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Abstract

The MHD induction generator has been pro-
posed for use in liquid metal power generation
systemsls2s using a condens%ng ejector® or other
form'of liquid acceleratione” In this paper real
machine effects in the induction generator are
analyzed to determine the conditions under which
this machine may be suceessfully utilized in a
liquid metal power system. Both land based and
Space vehicle applications are considered.
Attention is confined to the case of flat, linear
geometry and a channel of constant cross-sectional
area. Extension to other situations, such as the
variable area generator in which dynamic head is
utilized in the energy conversion process, is
presently under consideration. The terminal
properties, power-flow relations, and steady-state
performance characteristics are determined for a
machine of finite length with a viscous, incom-
pressible fluid, and implications of the results
obtained are discussed for several examples.

The theory for the infinite-length machine
with a congtant fluid velocity has been previously
presenteds” The extension of this theory to cover
both syrmetric and antisyrmetric exciting currents
shows that the power densities in the antisyrmetric
case may be many orders of magnitude less than with
symmetric execitation, and that antisymmetric
excitation is accordingly not acceptable for power
generation,

The inclusion of fluid viscosity in the
theury changes the velocity profile and the power
flow, besides adding viscous loss. Laminar flow
solntions are obtained using an approximate set of
equationse For a narrow channel in which the mag-
netic field is constant across the channel, a
Hartmann velocity profile is obtained with an
effective Harimann number based on the rms mag-
netic field. Viscosity increases the mechanical
power required to drive the flow due to circulat-
ing currents and viscous loss without changing the
electrical output power of the generator. For
large variations in the magnetic field across the
channel, numerical solutions are required. The
power flow is drastically altered from the con-
stant velocity case, since the boundary regions
determine the behavior, to the extent that gener-
ator operation with an acceptable efficiency is
not possible.
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. The fluid flow in a practical MHD generuin-
will be turbulent. Little is known about turtu
lent MHD flows with either d-c or a-c magnetic
fields, yet both the velocity profile and the
viscous loss are required for the design of a
generator. Approximate results can be obtained
using boundary layer theory until experimental data
becomes available. The analysis is applicable to
channel flows with either d-c or a-c magnetic
fields provided the magnetic field is constant
across the channel. For laminar flow it yields an
approximation to the Hartmann profile. For turbu-
lent flow the analysis gives both a velocity pro-
file to use in studying the power flow and a
friction factor. The friction factor lies between
the orginary hydraulic value? and the results of
Harris™ for MHD turbulent flows, as it should
since Harris includes both viscous losses and
circulatipg-current losses in his definition. The
friction factor does not give the correct viscous
power loss for MHD flows, but is high by about a
factor of two.

The finite-length generator is considered
by an analysis similar to that of Sudan.” The
equations for the coil impedance and power flow
are obtained and interpreted, and numerical results
are presented. The principal effect if the machine
is more than about two wavelengths long is to
reduce the power level without much change in the
electrical efficiency, while for a shorter machine
generator operation is impossible. The minimum
length increases with decreasing magnetic Reynolds
number and decreasing magnitude of the fluid slip
relative to the traveling magnetic field.

Based on the previous theory, the range of
machine parameters for acceptable performance is
determined. Preliminary calculations are given
for several examples of MHD induction generators
operated on liquid-metal flows. It is concluded
that overall efficiencies in the range of 70 to
85 per cent can be attained in practical high-
power generators, but that it may not be possible
to achieve the lower efficiency limit at power
levels below about one megawatte.
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