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Magnetohydrodynamic (MHD) electrical power generation directly converts the enthalpy of a high-
temperature conductive working gas (e.g., plasma) into electrical energy in accordance with Faraday’s law
of induction without the use of mechanical moving parts, such as those in gas turbine systems.
Consequently, it can operator with working gases that have high temperatures than can be used in gas
turbine systems, which in turn allows power plants to achieve a high thermal efficiency. This would lead to
reduced consumption of fossil fuels and remarkedly reduced thermal pollution. A working gas with high
electrical conductivity is needed to achieve high performance of an MHD generator. Conventionally, alkali
metal (Cs, K) is usually added to the noble gas (Ar, He) to enhance the electrical conductivity. Because of
some complications in the material handling, few methods that do not use alkali metal have been suggested,
one of them is the use of Xe that has a relatively low ionization potential among the noble gases as a seed
material. The addition of Xe to other noble gases may reduce the pre-ionization power (net power for
producing plasma) and Xe is not solidified in the power generation system; consequently, the system can be
expected to be significantly simplified. Therefore, it is worth to study the feasibility and features of Xe-
seeded noble gas plasma MHD power generation.

In the present thesis, the feasibility, power generator performance, challenges, and future prospects of a
Xe-seeded noble gas plasma MHD generator that utilizes a noble gas Xe as a seed material instead of alkali
metal were studied. The conclusions of the present study are as follows.

Similar to the conventional alkali metal seeded plasma, in Xe-seeded noble gas plasma, uniform plasma
can be produced and maintained, and under the same total ionization degree the same power generator
performance can be obtained. However, in alkali metal seeded plasma, stable and uniform plasma is
achieved when the critical Hall parameter exceeds the Hall parameter generally based on the linear
perturbation theory, whereas in Xe-seeded noble gas plasma, uniform plasma is maintained when the
characteristic time of electron number density is longer than the residence time of the working gas even
under the electron temperature condition at which the unstable plasma is suggested from the linear
perturbation theory.

Adding small amounts of Xe (Xe seed fraction around 0.01-1.0%) to mother gas (noble gas) reduces the
pre-ionization power ratio while maintaining high power generator performance. Particularly, among the
mother gases Ar, Ne and He, Ne/Xe provides the highest generator performance, and at seed fractions
around 0.05-1.0%, the pre-ionization power ratio decreases to about 60% of that for pure Ne. Adding
excessively amounts of Xe, however, deteriorates the performance. These are attributed to a relatively small
atomic weight of Ne, a small collision cross section of Ne atom with electron, a low ionization potential of
Xe, and a large atomic weight of Xe and a large collision cross section of Xe atom with electron.

In the MHD power generation experiments with Ne/Xe plasma pre-ionized by a radio frequency (RF)
electromagnetic field, the enthalpy extraction ratio (ratio of output power to thermal input) increased with
increasing RF input power ratio. The enthalpy extraction ratio of about 5% was obtained for seed fractions
of 1.0% and 5.0%. In the numerical simulations for this experimental generator, when an appropriate inlet
electron temperature (inlet ionization degree) is assumed (for instance, at seed fraction of 1.0%, the inlet
electron temperature is 6280 K (the corresponding inlet ionization degree is 1.70x10-4)), the plasma
structure obtained in the simulations is almost identical to the nonuniform plasma structure observed in
the experiments, as too does the enthalpy extraction ratio. Thus, the experimental results can be reproduced
by the numerical simulation. Moreover, in the experimental generator, if an inlet ionization degree of over
5—6x10-*1is achieved, an enthalpy extraction ratio above 20% can be obtained, which is expected to surpass
that for pure Ar.

In alkali metal seeded plasma, the plasma with high electrical conductivity is relatively easy to be
produced and maintained; nevertheless, there are concerns about the handling of seed material when
operating power generation system. For Xe-seeded noble gas plasma, on the other hand, in addition to




reduction of pre-ionization power by adding Xe, the generator performance equivalent to that of alkali metal
seeded plasma can be expected, and the issues when operating power generation system can be eliminated.
Here, the key is to achieve the appropriate electron temperature (ionization degree) at generator inlet. In
other words, if an appropriate inlet electron temperature (inlet ionization degree) can be achieved under a
low pre-ionization power due to the addition of Xe, a promising power generation system that eliminates
the concern issues in alkali metal seeded plasma can be constructed, that is suggested by the experiments
and numerical simulations in the present study.
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