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CHAPTER 1 

Introduction 

 

1.1.  Magnetohydrodynamics (MHD): A prospective power generation system 

 

          Power generation, its supply and the ever growing demand are the important 

pillars of the economic status of any nation. The economy of a nation can be 

measured in terms of the volume of power usage of that particular country. To fulfill 

the energy demand there is also a parallel need for setting up an increased number of 

power generation stations which are based on both conventional and non-conventional 

methods of generation. The contribution of fossils fuels towards the development of 

modern society though unmatchable but still it comes with its own list of demerits.  

The continuous usage of fossil fuels through decades has resulted in unfavourable 

consequences leading to environmental degradation and warming of our earth. 

According to Smil [1], by 2019, the worldwide usage of different types of fossil fuels 

as energy sources has been estimated to be in multi terra-watt-hour (TWh) and thus, 

we can realize the detrimental impacts globally in the present as well as in the 

following decades to come. It has been realized that a gradual transition to nuclear 

and other non-conventional energy sources with low or limited carbon emission is 

necessitated [2]. But even the use of nuclear power as a peaceful alternate energy 

source comes with its own disadvantages. The use of nuclear energy is not a proper fit 

to grid, it incurs costly installation, there are phase out difficulties, problems in 

disposing off the nuclear waste, chances of nuclear accidents that may hinder its safe 

operations etc. [3].  Other renewable sources include but are not limited to solar 

energy, use of biomass, wind energy, wave and tidal, hydroelectric, thermionic, 

geothermal energy. Solar energy is one of the cheapest form of renewables with zero 
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carbon emission which however is somewhat unreliable due to its dependency on 

weather, high initial cost, large space requirement and environmental degradation due 

to use of poisonous system materials [4]. Biomass can be considered as zero carbon 

renewables as far as vegetation sources are concerned which is also cheap but is less 

efficient than its contemporary sources [5]. Wind energy is a free and clean form of 

naturally occurring renewable energy source but also adds to noise pollution, poses 

danger while being off-shore and also to the flying objects [6]. The hydroelectric 

power technology comes with a number of variations. Its use has been the maximum 

out of all renewable energy sources being one of the clean with no toxic release, high 

flexibility in operation, low operating and maintenance cost etc. The installation of 

hydroelectric power stations has high risk potential causing degradation to the 

ecosystems, alternate flood like situation and droughts, risk of failure are some of its 

disadvantages [7].  Geothermal energy sources are reliable and efficient renewable 

energy sources with low cost of maintenance [8]. But such sources are rare and 

restricted to certain geographic location and require high investment pricing. 

Thermionic energy conversion has the advantages of non-presence of movable parts 

like the Magnetogydrodynamics (MHD) power generation system but is less efficient 

with high material cost [9]. Thus, it is seen that each type of renewables are 

accompanied with its own advantages and disadvantages while one is dominating 

over the other. Among the non-conventional energy sources, the use of MHD power 

generation as an energy conversion system promises to be one of the potential 

candidate to meet the future energy demands.  

The generation of power using MHD technology has been a topic of research and 

development since few decades. Continuous efforts have been made to realize MHD 

power extraction on a commercial front.  MHD technology of power generation is 
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based on the interaction between a strong applied magnetic field and the flow of a 

fluid which is a good conductor of electricity. This phenomenon was stated by the 

famous electromagnetic induction law of Faraday that showed the production of 

electromotive forces on a conductor under the influence of a magnetic field whose 

direction is obtained using Lenz law. The emf or electromotive force thus can be 

expressed as the time rate of deviation in magnetic flux      as given below:  

                                                     
   

  
                                                      (1.1) 

The power generation in MHD relies on the movement of the electrically 

conducting fluid through the applied strong magnetic field where the particles 

possessing charge     moving with velocity   experience the Lorentz force      that 

counts the effect of magnetic as well as induced electric field      and the electric 

field    due to the electrodes potential difference. 

                                                                                                           (1.2) 

The induced field      gives rise to an electric current in a direction normal to 

that of   and  . Electrodes that are attached to the generator walls and exposed to the 

moving conducting fluid are attached to loads in an external circuit and the generated 

current is thus transferred to these electrodes. 

