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Deteradudoa of the Nuclear Induced Electrical Conductivity of 3He for

Rlagnetohydmdynamic Ihergy Conversion

ho Binclwr”. Jay .Scheucr**. and SIcwn HOW

Abstract

This is k tind mpm (or o uric-year. l-ahomuq-DirecIed Research and

DIWopmem (LDRD) projwt aI ttw Lns Aktrnos National bhomtory (!JUU.J.

The uontinual need for niorc efk!:mt. high-ouqml energy mnvcrsion

tcchnkpes has mncwcd interest in nuclear-dtivcn magnctohydrodynamic

(MHD) energy conversion. To provide the funhnwntal knowledge required 10

Iwaltmte he ptwen;ia! value oi Lhis concept. a me-yew pmb[ uimed m

rmw.sunng Ihc nuclear-mduwd cluctial conductivity ot a %@Hc gm mixmrc

under tknmdynarnic cmditkms cmtsistmt with k MHD flOWcuditioIw was

carried otM. The range of bulk gz%conditions to he consxlercd w’erc: pressure

= O.I to NMM)Ttwr am! tempralu~ = .3(H)10 1500”K. The maximum twu(mn

Ilux to lx ctmsidered was 11)1%#sec. Tlw range of parametcxs cnnsidcxcd

surpassud previous cqrrirncnL% in d uqects.

1. BackRrmmd and Rrscarrh Objectives

Tk amcqt ni nuclear-driwn nttiglwl(,hydl’,tiynamic (MI{D) cmergy crmwrsion utilize%

the inkmction 0( lIx rnmtronIlux ui u nudcw rcwxnr wuh a rwuwon-dwarhing isotqw in a

MHD 11OWU) tmhmcc tlw dcancd cmxhxrwiy d hcmx. puwcr output. Ilc ncutmn

dworhing qwcics 11(intcrcsl u) this pI (+vt is ~Hc

% k R’.SUiL$ in the pmductirm nf 3 proton. tnton.Iltc ahmqwion of thcmxd ncutmm hy

id 7(4I keV of kinelic mcr~y. Tlw ILim’liu cm”rgy t)f k pn)liln and Oihm is Irdm+ked h) Ilw

hackgmund gas hy collisions which result in ionization and excitamm of he hulk gas. on the

ofd.crd’ I(Yl i0n17ations occur ~r neulrnn ,Ihsrwhd Ikse mn~7ali0n prmx.sscs nxult in h

produulion U[ a Ikee ektmn pupukuion. which AIanccs the tklrkd condumvily of Lti gas.

llc dcgrw d mxhmvily cnhwwmcnl is ddmnincd hy it balance hctww.n tk ruts!01

——— . . .
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ioniz~imn and thc rii~ 01 womhin~timt. Sirsx the powur output of a !WHI) generator is

propmtiond w the Atxxrkal cmxh,rctivity. an enkmcemtnu of the electrical conductivity muy

result in an enhancement of tk power output.

The possibility 01’using the energy nksed by neutron-absorption prowsws in 3He to

cnharm clcmtical crmdvctiwty for hlHD atcrgyconverstitw puqmscs was !Irst sctiotts)y

conskkred by a group led by J Britun m AR Attmwncrgi in Swdcn from the early 1960’s to

the mid- 1970’s [11. Ttne group measurvd the conductivity ot %-k for ternpemtures from .300 K

ti} 1600 K ~nd hu]k ~ensilies from ().25 i~t 1.(] slundard atmosplwic dtmsity with neuwon flux

less than 1011 /cm2s. They concluded thm for the limited range of conditions considereti the

enhancement of the conductivity WJSinsuftlcicmt to be of usc for MHD energy ctmvwsion [2].

The Britun experiments remain to time the must cxtmsivc study uf cmtductivh y enhancement in

~He hv ncun-on inter:wtim-t.. Tiiis conclusion would .scem to discourage further study of the

concept; however, new ctlcukrtions show them may exist a iw-ge region of tha-modynarnic and

neutron tlux conditions rhm may oiwu!t ;ii signiticwtt conductivity enhwxxmtmt. The results of

these cit?culu[ions we shown gtyhitall y in F@utv !.

