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Abstract— Electrical energy production from ocean current 

needs more computational research where we can easily 

determine the capacity about wave currents by numerical 

analysis. This is the reason why we have compared different 

computational methods to have one similar methodology 

about the determination of process control. 

Extracting electrical energy from ocean currents could 

yield in excess of 10 TWh/year (0.4 EJ/year) if major estuaries 

with large tidal fluctuations could be tapped. Because the 

density of water is more than 830 times that of air, an ocean 

current of just 2.3 m/s can produce electricity at a rate 

equivalent to a mean annual wind speed of 62 m/s. The best 

sites in the world with currents about 10 m/s are located 

mainly off of the west coasts.  
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I. INTRODUCTION 

Electrical energy production from ocean current needs 

more computational research where we can easily 

determine the capacity about wave currents by numerical 

analysis. This is the reason why we have compared 

different computational methods to have one similar 

methodology about the determination of process control. 

Extracting electrical energy from ocean currents could 

yield in excess of 10 TWh/year (0.4 EJ/year) if major 

estuaries with large tidal fluctuations could be tapped. 

Because the density of water is more than 830 times that of 

air, an ocean current of just 2.3 m/s can produce electricity 

at a rate equivalent to a mean annual wind speed of 62 m/s. 

The best sites in the world with currents about 10 m/s are 

located mainly off of the west coasts. 

II. INTRODUCTION TO PDES 

An easy way to comply with the conference paper for1. 

Introduction to PDEs 

A partial differential equation is simply an equation that 

involves both a function and its partial derivatives. In these 

lectures, we are mainly concerned with techniques to find a 

solution to a given partial differential equation, and to 

ensure good properties to that solution.  

That is, we are interested in the mathematical theory of 

the existence, uniqueness, and stability of solutions to 

certain PDEs, in particular the wave equation in its various 

guises. Most of the equations of interest arise from physics, 

and we will use x, y, z as the usual spatial variables, and t 

for the the time variable. Various physical quantities will 

be measured by some function u = u(x, y, z, t) which could 

depend on all three spatial variable and time, or some 

subset. The partial derivatives of u will be denoted with the 

following condensed notationmatting requirements is to use 

this document as a template and simply type your text into 

it. 

 

The Laplace operator is the most physically important 

differential operator, which is given by margins must be set 

as follows: 

 

2.1 Equations From Physics 

Some typical partial differential equations that arise in 

physics are as follows. Laplace’s  

 

which is satisfied by the temperature u = u(x, y, z) in a 

solid body that is in thermal equilibrium, or by the 

electrostatic potential u = u(x, y, z) in a region without 

electric charges. The heat equation 

 

which is satisfied by the temperature u = u(x, y, z, t) of a 

physical object which conducts heat, where k is a 

parameter depending on the conductivity of the object. The 

wave equation 
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which models the vibrations of a string in one dimension 

u = u(x, t), the vibrations of a thin membrane in two 

dimensions u = u(x, y, t) or the pressure vibrations of an 

acoustic wave in air u = u(x, y, z, t). The constant c gives 

the speed of propagation for the vibrations. Closely related 

to the 1D wave equation is the fourth order PDE for a 

vibrating beam, 

 

where here the constant c2 is the ratio of the rigidity to 

density of the beam. An interesting nonlinear version of the 

wave equation is the Korteweg-de Vries equation 

 
which is a third order equation, and represents the 

motion of waves in shallow water, as well as solitons in 

fibre optic cables. 

There are many more examples. It is worthwhile 

pointing out that while these equations can be derived from 

a careful understanding of the physics of each problem, 

some intuitive ideas can help guide us. For instance, the 

Laplacian. 

 

can be understood as a measure of how much a function 

u = u (x, y, z) differs at one point (x, y, z) from its 

neighbouring points. So, if ∇2u is zero at some point (x, y, 

z), then u(x, y, z) is equal to the average value of u at the 

neighbouring points, say in a small disk around (x, y, z). If 

∇2u is positive at that point (x, y, z), then u(x, y, z) is 

smaller than the average value of u at the neighbouring 

points. And if ∇2u(x, y, z) is negative, then u(x, y, z) is 

larger that the average value of u at the neighbouring 

points. 

Thus, Laplace’s equation 

 

represents temperature equilibrium, because if the 

temperature u = u(x, y, z) at a particular point (x, y, z) is 

equal to the average temperature of the neighbouring 

points, no heat will flow. The heat equation 

 

 

 

is simply a statement of Newton’s law of cooling, that 

the rate of change of temperature is proportional to the 

temperature difference (in this case, the difference between 

temperature at point (x, y, z) and the average of its 

neighbours). The wave equation 

 

is simply Newton’s second law (F = ma) and Hooke’s 

law (F = k∆x) combined, so that acceleration utt is 

proportional to the relative displacement of u(x, y, z) 

compared to its neighbours. The constant c2 comes from 

mass density and elasticity, as expected in Newton’s and 

Hooke’s laws [7]. 

2.2 Finite String And Separation Of Variables    

Consider a finite piece of string, of length L, fixed at the 

two ends [7]. 

 

with boundary conditions 

 

Initial conditions are still, 

 

Could solve using d’Alembert’s formula but it is 

diffucult to include the boundary conditions using this 

approach. 

Better to try a, separation of variables 

 

Important: T should not be confused with the earlier 

tension [7]. 

 

Hence the wave equation becomes [7] 

 

Dividing by    gives   
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where α is a constant. The solution of 

 

 

and the boundary condition [7] , 

 

Where n is a positive integer. Similarly the solution of 

 

 

giving the solution for u  as 

 

 

where   and   this is a solution for any positive integer   

and as the equation is linear then any linear combination of 

such solutions is also a solution. This gives the final form 

of the solution [7] 

 

The set of constants   and   are determined by initial 

conditions [7]. 

 

An expansion of the form 

 
is called a half-sine Fourier series, and there is an 

integral formula for the coefficients L 

 

 

Proof: It is easy to prove that for positive integers  m and 

n 

 

Where    equals 1 if n =m   and zero otherwise. 
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III. A. CLASSICAL METHOD OF WAVE THEORY 

The sea wave is a motion of wave tops and wave 

bottoms on the sea surface  in unregular series. In 

engineering practice for calculate of the wave influence on 

the structure used one extremum wave. Therefore, may use 

different wave theory. There are three main wave theory: 

Airy, Stokes and knoidal theory.  

The Airy wave theory is avery approximately theory. 

This theory may be used for wave with small height as 

compared with wave length and deep of water. For more 

detailed calculate may  be used Stokes theory, if wave 

length equally to 0.1 of the deep water. For long wave may 

be used knoidal theory. In the fig.1 may to see application 

different wave theory in dependence deep of water –H, 

wave length - –h.  

 

 

IV. AIRY WAVE THEORY 

This theory was investigate in 1842 by G.B.Airy1. This 

theory based on the sinusoidal profile of wave and small 

height of wave –H  as compared with length -

of sea –h (Fig.1). 
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V. B. Comparison of Dynamical Wave Theory with 

Classical Method 

 

 

V. RESULT 

The different two methods about the determination of 

current energy as renewable energy source is compared in 

scope with sensitivity analysis. As a result two different 

conclusions can be seen from determination of horizontal 

current propagation. It means that the dynamical and 

claasical wave theory methods have different conditions in 

scope of current energy potential determination. 
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