The Ohm’s law thus in general defines the current density   , for the gas through the 

generator as: 

                                                                                                           (1.3) 

Where  , is the electrical conductivity of the moving fluid. 

The phenomena of electrodynamics and magnetism in MHD concerning the 

motion of the ionized fluid or plasma can be best described by the coupled mass, 

energy and momentum equations and the Maxwell’s equations [10]. The Maxwell’s 
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equations applicable to MHD can be expressed by the following governing equations 

[11]. 

                                          ,                                                         (1.4) 

                                        
  

  
,                                                        (1.5) 

For normal loading, a loading parameter   is considered that defines the relation 

between the two electric fields with respect to the current density (  ). In MHD power 

technology, the current density plays an important role while defining the power 

extraction capacity from the MHD generator. The current density thus is a function of 

the loading parameter and the induced electric field (  ) while the electric field   , 

due to the potential difference depends both on the loading parameter and the induced 

electric field. 

                                                                                                        (1.6) 

                                                                                                             (1.7) 

As such, the power that can be extracted at the electrodes (   ), can be expressed as 

                                                                                                           (1.8) 

                          Or,                                                                      (1.9) 

The MHD generator efficiency can be defined as the ratio of the power extracted 

at the electrodes to that of the rate of obtaining energy out of the moving gases 

through the generator. In either case, the power has been obtained with respect to the 

volumetric consideration of the generator. 

The MHD power can be realized from the MHD generator that can operate at a 

very high temperature due to the absence of moving parts unlike the conventional 

turbines of steam and gas turbine power plants. 

In MHD power generation there is direct conversion of energy inherent in fuel to 

electricity. The advantages of MHD power have been seen as a promising alternative 
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to augment the power requirement in the near future. MHD power generation was 

found to be of high overall efficiency with lower harmful emissions. Therefore, many 

countries in the world have carried out MHD related programmes to realize its 

commercialization [12, 44]. The various developmental stages marked for the 

realization of MHD power commercially have been described in the work of Malghan 

[12]. These developments could be seen as a series of research and experiments 

carried out at different times and starting of pilot projects and plans for setting up of 

plants for MHD electrical power viability. Keeping aside the advantages, however, 

there are certain limitations as imposed by high capital cost, design of high 

temperature resistant and efficient electrode materials, seed regeneration technology, 

insufficient experimental outcome, lack of strong interactions between the applied 

magnetic field and the ionized working fluid are some of the areas which are sought 

to be further developed for optimal MHD power output. MHD power generation 

systems under different conditions of component geometry, configurations as well as 

material considerations have been studied and analyzed for evaluating the 

performance, enhancement and optimization of efficiency and power output [13-22]. 

MHD combined plants were also investigated to evaluate their performance with 

MHD as a topping cycle [23, 24]. Study on decreasing carbon-dioxide emissions in 

MHD plant have also been undertaken [25]. The effect of Lorentz force on the static 

pressure variation and the supersonic flow deceleration was found to be mainly due to 

MHD interactions [48]. 

   The above studies have contributed much towards understanding the complexities 

associated with the operation of MHD power plants and its subsequent improvements.  
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1.2.  MHD power cycles 

        The MHD power generation is achieved by the flow of ionized gases or plasma 

through the MHD generator to which a strong magnetic field is applied where the 

moving charged particles are affected by an induced force called the Lorentz force 

[26]. The conversion of thermal to electrical energy in the MHD generator could be 

realized using either of the two primary cycles applicable in MHD energy conversion 

systems. These cycles basically differ on account of the type of ionized gases, type of 

seed materials employed and the type of recirculation loop followed for the working 

fluids [27]. These cycles are therefore termed as an open-cycle or a closed-cycle. 

From a thermodynamic point of view, the open-cycle MHD resembles the Brayton 

cycle while in the closed-cycle, it is either the Brayton or Rankine cycle depending 

upon whether the working fluid used is an inert gas or a two-phase liquid metal [28]. 

