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Determination of the Nuclear Induced Electrical Conductivity of 3He for
Magnetohydrodynamic Energy Conversion

Leo Bitweker™, Jay Scheuer*®. and Steven Howe

Abstract

This is the final ccpont lor 2 one-year, Laboratory-Directed Research and
Development (LDRD) project at the Las Alamas National Laboratory (LANL).
The continual need for more effici:nt. high-output ¢nergy conversion
technigues has renewed interest in nuclear-driven magnetohydrodynamic
(MHD) energy conversion. To provide the tundamental knowledge required to
evaluate the powential value ol this concept. a ane-year project aimed at
mersunng the nuckear-induced electrical conductivity of a 3HeHHe gis mixtun
under thermadynamic conditions consistent with the MHD flow conditions was
carried out. The range ot bulk gas conditions to he considercd were: pressure
= (1.1 to 2R Torr and temperature = 30 1o 1500 K. The maximum neutron
flux 10 he considered was 106/cm2sec. The range of parameters considercd
sumassed previous experiments in all aspects.

1. Background and Research Objectives

The concept of nuclear-deiven magiicGhydradyaamic (MHD) energy conversion utilizes
the interacuon ol the neutron Nux o a nuclear reactor with 2 neutron-absarbing isotope in a
MHD tlow 10 enhance the electineal conductivity and henee. power output. The neutron
absorbing species ol interest o this project is 3He.

The absorption of theemad newtrons by Ye results in the production of a proton, triton,
and 760 keV of Kinetic encrgy. The Kinctic energy of the proton and titon is transferred o the
background gas hy collisions, which result in ionization and excitauon of the bulk gas. On the
order of 104 ionizations occur per neutoon absorbed  These 1omization processes nesult in the
production of a free electron population. which enhances the electrical conducuvity of the gas.
The depree of conductivity enhancement is determined by a balange between the rate of
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ioniziuon and the rate of recombination.  Since the power autput of a MHD generator is
proportonal o the electrical conductvity, an enhancement of the electrical conductivity muy
result in an cnhancement of the power output.

The possibility of using the energy released by neutron-absorption pro-esses in 3He o
erhance clectrical condzctivity for MHD cnergy-conversion purposcs was first seriously
considered by a group Jed by J Braun at AR Atomenergi in Sweden from the early 1960's 10
the mid- 1970's [1]. The group measured the conductivity of 3Hc for emperatures from 300 K
to 1600 K and bulk densities from .25 10 1.0 standard atmospheric density with neotron flux
less than 103! /cm2s. They concluded that for the limiked range of conditions considered, the
enhancement ot the conductivity was insufficient to be of use for MHD enesgy conversion {2].
The Braun experiments remain 1o date the most exiensive study of conductivity enhancement in
3He by ncutron interaction. This conclusion would seem to discourage further study of the
concept; however, new calculutions show there may exist a large region of thermodynamic and
neutron flux conditions that may resutl 4 signiticant conductivity enhancement. The results of
these calcolations are shown grenhically in Figure |,

The ohjective of this project was o provide a conclusive data set descrbing the degree of
nuclear-induced electrical conductivity in 3He over a wide range of thermodynamic and reactor
conditions. Specitically. the runge of conditicons being studied are:  gas density from 10401
standard atmospheric density, gas tempesatore from 300 K to 1500 K, and neutron flux from
1010 fem2s 10 1016 fems. The goal of these experiments was to confirm the calculuted
behavior of the induced conductivity and provide baseline data for tuiure design studics of
nuclear-driven MHD energy-conversion systems uver an appropriately wide range of
conditions.

2. Importance to LANL's Science and Techanolugy Basc and National R&D
Needs

This project supports Los Alminos core competencies in nuclear science, plasmas, and
heams as well as complex experimentation and measurement. As the lurgest consumer of
energy in the world, the United States has o continuous interest in the development of more
efficicnt means of energy convession. As eavironmental concerns become more significant,
the Nation's energy sources are being subjected 10 ever greater serutiny. Nuclear-driven MHD
energy conversion ofters the potential of i highly etticient cycle (typically greater than 55%
ctticiency) waith hittle or no emissions into the environment while alse being more reliable duc
to the elimination of moving pars. Los Alamaos National Laboratory has a2 reputation for
onginating and developing advances in nuclear cycle technologies.
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3. Scientific Approach ond Results to Date

To accomplish the poals stated abowve, a static gas chamber was designed and
constructed. The chamber has heen designed to mainin a gas volume 20 cm long by 20cm in
diameter at a specitic iemperature and density over the range of conditions being studied. Since
the experiments ane being carried out 1 the Pennsylvania State Breazeale Reuctor Facility,
water tight access ports were incorporated into the apparatus for instrumcntation, power. and
gas supplies w the chamber, which is operated in the reactor pool (see Figure 2).

Figure 3 shows a cross scction of the chamber assembly with the access ports removed.
As shown in the figure, the gas volume is sumrounded by a cylindrical heater capable of
temperatures in excess of 1500K. The heater and gas-volume ends are surrounded by S inches
of alumina insulation and a siainless-steel outer shell that is vacuum tight. When operating at
full emperature. the sninless-steel shell remains cool encugh to be wuched with the bare hand.

In Figure . the locations of the various instrumentation prohes are also shown. The
only exceptions are the two thermocauple pauges used to monitor the gas temperature, which
are locat.d above and below the plane of the cross section. Two types of prohes ane used to
collect the conductivity data. The primary method uses the cemter electnode and gas-volume
shell in conjunction with the two tloating {keld probes. ‘This method utilizes a form of Ohm's
Law to measure directly thwe average clectrical conductivity of the gas {2]. The second method
utilizes the triple probe to collect electron-density and wemperature data tor comparison with the
conductivity probe data.

The experimental apparatas has been constructed, assembled. and wested. In the process
of lesting the sysiem, svme unexpecied vperativnal problers were discovercd. The two
primary problems involved outgassing from the insulating maicnal and diflicullies with the
internal assembly and disassembly. The outgassing problem was remedicd by a change 1n
procedures. namely, all of the insulating components being prefirsd. which permanently
climinates all outgassing species. The dilticulties with intemal assembly were corrected by
minor redesign of 4 few components. These changes are reflected in Figune 3. As a result of
these desiga changes. the system as a whoke is casier to operate. more flexible, and should
provide more accurate data.
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Figure 1. Electrical conductivity versus
temperature and neutren flux
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Figure 2. Applmtus assembly drawing showing multiple views and configuration in reactor
pool.
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CHAMBER END VIEW

Figure 3. Cross-section and end view of pressure vessel