The oh@ctivc of this proIect WW..to provide u omtcksive diitu w dc..crihing the degree of

nuclwtr-imkcd ekttiical conductivity in ~He over a wide mn~g uf thwrnodynurnic and nmck~

conditions. Spcci&tlly. tiw rwtgc oi contii!itms being studied am; gas density from 104 ‘w 1

standard almosphmic dtinsity, gw tcmpwmu-e from 3X) K to 15U) K, WMI neutron tlux from

1010 /cm2s to lo~~ kink. The goai of these experiments wm to corditm the Calctdutetl

behavior of the induced conductivity and provide bmelirw data for tiJiurc &sign studies of

nuclear-driven !vlHD energy-ctltl~’crsit~n systems over m approprktely wide t-mge of

conditions.

2. Irnportancc to L, ASL’s Wicnce wul ‘Iuchnology ltasc and National R&L)

Needs
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3. Sc&ntific Approach ond Results to Dale

To accomplish Ib PCAISsued ahmw, u stmic gas chamter was rksigacxl and

Cawmmcd. ‘llleChanttlerkl sbumdesignedm maimainagas volIlnE 20altlongby20cmitJ

diamtwr at a spccitii tempermuw md &nsity maw I& ran~ of condidms hcing studkd. SiIcc

theexpaimmts WYking carrid uut at k Rmmylvmia S@tcBrcazde Reii Facility,

water tight aL~s pmls wcnwincxwporawl inm Ihc appamtus lkwinstrutmmtatiomm.and

gas supplies to lhe chamher. whit% is qwmted in the reactor # (- Figure 2).

Fi~ 3 shows across axtion of the Aamher assc,xnblywith the access porM JMMWL

A shown in the tl~ the gas volume is sumunded by a uylindrid Iwatercapabk of

umpmmesine~ot lStHIK. The kmter and gas-vcdumeends me surmuoUby Sittchcs

of ulumina insolation mr.1n sminlcsw[ecl outrr shell thm is vacuum tight. When qwradng al

full rempemttnm We wainless-xwwl shell nmmins cool enough m he uwched witi the bam hand.

In Figure 3. Ik loutions of [k wwious inwrumemmion prolws arc alsn shmvn. The

only cxcqtions am the two dwrmomuqde gaups @ tomonitor dw w tc.mpcmmre, which

~N h)CWd JhW~ Jnd hd13W [k pkIM 0( h? CmS,, StClh. “rWO1~% Of fWOhCSam LJ.W~~

colltx the conductivity data. Thu primary nmhud USMdw ccnwr elccmde and gus-volurne

shell in conjunction Wh W two Iloating ;&Id pmhcs ‘Ittis method ufibs a front of Ohm’s

Law 10roeasurc JJimcdy UK avemgc AWriwl mductivily ol- LIE gas 121. The sccwnd method

utilizs the triple probe to Lwlkct elecrron-cknsity and tempemtttm * thr cumparisun wit5 the

mndwlivily pmhc dam

~ G%pWh7JrHWl q’IpwJIJs has hm CWLWUWd. 2sscMhkd. Md lc!wd. h k process

of Ie%lingthe syswm, wne unrxpcwlrd ~qwatiimid priylcrns were di.%wvercd. ‘FIJcIWO

primary problems involvA outgwsmg lrorn ttw nmdwing mwcrml and (Jilhxdt& widi the

intcmal awemhly mid diswwcmhly. The tmtgawing pmhlcm wa.. rcmtxlicd hy u chunge m

pmcwh,uws. namely, all of & iruwhting mmponem king pwfiJ4 which Pm=nenlly

eliminates all oulga.%.~ingspcms, TIN ddlicullics with inlemd aswxnhly wtvw cmcctcd hy

minor rmksign U( u few component-s. Tlte.w ClEUI~WW-UIuIhxetl in Figun* 3. AS a rcsuh tii

Ihcac twign chdnges. tlw syslcm as a whldu i%ciswr 10 qx!!Jtc. momsIlcxihlc. ~d should

provide more mxurmc LMJ.
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~@3fC ~. -Cd conductivity vet’mu asscns:~$r W: 31Je as E fW@iOn of gas
wmpuaturc and mxmon flux h . cuLc d using CWLVE code modeling
an infhikl volume
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Figure Z Appsmus ssscmbly drswing showing multiple views snd cotiiguration in rector
pool.
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Figure 3. Cross-section and end view of prcssum VUSCL
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