A brief account of the two MHD cycles is described below: 

1.2.1. Open-cycle MHD 

            The MHD open-cycle system uses ionized gases which are products of 

combustion of certain fossil fuels. In open-cycle MHD system, fossil fuel such as coal 

is allowed to burn at a very high temperature in an environment of preheated and 

excess oxygen which is then seeded with some kind of alkali compounds like the 

potassium carbonate. The high temperature combustion thus results in the formation 

of gases having charged particles. The added seed material helps in the enhancement 

of electrical conductivity of the ionized gas and in the lowering of ionization 

temperature to some extent. The ionized gases are then made to acquire sufficient 

velocity by passing them through a high velocity nozzle before they enters the 

generator of the MHD system.  
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 In the MHD generator the high temperature and high velocity gas interacts 

with the applied strong magnetic field under the influence of the Lorentz force. These 

interactions lead to the accumulation of the oppositely charged ions on the opposite 

electrodes of the generator. Thus, there exists a potential difference across the 

electrodes producing electricity across the terminals of an external load connected to 

the electrodes.  

 In the open-cycle system, the collision frequency between the molecules 

of combustion ionized gases and that of the electrons are found to be high in order to 

maintain the conditions of thermal equilibrium. However, it was found to suffer from 

drawbacks such as the low electrical conductivity of the product gases and a slagging 

atmosphere [26]. 

1.2.2. Closed-cycle MHD 

            The closed-cycle MHD system utilizes an inert gas or a liquid metal as the 

working fluid which is circulated in a closed loop [27]. It uses a heat transfer device 

to heat the working fluid to a high temperature with the addition of suitable seed 

material such a vapours of Cesium for electrical conductivity enhancement [26]. In 

the closed-cycle operation using inert gases, the collision frequency between the 

gaseous molecules and the electrons was found to be low requiring Ohmic heating to 

maintain the electrical conductivity and the non-equilibrium conditions with lower 

gaseous and higher electron temperature [26].  

 The liquid-metal based closed-cycle MHD (LMMHD) system was found 

to exhibit a better power density than those of the open-cycle using ionized 

combustion products [28] at comparative low temperature ranges. In the LMMHD, 

the working fluid constitutes a two phase mixture of a electrodynamic and a 

thermodynamic fluid. The thermodynamic fluid acts as the driver for the 
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electrodynamic fluid in the MHD generator. From the earlier investigations of Rand 

(DOE) and works at Argonne National Laboratory (ANL) and Jet Propulsion 

Laboratory (JPL), it was found that the maximum efficiency obtained from the 

LMMHD approximated to that of the Ericsson cycle.  

1.3. Magnetohydrodynamic power technology components description 

         The MHD system performance depends upon the proper working of all the 

related components and associated materials. For open-cycle gas or coal-fired systems 

which usually operates under a very high temperature environment, the choice of 

suitable materials for the various components has been a continuous challenge. In 

case of the open-cycle MHD system various components function in coordination for 

the final output. Normally, the combustion chamber, a supersonic nozzle, compressor, 

air preheater, seed regeneration system, MHD generator, inverter system and the stack 

constitutes the major components of an open-cycle MHD system together with a fuel 

preparation system in case if solid fuel (coal) is used. Likewise, in the closed-cycle 

depending upon whether it uses an inert gas or a liquid-metal as the working fluid, the 

components requirement vary. Apart from the above, suitable materials are to be 

considered for the electrodes and the MHD generator. The various components of the 

open-cycle MHD power generation system are briefed in the following:    

1.3.1.  MHD Combustor 

          The combustion section of the MHD power generation system is a crucial part 

in the overall performance of the plant. In the open-cycle MHD using coal suffers 

from the problem of slagging which has been largely reduced through stage 

combustion. In the initial stage, the fuel (coal) is partially combusted with preheated 

air which is further preheated at this stage [26] with the removal of slag. The next 

stage of the combustion process involves feeding of seed material and the sufficient 
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supply of oxygen for the attainment of the required fuel-air ratio. The process thus is 

able to attain a reasonable value of conductivity of the combustion ionized gases [29-

31].  

