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the ev 'Lctumted mtc,reie rode :;paue by
the emitfer sirface potential barrier g,

This 15 ihe BT 1&@5 Lffee!:w work- ftm,em

tion, A similar effect occurs at ‘Lhe: col
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cirenit conditioms.  The aptimush valus
of woltage Vi, depends sttomgly on the
heat losses (¢ As () approaches zero,
Ve caf never he smaller thap de. For,
i VelhAd, 7 remaing e_(}ns,t;mt and 5 de-
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The exponentizl part of the voltage
ciurrent characteristic is fixed by the
colfector work-funetion and the emitter
temperature and is independent of the
emitter work-finction
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The iz efficiéncy of ideal con-
ferg ag a fupetion of the emitter tom
perzm:re, is shown'in Fig. 6. T he collector
ternperature i assumed 1o be 900 degrees
K52 This walue is chosen becalise many
1mpurtant da})phﬁi‘&ﬁ{}ﬂS require high tem-
eratiires for heat rejection, Only radia-
on lnqses are considered in the calenla-
fl()ﬁ. Bauzlddrma of the ‘dashed, area in
the figure corresporid to thermal eTn15-
‘S f the electrodes of §.25 and 0.33,
e peﬂﬁclg

: 11 practice, it is difficult to construct
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mquired small spacing and/or the lack
ol _1;1_&_&_;_13,15_ with appropoate  work-
Cfunetions, Fuarthenmore, practical con-
riers are fluepced appreciably by
-ir’m ot iffacta discissed i the next

;t,ectmn* .
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o As alrepdy imdicated, the presence of
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facturing requivements hmit ihe mier-
electrode spacing ic above a few thou-
sandths of an mch, collisions hetween
clectrons and cesiom atoms or
unavoidable.
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current charactenstic is different from

that of the ideal converter, A typical
experimental characteristic is shown in
Fig. 5, where, as the voltage is decreased,
the current tends asymptotically to the
saturation current of the emitter.  More-
over, at any given voltsge, the current
is considerably less than it would be for
the colliston-free case, with the same value
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of saturation current.  The 1"&13'011' ff'n""i s’
ré.d!};(.“l()ﬁ is fh 1L iii‘f‘t!‘(;ﬂ& uﬂhdﬁ* with o
cesimn and are relwrmed 10 the exmitler
The experimenial results shown i Figl 5
can be theoretically correlated by con
sidéring the convertes as o double 'p'mb:
At cxaitter 1,ompe,m‘turcs below 1,800
dmru,s K, the a;rmﬁm etk fumho_n
st b rediiced to such low v alies, o
adeqa‘e te electron amui(m' thit surface _
tonization becumes 111(:1ﬁumt Thus,
the ekctmﬁ spaee “chi Lrge ;tmv Jmf e

mted and milﬁzed bv énergetic eleumns_
aitd phst{m' thi"owrheut the’ _'tﬁrelebmd :
space, and suﬁiczen ions may be ;}mducgd.
0 overnde ‘the megative” space * chisge. -
The necessary &,nu‘wtrc ekctzoﬂs mav_l
resnlt from (Lwelﬂmimn bv o positive
emitter sheath such as shown in Fig SR

Indeed, such processes ate undmted' L

by snany z*xpenmental obser mu{)m 5
iflustrated by the voltage-current c}lair_m '
acteristic shown in Fig, 7. This charac-.

teristic exhibits o hysteresis loop i which *
the - output  cafrent 'gitains twe - subl

stantially different %r';;il_ug:s c}vgtr a broad’
range of values of the output woltage! =&

Spncing

Custput Gurrent {omp /omE)

Fig._l Ex_tingu_ish_zd
and ignited mode
cirrent-volisge "char-

Electrodes Mo

Emitter Fomperaturs
Callector  Temperature Ty = BEOFK
Ceslim Pressure

T

- (7O0"K

P = Emmty
y :D,.GOE‘!" N

i
Wﬁﬁ"—‘%_’“—m{\---%—q—&jz
‘<~n

:

acteristics of 4 cedium

“themmisnic converter

Quip_ur' Valioge 14




= electrons

fér.?ém'béréfure
ST K
LR 4
IV W
VPTGt E
17067 K

GO0 ¥

CEmifter Colleeter Spacing (mils)

s 9.8, Omnmum elechic power density s
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The iower earve of tha {wurL may be
i mtupreteci a8 i‘i‘i}l’hb(‘nilﬂg a,n opersiion
':'uzxder eleciron space charye limitations,
'__ _Whﬁ; > the tpper curve may. e mterprcied

Lias t}pemtmn inder ign-rich mzzdztzonﬁ

bn‘iimef from volimme mm/atmn These

1 \wé typf_@ of pperation may be. clacsszmd ‘

s ﬁm c*sdmﬁmbad nd wmtui “modes,
.:-.respwtlvely
“For the 152,;111&(1 mode 16 be th&bhshed
'-a lcnoe number of ‘collisions bLiW&?Jl
rde cespun atoms is necessary.

