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Abstract. The Visakhapatnam port, India is a major natural port, situated in between 
the Kolkata and Chennai on the East Coast and in terms of latitude and longitude its 
location is 17.6856° N, 83.2160° E has experienced an extreme wave oscillations 
2.0 to 6.0 m in the midst of its severe weather events. In this paper numerical studies 
are performed to analyze the frequency distribution over the oceanic surface of 
standing waves in Visakhapatnam port at four respective synthetic record stations 
in presence of partially reflecting harbor. The convergence study is conducted to 
obtain the numerical accuracy of the scheme and simulation results are validated 
with the available studies experimentally from Ippen and Goda (1963) and Lee 
(1971) also with the analytical approximations. Further, the spectral density is 
determined corresponding to the wave period for the incident waves striking with 
several directions towards the Visakhapatnam port at four different record stations. 
The computation of the resonant frequencies is conducted in the Visakhapatnam port 
to examine the safe locations for the moored ship. Abstract goes here. 
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1. Introduction 

The extreme waves cause wave hazards involving tropical storms, cyclones, tsunamis, 

etc. which is difficult to handle and may persist for many days, resulting lots of 

destruction on the coastal region and damages on the coastal structures like harbor, 

fenders, mooring ropes and also disturbs the unloading and loading cargo phenomenon 

on the moored ship. Visakhapatnam port, India is one of the major ports in India which 

provides significant contribution in trade with countries like Japan, China, Australia and 

many more European and Asian countries. It also serves in industries like SAIL, HPCL, 

NLCO, and others in Andhra Pradesh, India, as well as other states such as Maharashtra, 

Odisha, Jharkhand, Chhattisgarh, Madhya Pradesh, and Telangana. A total of approx. 

126 million tons of cargo handled per year. 
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The study of wave oscillations considering constant depth on the defined geometry 

like circular domain [1], rectangular domain [2] and on two interconnected rectangular 

basins ([3] and [4]). To study the wave oscillations on complex geometry of port leads 

to development of various numerical methods like Boundary Element Method (BEM) 

([5], [6], [7] and [8]), Hybrid Finite-Element method (HFEM) [9], Finite-Element 

Method (FEM) [10]. Further, the study also includes the nonlinear waves on harbor by 

Guerrini [11] using Boussinesq equation, wave analysis for low frequency by Dong [12], 

for short wave Gao [13] with the consideration of fringing reefs [14], and for high 

resonance mode [15]. The numerical study applied on the realistic harbor by various 

researchers, Long beach harbor in California, USA ([5] and [16]), Hua-Lien Harbor in 

Taiwan [17], Marina de Ferrol in Spain [18], Paradip Port [8], and by Dong [19] on 

Hambantota Port The studies mentioned above are accurate and efficient, coastal 

engineers can use them to strengthen coastal structures and utilized to redesign the 

harbour model based on resonance mode analysis in the harbour domain. 

In this paper, the study of spectrum analysis within the Visakhapatnam port is ana-

lyzed by using the Mitsuyasu’s spectrum [20] for the multidirectional random waves. 

This numerical scheme based on the well-known Boundary element method which is 

utilized to solve the Helmholtz equation including partially reflecting harbor boundary. 

The convergence and comparisons are presented to verify the scheme and the wave 

characteristic inside the Visakhapatnam port through spectral density are discussed at 

four record station to examine the safe place for moored ship. 

2. Mathematical Formulation 

The Visakhapatnam port geometry is presented in Figure 1. The global Cartesian co-

coordinate system (x, y, z) is taken where x-co-ordinate represents the direction of wave 

propagation, y-co-ordinate is along unbounded sea region whereas z-co-ordinate in the 

vertical direction along the depth of ocean. The total fluid domain is divided into two 

major regions, Region-I (unbounded region) and Region-II (bounded region) and both 

regions are connected with entrance AB  and the bounded region is surrounded with 

partially reflecting boundary. The incident wave diffracted and refracted inside the port 

through entrance.  

 
Figure 1. Sketch of Visakhapatnam port model formulation, including the governing equations and 

various boundary conditions in Region-I (unbounded) and Region-II (bounded). 
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2.1.  Wave Function in Bounded and Unbounded Region 

There is presumed that the fluid to be incompressible, inviscid and the motion of fluid is 

irrotational hence from potential flow theory the potential function satisfy the Laplace 

equation and for constant depth continuity equation is used to obtain the Helmholtz 

equation for both the regions (Region-I and Region-II) and the solution of wave function 

follows 

                                                                                    (1) 

where i = 1, 2 represents the wave function for unbounded and bounded region 

respectively and the following boundary conditions are imposed on the fluid domain 

                   on free surface                                           (2) 

                 on bottom surface                                            (3) 

                                                                 (4) 

where tc complex transmission coefficient and in terms of reflection coefficient Rc 

                                                        (5) 

In Region-I, the wave function satisfies the radiation condition at infinity to ensure 

wave propagates outward 

                                                (6) 

At the entrance AB where the unbounded region connected with bounded region, the 

continuity conditions are implemented to verify the continuation of velocity and pressure 

and is defined as  

                                                                   (7) 

The Helmholtz equation in the bounded region is transformed into an integral 

equation along the boundary of the domain and the solution follows the Green’s identity 

theorem and written as 

                                                

                              (8) 

where,   and  is the Hankel function of 

first kind and zero order. 