1.3.2. Nozzle 

           The nozzle in MHD system is used to accelerate the ionized gases to a very 

high velocity and direct it to the inlet of the MHD generator. The plasma flow through 

the supersonic nozzle ensures required flow Mach number at the MHD generator inlet 

for power output. The flow through the nozzle is considered reversible adiabatic for 

simplified fluid flow evaluations. In MHD power technology, the Joule heating in the 

region between the generator inlet and the nozzle exit was found to be low leading to 

a lower total pressure drop [32]. It was observed that the use of supersonic flow at the 

MHD generator inlet do not affect the pressure and velocity sharply and neither there 

is any abrupt drop in terminal voltage [15]. 

1.3.3. MHD generator 

           The generator of the MHD system is devoid of any rotational parts enabling its 

operation without any temperature restraints to a much higher value. Unlike 

conventional turbines that are in use for obtaining mechanical power output, the MHD 

generator produces power in the form of electrical energy. The MHD generator can be 

of different configurations namely the linear Faraday, segmented Faraday type, 

diagonal type, Hall generator, and the disk type [26, 33] depending upon the 

electrodes arrangement. The linear and the segmented types are shown in Fig.1.1. and 

Fig.1.2. respectively. In diagonal type generators (Fig.1.3.), an internal electric field 

downstream as the electrodes are which are in the environment of ionised gas flow 

thereby increasing the potential difference. In MHD generators, an undesirable 

phenomenon called the Hall Effect leads to a decrease in the current density and the 
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power output. In ideal MHD operation, the directions of the electric field, magnetic 

field and that of the plasma flow maintains perpendicularity among themselves. Due 

to the Hall effect, the current flow is initiated in the gas flow direction inducing an 

emf called the Hall emf,       . Hall emf needs to be handled by the induced electric 

field      along with the electric field      due to potential difference between the 

electrodes. Accordingly, the MHD generator should have the ability to maintain the 

plasma conductivity uniformly and also to reduce the effects of Hall current. 

Measures suggested by Rosa et al. [33] to overcome the detrimental effects include 

electrode segmentation with connection of separate loads between the opposed pairs 

of segmented electrodes as well as provision of some kind of barrier to axial electric 

field. The Hall type generator (Fig.1.4.), shortens the axially induced electric field 

between the downstream and the upstream electrodes in an external or internal circuit 

and was found to be more efficient compared to the segmented Faraday type. 

 The disk type generator (Fig.1.5.), does not have segmented electrodes, is 

with circular movement of the current while delivering power by means of the Hall 

current and field. 
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Fig.1.1. Linear (continuous) Faraday generator [44] 

                                                                     

Fig.1.2. Segmented Faraday generator [44] 

 

Fig.1.3. Diagonal type MHD generator [44] 

 

 

Fig.1.4. Hall type MHD generator [44] 
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Fig.1.5. Disk type MHD generator [21] 

1.4. MHD Materials 

  The efficient operation of the MHD power plant largely depends on the effective 

functioning and choice of appropriate materials. The primary materials include those 

used for the plasma seeding, magnets and the electrodes. These materials have been 

briefly described below: 

1.4.1. Seeding material 

            In the open-cycle MHD, the combustion products are seeded with 

compounds of potassium or cesium vapours which dissociate at the plasma 

formation temperature to atoms and ions. The overall effect due to the decomposed 

seed, its evaporation and also the ionization resulted in imparting and enhancing 

the electrical conductivity of the ionized gases [34]. The seed materials especially 

when the solid fossil fuel such as coal is used have been beneficial in the removal 

of sulphur due to their attraction towards it. The seed materials being costly also 

need to be regenerated. The sulphur removal processes helps in the separation of 

the seed element. The injected seed materials in the combustion process forms 

sulphur compounds which are then subjected to seed regeneration by a number of 

available processes. Separation of sulphur from the seed metals is made possible 

using processes such as the Pittsburgh Energy Research Center (PERC), Aqueous 



 

13 

Carbonate, Markant, Formate, Engel-Precht, Double-alkali and the Tampella 

process out of which the PERC and modified Tampella were found to be more 

suitable following an elimination rule [35]. In the same report [35], it was asserted 

that for the sulphur recovery, the Claus process and Stretford process can be used 

though from the point of seed regeneration the Stretford process was found to be a 

better choice. 