S 0n ihe other hand, an mf:assw e mimber

wreof u)lhsx{ﬁm reduces the output current

“dor.a gwun onitput voltage, T hcrdarc
for . gzv&‘n electrode materials: :md tem-
_'puamr & there exists an optnmum xpac——
“igg which yields maxindim power sutput.
ey the lighi of the pr eccdmg discussion,
-‘iﬁr any type of operation of pmtiu:zﬂ COT-
veri;&,rm Ahe nte _Lumda Sjmﬂl’iﬁ“ is g
: éc}]:n‘_m!_lnfg factor “ip the efficlency of
e é‘mﬁ;‘éréioﬁ and the electric power output,
_ Varlatwm e opiinmydn selectric power
-dcn tv_ 15 o funetion of the interclectrode

Cing umd e cmﬁter 'tempt:mturz, are’

hiswa in 1‘1&. & for & convirter having a
‘miobiim | emitter and a molvhdenim
'cc;lk{:tor ‘Note that an optimium spac-
edni for - maninnam “power -output is ob-
~gerved only at temwperatures helow 1,800
Cdegrees. K. At Chigher tempnraturebk
'dequate ‘sufface domization . oeours 1o
_ __ncutrah% ‘the deetmn space charge so
©:that jopizing cotlisions ars not neceisary.
inder. tirede conditions, the {);mmum oapt-
g pm?&er Cdensty mcreases with -de-
ing m“t:*re]ec‘tmds. apfnc;ng

féw fonverters,

state of the art, is shown it F;t' 5. Comme-
parisen of the calewlaied upper beatnd
cprves and the measured f’mi& dmﬂv
wmwdieates that there 5 an appreciabie
range for improving the ' 3
thermionic converters

BFFECT o MATERIALS ON PERFOGRMANCE
oF TrerMioNTe CONVERTERS

The output corrent of g praciical con-
verter js predominantly controlled by
the transpori mechapising in the inier-
elecirode space and the work-function
and icmp&mit.!xe_ﬁf the emitter.. s
volfage alse (iepend:«, o the tmnspért
mechanisims and, i addition, on the work-
funetion of the collector.
outpirt and efficiency, the enntiet mnst
&3 opamteé at a high temperature and yet
have a low work-function; the eollector
minst have "as Tow & %csrk func"n(m as
condistent with the mllu.tor ’fcmpcm—
{uire.

Compostie  surfaces “of mixtures of
oxides—such as }}armm or - strontivm
oxide—may ‘be stably ‘operated af iem-
peratires Uf about 1,508 degrees K and

they have suﬁleienﬂy Tow ‘work-furctions -

at this tempemture 50788 m et clrrents
of the order of & 5 amp/cm? (amipéres: Teer

sqjliate - ‘centiméter]. Oun the other Dand,
plire ‘refractory me:tal%——sue‘h a8 t"imgaten
tartalum, and molvbdenum—‘—»tdn be

operated at temperatures i excessof 2
degress K, buttheir work: Tanetion i3 tac}
high o vield a sa‘mmctom mm:ni
density.

However, 1 ihe prcst,ﬂce of o sufﬁ
ciently high cencentration of cesinm
vaper, the effective work- function- of
these metals is lower and the ‘emitier
ctiyrent may be in excess of 1) amp/em®
Tor example, the work fimttion of tung-

sten is 4.5 ev -(electron volts), and “the

saturation current in the iempua‘mre
ramge of 1,000 degrees to 2,200 deggrees
€ is only 0.5 to 26" ma ftmliza.mpexes) /
cm?, Tn the presehiee of destiun at a
pressure of the order 1 mm (mllhmder)
Hg (mereury), the tuna“\ten surfare is par-
tialiy coated with cestum atoms; the work-
funiction is tediiced, and’ the qaturatmn
epprent 1510 10 20 amp/em? for thv samé

© emmitter temperatura* rattge.

For comverters {)pnrmmﬁ at ermﬁu'
tcmper tures greater than 1,800 degrees
K, it is advantageous fo mmxmm‘ ﬂm
transport : effects, - Thas, em;tief ma-
terials reqguiring small cesiutn pressures to

attain a given -Wo_r}\s:. fuhetion are more

practical than those requiring Targer ires-
sures. - 1n this respect, Aungsien is better

fnan m(:h:bdemam and mohbdenum h'

For h}gh pom,r.

. metfzer “Femperature:

the - gréater 3

Consequently,  out f t;he refra,tm 7
metals, iridivm would Thauire iha ieds
ceshnn pressure to attain o gives e
eoverage and, hence, a rxw.sz ;wrlr ﬁme
tac. .