The boundary of the port region, which consists of the shoreline of the port and 

entrance boundary is discretize into N number of finite segments and from Eq. (8) the 

Region-II is written as a matrix form as 

                                                              (9) 
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where,

,

 

The solution of Helmholtz equation in Region-I comprise of sum of an incident, 

reflected and radiated wave and the solution of radiated wave function  for Region-

I is 

                                                 

                            (10) 

The boundary of the unbounded region which consists of entrance boundary is 

discretise into Ne number of finite segments and thus solution of wave function in 

Region-I is in matrix form  

                                                 

                                    (11) 

Applying the continuity condition Eq. (7) at common boundary AB, of the wave 

function at the entrance (AB) is obtained and then the wave function at any place inside 

the bounded domain as well as wave amplification is also calculated inside/outside the 

harbor domain. 

 

2.2. Spectral Density 

The spectral density represents the distributions of frequencies over the ocean surface, 

i.e. which frequencies shows the strong variations and which frequencies shows the weak 

variations. The spectral density function is calculated with the help of an efficient 

numerical method Fast Fourier transformation (FFT) for Discreate Fourier 

transformation (DFT). The directional spectral density S (f, inc) is defined as the product 

of dimensionless multidirectional spreading function E (f, θinc) and a multi-directional 

frequency spectrum S (f )  

                                                                         (12)  

The S(f) and E (f, θinc) are defined as  

and 
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where, Hs and Ts represents the wave height and wave period respectively with the 

principle direction of incident wave denoted by θ0. 

3. Convergence Analysis 

The current numerical scheme's order of convergence is determined for the rectangular 

port by using least square method by dividing the port into N1, N2, N3,… number of 

segments. For i =1, 2 the error norm is as follows 

                                         (14) 

where denotes the convergence order and c represents the unknown constant to be 

determined. The convergence order for the rectangular port is 1.5432. The error norm 

and logarithmic error norm graph corresponding to the number of elements and the 

logarithmic value of number of elements is shown in Fig. 2. It is observed that the error 

norm graph and logarithmic error graph significantly decreases when the number of 

elements increases. 

 

 

Figure 2. The convergence analysis with (a) Error norm and (b) Logarithmic error norm. 
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4. Numerical Validation 

The numerical scheme that is discussed above is implemented on the rectangular port of 

length 0.31 m, breadth 0.06 m and its depth is 0.26 m to obtain numerical accuracy of 

the model. The response curve is obtained at the centre of the backwall (P) presented in 

the Fig. 3 to compare with the available experimental study of Ippen and Goda (1963) 

[2] and Lee (1971) [5] and with the analytical solutions. The two different resonance 

modes are obtained using the present numerical schemes, k1 = 1.32 and k2 = 4.2 which 

is similar to the previous schemes. On comparing with the available studies, it is 

concluded that present scheme shows good agreement with it and thus can be implement 

on complex geometry.  

 
Figure 3. Comparison of simulations based on present technique with the analytical approximation and 

experimental data for rectangular port at backwall of the port ‘P’. 
 

5. Simulation Results 

The spectral density utilized to examine the wave energy distribution with respect 

to wave periods or wave frequency. The current scheme is applied on Visakhapatnam 

port to evaluate the spectral density at four key locations within the port domain. The 

wave spectral density for the long wave is plotted against the wave period, which ranges 

from 30 s to 100 min with the difference of wave range 30 s at four record stations R1 to 

R4 is presented in Fig. 4. The different resonant modes are obtained for the different wave 

periods T1 = 2–3 min, T2 = 6-8 min, T3 = 18–19 min and T4 = 70.5–80.5 min respectively. 

It has been concluded that the distribution of waves energy depends on both the wave 

period and the position of the record points. The higher wave oscillations are generated 

in the Visakhapatnam port by the monochromatic waves when the wave approaches the 

coastal regions having wave periods in between T1-T4.  

6. Conclusions and Discussion 

The numerical model based on BEM is used to obtain the distribution of wave energy 

within the Visakhapatnam port. The convergence analysis is presented to present the 

accuracy of the model and the numerical simulation results are compared through wave 

amplification at the rectangular port and found valid with the experimental as well as 
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analytical approximations. Further the simulation results are obtained for the spectral 

density which provides the vital information about the wave energy distribution 

corresponding to the wave period for the different key locations outside and within the 

Visakhapatnam port are examined. At different wave intervals, the resonance modes in 

the spectral density plot are obtained.  

The incoming waves which produces high amplification, are hazardous in the coastal 

regions and damages the coastal structures like moored vessels which lie in a port. The 

mentioned current numerical scheme is utilized to analyze the spectral density in the port; 

however, the practical physical prototype is very time consuming and expensive. The 

numerical model presented in the present paper is effectively and efficiently 

implemented on any arbitrary shaped port. The more accurate methods are required to 

achieve the higher precision, such as taking the breakwater concept and also including 

the nonlinearity concept to achieve a more accurate and authentic portrayal of realistic, 

dominant harbour conditions. 

 
Figure 4. The analysis of wave spectral density for the record stations R1, R2, R3 and R4 within the 

Visakhapatnam port corresponding to the wave period ranging from 30 s to 100min having wave period 
difference 30 s. 
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