
 
 
 
MAUSAM, 64, 1 (January 2013), 189-192  

 
551.515.2 : 551.465.41  

 
Ocean atmospheric coupled model to estimate energy and  

path of cyclone near the coast 
 

RAMKRISHNA DATTA 

Regional Meteorological Centre, Kolkata, India 

e mail : ramkrishna_datta@rediffmail.com 

 
 

lkj & ;g ns[kk x;k gS fd caxky dh [kkM+h esa vf/kdka’kr% pØokr] gjhdsu vkfn tSlh ok;qeaMyh; 
ifj?kVuk,¡ viuh xfr ds nk¡bZ vksj c<+rh gSaA ,lh ?kVukvksa dk v/;;u djus ds fy, geus ok;qeaMyh; xfr 
;qfXer] egklkxj dh rjy xfrdh; ij fopkj fd;k gSA bl v/;;u esa geus pØokrh; ra= ds dsUnz dks 
fy;k gS ftlesa rjy xfrdh; lzksr rFkk FkksMh lh nwjh ij rjy xfrdh; flad gksrk gSA bl izdkj fcEc ra= 
ds rjy xfrdh; f}d ¼MCysV½ fufeZr gksrk gSA rnqijkar fcEc rjax vkSj mlds izfrfcEc rjax ds rjy 
xfrdh; f}d  ¼MCysV½ ij Bksl nhokj  ¼;gk¡ ij leqanz dk fdukjk½ ds laca/k esa fopkj fd;k x;kA blesa fcEc 
ra=] izfrfcEc ra= vkSj /kkjk xfr ls lacaf/kr fefJr fcEc ds rjy xfrdh; lehdj.k ij dk;Z fd;k x;k gSA 
fcEc ra=] izfrfcEc f}d ¼MCysV½ rFkk /kkjk xfr ds fefJr foHko ij bl 'kks/k i= esa fopkj fd;k x;k gSA 
xfr lfn’k] QyLo:i nkc dks rjy xfr ds cjukSyh ds lehdj.k dh lgk;rk ls iqu% izkIr fd;k x;kA 
rnqijkar leqnz ds fdukjs vFkkZr~ nhokj ij U;wure@vf/kdre nkc dh fo’ys"k.kkRed x.kuk dh xbZA vr% ;g 
ns[kk x;k fd pØokr vFkok gjhdsu dh ekStwnk iou vkSj ÅtkZ dqN izpfyr fLFkfr;ksa ds vk/kkj ij leqnz 
rV dh vksj vFkok mldh xfr ds nk¡bZ vksj tkrh gSA 

 
ABSTRACT.   It is seen that in the Bay of Bengal or in the Gulf, most of the time the atmospheric phenomena, 

like, cyclone, hurricane etc. move towards right to its motion. To study such occurrences; we have considered fluid 
dynamics of ocean coupled with atmospheric motion. In the present study we have considered the eye of the cyclonic 
system that consist of fluid dynamical source and fluid dynamical sink at a small distance apart, and thus, constitute the 
fluid dynamical doublet of the object system. Then the fluid dynamical doublet of the object system and its image system 
has been considered with respect to a firm wall (here the sea shore). The fluid dynamical equation of complex potential 
with respect to the object system, the image system and the stream velocity have been undertaken. The complex potential 
of the object doublet, image doublet and the stream velocity have been considered. The velocity vector, consequently the 
pressure has been retrieve with the help of Bernoulli’s equation of fluid motion. Then the minimum /maximum pressure 
on the wall that is on the sea shore has been calculated analytically. Thus, it is found that on the basis of some prevailing 
conditions existing wind and energy the cyclone or hurricane move towards the sea coast or to the right of its motion. 
 

Key words  –  Fluid dynamical source, Sink, Object doublet, Image doublet and Complex potential.     
 
 
1.    Introduction    
 

The atmospheric phenomena, like cyclone, tropical 
revolving storm (TRS) typhoon or hurricane etc. cause a 
violent massive disturbance on the surface of ocean. 
Chenthalu et al., (2002) have described such phenomena 
in the Bay of Bengal. Here, we have studied those 
phenomena using fluid dynamics (Acheson, 1990). The 
‘EYE’ region of such phenomena  can be regarded,  on the 
basis of abstract idea of  fluid dynamics as the 
combination of fluid dynamical source and fluid 
dynamical sink [(Faber (1995); Patterson (1983)] at a 
small distance apart. This system of source and sink are 
also being considered as of equal and opposite in 
magnitude. So the said EYE could be assumed to 
constitute a fluid dynamical two dimensional doublet 
(Holt & Winston, 1985) of finite strength (Homsy, 2008). 
This is here the object doublet.  Now the seashore can be 

regarded as the real line x in the two dimensional complex 
plane where as y is the imaginary axis. It is assumed that 
there are no flows of fluid across the real line (wall). Then 
the said object doublet can be placed at a perpendicular 
distance a from the real line x in the complex plain.  It is 
also assumed that the axis of the object doublet makes an 
angle 180 degree with the real axis x. Therefore, the image 
doublet will be at just opposite side of the object doublet. 
Here the fluid can be regarded as non viscous, 
incompressible fluid and it is moving with a certain 
velocity U at infinity in the direction of x axis. The motion 
of the fluid is wholly two dimensional in the x-y plane. On 
the consideration of fluid dynamical complex potential, 
here the whole system consists of object doublet, image 
doublet and the stream velocity U parallel to x axis.  Then, 
the fluid dynamical equation of the complex potential w 
can be obtained with the parameters of the strengths  of 
doublets  and stream velocity with respect to complex 
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coordinate z (= x + iy). The velocity vector q is determined 
from the differentiation of w with respect to z. Then to 
determine pressure at any point x on the line (wall), 
Bernoulli’s equation for steady motion has been applied. 
Such system, coupled with zonal stream moves towards 
right in the Bay of Bengal and gulf of Mexico.   
Eventually this can be used to explain analytically that the 
cyclones of the Bay of Bengal are stronger than that of at 
Atlantic ocean. The same observation had been written    
by Sir John Eliot, the first Director General of 
Observatory of India Meteorological Department in 1889 
(Eliot 1944).  