But, i the work-function of dn &mxtttrz
i lowered too mwmeh in the presehce nf
cesiin at 2 given pressure, the surface
loses its ‘ability fo doniré cesmume aid,
therefore, it 45 no "ltynger weseful 4
emitter, ' -

Refractory metals can cﬂs :
colleptors. Their work-function’is ruehl '
reduced 1o the Jevel of @ppm‘mnmeiy
ev by a partial coverage by cesfum of th& ;
order. of 70%. Such mvemge: s be

“achieved at collectoy iemptra 'nres T

than 1,000 degrees K and Jiesithin pr*"
sures greater than 0.2 mm Hg, - Actually,
ike best substrate material for a e"llec*'tur':
of a cesium thermionic {:ﬁ werter is one -
with 4 very high werh fmlctmn {>1L5 e*'v) :
becanse than the mmnmam Werk—fmﬁctmn :
reached 1 the prc««eme of cesiim mpo»r'f
can he aslow as Tevt
Seyeral h1ghA 'eltmg pemt ma‘tenais te
usabie for emifters uranI carhide
Ziveonium carbide, and the like. Some of_: '
these easzdes hd‘ve work: fum,titms of th
ard&r of B &, “and ey “high mrren‘m'_
at tcmperaturea Gf tke G»rdr_r af 2 .EOCE ;

candense i th{z mlientar after Some hours
of operation. ’}C‘]ms,B ‘the ‘collector -v_ork
Punetion is raised o ahont 3 &v, cht he
converter tmtp‘ut i reduced bv msrg that
an order c}i nmagmmdea _ e omgerters wiilis

ing a0 UHE‘ c}f ea.rbzdes as emm,ers bml“t

Teblic ! Measlsred F’eszormmw .af Come
Prachca! Cqmerierﬁ Eer Spme Appi:cm@m
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Calizaim wmk»faamimn versus collecicr iempegatme Tor megisgubie back—emmsmm

m_'dﬁte .have faﬁed in a.h!‘; fa..@lnon after a
ew teﬂs of hmtrS epem‘imn

LIFE m'e ’Iﬂmmmme C@‘\I’?FR’]‘LR&

The ionrresf measured Hie ot pxac‘ilcdl
hermmmc LY ?ertu's_'tes&d as listed in
Table I s asbzmt 1,000 hours,  Tlowever,
} Houp e 30{}0 hmlrs have been
-}i _orde ioa prn ate mem:

TO Dr. V. Wﬂsor‘ of the Gen«»_

= iﬁ;lectn-b Resea&h Labommnese
"I-Reassm For. relatﬁ eiv %he)rt Tives ;tre
: _pmnaniy thcmml faitpes, | At the) Pris-
“eqt rate of - progresw, s,tmctural prc)blems
Sheuld be dxmmated ENE the fiear fumn
ve.ntuaily, ‘the Tife: of converters wﬂl be
' 1ted by the eorr oswe effects of ensmm

T he evapt}ratmn of the expitter. _'
: St:mctuml ma,teﬁa,h readily atta&:eé
3 Smm ha.ve airea.dv bcen r:hmmated
: Hew

be eé‘ﬁmated; became of 1’11:1{

: af eﬁgm umﬂnm! d.ﬁ:&

U For the same geasol, it ishard, to asse,rt
ot the {effects_-@f emtter evaporation. onm
"vapor pressure df.zta. it appears that the
evapor‘mon “of rsome mfractorv metals,
__u(:h 88 hmg’sten sperating” ‘at 2,000
rees K, is o low that converters could
st'up 1o several vears. However, It is
'suspected that high emission ‘current
densme% anid Lhe prcsence of cesnm vapor
'_ : nght mcrease ’Ehﬁ, cvaporation rate. T he
. extent . of sm:h an ingrease s not yet
' fmown :

: I‘UTEJR‘{‘, DEVLLOPMENT% 1 THERMIGNIC
Cozwmmﬁs Yoo
Impmved perf@rmanoe as . well as, ic:m;j

'-!ée for thermionic converters'depends,

the finat aﬂqu%fs ﬂn thﬁt deweiﬁp}zmnt {}f '

dmterelectrode space. -
'ﬂ ‘.folumc ;om?mmn prmreg 1,0 be a iset ter -

emiablf* ﬁmﬂcr *md collc ctor m&termis

- The miost Suiuble eollecior is one whieh
has # low effective work-function w_h&n
partially coated with cesiyin,  The exact
value desired for this function  depends
on the collector temperature so that thete
igio appreciable back-emission. '._l?ig. 9
sa plotiof work-function vefsus ternpera-
ture, wwith small sahuralion mrreutc, as a
paz,imeier.

