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.., leveland, Chio -
s JARSTHACT ©° . : _ (polvphenyl ethery,  Lubrieidion 13 prod thd fur the beage
. N ! ' fogo In the turbine-nlternator assembly nnd the meroury

SNAP-8 13 2 35 kw niclenr-clectric apace power sve- *
ften, The system érorm.qn on a mercury Rankine evete
using Nab" {cutoctlc sodium=-potassium mixture) ns the

* hent-input and hoat-rejection working fluldo, The teot
prograxi has ovolved fwm on milln\ commnm\ teol phase
10 tesling of ) Extenshvo
teating has pro\ldod lnl‘ormnuon on tha rolationships
between componants oand the oyatom Dot are precented

howing the-porturtntiany, and thalr ¢ fn-
" heren( In 4 dynamto cystem.  Cause nnd crfcct rclnlho

pump-motor ussembly. Ceuling 18 providad for the
alteenstor, pumps, ond cleetrice] contvelt the organte
loep fluld Is patap drivea aud has itg own heat-acfe cll;n
radiator.

An auxdllury lonp connceting the two N Jnaps pro-
vides a thermal load for the coactor durknyg jnttal heating
prior to Btartup of the o comersion cyntont,

SNAP-R, In {ta current configuratton, han buen under
. de T nlnee 1963, Throughout this porfod, coas

to botling tratabil{ty, syatem cont
confrol,. tosting wrdchops, and tranolent bpnrnl(on nrn X
preschted as cbserved during tho fest pregram. The
bruadboard appreach to pystem teating and deoign has
proven opproprinte: -A eledc slmulation to flight- ‘
- configuration testing has been aecordpitehed while matn=
s taining the donlgﬂ floxibifity of o brnndh 2ard uyatcm.

[ mnonvc'non R
‘SHAP-8 18 0 36 kw nuq(om--c(ccmc povier cm\crslon

Bystom for use In spacd. Thy systom oporatoaona. .

Teaking cyelo end uges four lodpg and threo flulds, The

syaiont Yo ehown pchimaleally in Figure 1 The tnergy

sourcd {e «bux.lqcu- reaotor coolcd by o pump‘-drl\en

uodlum-polpsu(um {Nak) Ioop. . .

Th po\\cr CUNVETS)on BYACM UBCA MOTLUTY W8 & w1k~
Ing fluld and I8 couplud to the reactor coollng loop by
hent eschanger (boller) whern the mercury is prehented,

- voporlzed, wd suporheated, Thu saperhoated vapor
delves o tarbing~altarnntor aeocmbly which devolope the |
400 cpn eleelrlen] outpat of the pystem. The eaturated

Toeraury Vipor leaving the turblae panscs through a con

donser und then Lo o mergury pump 10 completo ita eycle,

Coqling far the condenact 1o provided by a second pamp-

' *en NaK leog vihich ¢ suples the condenser wagd space
lutac. The fourti laup of the SNAP-N syatem provides
lubirication und eaaling usleg rn ovgunte wavking fluld

tinuous emphasis hio been placed upon citective test pro-
grams to ohtaln dath for desfgm Impratcoer
demonstrate rellubllity. A= agesult, the combim | hoorn
of tosting In varlegn tont facilitlcs haa continuearl,
particularly as expertence und tmpravement cfa campae
nents and teat support tquipment have caused aa Inere o
in testing ¢ffielency. Tho tuating offfeluney of all facili-
tica in tho SNAF-3 Program §b shown In Figare X which
defines the percentoge of time the freflitfes have bevn In
apergiton, Tho rlep of cfficlency, particularhv during
‘the last yonr, s indleative of the L‘anUruM Jmpra\ cmml
h\ temng officionoy.

