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PREFACE

Magnetohx%%odynamic (MHD) power generator in combination
with a steam bot%}ng plant has the potential to give an overall
efficiency upto 50 per cent. In an open cycle MHD power generator,
fossil fuel is burnt with oxygen enriched air and the desired level of
electrical conductivity of the combustion products is attainded by
adding a low ionization potential material, which is known as seed.
Potassium carbonate is considered suitable for seeding the working

fluid of open cycle MHD power generators.

In the present thesis,’combustion and current condution
processes in seeded combustion plasma have been investigated under
different physical conditions which may be relevant to gaseous fuel
fired open cycle MHD power generators. Agueous solution of potassium
carbonate has been injected with the help of a two fluid pneumatic
atomiser in the combustion products of liquefied~petroleum-gas (LPG,
C3_7Hg.g) and oxygen. The transport properties of potassium
carbod:ate seeded combustion plasma, viz. composition, combustion
temperature and electrical conductivity have been studied by
incorporating the moles of water and potassium carbonate present in
the agqueous seed solution. Investigations have also been made for the
seed drop size distribution obtained from a pneumatic atomiser. It has
been observed that the mean drop size gets lowered and distribution
becomes more uniform. on increasing the relative velocity between the
aqueous seed solution and atomising oxygen at the interaction zone.

The level of seed ionization has been observed to be influenced by the
mean drop size.

The boundary layers developed over the copper and stainless
steel (304) electrodes have been investigated for different sets of
physical parameters, viz., electrode temperature, electrode surface
conditions, applied voltage and seeding ratio (weight per cent of
potassium) . The alkali seed material present in the seeded plasma has
been found to get adsorbed on the relatively cool electrode surfaces.

A composite layer of low work function (“ 2.13 ev) has been observed
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to be formed over the copper cathode facilitating thermionic
emmission of electrons. In diffusive mode of conduction, the anode
potential drop, the cathode potential drop and the current density
have been investigated as function of electrode (cathode/anode)
temperature. For planar copper electrodes current density typically
of 2400 amp/m2, for an applied voltage of 100 V has been achieved when
the temperature of both the electrodes is around 1220 K. The current
density has been observed to increase further up to 2800 amp/m2. when
matrix cathode with sharp multiple points is used under similar
operating conditions. Experiments have also been conducted by using
stainless steel (304) electrodes which are capable of sustaining
temperatures higher then those of copper electrodes. The thermionic
emmission of electrons form the seed laden stainless steel cathode has
been observed to give current density of the ordefiBSOO amp/m2, for
electrode temperature of 1500 K and an applied voltage of 60 volts.
Under these conditions, a potential drop of 25 volt has been observed
to appear in anode electrostatic sheath, after seven hours of channel

run time.

Temporal behaviour of the matallic electrodes has been
investigated as a function of channel run time. When we start with the
fresh copper electrodes, their surfaces get coverage of seed compound
over a period of time. Adsorption of potassium is uniform on both the
‘electrodes but the cathode surface get enhanced seed coverage due to
additional contribution made by positively charged potassium ions
drifting towards it from the plasma core. The anode potential drop
then increases appreciably. It has been observed that after 16 hours

of channel run time, 70 per cent of applied voltage dropSin anode
boundary region.

The composite surfaces formed on the electrodes are
investigated by Auger Electron. Spectroscopic, Differential Thermal
Analysis and Scanning Electron Microscopic techniques. The material
adsorbed on the electrode surfaces has been found to be primarily

potassium carbonate.
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