An&ivsm ah(:aws; 'ihat the hl(fiwr th
work funci.mn oi A material mthe:mt
CESTlER LoV t.rdge iha oveer the eﬂemwe
WO!’L functmu achuw ed wﬂh & par rtiat
(:;es_mm -cowragt.if" - ¥n Lhm ‘sense then,
the materiapl that must be used for ool
lectors’ is ome with a very high work-
function, - The only possibility is o de-
velop & stable mmpmmd of a. metal and
an electmnuratwe sube,tcmce, such- as a
haloﬂ"en Whl(‘:l’i will have & orcat aﬁmmf
mr COSTNL. ; :

Reguireinents  on ihé, st quﬂa,ble
emitter are ‘not completely wmderstond,
Of epuise, the best enitter 35 one that can
be operated at very. hngh temperatires
with an-emission of several tems of amp/
cm? and with no apprecmble evap()mmm
in ibe presence of (Cesiing. vapor,.0ver
periods of severil YEATE. Hzmwtr the

valne-of the emitter work-functionthatis

sought ‘s ambiguots, . {he reasom being
that, as-yet, it ig.mot clé;.i_r_whie;h offers
greater ‘advantage, -'su'rfa_cc Sor x—-”_olume.
1():11/41:10& '

“1f surface § Iommuou 15 adopted then ‘ihf’
emitter should - he un u‘ﬁmﬁnt iomirer of
cesium, hirving o High %Gik Aungtion 50
that -the 'ceamm pressure is low. and the
converter sp_acmg .15-n_1(_;1‘e_.1h4n a few
mils “without ‘appreciable losses im the
Omn theother hand,

iht. W,AL fum_t.u,u.i, 11_1@ lay
tion current. :

of cesinm iom are hemg %mzlwé Fhe:
methods wiilize electrodes mhu“ than if
emitter and collector o supply jons, either
by surface or discharge jonization.  Hven
though these methods iy reselt i ihe!
development of effivient Thermionic f:o
verters, their practicability may be fimited:
by the added Q(}mphnﬁmﬂ of ihe adEh
tonal electrodes and ﬂ‘w é,umlmr ‘.f{;}t&ﬁ@_
%i‘ppllﬁ B

The preceding aro“nmeztta are haﬁii_d (m_
the asstimpiion that cesiim vapor 15 fhe’
only means Tor space (‘hdrifi‘ neuimludJ i
tion.  Bvidently, theré are ‘other posst
bilities. A compound: “or - mixtire of
va,'pars may be found which ioni:},g:s mre

eadily -« them cesium atoms, - Sucka)
‘m;'}er will changéa!l ihc spe,cﬂ[cauens for
future developments. %mla,rl} the idea
of a lignid collector, separated from the
emitter by z hoiling filmi, rday pmw*-'
practical and again change the s,nure :
outlook toward ﬁmrmzomc copversion..

Such a mlkcmr Wa“ descnbed Airigg A

meeting of the: Joant’ Té’chm 1 Soeiéty;
Drepartment ‘of Defense & mpusmm L
Thenmems: mer Le‘ﬂmuﬁmn, _{,leade.'
Sprmqb, (.Glo “May 14170 1% 2, amal
paper’ prcm,nu,a by P Bm@ens 71
G N: Hatsopoulos: ;mder the title, :
mionic Energy L()nwrfer min a’ qumd.'
(,oile;cter " ' '

Thefmjenic 'Eﬁcl;e_'ar Reactors
G; NERAL Ri LM:ﬂ{hb

The. prcocdmﬂ dlscussum mdx(‘ates That_ o

the eritical parametub ‘of o thermionic
mm-:rter are the. em;ttf:r cl'fl(. ml]ector.'-

matem.l% and’ '-;pa,unﬂ‘ the: coginn press:
sure; and the temperatures of apuimon :
Mereover, _“{_har}momg_ cOmyeriers . ire
inherm'tjy law'—ﬁn‘ﬁtag@ -devices ﬂmre-
fore, any Jatge power unit mst m_u;»r»'_'-"
porate many couverters in series, [

The elfect of these pdmmaeﬁ o1 mmm_
verter )”rf(;rllmﬂca Timits! the choice on ©
waysio conplea nulées Teactor with eons
verters.” . For emmplc 1he mirzgmng :
1dca et usﬂng a ficlear: fud hoih agaheat

source and as.an emiiter caninot be maple—.
mented at the ;}rnsuzt time be(:auss: the '

available high-temperature fuels do not
adsorb cesiim and-do notexdibit the | s
face stability required by the relamye_‘iy-:__
stnall cunwrter\;pacmgs sl s
The nonadsorption o cesitum. results fud
a substantial Joss of C(;r_w.erief.-.eﬁlc;;c(r_mg,r.”_
becanse the fuel material'evaporates and




1 Terprriiare DoOH

1 rieat’
Esehingsi-
Cwith -

C Comierion 3 Roiection

o zmpmetm i permd@ of
Crms,emtcnﬂy" the “funetions of
el and the: enditter Toust be
; p(,rforme' bv _:dszﬁ,rent mate_rmk. -