 
2.  Data and methodology 
    

In Fig. 1 the seashore has been considered as the 
rigid boundary line (wall) of the ocean and taken as the 
real x axis of the complex coordinate system. The 
perpendicular direction has been considered as the 
imaginary y axis of the said coordinate system. The EYE 
of the atmospheric phenomena (here cyclone, hurricane 
etc. in the northern hemisphere) has been positioned at a 
distance a from the boundary wall on the positive 
direction of y axis. Here it is the fluid dynamical system, 
imagined on the basis of abstract idea of fluid dynamical 
source and sink which constitute the doublet. The source 
and sink are of magnitude + m and – m respectively. The 
strength of the object doublet is µ (finite) which is equal 
to the product of m and the distance between the source 
and the sink. The points of source and sink in the doublet 
are taken in the negative direction of x axis.  Hence the 
axis of the doublet makes an angle π with the axis of x 
axis. The image of the said doublet is an equal doublet 
symmetrically oriented at z = - ia, obviously on the 
opposite side of the axis of y. We consider the stream 
velocity of the ocean be U in the positive direction of x 
axis. The motion of the fluid is two dimensional in the 
complex plain. From the Milne-Thomson circle theorem 
which provides the complex potential due to a doublet of 
certain strength at a certain distance and making a certain 
angle with the real axis. Here the present system consists 
of object doublet, image doublet and the stream velocity 
U. Therefore using the said Milne-Thomson’s theorem, 
the complex potential w of these total system can be is 
given by  
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We know from Lagrange’s stream functi ψ (x, y) 

and l ϕ (x, y) the complex potential is      
w = 

on 
velocity potentia
ϕ + i ψ and z = x + iy. Here, the symbols have their 

usual meaning. Therefore, w is analytic function of z and 
differentiating w with respect to z, we get, 
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With the help of equation (2), where 
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To determine the pressure at any point on the wall 

we use the Bernoulli’s e
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From the equation (4) we get usin
dary conditions 
 
p = π,   q = U   when z = ∞ 
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Applying equation (3),   

learly for any point on the sea shore z = x 
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Therefore differentiating equation (5) with respect to 
x we et, 
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To find extreme values of p, we make, 
 

      

0
d


d

x

p

We see
 

 which gives x = 0, ± a √3 

 
, that when x =  ± a √3 
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So, p the pressure is m
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So, p the pressure is maxi
 

3. Conclusions  

through 
posses a tremendous amount of 

energy. From equation (7) and its consequences, we see 
that 

mum at x = ± a √3 

 

The cyclones which generated or passes 
deep sea, generally 

when the turbulence (here the object doublet at y = a) 
is super cyclonic in nature that is µ > 4a² U. We get 
minimum pressure at x = ± a √3 on the sea shore. Such 
cyclones, from its very beginning, possess a tremendous 
amount of energy. The general circulation of the stream 
near the sea could impact little on its motion. Such system 
coupled with minima at shore moves towards the normal 
to sea coast and strike the shore vigorously. And in 
general, they never move parallel to the coast. Figs. 2(a-d) 
describes such systems. 

 

 

 
 
Fig. 2(b). Super cyclone of  Orissa (1999,  Courtesy : Cyclone eAtlas 

IMD , www.imd.gov.in ) - 
 
 

 
 
Fig. 2(c).  Bangladesh cyclone SIDR (2007,  Courtesy : Cyclone 

eAtlas - IMD, www.imd.gov.in) 
 

 
  Cyclone THANE (2011,   CourtesFig. 2 (d). y : Cyclone eAtlas – IMD, 
www.imd.gov.in).  

 

Let us consider the Bangladesh super cyclone of 
1991 [Fig 2(a)]. The Bangladesh super cyclone is 
represented by the above track (during 24th April 1991 to 
30th April 1991). Obviously normal (approximately) to its 
coast of landfall. 

 
The Orissa super cyclone 1999 represented by the 

track [Fig. 2(b)] (26th to 30th) is also normal to the coast of 
landfall.  

 
          

2
The another track of Bangladesh cyclone o     

007   Fig.  2(c)   (nearly  a  super  cyclone)  named  SIDR  
f

Fig. 2(a).  Bangladesh Cyclone (1991, Courtesy : Cyclone eAtlas-
IMD, www.imd.gov.in) 
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Fig. A C o3 (a). Cyclone ila. (2009, ourtesy : Cycl ne eAtlas - 

IMD, www.imd.gov.in). 
 

 
 

aila (2010, Courtesy Fig.3(b). L : Cyclone eAtlas- IMD, 
www.imd.gov.in) 

 
 
 

 
(represented by 12th to 16th) moved almost along the 
normal to the coast.  

 
The path of cyclone THANE of India [Fig. 2(d)] was 

also a vigorous one and its track was also towards the 
normal to the coast of landfall. 

th
 sub cyclonic in nature  that is   µ <  4a²U. We get 
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The track of cyclone 2010 Laila Fig. 3(b), 
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