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Laser-Driven MHD Power Generation Systems

As a candidate of space-based laser-to-electrical power converter

N.W.Jalufka, ”Laser Production and Heating of Plasma for MHD Application” NASA TP-2798,1988
Maxwell,C.D. and Myrabo,L.N.” Feasibility of Laser-Driven Repetitive-Pulsed MHD Generation”, AIAA-83-1442
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Lightcraft being propelled by laser

https://en.wikipedia.org/wiki/Lightcraft

L. N. Myrabo and R. J. Rosa, AIP Conf. Proc., Vol.702, pp.544-558, 2004.

Hypersonic MHD Propulsion System
Integration for the Mercury Lightcraft

L.N. Myrabo* and R.J. Rosa+

* Mechanical, Aerospace, & Nuclear Engineering Dept., Rensselaer Polytechnic Institute, Troy, NY.
¥ Department of Mechanical Engineering, Montana State University, Bozeman, MT.

Abstract. Introduced herein are the design, systems integration, and performance analysis of an
exotic magnetohydrodynamic (MHD) slipstream accelerator engine for a single-occupant
“Mercury” lightcraft. This ultra-energetic, laser-boosted vehicle is designed to ride a ‘tractor
beam’ into space, transmitted from a future orbital network of satellite solar power stations. The
lighteraft’s airbreathing combined-cycle engine employs a rotary pulsed detonation thruster
mode for lift-off & landing, and an MHD slipstream accelerator mode at hypersonic speeds. The
latter engine transforms the transatmospheric acceleration path into a virtual electromagnetic
‘mass-driver' channel; the hypersonic momentum exchange process (with the atmosphere)
enables engine specific impulses in the range of 6000 to 16,000 seconds, and propellant mass
fractions as low as 10%. The single-stage-to-orbit, highly reusable lightcrafl can accelerate at 3
Gs into low Earth orbit with its throttle just barely beyond ‘idle’ power, or virtually ‘disappear’
al 30 G's and beyond. The objective of this advanced lightcraft design is to lay the technological
foundations for a safe, very low cost (e.g., 1000X below chemical rockets) air and space
transportation for human life in the mid-21* Century - a system that will be completely ‘green’
and independent of Earth’s limited fossil fuel reserves.

INTRODUCTION

The objective of the present effort is to lay down the technological foundations
for advanced air and space transportation, using ‘Highways of Light’ - for which the
principal infrastructure is a grid of remote energy-beaming power plants located either
in space or on the ground. In the mid-21® Century, extremely energetic laser-
propelled ‘lightcraft’ will ride these virtual energy ‘highways’ - no longer burdened
with massive on-board fuel loads. The present paper investigates a representative
engine/optics/airframe design for an advanced laser-electric type of airbreathing
propulsion for a minimum-volume, single occupant space capsule.

The conceptual design for a one-place, laser-boosted Mercury lighteraft was
recently reviewed in [1], covering the engine/optics/airframe integration process and
geometry for the ‘lift-off” propulsion mode - a rotary pulsed detonation thruster [2].
The present paper focuses on the hypersonic propulsion mode — which is based on a
magnetohydrodynamic (MI1D) slipstream accelerator (Fig. 1). In essence, this engine
momentarily transforms the transatmospheric acceleration path into an extremely long
electromagnetic ‘mass-driver.” The hypersonic engine relies on action-at-a-distance
forces to electromagnetically scavenge reaction mass from the atmosphere - for
efficient momentum exchange. The MHD engine is derived from an earlier Rosa

CP702, Beamed Energy Propulsion: Second International Symposium on Beamed Energy Propulsion,
edited by K. Komurasaki
© 2004 American Institute of Physics 0-7354-0175-6/04/$22.00
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concept {3-5] for an electric airturborocket cycle called the ‘MHD fanjet,” designed for
single-stage-to-orbit flights with an on-board nuclear electric powerplant.

Figure | gives a side view of the Mercury lightcraft with its shroud retracted
for MHD operation. The principal components of the MHD engine are the: a) laser-
induced "airspike" [6] to externally pre-compresses the inlet air while simullfmenu:dy
reducing forebody drag and heat transfer; b) annular MHD air accelcralor, inclusive
of 24 strut-type electrode-pairs, and 2-Tesla (Helmholtz-type) superconducting magv}cl
[7-8}); c) four laser-heated, hydrogen-fueled MHD generators (also with
superconducting magnets) that are rocket-driven and open-cycle [9-10): and, d)
solid state, power-electronics system to connect (i.e., for switching, load manngemgnt.
etc.) the four MHD generators to the annular MHD air accelerator. The following
sections discuss the conceptual design, physics, and performance estimates for these
ultra-energetic, hypersonic engine components.
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MHD SLIPSTREAM ACCELERATOR CONCEPT

The heart of the MIID slipstream accelerator is a pair of simple supercon.ducling
magnetic field coils, arranged in a Helmholtz configuration to produce an azimuthal
magnetic field —- directed radially outward through the annular shroud (I‘lg.. 2). Once
energized prior to lift-off, these well-insulated superconducting magnets will need no
additional power in flight. Note in Figs. 1 & 2 that the external MHD accelerator
‘duct’ is formed by the annular stream-tube of inlet air that is trapped between the bow
shock wave and the external shroud surface. . o

The applied 2-Tesla magnetic field cuts at right angles to the slipstream air in _llns
annular MI1D channel which is divided into 24 sections, each about 28-cm wide. The
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FIGURE 1. Hypersonic MHD Slipstream Accelerator Mode for the Mercury Lightcraft.
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