' -._ﬁ.h_ese_.'_sc;(}t_ﬂ vte fmmii(ms of duel and
e : 2t e sqﬁ}le :meih(}dq. of
e!m;}lm ihtrmmme converters Wlﬂ’i a
- 'n_ljade ar heat source, The first is 0 ar-
i 'gex-zx_m serters in a heaf axehu.nger
strictire “externad to the reactor, and

Shave heat conveyed 1o the emitiers by a
"';hwh’temp(:mtum - coolant - loop. “The
cs}:s.xd maihed is t{} mmrpmrcttt nto e%h

: at k@uree f{n’ ane; mmmr Eer 3
g £ laiter meﬂn@d car e 1&111?&(1 by
the foﬂowmﬂ c‘é_%wm . (1) arranging the
Jedicomverters so that ail of them are on
ihe outej Silrh-lu, of the resulting critical
-.:(“Olﬁi and {9) as%mbhng several fuel-
‘converter. uniis inte a4 evlindrical fuel
: .Llement ‘and arranging a- large mrmber of
o fuc‘i elcmentq o form a. s:ntz("a} core.
_ E&eh m{timd has its own, advantages,
-'pm’aﬁcms and Jimitations. Choice of =
particilar concépt depends on over-all
Sy 11 power rating and/or power density
i.}f the umvertcrs, temperatures of opera-
tion, e aulm‘}{iaty vofi hrgh femnerative
.-metal eoelants and clectrical nsulation,
apu:mc weight and volume requirements,
“and ‘type of application. The 'influence
tof v iheei{: Jaciors - on the  sdlection of -a
_.dts:gn 15 dwmbed gL daaﬂ in auc‘ceequ
ecimm

SEPARATE FROM

'.*CGNV;«:RWW SysTEM -
N{;CLFAR Rmcum

Fig A0 %chem(zhcaﬂv ﬂlustmtgs the
-~ eoncept of a gonversion system sepq.rate
fmm the muiclear reactor.”

UFhe thermiotiic converters may be of
'__mth{zr planar or cylindrical geomeiry ‘and
Care s:lectrzca,liy :*(mnacted m parallel-seties

o wmbmahons, SC BT :ranrred a5 1o farm a
Thf: ;mmary

. heai' xclmger stmcmrc

seeondary side consists of the pirter s

face of the collectors. Heat ig mny&y&d
to the emitters from the reactor by a
primary coclant loop and re jected, either
by a secondary cootant or by direct mdm
tom into free space.

The discussiom throughout the previons
madin section of this paper . makes it
apparent fhiat, forder to have ) o
with ‘o reasonable efifciency’ and
perwer density, the émitter tem]

" ghondd he 7,500 decrrmn K o 1’11;’1'5&1'
CThig nnphm that the pnﬁurv &}ﬁlant

wriist be o highe u_mpﬁm‘mrs,
em"h s hlhmm

O the mht-r h&nd in view of iﬂc faﬁ“{%
that in this du;un the prifoary ‘eoolant
is 1m0 e{midm @vﬁh the em
ihe converters must he mnmctcd elec
trically m séries, the emitters must be

isolated eledty mallv from ﬂ'lL liqmd ietal )
coolant.

Hmce "[hl‘; deeﬂsgn L.qmren
WSEAE deﬂ‘in{ra.] msulatmn) which stands
Eunpexamms }ncrhu than 1500 degrees
K, and “which st aleo be o good heat
eonductor sp that heat js transferred o

the emitiers without an dpprecmble tun—

perature dm;;

~The size of E;he: heat—-mehan;,er ':yh'l,h~
ture, for &5y Qtem cooled by iy secondaty
Joop, “is -inversely p‘roportmnal o the
ek{in&ﬂ siiriate power depsity of the_
congeriers while,. for n svstem’ rd:dl 'hﬂg
into-ree. space,
efficiency ‘of the conv&ftu“s The rela-
tion hetween radiating area rmﬁ ccmvertfn
sﬂiuencv 18

;

Aren o 1 T ¢

{cETmmm

’I‘he nuclem" reactor size is invars}ely
proportional 16 the efficiéncy of the con-
verters.  Fhe Hquid metal temperature is
determined by the ‘cmitter “temperature
and the demperature ‘drep’ acress . 1he
electrical -hleu‘ia‘{iam' The Crmeai_ mass
and voiume p{m‘er densﬂy Of the' !
however, are not-affe ;
é"hamctemst;{‘ Thi‘ ‘mlume pow ﬁ,!' r deni-
<;1iv czm be as high asis compai 1b1(> w tha
11(;111(1 etal éooled core {mf?,,ﬁ(}{} i{w 1.