‘The most pigmiftewnt frature of the v h\ ETORTAN \w

héen cxienpivo toating \\ ith the SNAP=# cpmponunlu.mm
~ bined ito completo po“m- comersion nyateme  Durlng
* 1960, teating hegan on 1t complete breadbowrd sveivm

tnown as Powgr Convorsina Sgrwens L (OCR-1), In 1047,

n almlae toat facillty (iown ns W=1)~w&a put {nto opera~ ~
tion hy the Wational Avronautics and Sp «oe Adnifalstvation -

Avthe 140v1s Reagarch Copter. Doth of thear aystema use
all of the SNAP-#-compenents with the vxception wf the
reactor, rudiatye, and luld resersolrs, tating thua fur
has usrd gay or uloctrie heatera dn ploce of the 16 toy,
and nirecoaled hext exehingera dn pluce of the radbuter,
The pusgaee of.thege facilitios has beon to study the

. *The frleain diun A artng 11 tae paper n hased on che
work pertormnd undes Natlonal Acronaaticw ) Space
Admintstration Contract NAY 3-417
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h\!errch\hmhh A butwcen cv\(\ybnmh ond rystem during
. buth atehdventate aéer.\!lorr and etartup tesanfengs.

'l he PCS-1nd Wal hrc'ult oord ovitems. have bten the
. Achiclea by which much fnformation-has t<en gilned
towmd understinding the phensmena to be expevted In'the
{inoL SNAP-R avatem.  The pirpoce of this paper in to
deseriba the varleus wvitemeretuted phonemena ehocrved
duchg teating of the PCS=1 and W=l rvatema,  © . .

DESCRIPTION O} D‘llEADDOARD SYSTEM

PCS-1 han been ealedted hore o show the slze ud
conllyaration of o typleel KNAP=3 brondboard oystem,

JAn overall view of PCS-1 g noj pussible jn one Jilustrn-
tion due to the Interforence of test-coll wulla and stuuee
. ture, The bast perapective of {to alzo rud geemetry da

" guined from phetographa of a geale niodel, Figure 3

. chows front and baek views of a.1/4-r=alc-model of the
facility, Tho overall floor nrea occupis1 Ty the fuellity,
exeludive u( the'gan heaters, heat-refr-ton air toolc r,
snd coll serubber ayetem, 16 spprontmutely 050 ne, By
conteaat, tho cquivalent SNAP-8 flight syotem might _
wpl‘.'\lfy b packaged in a confen) ohapu aa shown by tho
modol in Figure 41 tho cone {8 rp;: rc\xlmnwly 12 feet In
dhmccor and 21 feot high, .

Tha ehotee of oporuung with a breadboard syatem an
‘apposcd o tha compact eyatomof Flgurd 4 has beerradvad
tegeous tu tho SNAP-8 Progrum. The brondbeard syntem
hay zllowed the dluco\ury and corrcetion of numerouy
oysom prebl:mu while rntalnlng tho Inherent vorpatility *
of hreadboard destgn. € quently, eny restrictions that
may have rogulted frain prematurely,(reozing designn
havo been avoided. Busleplly, tha breadboard sistom hne
the pame-testing value an a cempact ayatent. Tho primuy
diffdrences botween the tvo syatemd e in Hno leagths,
hoot lgsacs, nnd u-nnuport doloys. During tranofent test-
an (otartup), n prot aystom uny bly has a
" geeator hility {o phmulnte flight conditipne, During
uu'rdv-olul.n teutlng, howovor, which has been tho pruw s
dominant modn thus far'in the prcs‘rnkh the breadboard
oybtom 16 of gomparblo valug-ta a tompnot oyatent, The-

