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Three-dimensional Numerical Simulation of MHD Generator with Circular-arc Electrodes
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The present study carries out three-dimensional numerical simulations of fluid dynamics and electrodynamics in a

cylindrical shaped Faraday-type MHD generator with circular-arc electrodes under strong MHD interaction. The
operating condition in the present numerical simulation is based on the experimentally operating condition of the

pulsed MHD generator* Pamir-3U” with rectangular cross section. Numerical results show that the electric power
output of the cylindrical shaped MHD generator depends on the width of electrodes in the circular-arc direction.

Under the narrow electrode condition, the electric field loss due to high electric current density near the electrodes
increases with decreasing in the load resistance. The position of oblique shock wave shifts to more upstream region

by locally high Lorentz force near the electrodes. Under the wide electrode condition, the joule dissipation due
to short-circuit current near electrode edges increases with the load resistance. The electric efficiency, therefore,

decreases under the high resistance conditions.
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Fig. 1: Cylindrical shaped Faraday-type MHD genera-
tor with continuous circular-arc electrodes.
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Tab. 1: Inlet condition.
Parameter
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Magnitude of electric current density [kA/m?2]

Inlet static pressure [MPa]
Inlet Mach number
Wall Temperature [K]
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Fig. 3: Distribution of -z-component of applied mag-

netic flux density along z direction.
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3.

Fig. 4: Two-dimensional distributions of magnitude of
electric current density and stream line of electric cur-

rent on x — y plane at z
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Fig. 12: Volume integration of power output density in
(a)generation region and (b)non-generation region for
several electrode angle conditions.
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Fig. 13: Relation between electric power output and
load resistance for several electrode angle conditions.
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