1.4.2. Electrodes 

            In open-cycle coal-fired generators, the electrode typically consists of a 

base material copper using non-corrosive elements like platinum, stainless steel or 

a mix of copper and tungsten as capping materials for anode and cathode [26]. A 

proper choice of electrode materials determines not only the longetivity of such 

substances but also control the voltage drops and power density. The electrodes are 

to be of high temperature materials. The electrodes being subjected to erosion and 

also due to their possible failure can be made of zirconium dioxide and chromites 

based graphite and ceramic materials to reduce such undesirable incidents [37]. 

The electrode erosion and reduction in voltage tends to affect the generator [38]. 

The electrode material to be used has to be stable with temperature, vaporization, 

oxidation and sulphidation. Among the electrode material, sole use of zirconia was 

reported to be unfavorable due to its low conductivity, problems of electrochemical 

oxidation at the anode, unstable at high current densities. Zirconia was unsuitable 

considering thermal gradient across the electrode and was highly temperature 

relied and has high resistivity. Later, zirconia was stabilized with yttria, calcia or 

magnesia were tested. It was found that the addition of yttrium to zirconia doped 

with cerium was highly effective with increase in ionic conductivity [36]. 

Moreover, at high voltages zirconium dioxide decompose forming zirconium metal 
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and zirconium oxide Zr2O3. On the other way it also has high melting point and 

low vaporization rate. However, zirconia dioxide has to be stabilized by doping 

with yttria, calcia or magnesia as its volume and phase tends to change at higher 

temperature.  

Other materials such as UO2 with low base radioactivity were a candidate due 

to low vaporization, resistant to decomposition by oxidation, resistant to oxidation 

and sulphidation. Similarly, different doping materials like titanium, neodymium were 

also tested [36] where the effectiveness of neodymium was found to be equivalent to 

cerium. 

1.4.3. Magnets 

            The extraction of power using MHD system is based on the interaction of the 

moving and electrically conducting ionized fluid and the applied magnetic field. So 

the generation of current is based on the application and strength of the magnetic field 

that may induce the required electric field.   

As seen from eqn. (1.9), the power density in the MHD generator is 

proportional to square of applied magnetic field. The MHD generator uses 

superconducting type of magnet which serves the benefit of low or negligible ohmic 

losses [44] while its performance in MHD power extraction is desired to be stable and 

steady. In Faraday generators of linear design, the magnetic field is applied using 

saddle type magnets while in the disk generators; it’s a solenoidal coil [44]. The 

conversion efficiency in MHD generator can be improved through changes in the 

magnetic field geometry [45]. Design considerations for superconducting magnets 

have been discussed and emphasis has been made for improvement in conductor and 

other electrical and mechanical failure causing elements [46]. 
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1.5.  Plasma in MHD 

1.5.1.  Ionization and plasma formation 

           The power generation in the generator of MHD is very much affected by the 

ionization of the working fluid which is very crucial in the operation of MHD power 

generation system. In plasma or ionized gases, the gaseous molecules and atoms are 

in the form of ions. The plasma consists of a large number of charged particles and 

is usually neutral. Plasma can be either natural or man-made. The particles in plasma 

may or may not be all in the ionized state. As such the plasma can be one of 

completely, weakly or partially ionized forms and are depended on the degree of 

ionization.  

 The temperature attained by the plasma is a function of the mean energy 

possessed by its particles and the number of degrees of freedom. The particles in 

plasma may exist at different temperatures and as such the plasma is said to be a 

non-equilibrium or non-thermal plasma where the temperature of the electrons play 

a dominant role in directing either the process of ionization or other chemically 

reactive processes. When the plasma particles cannot be distinguished in terms of 

temperature then such kind of plasma is said to exist in thermal equilibrium and such 

plasmas are called thermal plasma. In MHD power systems, the high velocity and 

highly densed plasma intercepted by a strong magnetic field induces the electric 

field for the generation of electric current. An extensive elaboration of the plasma 

formation, its types, chemical behavior and thermodynamics and other 

characteristics including those described above can be read from [39]. Details of the 

dissociation of ions and ion formation could also be found in the work of Gross [40]. 