L, Ome of the sfymiticunt Ymproverooents of the test progermis

haa boen the evolutton o mare rellzble tout suppot oQulp~
ment, Chunges (npumy deadmm, valve deslgn, ¢ld l!rl(‘.-r
covacetione, ole o hive been wdopte a4 tnosledge wae'
acyired abaut G requlicricnsa and eapab{iden of test
support oppment. dt s eatim ited that thyengh eneofal .
pxoducl rolgfetion -ml desdgn, lhc problems diyectly
sttributahle to test support e qQaipmont fane been reduced
I 30 nince the boglnalitg of the test progrom. The reli-
wtliey of e overdlfaeiliay hus thereby been dncreased
significrotly. | Tes( support cqaipmivnt problcros hae
generally been eliminated or goedifled o whors n.(v hmo .
no olfcet on the ability (o keep the vy otem oporn(ln.z.
Instrwacntation acctirany, date veducden, ond dnln o
analysis June algu Le-n atrewscd throughuas the téol pros
gram, Timo and experience bag Jod to slznificant changes
in these areas, Irsfruinentatlon redardayiey han contini- .-
allv inarensed to outieTy the need for exteastve and relichle
dnta, The quentity. of, Inetrumentatton har nprroxlmnmlv
doubled during the teat. program duratfen, Coincfdont With
the wdditfon of snstrumentrtfan has been a notlceable up-
grading of Instrument quality and methods of instrument
oapplication. The rewult has been a decrease In lastrument
fafture rate und on inérer . .n Jata necuracy,

. Exmnuh ¢ comgrate T uoe hins atno evolved from the nowd
for more eomplete nad cffective data analysts. Comp.ur;-
‘ programa have been developed which perform- functiéns
ranglng from Instrument talibratfon to ctmplete system
and component analyres.
. hawo aeccsg ta rapldly ayailable dad accurute data to

oy nlun\o not only past, bul also current, porl‘ormnnco .

The ?Ca-lnm\ Wal brcndl,oprdt)s(cms h.\\oadcqu'\loh

. dcmo‘nalrmrd thelr valua an systom test faciliHen. ~This

succeas-in well-fuutrented by thatr vocopds ol.g¢ 2phed
teot timo and the value of the sygfern nad companent data
generated, . Figuro & shows the clfiefency of breadbaard -
syofem tepting ny nfunctiop of thno. The inergaee in
retabitity thaf had been expociencsd with ime o demon-

* ptegted by the elgnmcnm rise {n cffleieney (36% 1o IKE e
_accomplished during the lnnt voar (1907)..

“This. lcntlng

chief avga whore testing hag not 1-flight d
haa'boen with onctor ond radintor nlmulmlon. . The thor»
mal eapacitiea of the brgadboard~-oystom gaa.hoat nource
rnd ‘nir-cooled heat slrk require oxtrapolation of tost data
to Intovpret tranalent cteotn, This uama problem,

ho

unicas a¥eactor and radiator, oy thefr thexmal équivalont,
viero omplayed, - Overall, the bréadbourd nprronﬂh has
proven highly succesafil as o tasting rnothod

Tho teal pregeam has been typlenl in that many oubtle
aroas fnvolving testing metheds and cquipment have been
encountercd. A prinoipal problem has been the rollnbllny

w¢r, would bo ('xpcrlcncﬂd vith a compact o¥otem . . -

tata which hng been genorated hag. mad br-uulbcn
tem ‘tegtingn hlgl\l\'-suc¢pr«orul pr.\'( r'r the ‘%N,\P
Y.eogram. N

ﬂ\'pd

3 T TEST RESULTS

The pérformance of Judis [unl SNM‘-S compownm
and somao lmitcd ayotem p‘\rformmlcu were rcpor!cd
onrllor\‘) . N

Thq great value'of lhc bromlbonrd 3y qh.m testtng han
* como Jrom tha ucguisitjen of dita rogarding the porform=
wee of in n oystcin. \'v'hcrcm: each componcnt

of test support cquipment, Whercug SRAP-3
arc designed for 10, 090-hour Jie, vommerclal products
generally aro not.  Difficaltics wlth test aupport equipment
have elthor diretly, g Indirectly, been fnvolved with
many of tho tretng problema which havebeen experienced.

porentn

ssupersoript numiArs In pareathears refor to similorly
mumbered roferencen Hoted ax tke ond of this paper

« Page 2

eoupled With the syefem -commnchlperrormm\co .

.

An o resull, the dota reelplents | -

.miaked a sIngle pass throvgh seven paralldl tubes, .