Implications of  the foregoing geneml
remarks - as apphtd to a. power., plant
designed ‘for ispace are f:mmmed nex‘tg
rmrtmzlarlvtht eff es:'tiimt futur& nnpmve—
ments in Hermionic converier perfmmv
ance will have on the spemﬁc vt}hin]é and
weight of the plant. This zmprmmd per-
f{)?iMilce is attainable through 11161’(.::!,5(1‘(1
surface, power density and efficiency, ac-
comphshui by raising the Umttcr tem-
pergtie and lowéring the eﬁwb ve eollec

toer W{Ffls.. fum:i o,

.dgngn I8 ‘R‘hk_.
itas deﬁmed hv the

él-d' Am_'_iaﬂmu
ﬁ'{* dor

o

€5 5}’&\/ ermm B HT{*IL?

1. Fhe tfmittfa':r Loy ‘

the availability of .highfi’t,iup_&mtﬂré:_-'1'

metal coolants, g 3

have g power plant without HOwing pa

the eoolant must be cirenlated by an eles
agnetic pamp and notohe allows
aporize.  The best liguid metal d.“&!ldb_ﬁ

dlrmtlv mahm!,{{h is lit!;zum {1 :

ar}d' ihe ¢
cmupl :

wf Qaﬁ da.gfeea I& wuhi)ui appu
eTHssion. Hia nrw“milcctm 1K ¥
f:mnd ‘mih g ophmum -ka fumtam 9{

quf 15 Liv s_vcn thau_gh th Setheieney: i

goup by & fartor | of 2, th bladk bady, ;

atmn dcuuﬂcc—ﬂ by & favtor ol {9 )Qf”{}{})ém&
i e pract;caily

meerter
matersals 'md =in _m;uz& mr:m] mnl&'
reactors are Very mm}m{:t

I‘he coneep‘t o 51 ; leersmzl sysiem:.
%Lpamte from. the :reictor, thereforc s
not amenabls: 1o 'Qubstannal Amprove:
_mems Dy te_chnc}luéﬁwi d&velopmmt% of-
htah--f s.mpgmtm*e nucle@r Fiels? At e
clent ‘operation’of thesmionic corwel{ers

-mnscquemiv it “has hjmted growih po—.'

tmtlai %amliv tb:ls emng ﬁepam

Table: i, §_15t of Major Parameiers af Des;gn :
wﬂ?s Convemlon Bystem Separ&te from Nuclear
Reacto;,, See: Fig 19
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Uraniwm Loading _
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Convertér, Power Trensity
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B Ihwikwe
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Mete: - ’f‘he sarme renctor comld be ué‘*{i for 3
hlghe,r fHIWer. Th?n the rt‘..*.cmr ﬂz«s.e!ﬁx

'wwu!d be 1&';1("! am:ﬂl:,r




’ Thermipnic
Conusrters

~ Spherical -
=« Heaclor
“Core

~ Elgciriool
o Instiotion
L P Schematsc of. ther*nmmc nucleax
gactar w;th corlverters atl&ched to ‘oitter Sur&me
-s'xf mactm cere

s:s:}n" ept hmcres on h;wmg a high-

ier 1pua’mm electrical insulator whmh ig
oo good beat conductor, and can be
) talhxrcmdilv hﬂnded to ihe m:mtterk

dnge'af 1 40() defrref_t; to 1 -:-09
J.h:s bas:c dgﬁlaaitv mzy be

Concept ¢ of ; hermmmc o veriem attad]ed
0 the {m"ier surfcwe m‘ a apherir:ai mzelear

: _Ia.nar gﬁometfy and are e!ecinml]v
o nmctcd fcy pamﬂel qerleq (mlﬁ}m’mm}‘;

able i, - List of Major Parameters of Design
with Conversion - Systerm ‘Attackied o Truter
urface QE Nﬂdeat Reacior; See Fagl ‘!3
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. ‘Wexght Bm-akdown
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The nonemtiing side of the emitters is
attached to the core. Heat is carried to
them “hy  ‘copduction  through the  tore
and is rejected from the'cir'ilszei'@f% either
by radmtmn mio free space oF by eon-
VﬁCﬁOﬂ nsing ‘'a coolaut imp .

The' eore desrzgn in #his 'ease s, greathy
affected by the chamctenstic parameters
of the C‘E)HVE:I"LLES Ty see this s:learly,
mnsider first the requirément of electrical
instilation " between emitfers and ‘core.
f high-temperature insulation were avail-
able, it would be possible to have a solid
caore fmd attach emitiers dzruzilv Therem
Since such msu]atiem 1% not d\“aﬂfib]t
the core must e sectionalized. To this
affect ' Fael shug is attached 1o a single
converter, and 'inml}-?:_-ﬂo#alv_efzter fuel-slug

Table l\f Llst af Magcr Parameters of Deslg;n
with Canverswn System ﬁ.uached T Outer
Swface of Nuciea: Reacim, See Fig. 14»

S0 kwe
220 kwt
Spherical Shell
04 em
Lgllem
CBBD RS
‘Lithium Circulaied
through a2 Radiator
1,666 degries ¥
15"
10 watls om?
1,900 degrees B

falactnml Ou&pnt Net
Reactor Power .

