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Nuclear-basedmagnetohydrodynamic(MHD) energyconversionhasbeenpursuedin
variousformssincethe 1950's. Themajorityof thiswork wasmotivatedby the
compatibilityof MHD generatorswith thehightemperatureachievablewith anuclear
reactorandtheassociatedpotentialfor veryhighcycleefficiency. As aresultof this
perspective,methodsfor enhancingtheelectricalconductivityof theMHD flow have
primarily focussedon traditionalthermalionizationprocesses,especiallythoseutilizing
alkali metalseeds.However,electricalconductivityenhancementvia thermal
interactionsimposessignificantlimitationson theflow expansionthroughthegenerator,
andhenceon theultimatepowerdensity.Furthermore,the introductionof analkali metal
seedinto theflow significantlycomplicatestheengineeringdesignandincreasesthe
potentialfor systemfailuresdueto platingof theevaporatedmetaloncold surfaces.

In orderto avoidtheselimitationsanddifficulties inherentto mostpracticalthermal
ionizationtechniques,variousnon-thermal,non-equilibriumionizationprocesseshave
beenconsideredoverthepast50years.Theability to achievesufficientelectrical
conductivity,typically greaterthan i rnho/m,independentof flow bulk temperatureand
theassociatedimplicationstor enhancedflow expansionthroughthegeneratorhas
motivated numerousinvestigations.Conceptsfor non-thermalionizationsourceshave
includedchargedparticlebeams,lasers,rf energy,andelectricalarcs,amongothers. The
effectivenessof theseconceptshasbeenlimited in largepartby thenecessityto utilize
somefractionof thegeneratoroutputpowerto drivetheionizationsource.Difficulties
associatedwith introducingtheionizingenergyto theflow havealsolimited thesuccess
andinterestin thesealternativesto thermalionization.

Oneconceptthathasshowngreatpromisein recentyearsis theutilizationof energy
releasedin nuclearinteractionsto enhanceconductivity. Specifically,thekinetic energy
liberatedin interactionsbetweenreactorneutronsandisotopeswith a largeneutron
absorptioncross-sectionis usedto ionizethesurroundinggasvia collisions. Some
examplesof promisinginteractionsandtheassociatedkineticenergyliberatedper
interactioninclude3He(n,p)3H(760keV), I°B(n,_)VLi(2.3MeV), 6Li(n,003He(4.78
MeV), andthefissioningof heavyelementssuchasuranium(-200 MeV). Conceptually,
eitherthereactorcoolantgasor aparallelworking fluid flowing throughtheregionof
highneutronflux is thermodynamicallydriventhroughaMHD generator.Theneutron
interactionenergycanbe introducedto theflow eitherby utilizing a flow composedof
the interactingisotope(3He, 235UF6), seeding a bulk flow with the isotope (10% 3He +

90% 4He), or lining the flow channels with a solid form of the isotope (_°B, 235U). By

utilizing the reactor neutrons to enhance the electrical conductivity, none of the generated

power is needed to drive the ionization source, resulting in higher overall cycle

efficiency. Furthermore, the nuclear-induced ionization is volumetric in nature resulting



in amoreuniformionizationthanispossiblewith variousbeamor surfaceionization
processes.

By eliminatingthedependenceof theelectricalconductivityongastemperature,the
rangeof applicationfor nuclear-basedMHD cyclesis dramaticallyincreased.Dueto the
temperatureindependentnatureof thenuclear-inducedelectricalconductivity,theflow
canbeexpandedto lower temperatureandhighervelocity throughthegeneratorresulting
in higherpowerdensityandhence,a morecompactgeneratorfor agivenpoweroutput.
Also, cyclesoperatingat lowerultimatetemperaturebecomefeasible,makinglow power
MHD cyclesmorepractical. With thesametechnology,veryhightemperature,highly
efficient cyclesarealsopossiblefor large-scalepowerproduction.Theexpandedrange
of operationof MHD cyclesutilizing nuclear-enhancedelectricalconductivitymayhave
applicationin high-capacitycommercialpowerproduction,compactpowerfor remote
locations,space-basedpowerandpropulsion,andnavalpower. In anearlierreportI, the
potentialbenefitandrequirementsfor applicationto spacepowerandpropulsionwas
considered.In particular,thisreportshowedthatnuclear-MHDenergyconversionisa
feasibleoptionfor achievingasystemmassto powerratioontheorderof 1kg/kW. A
mass-to-powerratioequalto or lessthan 1kg/kW is essentialfor fulfilling manyof the
envisionedNASA missionsto theouterSolarSystemaswell asmannedexplorationof
theplanets.

