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The utilization of muclear beat energy in the productlon of
cleoectricity for speclalized puyposes such &8 satellite power ouppiles

suszest the #pplication of wte;s to this tesk. Concelvabdly,
our tecimology will be copuble of producing, in the nesr future, recciey
cored cpornting eb buperatures ln the ranze 1000 ~ 106°¢,  Wivh suck
wperatures the physicel properties of liguid matels lend theooclves
$o the speration of vepor g}f;}?s. I tba vapoxr cycle is oyplicd o
srofueing wotion 4n a liquid mté.l strocm, the moving liguid meotel can
be pzgsed directly through a meticpf;elc’. vhere eleotyicol enary ¢
be cxtracted,

For exsrple, 4u Pigure ) the vepor presoure of sodiun is
plotied o & function of cbsuluté tcmpcmture.(l) At 215070 e vanor
pressure for sodium i3 equsl to 6 wtmospheres (80.2 pala). For
notossiun the ecrresponding presswre is eagtimated to be about 140 usic.
From tids LY 1s spparent thut one cen ¢oply & hwat source of w.h Lpe
o proGace o supply of wmoderato presgure vepore This vepor cun oo
be expanied through & nozzle w convert & portion of the eatholypy I
the vapor into kivetle eneryy. Commiow.lw, the high spoed vaper
eould be used tw drive the bledes of a twbine to supply motive ;
to & generater, Con the other band, the vaper expanded throuch the
nozzle can be wsed to dircctly prepel a colwm of ligald motels Such
o schome is shown &legrammaticslly in Figure 2, Here we can sce the heat
scurce used to produce the vepor vhich is led to an expanding noztle in
& jet purp _orjnaoctor. IQ thls device, the vapor impinges upon and
mn@enﬁés in o 2iquid metal stream in a constricted region where tho
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£Ivid veloeity achicves‘ & relatlvoly ik value. In this reglon, Iif &

proper condensing shack'ia i’oxﬁ:zid, advantese can be taken of the hdgh

L£luld voloeity to extract eloctrical crnercy by ellowing the liquid to

a3 $Phrough the gcnem*.:cr. E‘ou.win(; thic, tha fluld enters e

. CAffuger whore its vnlucity drops to moderate vadues, The fiuld s thon
pessed ab somo walocity through a bheat rejootion unlt elfter which it vee
enters the jet pup reglon. The detells of the Jet pump are shown in

- pection in Pioure 3. In thio fijure, ono can sec tie eonuler arm@a-

nent surreunding the poriplery of the veopor nozgle porticn. This xesicon

ecls o the place vhere the liquid veloelty is incressed bofure Zis enley
into the combining seation., It cen be peon that a portion £ 412 Sluid
is drovm off wfter the jet purp and returned to the hoat sourer ws

makoup for the vepor fntroduced into the clrcuit.

Atheugh 46 L8 recoimized thuat the traditionnl efficioncey of o
lujeetor heg alwoys voen low, the reclreuleting systen is beluy studled
with tho cbjective in mind that 4 recscnedbly good liquid velocity con
be attained it moy be pogsoldble to inercase the cf‘fi;cimzcy. The poosibility
for tits is susgested from en exacinsticn of turbine efficlency curves
0o o ﬁmcticn.cf bucket to stean imlocity mtia.(z) From this it can be
lzscon that the efficlency of & turbine riges cg this retio 18 lacrecsed
and peoches o oeoidmim in tho vicindty of 0.5, Thut .in vhen the bucked
Lo moving at holf thoe specd of the 1mmsina stean. It 13 egyperent, of
course, that for this type of a ratio, the hydraulic lcsses would beeone
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very Isportent end the desizn of the systen would bave to toke this
ints sececunt, |

The experimentel effort to gtudy this configuration has been
storted and e;u:t.pmnt construeted to cperate inltlclly with cteonm and

- Waler as/trc cpornting medlum, The epporetus 18 shown in FI;J;; —;3:\\
N R oy .

T Jebt pwp 18 leeated at the top with the heat axchongrer mounted
below, The ecqudipment wes Cepipned to perodid flexidility in chenping
rolatdve positicns of cooponents nd poclifoning of the loope A :
turbine Tlewmeter ie located in the gystem to meaoure the flowrate of
woley tnd thermoccyuples are positicored threughout to drovide proper
ot belances.e In eddition, & throttling valvelns been incorvorated
in the lne to sirulate the effect of the generator.

If one ccneiders tho operction of a clrcoult of the tyne
aeserived durlng sporetion b oquilibriun, A force belence tcken over the
syoton viells the function shown in Flpure 5. Hero, the tern on the
left le cguol to the driving pressurs of the irpinging stesns The
firct ternm on the right is the total olectrical lond while the second
is the 1oo9 load in the two sections of changing ercss seoticn, The
Linnl term is slmply the hydraalic loss in the remainder of tho clreuit.
If this equetlon is gpplied to the slmple pumpling elrculdy, the term for
electricel foree can be dropped md corperison of cxpgrimntal cato can

te made. At the time of writing o preliminary run weg mado, The moasured

veloeity of £luld showed that the liquid attained a velceity of 70 ft/ecc
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in the constriction of $he test seeticns The corresponding vepor
veloelty for this 18 equzl to 420 £t/scec. It sppeers that this
velogity s lower than one would expect, Uotimates indicate that this
veloslty should be ab lesot 91k ft/see. On this basis, the conversion
of stean kinetic emergy o liquid kinetic enorgy 4s of the o_rc?.cr‘ Cf@ %
Purther tests of this unit will continue before conversion to iiqum netal
sperailion.

The inefficlengy encountered in ¢ system of this tyye can Cors
from several goureesd. Primarily, tbg major losses moy be o8 followd,

1. TDecrecse in shesn enths.ii:;y due to heat locs.

2. Turbulence in nozzle end Lipact area.

3. OB8lip between vepor end liquid,
Thisg 1s in eddition to the hydraulic losses, The first siep in the
progren, consequently; is alwmed ot optinmizing the conditions Lo
produce thoe flov.. | |

Pinally, when the experinents cre converted to Mquid metal
oporation it gppears that & muwbor of techniques cuan be uged in an effexrt
o dqg-ea_a;e Iydronlic loooes, Primarily, these era:

1. Boundm:y 1&,;'0:' injoection of vepor to reduce wall Iriction,

2, Ultrasonie cavitation produced at the boundary in an offort

Yo induce the ligquid to swply its oW Jubricating vapcr.(a)
3¢ Roduction of £low turbulence loss by magnetic fields
parallal Yo the flov dircction.(l” %)
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