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The complete set of equations governing the structure of a stationary

tropical cyclone can be written as [l]

W
) 0 *
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ABSTRACT

The spiral structure of a tropical cyclone was earlier explained by a

tangential velocity distribution which varies inversely as the distance from

the cyclone centre outside the circle of maximum wind speed. The case has

been extended in the present paper by adding a radial velocity. It has been

found that a suitable combination of radial and tangential velocities can

account for the spiral structure of a cyclone. This enables parametrization

of the cyclone. Finally a formula has been derived relating maximum velocity

in a tropical cyclone with angular momentum, radius of maximum wind speed and

the spiral angle. The shapes of the spirals have been computed for various

spiral angles.
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(3)

where (r,X,z) are the cylindrical coordinates, T^y» ^
 a n d 1!̂ , a r e t n e

radial, tangential and vertical components of the wind velocity, f is the

Coriolis parameter, p the density, T , and T are the tangential and

radial stresses, Fu,, Fu and F are the frictional forces in the tangential,
HA Hy Z

radial and vertical directions, respectively. To these could tie added the

continuity and the termodynamic equations. These are non-linear equations

and in general do not possess any analytical solution. - It is possible to

solve them numerically [2], However due to lack of availability of adequate

observational data, numerically computed solutions have serious practical

limitations.

In the actual forecast of the intensity of tropical cyclones from

observations by weather satellite pictures, empirical methods are employed.

In the method developed by Timchalk et. al. [3], tropical cyclones are classified

into four categories, category 1 for the least intense case while category It

for the most intense case. The maximum wind velocity in a cyclone depends on the

degree of organization of the cloud pattern and the size of the overcast cloud.

-2-



Hence the radial velocity

— where k is a constant and e is the radial distance.
r

In the model developed by Dvorak [It], tropical cyclones are classified into

as many as lU classes. A number is assigned to each class depending on

'central features' and 'banding features1 of cyclones.

It would lie interesting to examine the parameters on which the

maximum wind speed in a cyclone drpouH::. This has been done in the present

paper with the minimum of simplifying assumptions. It has been shown [5] that

the spiral structure of a tropical cyclone can be explained when the velocity

distribution in the cyclone outside the radius of maximum wind is of the form

Inside the radius

of maximum wind the velocity dependence is assumed as cr where c is a

constant and this agrees fairly well with observations. So far as observations

outside the radius of maximum wind are concerned, which have been done by air-

craft reconnaissance, velocity distribution is more like — where k is

r
constant and x varies between O.b and 0.7 [6], As theTe is a considerable

simplification in assuming the velocity dependence of the form — and this will

not involve serious error's, it was assumed that the velocity outside the radius

of maximum wind velocity varies as —.

The assumptions in [5] led to the conservation of angular momentum
2 dG Ca*~

i.e. r — = h = constant and k = -z^r- vhere a is the radius of maximum
dt 2

wind velocity and X, is the vorticity assumed constant for r < a. Again

since *>y. = r -r— = ~
6 dt r

2 d8

Thus we have h = k.

Hence the pedal equation of the cyclonic spiral comes out to be

p = i r = r , i.e.

p = r .

The above equation does not give us enough parameters to parametrize a tropical

cyclone.

To overcome this difficulty, we introduce a radial velocity. In

the absence of radial velocity, the stream function is

and tangential velocity

Thus the total velocity

=

r 39 r

3r r

(5)

(6)

(7)

1 2 2*1/2
where k = (o + c } .

The velocity in this case also varies as — and the conclusions made

regarding spiral structure of cyclones in Sec.Ill of [5] are still valid as

we have the same total velocity distribution. It may be mentioned that
, r 3 cpr - t

vorticity for r > a is given by - — (-£-) - — {—) = 0 in this case,
r L •** * o o r J

too. This assumption is not completely unjustified in view of the fact that
observed vorticity for r > a is less by two orders of magnitude than the

vorticity for r <a [l]. Here we also assume that — (r — ) = 0.
dt dt

2 dB
r rr = angular momentum = constant = h (8)

Consequently the stream lines are spirals. In the present case k j* h and

hence parametrlzation of cyclones is possible. It has also been shown [7] that

the stream function considered here represents a combination of source and a

vortex and that stream lines are equiangular spirals.

Equation of the Spiral and Cyclone Intensity

It was shown in [5] that the pedal equation of the cyclonic spiral is

p » k'r where

It is well known [8] that for an equiangular spiral whose polar equation is
Bcota

r = rQ e , the pedal equation is

1J1 = c logr (3)
(9)

Here we assume

-c 9 + c logr (14)
-k-
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Thua we must,

sina = k* = r* do)

meaning that h <: k. Here a denotes the angle which the radius vector

makes with the tangent to a point on the curve and it is constant for a

particular spiral.

The weather satellite pictures also depict the spiral structure of

cyclones. The satellite observes the top of the cyclones and as there is a

convergence at the bottom and divergence at the top, the combination of a

vortex and a source could correspond to an actuaJ cyclone. The spiral

structure of cyclone has been explained here in a direct manner without the

assumption of internal gravity waves as the source of spiral bands as has

been done for example in [9]. .

We have

(11)

of- a cyclone is inversely proportional to the radius of maximum wind velocity-

implying that the greater the intensity, the less the radius of maximum velocity -

a fact which agress very well with observations. [6]. It is to be noted that the

cyclone intensity depends on all the three parameters a, h and a taken together

and hence the intensity can change by the variation of one parameter without a

corresponding change in the other parameters. Coseca becomes infinity at a = 0

but in practice, max c a n n°t hecoae infinite and hence a = 0 is not permissible.

Again cosec90 = 1 and hence '^'msx is never zero, it has alvays a finite

As '"l?'Illax cannot become infinite, 'a.' must not become zero.
,,0

minimum value.

Coseca varies from 2 to 1 for values of a = 30 u to 90". Intensity

variations occur due to 'h' and 'a' alno and as such permissible values of a

lie probably between 30° and 90°, However, this needs to be verified by

actual measurements.

The cyclone spirals r = r e have been computed for different values

The maximum velocity in the cyclone is given by

of a ranging from » = To' t o g" at an interval of rr in units of r .

These are shown in Figs.l to 9. It is to be noted that spirals do not reach

the centre but stops at a distance r = r. defining the limit of convection,

leaving the inner region for the formation of the eye of the cyclone.

We have also

(1?.)

(13)

Eliminating k between Eqs.(l2) and (13) we obtain

Thus maximum wind velocity in a cyclone has been expressed in terms of

the angular momentum, radius of maximum wind/and the angle the spiral makes with

the radius vector. The maximum wind velocity in a cyclone can he talten as a

measure of cyclone intensity. Hence the intensity of a cyclone is directly

proportional to coseca. This means that the smaller a, the greater

the intensity of the cyclone. Intensity is also directly proportional to

angular momentum h implying that the greater the intensity of the cyclone,

the greater the angular momentum which is very obvious. Further, intensity
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