In orderto evaluatetheconceptof nuclear-inducedconductivityenhancement,the
fundamentalphysicsof theweaklyionizedgasmustbeunderstood.Computational
studiesof nuclear-induced3Heplasmaindicatethatusefullevelsof conductivity
enhancementmaybeattainableindependentof temperature.Thecomputationalmodel,
CSOLVE,andpredictedresultsfor astaticgashavebeendescribedin detail in past
publications2. In brief, CSOLVEusesatwo-temperaturekineticmodelof 3HerHe
mixturesin aneutronfield to calculateelectricalconductivity. Themodelcalculatesthe
numberdensityof atomicandmolecularheliumions,atomicandmolecularmetastable
heliumneutrals,andfreeelectronsaswell aselectrontemperaturefrom a setof kinetic
rateequationsthat includes22differentinteractions.Theconductivitymodelusesa
standardseriesresistancemodelthatcombinestheeffectsof electron-neutral,electron-
ion,andelectron-electroncollisionsallowingreasonableapplicationoverawide rangeof
chargeandneutraldensities.

Theresultsof thesecomputationsaresummarizedin Figure 1for thesteady-statecaseof
pureSHeovera rangeof temperature,densityandneutronflux in an infinite volume.
Thisdataindicatesthatat thermalneutronfluxesgreaterthan-10 Iz/cm2sanddensityless
thanstandarddensity,conductivitygreaterthan1mho/mis achievable.Thisdataalso
showsthatthebulk temperaturehasasecondaryeffectonconductivitywhile thedensity
is of primary influence. In thispaper,thepredictedbehaviorof 3Heplasmawill be
furtherdiscussed.Thisdiscussionwill includebrief descriptionsof thebehaviorof the
plasmaspecies,transitionfrom electron-neutralto electron-chargecollision dominance,
anddecayof theconductivityin absenceof thesource.



In orderto confirm thesecomputationalresults,NASA MarshallSpaceFlight Center's
Nuclear-InducedConductivityExperiment(NICE) projectisperformingaseriesof
experimentsto measuretheelectricalconductivityandrelatedplasmaparametersin pure
helium in bothstaticandMHD flow conditions. Therearethreephasesof experiments
in variousstatesof progress.In thefirst phase,thediagnostictoolsneededto accurately
characterizethenuclear-inducedplasmaarebeingdevelopedandtested.For these
experiments,anon-equilibriumheliumplasmais createdby meansof aflood of energetic
electrons.Up to 1mA of electronsspreadovera 10cm diameterwindowareintroduced
into theheliumgasat anominalenergyof 50keV. Collisionsbetweenelectronsand
heliumatomsproducesanapproximatelyvolumetricionizationverysimilar to that
causedby neutroninteraction.Forcomparison,theenergydepositedin thegasby the
electronsis equivalentto thepredictedeffectof athermalneutronflux of order 1012
/cm2s. The second phase of these experiments uses the same diagnostic tools to fully

characterize the nuclear-induced helium plasma for comparison to the computational

results. These nuclear experiments are designed to cover the full range of density and

neutron flux included in Figure 1. Finally, in the third phase of experiments, a sub-scale

MHD flow utilizing non-thermal ionization is characterized to examine the effect of flow,

magnetic field, and related parameters on the plasma kinetics. The MHD flow will make

use of a 3 Tesla split coil superconducting magnet currently being fabricated. This paper

primarily describes the objectives, design, and current results of these experiments.
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Figure 1: Electrical conductivity versus relative density in pure 3He as a function of

neutron flux (/cm2s) and bulk temperature (K) as calculated by the CSOLVE

computational model. Continuous line corresponds to 300 K, symbols plotted at each

decade cover the range from 500 K to 2500 K.
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