In MHD generators, the plasma of the combustion products is in thermodynamic 

equilibrium while non-equilibrium plasma rules in the inert gas plasma [33]. The 
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non-equilibrium plasma is formed due to low-pressure discharges with the heating 

of electrons namely the Joule heating under the effect of induced emf [41]. In inert 

gas MHD, the plasma becomes non-uniform because of increased discharge at the 

generator inlet causing the ionization to become unstable thereby reducing the 

performance of the MHD system [42]. Such effects are caused by the gas or seed 

ionization as the Hall coefficient become larger than its critical value. 

1.5.2. Plasma conductivity 

When no magnetic field is applied, the current produced in the generator of 

MHD is a result of electron movement relative to the plasma flow. The ratio of 

current density (    ) to the generated electric field (  ) gives a measure of the 

electrical conductivity    , as given in eqn. (10). 

                                                                
    

  
                                                     (1.10) 

When the plasma flow is subjected to a magnetic field at right angles in the 

MHD generator, an electric field gets induced that induces a force on the electrons 

normal to that of the plasma flow and the applied magnetic field. In this scenario, the 

current density deviates from being parallel to the magnetic field. 

The electrical conductivity of the working fluid in MHD is in fact dependent 

upon the electron characteristics such as the charge (   , density (     ) and the 

mobility (  ) of electrons [33]. 

                                                                                                      (1.11) 

The electron density can be determined using Saha equation [        ] for 

both equilibrium and non-equilibrium plasma by considering the electron temperature 

in inert gas plasma. 
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                              (1.12) 

here      and      are the ion and atom number densities;     ,      and      are the 

statistical weights of the electron, ion and the atoms;    is the electron mass;    is the 

ionization potential;  ,   and   are the Boltzmann constant, Plank’ constant and the 

temperature respectively.   

Considering the total collision-frequency between the electrons and the 

neutrals or heavy particles, the electrical conductivity can be expressed [33. 39] as: 

                                                         
       

 

     
                                                     (1.13) 

            here,     is the electron-heavy particle collision-frequency. 

The collision frequency between the electrons and the neutral particles with 

respect to pressure has been numerically computed [39] and the power density due to 

the electric field on the electrons of the moving plasma can be found as follows. 

                                                        
  

       
   

 

     
                                         (1.14) 

The collision frequency is affected by the average speed of the electrons    ̅   density 

of the neutrals        and the mean cross-section   ̅     for collision momentum 

transfer [33] and is expressed as 

                                                        ̅ ∑       ̅                                  (1.15) 

The coal-fired and the gas-fired combustion plasmas suffer from low electrical 

conductivity owing to improper mix of the combustion and seed materials [43]. The 

electrical conductivity is limited by minimum temperature limit which depends on the 

level of oxygen enrichment [26]. This adds to increased stresses on materials and also 

harmful emissions. 
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1.5.3. Mobility of electrons and ions in plasma 

         The movement of electrons in plasma is quite complex owing to the difficulties 

in understanding of the collision cross-sections and its decelerations [33]. The 

mobility of electrons is seen to be influenced by their drift velocities and the electric 

field [39]. The electron mobility is also affected due to the interactions with the 

charged particles. Thus, the electron mobility can be expressed as:  

                                                  
      

  
 

 

       
 

  

     
                                (1.16) 

Likewise, the mobility of ions in plasma can vary depending on the strength of 

the electric fields, the collision frequency of the ions with the heavier particles     

and their masses [39]. 

                                                  
      

  
 

  

     
      

       
 
                                   (1.17) 

1.6. Motivation and Research Objectives 

  The performance of the MHD power generation systems was analyzed for both 

open and closed-cycle versions in some previous studies [16, 26, 44, 46]. Advantages 

of high operating efficiency, absence of moving parts in generator, and lower 

emissions have placed MHD systems in the category of most promising alternative 

source of electricity generation. There has been phase-wise testing of MHD systems 

for their commercialization possibilities [47] with the setting of pilot facilities to study 

the technical viability and cost of acquiring such systems. The interactions of 

magnetic field and the conductive fluid flow have been studied widely in the context 

of MHD power production. Several theoretical and laboratory-based experimental 

studies have been performed for a better understanding of this system [22-26, 32-36, 

38, 43, 46]. The MHD systems were evaluated thermodynamically from varied 

perspectives [13, 15, 17, 24] including component-based analysis [14-15, 38]. All 
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these analyses were carried out with the sole objectives of achieving more efficient 

MHD operation together with obtaining higher power output and reducing the 

technical difficulties of the MHD power generation system. 

