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ABSTRACT 

POWER PLANT ENGINEERING, BRIEF ANALYSIS OF MHD Power plant engineering deals with the study of 

energy, its source sand utilization of energy for power generation. The power is generated by prime movers 

(example Hydraulic turbines, steam turbines, diesel engines).Large amount of power is generated using prime 

movers in a site or lay out called power plants, where all the equipments and machineries required for power 

generation is located. Energy: Energy may be defined as the capacity to do work. Energy exist in various forms, 

such as mechanical energy, thermal energy, electrical energy, solar energy etc. Electricity is the only form of energy, 

which is easy to produce, easy to transport, easy to use and easy to control. Electricity consumption per capita is the 

index of the living standard people of a place or country i.e. the utilization of energy is an indication of the growth 

of the nation. 
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1. Introduction 

In the field of mechanical engineering; Power is primarily associated with mechanical work and electrical energy. 

Therefore, power can be defined as the rate of flow of energy and can state that a power plant is a unit built for 

production and delivery of a flow of mechanical or electrical energy. In a common usage, a machine or assemblage 

of equipment that produces and delivers a flow of mechanical or electrical energy is a power plant. Hence an 

internal combustion engine is a power plant ; a water wheel is a power plant, etc. however , what we  generally mean 

by the term power plant is that assemblage of equipment, permanently located on some chosen site which receives 

raw energy in the form of a substance capable of being operated in such a way as to produce electrical energy for 

deliver from the power plant. 

 

2. Sources of Energy 

 
The basic sources of energy for power generation are coal, oil, nuclearfuels and gas. These sources are known as 

“conventional sources of energy”. These sources of energy will one day be used up and are exhaustible. The most 

reassuring and promising energy, which is abundant in supply and is inexhaustible is “Non – conventional 

sources of energy” suchas solar, wind, tidal, geothermal etc.  
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3. Energy Development 

Energy development is a field of endeavor focused on making available sufficient primary energy sources and 

secondary energy forms to meet the needs of society. These endeavors encompass those which provide for the 

production of conventional, alternative and renewable sources of energy, and for the recovery and reuse of energy 

that would otherwise be wasted. Energy conservation and efficiency measure reduce the impact of energy 

development, and can have benefits to society with changes in economic cost and with changes in the environmental 

effects. Contemporary industrial societies use primary and secondary energy sources for transportation and the 

production of many manufactured goods. Also, large industrial populations have various generation and delivery 

services for energy distribution and end-user utilization. This energy is used by people who can afford the cost to 

live under various climatic conditions through the use of heating, ventilation, and/or air conditioning. Level of use of 

external energy sources differs across societies, along with the convenience, levels of traffic congestion, pollution 

sources and availability of domestic energy sources. Thousands of people in society are employed in the energy 

industry, of which subjectively influence and impact behaviors. The conventional industry comprises the petroleum 

industry the gas industry, the electrical power industry the coal industry, and the nuclear power industry. New 

energy industries include the renewable energy industry, comprising alternative and sustainable manufacture, 

distribution, and sale of alternative fuels. While there is the development of new hydrocarbon sources, including 

deepwater/horizontal drilling and fracking, are contentiously underway, commitments to mitigate climate change are 

driving efforts to develop sources of alternative and renewable energy. Magnetohydrodynamic power generation 

provides a way of generating electricity directly from a fast moving stream of ionised gases without the need for any 

moving mechanical parts - no turbines and no rotary generators. Several MHD projects were initiated in the 1960s 

but overcoming the technical challenges of making a practical system proved very expensive. Interest consequently 

waned in favour of nuclear power which since that time has seemed a more attractive option.  MHD power 

generation has also been studied as a method for extracting electrical power from nuclear reactors and also from 

more conventional fuel combustion systems  

3.1. Working Principle 

The MHD generator can be considered to be a fluid dynamo. This is similar to a mechanical dynamo in which the 

motion of a metal conductor through a magnetic field creates a current in the conductor except that in the MHD 

generator the metal conductor is replaced by a conducting gas plasma. When a conductor moves through a magnetic 

field it creates an electrical field perpendicular to the magnetic field and the direction of movement of the conductor. 

