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ABSTRACT

In this paper we study of magneto hydro dynamic fluid flow of some problems.

MATHEMATICAL MODELING:

Mathematical modelling is a process that utilizes math to represent, analyze, make likelihood or otherwise provide
insight into real-world occurrences. In some system complex relationships cannot be represented physically or the
physical representation may be difficult andtake time to construct. For that reason a more abstract model is used
with the assistance of symbols. These are general rather than explicit and can describe varied situation. Besides
they can be employed easily for purposes of experimentation and prediction. When the concept of a model is
stretched to the area of mathematics, it is beneficial to know in a quantitative sense how important or how
appropriate the variables are in a model with respect to their impact on the solution. The mathematical models
represent clear relationships and interrelationships among thevariables and other factors considered important in

solving problems.
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Fig: 1.1 Schematic representation of mathematical modeling

These Models are wide-ranging rather than specific and can designate diverse situations. Also they can be handled

easily for purposes of experimentation and prediction.

In Electrical engineering, mathematical modelingand simulations are important during the designing stage
and the operational stage of electrical power systems. These electrical power systems are typically large, complex
and are spread over a wider geographical area and are frequently made of many different electrical devices.
Mathematical models are also used when launching the stability of electrical circuits, when investigating
microchips and during the enhancement of power supply networks. The Circuit Differential equations (Kirchhoff
laws) are usually used in describing electrical circuits. In mechanical engineering, mathematical modellingis of
prominence in crash simulations[ 1 ] and instructuraloptimization of motor vehicle skeleton under different
amount of load / stress. In civil and structural engineering, mathematicalmodels are of significance in designing
buildings capable of repelling earth quakes to assure safety and security of building occupants and assets [2]. In
the field of Agriculture, mathematicalmodels are of importance in the following areas: in modelling of agricultural
production systems

[3] and [4], formatting the amount of feed and energy supply required by ruminant animals which will reduces

wastage and improves efficiency when it comes to production. In meteorological science, mathematical
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modellingis important in areas such as: modellingof happening and progression of tornadoes [5], modelling of
evolution and occurrence of hurricanes [6]. These models can be of use in prevention of major disasters from
happening as a result of timely forecast of occurrence of these natural disasters. Rescue measures such as
evacuation of people to safer places, protective of power outages due to destruction of electrical transmission lines
and acquiring of medical supplies can be planned for in advance. In the field of medicine, mathematical
modellingin areasuch as progression of tumourcells [7] is of great importance. Other mathematical models in
medicine are models on osteoarthritis that are used to judge the articular cartilage function and possible failure
sites in joints. Mathematical models and equations leading mechanics and fluid flow have also been used to
explain the flow of synovial fluid during the displacement of bone element and cartilage when subjected to various

stress configurations.

BOUNDARY VALUE PROBLEMS

A boundary value problem is a given differential equation comprising of the finding of a solution to the given
differential equation satisfying a set of conditions defined at the boundary points. A boundary condition is the

authorization of values of the unknown solution and its

derivatives at more than one point. Boundary value problems are of great importance as many of the biological,
physical science and chemical science problems can be converted into a boundaryvalue problem. In particular,
MHD fluid flow problems involves boundary layer flow. On that ground, MHD problems can be simulated and
modeled as boundary value problems. The behavior of the flow and the characteristic of the fluid can be

investigated and studied by solvingthese boundary value problems.

Non-linear process

Non-linearity is a term used to designate a situation where there is not a straight-line or direct relationship
between an independent and a dependent variable. In a nonlinear relationship, changes in the output do not change

in direct proportion to changes in any of the inputs.

A linear relationship generates a straight line when plotted on a graph, whereas a non- linear relationship
does not generate a straight line but instead generates a curve. Non-linearity scrutinizes the cause and effect
relationships. Non-linear phenomena performs in a extensive variety of scientific applications such as plasma
physics, solid state physics, optical fibers, biology, fluid dynamics and chemical kinetics. Thermal convection in a
fluid, Taylor vortex flow, turbulence, the production of coherent light by laser, chemical oscillations offer some
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well-established examples of this abundant property of a non-linear systems. In order to accelerate fluid flow, heat
transfer, and other correlated physical phenomena, it is essential to describe the allied principles in mathematical
terms. Nearly all the physical phenomena of interest are obtained by principles of conservation and conveyed in
terms of non-linear partial or ordinary differential equations stating these principles. These complicated non-linear
differential equations can be solved numerically in many cases; on the other hand, analytical solutions for fluid
flow and heat transfer problem can still play a very significant role in science and engineering, yet in the current
digital era. This is because analytical solutions have the big benefit of exposing directly the parameters which
impact the solution.