The motivation and novelty of the current research are summarized as follows. 

First, the growth in MHD power technology since its inception has been a continuous 

process to date. Secondly, in previous studies, there has been significant emphasis on 

MHD system design, material development, and integration of MHD system into 

different combined levels together with thermodynamic analysis from many different 

perspectives. The present research work can be differentiated from the previous 

studies by concentrating on the thermodynamic performance analysis of the MHD 

power generation system from a new aspect through variation in the nozzle area ratio 

and application of the first and second laws of thermodynamics. 

As to the authors' best knowledge, the study of MHD power plants based on energy 

and exergy analysis is not sufficient in the available literature. In this study, the MHD 

power plant and its combined variant with a gas turbine power plant have been 

analyzed for the evaluation of its performance from a thermodynamic aspect and the 

point of energy and exergy analysis. Further, the MHD power generation system has 

been analysed using the advanced method of exergy analysis to get a better 

understanding of the actual loss components and their future upgradation 

requirements. The specific objectives of this research are stated below:  

  Development of a thermodynamic model for an MHD power plant and 

c o n d u c t i o n  of t hermodynamic performance analysis of the MHD plant with the 

variation in nozzle area ratio. 

 Development of a thermodynamic model and conduction of energy and exergy 

based performance analysis of a coal-fired MHD power plant. 
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 Development of a thermodynamic model and conduction of exergy analysis on a 

combined MHD-gas turbine (GT) configuration with dual preheaters for performance 

prediction.  

 Conduction of advanced exergy analysis of a standalone coal-fired MHD power plant 

for assessment of unit-wise divisions of total exergy degradation and to predict the 

possibilities of system upgradation. 

1.7. Chapter-wise thesis organization  

The thesis consists of seven chapters. The present chapter provides an introduction 

to the field of the research and highlights the motivation and objectives of the current 

research towards the end. The remaining chapters are organized as follows: 

 Chapter 2 presents a detailed review of the studies that were carried previously on the 

different aspects of Magnetohydrodynamics (MHD) power technology development 

and the performance analyses of MHD and MHD integrated combined power plants. 

The scope of the present research work is highlighted at the end. 

 Chapter 3 presents the performance analysis of the MHD power plant using the 

variation in nozzle throat to exit area ratio. In this chapter, a parametric analysis was 

performed to observe the resulting effect of these variations on the maximum voltage, 

current, power and efficiency.  

 In Chapter 4, an exergy analysis is performed on a MHD power generation system. In 

this chapter component-wise energy and exergy rates, the energy loss and the exergy 

destruction rates are determined and compared. The maximum energy losses and the 

exergy destruction rates are evaluated for the components and analyzed with respect 

to their energy and exergetic efficiencies. The overall power output and the net power 

output is then determined. 
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 In Chapter 5, an exergy based parametric analysis is carried out to evaluate the 

exergetic performance of a MHD-gas turbine combined power plant. The 

thermodynamic properties of the partially ionised species and the un-dissociated 

products in molecular forms are determined. Further, the effects of partial ionization 

and un-dissociated combustion products on the exergetic performance of the 

combined system is evaluated and compared. 

 Chapter 6 describes the exergetic performance of a standalone MHD power 

generation system with the use of an OTSG. In this advanced exergy analysis, the 

total exergy destruction rate in the MHD system is divided into the sub-portions 

namely the endogenous, avoidable, exogenous and unavoidable types together with 

their possible combinations. The splitting of the total exergy destruction rate into 

various sub-portions is done after performing the standard or conventional exergy 

analysis. Further, the results are analysed in order to obtain information about the type 

of exergy destruction that accounts for most of the reductions in the exergy rate and to 

ascertain the possibility of augmentation of the MHD system through appropriate 

measures of efficiency improvements of its various units. 

 Chapter 7 provides the summary of the important observations and conclusions made 

in this research work. The possible scope of future research in the field of 

Magnetohydrodynamics power generation technology is highlighted at the end of this 

chapter.   
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