This is the principle, discovered by Michael Faraday, behind the conventional rotary electricity generator. Dutch 

physicist Antoon Lorentz provided the mathematical theory to quantify its effects. 
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The flow (motion) of the conducting plasma through a magnetic field causes a voltage to be generated (and an 

associated current to flow) across the plasma , perpendicular to both the plasma flow and the magnetic field 

according to Fleming's Right Hand Rule Lorentz Law describing the effects of a charged particle moving in a 

constant magnetic field can be stated as                                 F = QvB  

where  

F is the force acting on the charged particle 

Q is charge of particle 

v is velocity of particle  

B is magnetic field 

 

4. The MHD System 

The MHD generator needs a high temperature gas source, which could be the coolant from a nuclear reactor or more 

likely high temperature combustion gases generated by burning fossil fuels, including coal, in a combustion 

chamber. The diagram below shows possible system components. 
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4.1. The Gas Plasma 

To achieve high conductivity, the gas must be ionised, detaching the electrons from the atoms or molecules 

leaving positively charged ions of the gas. The plasma flows through the magnetic field at high speed, in some 

designs, more than the speed of sound, the flow of the charged particles providing the necessary moving 

electrical conductor. 

4.2. Methods of Ionising the Gas  

Various methods for ionising the gas are available, all of which depend on imparting sufficient energy to the gas. 

It may be accomplished by heating or irradiating the gas with X rays or Gamma rays. It has also been proposed to 

use the coolant gases such as helium and carbon dioxide employed in some nuclear reactors as the plasma fuel for 

direct MHD electricity generation rather than extracting the heat energy of the gas through heat exchangers to 

raise steam to drive turbine generators. Seed materials such as Potassium carbonate or Cesium are often added in 

small amounts, typically about 1% of the total mass flow to increase the ionisation and improve the conductivity, 

particularly of combustion gas plasmas. 

 

 

 

4.2.1. The Faraday Current  

A powerful electromagnet provides the magnetic field through which the plasma flows, and perpendicular to this 

field are installed the two electrodes on opposite sides of the plasma across which the electrical output voltage is 

generated. The current flowing across the plasma between these electrodes is called the Faraday current. This 

provides the main electrical output of the MHD generator. 

4.2.2. The Hall Effect Current  

The very high Faraday output current which flows across the plasma duct into the load itself reacts with the applied 

magnetic field creating a Hall Effect current perpendicular to the Faraday current, in other words, a current along the 

axis of the plasma, resulting in lost energy. The total current generated will be the vector sum of the transverse 

(Faraday) and axial (Hall effect) current components. Unless it can be captured in some way, the Hall effect current 

will constitute an energy loss . Various configurations of electrodes have been devised to capture both the Faraday 

and Hall effect components of the current in order to improve the overall MHD conversion efficiency. One such 

method is to split the electrode pair into a series of segments physically side by side (parallel) but insulated from 

eachother, with the segmented electrode pairs connected in series to achieve a higher voltage but with a lower 

current. Instead of the electrodes being directly opposite eachother, perpendicular to the plasma stream, they are 

skewed at a slight angle from perpendicular to be in line with the vector sum of the Faraday and Hall effect currents, 

as shown in the diagram below, thus allowing the maximum energy to be extracted from the plasma. 

 

 Power Output  
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The output power is proportional to the cross sectional area and the flow rate of the ionised plasma. The 

conductive substance is also cooled and slowed in this process. MHD generators typically reduce the 

temperature of the conductive substance from plasma temperatures to just over 1000 °C.An MHD generator 

produces a direct current output which needs an expensive high power inverter to convert the output into 

alternating current for connection to the grid. 
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