Magnetohydrodynamics(MHD) flow

Hydromagnetic(MHD) was first found by Hannes Alfvén(1908-1995). MHD as a field deals with
dynamics of conductive fluids in magnetic fields. These conductive fluids include Liquid metals (gallium, mercury
and molten iron), plasmas (such as solar atmosphere) and strongelectrolytes. In MHD, when the magnetic field
and the conducting fluid comes into interaction, electric current of density jis induced into the conducting fluid
which results in induced magneticfield. The total field B interacts with induced current developing Lorentz force
F O j X B. MHDhas a wide-ranging application and they include: MHDpump, MHDpropulsion, MHD generators
and MHDflow meters.

In MHD pump, the magnetic field, electric field and the axis of the duct carrying the conductive liquid are
mutually perpendicular to each other. The conductive liquid licenses the flow of electric current in the duct. The
pumping action is performed by the Lorentz force arising from the interaction of magnetic field and electric field.
Since MHD pumps have no movable parts the chance of mechanical failure is reduced. MHD pump has its
prominent application following areas:MHDmicro pumps are used as micro syringes for diabetics. In fusion
research, MHD pumps are used to create high impact velocities and in cooling of nuclear reactors by pumping

sodium coolant in the reactor core.

The MHD generator has the ability to work under very high temperatures than thetraditionalelectric
generators. The thermalor Kkineticenergy directly is directly converted into electrical energy. As MHD generators
have no movable parts, the chances of mechanical failure gets reduced. The simplest MHDgenerator has a gas
nozzle that serves as a combustion chamber injecting pulses of the gas into the duct. The walls of the duct act as
electrodes. The first MHD generator was developed with copper disks and horse shoe magnet in 1831byMichael

Faraday. The powerful electromagnet in Faraday’s generator actsas a source of magnetic field andthe current
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flowing between the two installed electrodes which are perpendicular to magnetic field serves as the main

electrical output of the MHD generator.

Fig: 1.1 MHD micro pump and MHD generator
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The MHD propulsion is a substitute to mechanical propellers in propelling marine vesselssuch as military
submarines. It disables the problem of cavitation and is related with the movement of propellers which is a benefit
in military where stealth is necessary [8]. MHD propulsion is attained when the sea water is drawn into MHD
pumps within the submarine,where the magnetic field and electric current directed through the sea water relates
giving rise to Lorentz force. The Lorentz force, energies water out of the vessel making the vessel to acceleratein
the opposite direction. WithMHD propulsion greater speeds of the sea water vehicles can be achieved provided

large magnets of high magnetic field strength are built for the marine vessel thruster duct [9].

The MHDflow meter’s is modelled based on Faraday’s law of electro magnetic induction. In MHDflow
meters, a magnetic field is generated through the conductive fluid and passed inside the pipe which leads to
production of voltage in the fluid as per the Faraday’s law. The voltage generated in the fluid is directly
proportional to the velocity of the flowing fluid. MHDflow meters can also be used to determine the rate of blood
flow through blood vessels. The first use of MHD blood flow meters was by Kolin(1936). MHD blood flow
meters are used in surgery to determine the amount of blood flowing through a vessel before, during and after the

surgery [11].
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Fig: 1.2 MHD Propulsion and MHDBIlood Flow meters

BOUNDARY LAYER FLOW

The idea of boundary layer in a fluid flow was first commenced by Ludwig Prandtlin1904. Boundary layer flow

has major role in fluid dynamics. It is of importance in

determining friction drag of bodies moving in fluids such as viscous drag on aerodynamics (airplanes, rockets,
and projectiles such as missiles), hydrodynamics (ships, submarines and torpedoes), automobiles (motor vehicles)
and engineering structures such as buildings and bridges.

In Mathematics, some problems can be solved analytically or numerically. An analytical or closed-form
solution provides a good insight in phenomena under interest. Whereas, Numerical methods give a clue what kind
of closed-form solution could be achieved. In this thesis, methods like Homotopy analysis method, modified
homotopy analysis method and g- homotopy analysis method are adapted to obtain a semi-analytic solution for the

system of strongly non-linear differential equations that governs MHD fluid flow.

Basic perception of Homotopy analysis method

Homotopy analysis method (HAM) is an efficient tool for handling various kind of functional equations
like PDEs, ODEs, BVPs, system of equations, fractional forms, integral equations and many other families. It is a
technique mainly focused for non-linear equations. Other than applied mathematics, the method is enrouted into
different fields in engineering and sciences, even the chemists, physicians, biologists also take advantage of this

powerful analytic technique for coping their own problems and equations. It is a method which is well-established
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from a mathematical point of view, Liao and his colleagues have successfully tried to enrich the

Method. Many others have tried to find its relation with classic methods and give a general algorithm for its

implementation.

CONCLUSION:

In the framework of the HAM, if the equation under study has a solution as a series expression, then HAM is able

to give a good approximation of this solution. HAM is equipped with convergence control parameter and the

final representation of the solution is dependentupon this parameter. Using this parameter one can easily control

and possibly extend the convergence region of the solution obtained. This advantage enables it as a favourite

technique for applied mathematician.
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