids at surface in a t ropi cal cyclone,

3. Hypolhe' t'

To define n dynamical system, eit her t ho forco
fiuld or tho potent ial field is required. It is hypo
thesised that t he potentia l energy density V. asso
ciated with the mcan desnsity P. of tho fluid in
t ho case of a t wo dimensional tropical cyclone is
defined as :

gone -around centre. (iii ) maximum of d ivergence
lind (ie) th o d ivergence vanishing toward. the
per iphery of t he storm .

I'orlidly f ield-Fig. 4 is a schematic represent ation
of vort icity and t he dotted lino is extrapolat ion
and mocl ification by tho author. Tho solid lino is
based on ]1'ig. 11.7 at Pl' . 290 of R iehl (1950).
Tho importa nt features nrc -

(i) }[aximnlll vorti city at the centre,

(ii ) Vort icity vanishing towards tho peri
phery,

(iii) :Minimum vorticity and

(ie) A ring of zero vorticity a round tho
centre,

The author deviates from the observations
given hy Riebl in t his. aspect for reason. to La
expla ined later.

F or purposes of modelling. th e importa nt
features as in Table 1 are taken, It may bo noted
that except in t he vort icity field, a ll tho fea
t ures nrc basco on observa tions.

I . Introd. c1lon

The mathematical models based on Rm-kine's
vor tex and modifications thereof do not expla in
a ll t ho observed fea tures of wind field in a tropical
cyclone, F urther, t ho theoretica l soundness iH
questioned by R iehl (195 j) whoso hook Ull

Tropical J! etcorou'!I'J is referred to for an excellent
discussion on t his topi c.

Tho author hypothesises that the tropica l
cyclonic storm consti tutes a Helmholtz dyna 
mical system . Thc characterist ics of Helm
holtz dynamica l system have heen established
by the author in a soparate un -published I"'p0r.
On the haais of tho hypothosis, a two dimen
sional mnthematioal model is proposed. With
tho bell' of a worked exa mple, it is shown that
the mod el fits well with th o observed feature.
of wind field in a tropical cyclone.

2. Velocity rteld at the sunee In a tropleal cyclonic storm

Ri"g of strot,!! wind- The most striking feature of
a tropical cyclonic storm is t he ring of very strong
wind around th e centre. F ig. 1 is a schemat ic
reproduct ion or total winc l "1",,,,1 as given hy R iehl
(1950). The isotac hn of "peed have a horse-shoo
pattern enclosing tho region of maximum wind.
Tho Maximum wind is d ifferent in d ifferent dircc
t ions from the centre,

SlrtRlll ille p'lllern-Fig. 2 is a schematic reprod uc
tion .of streamlines in tropical cyclonic storm (ba
sed on F ig. 11.26 at p. 311 of Riehl'. Tropicol
J!euorology). Tho t wo importa nt feat ure. are: (i)
in-flow, character istics towards the cent ro of t he
storm ami (i .) a 'col' region to the sout hwest of
the centre.

Divergence field-Fig. 3 givos tho profile of div er
gence [based on F ig. 11 .7 a t 1'.290 of R ielll). Do
tted lino represents extrapolati on hy t ho author.
The important features arc (i) maximum of con
vorgence at the centre, (i i) a ring of non-diver -
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1'.. = ( Lt' + IF ) P.. F,p' (1)