\-ork\d well in l(p lrdh(dud toat inettity M n:malncd to
be shown it the compsnents acre romp'n,bk- with ene
anothor when, cauplee I o Yvnamie syvateln,  Identifieation
of the vartig tnteractions of Yhe vomponents and thay
cffects on system outpat fias boen n mnjor pecomplish-
mcnt of tha SNAP-H testing to date.  The eheuerved ovae
“tem ard comMponsit Interretions Hre Wincusatd below,

Daller - . : .

- "l'lu; SNAF-H boilir 4n n<ounter-flow heat evnchanger
which couples the rencter-coolant Nak Isop to the povers
conversion=uve 1 mercury loo;x(‘:). O cn evnd desln
e shown {a Uigure 8, The heat Input connfuia of 1300°%
HaR from the rencter. The NuK (law 1ate lows the Nuk
temperatur o drop ahout 176°F in pusting through the
Latler o - Om the seercury sldn of the holler, the mefeury
119
mardury atitera at 450°F {n n subCooled statd and l2ates
the Bofler at 1256°1 (2U0F superlien).  Fxperience with
boller wating b Included th teathy; of four hollers for
. tatal eperatiog tme of. 2070 hours, . f

The botler 1s a Loy corapotient with yegpect 1o
component-aystem Interactions. Sinee SNAP-g 19
dwmam{c system, it followy that the svatemn is gubjrct 1o

. perturbitions in the forny of pressure and temperature

variationg which uitiovately, ~ffeot uvusrem electrlenl
*autput,  The boibad 15 the prineipal tourct'of tha power= *
conyrBlot-ty sleth povturhations beeauee ef the cotensive
changu=of~a1-(c the mereyey undétroes during passage
throagh the bofler 1he chmging atate of the mercary

185 controllad By the heat-transfer ndes md-other flos

contition.2 uurochatéd with the acyen mereury -cantrdnment

uhea, To an extint, the thermudynimic «nd bhvdralie’
pl‘cnom.-nn4» ench.ot th> hoiler, tibcl veeur IRdcpendently,
Conncquv.mly any predesn Aflermet b facén Wbed fotone
talle gives ¥lue to cyntons pertathation:s, One of tho
foremont vbjrativoe In the Hotley Jesign haa been to

. nchluo unHorm tube perfermunce conoluting of stablo

“and cquh.:lcnl. mcuurv “Q”J'd-lfpﬁr fnterfaces In cach
tubo, < . .

'(‘ondmonbm- “Thn bofler, 3t )rc.’icnt. 11 the wast
unpr(-dlv.tnhlo 3
L het'te 2 phonomanon valted "dtcnndmvmnp‘ The viap-
fomo of n deconditivned helor are lr.complr-ln Feat4ranu- .

. for. vnucunlly dow prits vre diop, low.vopor . Ay,

presruze nst. billty, and a lnrgﬂ Anvontory of working
{luld retalned tn the bollor, Doconditioning oteura in
degregs varring fron nlight Impadrroant of porfernsace |
to the extrend cuse wherw the Lagler ou(lﬂ! mndmcns are
unacceptahlo for lutblr( nporation, » .

Tha phepdracnen cnul.jng “deconditloned performance
I8 Inadequuyy, pad peovly distrihuted curface wetting, The
veotting {6 geacvally n function of surfn,o cleantiness ind
matorfels, Typlesllv hé pacformunca of a deganditioned
botler Improv. s with opsrating e, | The scouring actior
of the flow Ing wo~Mng 1luld t nds to htlm{ abaAuit A we'ted
surfaco. SNATs osporionce with botler t ating has

B l'age 3

poncat In the system, A bollotdn sub=

B K] . J

“tnvolved Lol re which conditiuned franiediately upon

startup to botlera which, after svveral hundred hours,

viere still oot fully conditloned.  The time required to

condtin a batler Aimply by operating 1t is burkcadty

unprdict. b ather than to ray that the cleanes the hother

wid arnoctited 1oop, the sooner IWwill  onditton SNAR «

CRperieree has dwmgnstrated that, once conditleped, a LA

boller remadne conditioned, previdAd ue foudtgn materiat

{oll. or other mercurv-unetidng inhibitor) saters the

WRtem |
Ty miethortg hate been pacd In SNAY -x teating to

achleve copditiored Loller cparatien, The Loremnt, ol

Ao, mathed Fak been *o thogeaghhy olean e b

10 thin end, ele.ving methoda unhy reported Murhe:

olvenbl wnd subsoguent deving have been develaped and

“have proven efiecthie. A ceoad naethod tht ko jooeen |
. wed 1o achicve conditiontng hw T en the nso of wldithea