Core Geometry -

Core Taner Radius

Core Oiter Radivs

Uramum oading .
\&ammum Tutl Tempcrdtun.

L. sii‘uam Averaga Temperature,

Copverter Eficiency

Converter Power Density

Ismsfter ’I‘emper.-nurc

Weight Breakdown
-Uramum Carbide-Graphite Fael
¥ hnfmmmc Cretry &rter& -
Reﬂecmrl; i »300 ihs
Radintor . ., ’ . !80 Ibs

Stryetaral O rsmgxments mq Coolazt 300 1bs

YFotsl '- ; . 1.6301hs .

. if‘:pecxﬂ Weaghz S | 1b:>fkwe

350 1bs
350 ibs

Sche_ma'iic of canvéktéf'léelmsmg YRt

units are combined into a sphericzai s
critical assembly, - Fig i
sehetnatic: form ivm ‘wpz&“ﬂ mnvt:rter
fue_l~slug units conled by a@ hqm;f_ metal
coplart. - By - properly | extending“the’
emitter support; all elea’{nm] msmcxtors
are’ on the low- i(‘ﬂ]ptrdulf{: mde oi the =
SONVELTEE, O T B
Second, consider U’Lt pmbiem a)f size mﬂ i
g«cometry of the. 5phcr;:ui core; For &

gwen electric - POWEL mtmg, the amie{:' v

surface area of the muclear core st he.

iversely pmporh{mal to the. ei(:ctric‘
%urfau’ power., éemﬁy of the converters, 7

Furthermore, with eat being  carried

though the core by conduction, the core "
showld be 2 sphemcal shell 0 order 10 mﬁm_ R
mize The' temperamre: drop along the fuel

and make the maxitom fuel. tempammrt ':'
tolerable. . ‘The thickness of the spherical -

51’1?]] is - proportional 1o - the converter o1

efficiency, . ¥or . power - densities ' of “the
crder of 10 1o 50 watts, fem? aud oyer-all
power ratings of the order of oU kwe emd
above, “the core radms ig bﬁd : tha_t

‘i‘!}hﬁ‘ncal shell can b{*mma critieal mib a4

practical enrichment. s
" Figs. 13 and 14 are umuphul i 1&}1@

of this approach, both being for” apdce B
applications. '

Fquid metal loop which rejects
throwgh a separate radiator. _

Third, consider ihe p:a}hlem of- mutter. -
distortion due 1o fuel size {hang:ea A
dipeed by frradiation..
mgs,, :ﬂuzuqmv for opumum eorwexmr' 3

12 shows i

Dne s cooled by direct
radiation into free space; the otherby a
hent

The small” BpEes
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Muclear Reocior

o 15000

fegw space

Fig'ﬁ 4 (right).
ftt B of liggeid wetal loop

e.rmrmdme st be 1111{11:101’&@{1 bv iuel
R Weilmg T achieve this, the fuel siug

_.':'mus;t he loobdv encased, Wfth a few mils
- ':'_dearaunce : mfmie ‘the emitter’ extomsion,
.Laek oF mei'ﬁlmrgmi hondmg he‘twom)

onsc quenﬂ}, hzgjm{" fud tempera—
: \@'me thai 'as@ous fli:‘ﬂdf‘f: ér; ﬂot

_ fnel Wzli If_ak 11110 the cemtral
'.f(iﬂmn s}i The core. ;

ocidncthe lght of the plLLLdIH arg;ai—
mez]i&, it ‘should be app harent. that the

'can&r_pt of 'a conversion system attached

"--'t@ the auter surface of a nuckear” reaetor
; _{I)rh has lsmﬂcd m;mbﬂme:: b&LdltSE*

Iﬂ,en 1t oemutms v”th &he mo‘;i spti‘

withont havma tr; cop@ With dn mtremdv
:.'--largf_ core.

he Se_cn_ungiv ;..iiv:},rimgami't feature of
= the converters: mtisade the fuel rwmz:

t{.d J.’L the_u hlllit tempu:.
_.".the averall performance - is pnonr than
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CONVERSION SYSTES INTECRATED INTO
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Fig. 15 is a schematic of a thefmionic
nuclear reacior in which the converters
are an integral part of the fuel elements,
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reactor core with C};Emdneal elements.
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: A,(,‘fnliﬁ;&dl}’.,; integration of the conver-
sion svstern te the muclear reactor core
has mare fechnical problems.  For ex-
ampifa fissides that diffuse ont of the fuel
nay leak into ’f._ht CESIUNT TRPOL SPAtE]
the c:—nﬁtter cmmaterial st he  made
compatible with the muclear fuel wnder

'_'hitrh temperaiture and lugh radiating
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-complex; and the foel enrichment is in-
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amcm System !n!:egrated into
Nﬂdear Rescior; Ses Fig 15

'Eleétﬁ_cal Ontput {Fety 1 smwe
CUReactor Power 3,55 mwi {thermal
TR T megavwatis)
Core Geometry
Cnre Binnieter
Core HMetghi
_'Uzanmm Laadimgy
Maximumn Feel Femperatare 2,60 degrees B
taavart:.r Eficinacy 18%
verter Power Density L& watts/om?
Siigter ‘i‘ﬂmgﬂaivﬂn 2,000 degress K
Welgit Breakedowsn ’
L Reactor
Primury _Sy,étem
“Fotal - :
Eapeczﬁc ‘»’xfm it
Reagiur Specific Weight

2 UUU ibs
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.§ G 1bs Flowe
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-eéd{n'cf' é{*{‘tiﬁm the toost promising
mmethod of c‘mplmg thermionic converiers
“with a mulcear reactir i io distribute
converters throughout the reactor core,
Dcvdepm{:nt of such oz ihemumm
'.;'ﬂﬂ(‘lé{ii reactor presumes the suoessful
Jdolution of a series of technical problems,
“some of which are already under in-
._.vestioatmn These problems arise from
‘the special operational requirements of
¥ ”Lhe ronverters and may he mfumaruui
‘ag J.mm (}ut!mcd

Iy r\uc‘]emr fael er:kmmta . m;nbia of

OpErating at high teInper &tures at Both the

“cenier abd siurface of the element, minst be

.dufekspcd Even though Fuels: have been

_puutad at hig@ caEnjer ieman fures, there

S T szmziar experience with fuels (;pm‘dim o
_;_«*h_ surface temperatines.’

FnZe The behavior of highs f&‘lﬁy(,r&i&le -
c!.e ar fuds frealy ‘encased i a cladding
: }rmi mwi be E“X@Inme?d bemuse e 'm‘n»

i The File td%lufcnea? eempdhbihtv of
¥ ._umttnr a_mt nuclear fuel fosterials must be
hordnghly. dnvestigated in order 10 develop
abie emither—firel material combinations,
capable of stable s;)pemncm at high-temper-

= 'Lmre leve els.

; .D_zf’fusmu of guseons fssides fhrough the
emitter casing and ihe effect of the former

. (m mnvertex pc:ﬁarmanec mLs' be um“ i

If Aasides prove fo e ‘dele nﬁm 1o this
performanice, eithér proper difftsion barricrs
must be spraved on the nome xmttmg sirface
of the emitter, or means musi be d{avcsepui
for the continuous fecirenlation and puri-
fcativn of the cesinm vapor through all fuel
elements,

. Diffusion of foel and nongaseons fissides
throngh various emitter materiale pmst be
stidied, and appropriste barriers must be
developed # diffusion proves @tht&il?l&l

6. High- tcmpcmturé: tlu.inml msu]qtmrr
metalfurgically bondable to collector id
sirnctural madterials over relotively Turge
avegs and with good heat coniductivity, mist
be developed.

Other areas that must be examined
are pertinent to high-tewmperature Tignid
metal coolants and struchiral nw.u,rmis,
welding and a,:v,««emblv provedures, tem-
perziure wadormity throughoilt 1he no-
clear core, amd a series of problems com-
man o any reactor design,

Conclusions

A review of cesium thermonic con-
verters is given with particular mnphaszs
ot characteristic parametus that deter-
ming the perf@rmmlw of comverters, The

bL&xt performanee is achieved when the_
enmitier iempumtm e is high and the collee-

tor otk Sunetion low. “When the & nitier
iempem PBre Is abmfeu 1,800 dewreeq K the
mm}ier “the mtueleﬁrode spacing, the
higher the thermal Lﬁ’immcy and ‘electric
puwer out ;mt of the comverter.” ‘On the
other hand, when the emitier tamperaw
ture s hdﬁw 1,800 dwrma K there & an
optimum spacing of a few mils ‘at which
the hest pci'fbrmaﬂce is achieved.

Regarding conversion of spucéar heat
into electticity by mians of thermionic
comverters, the eonclitsibn is that the
best method of coupling a nudear re-
Lze:mr care with L(mw:rluﬁ is by m{:or
porating the Tatler imio the fusl elements.
This zmtihud Jeads 1o an efficient and
compact de%;ﬂn with goed growth po-
tential.

Several problems are posed where

el af Apg&l:r’cf Pl

Tangmibir, . 8., vol. 33, Tune 1829,

Ji4. | Work

- J. Levine.

muzsmﬁed of mtxatui 5n {;ré £ borarrd
at the -design  wnd mﬂsﬁmctan of
first thermionic suiclear Teactor. .
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