In the mereary, About 10t ppas of subldiom dded ty
e mereury heas v uled n fnstaptoncouss conditdening
of the botler,  rhs conditloncd ntude achlevs ¢ vebng
rohidjum has perstacd as Jong ts 1o oxvgen, or other
material wieh ceuld veqct with the rubtdlan, emerd
the loop.  Figure ¥ showt the innbat weous’clnze In

. vapor quality resulting fror o rubldfur fnjectton,  Fall

euperhent {a nchlered (o abot seven rolrutes ollow iy
mbldiur injection.

. N v

Thore are, howe er, peteatial probl mes fovehiob s ith
the uue of rubfdlum.  Tubldiuin coald ncemaulat i the
spice goal arcu since the mercury would hiao (avere
rapld rate of cvaporntion thyeuyh the weat and oat to .
apace thap woild the rubidtura; wvrentu:dly, the runtdiar ‘.
¢oncentration might become high encugh to form o “oltd
'lmn]p'\ln I tho fpnee oxot, Alno, rubllium oxide « mfpht
Jepaplt en furbine blo v, m-l nes b8, thueehy tmpadedng -
syem perfocmunee Beoiese of theee patontld prob- :
Trpis, the vie of wdditiven 18 not berg facsar d Ltea con-
ditloniog-methad e 3NAP=%,  The emphazls {n upen
materlal ecleetion yad surf.c.o prepavation,

Liguld Carryorers Thd many accumulsted hours of
oyatem testing have provided mach data N\llnrnl to
bollor-induced myatén: phennaena,  Care of O primoaey

, effeets the boilor hng ¢n tha suatem lo vpheconeaon

elled “Hautd eanxyorer, ™ Liguld catrvorsr (A minuty
dropr of mercury romrfed atong tn the s eper stream
liquld form oven though the vapen 18 supbrbeated. Sng-

“fnce Wnalon v et and Inadoguate cpportunity tor the

dropx 1o vontyet the hosted bojler tube walls prohihti

. :ﬂmxo Hauld di Op)B!! from becuning vaperieed,

Figuro & ulxq\\!‘ tent dataen ﬂ.c aquantitvof Neuld earry=
over that by been exparlenced. At dealyn o ratlon, ovae
Aitloned boltors show sboat 2-47 JIutd catvuver A lrsnes
conditioded botler hra Tesk e ool ¢ huit teanntr il
shortar length of boller (o atlably (er supecheating wnd,
consaquently, hag domowhat moxe carrvaner, Yhyure
ahows the rolationahip found betwoen Jiquld cartyorer and
boller conditioning. There dovs nat appear te b 1 great
chango of carryover with changes In conditioning.

B
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The effect of Uquid carrvorer on tho gyatent < nchawge
»urkine portormince. The Jouar valoeity of the Hquid
roplety resnlt in adrag cficet on the turbine vhetle,

6 datahave hoon gerraled In SNAD-X to8ting to deltne
) preclss mopnitudo of the effeet of earryover. Howaver,
xte-gelation fmem ctoars daty In the Ukeature Indicates
10t the SNAP-» nyptem might experiente approxhinatély
75 K lasg of outpul pomer for vach 1.6% of Hquid enrry-
ver. For d.cign purboaen e sopumed that a 4%
audecrryovorilyalwayaprovalt, Tuturebeller depijhs
o almed at roductng he cnrryover content,  Turblao
rosten damngo due 1o the iqud earry-yer has not keen
preblom, Over 2000 hours of testing en g atngie Wre
ne, with 4 eprryover tea of 4%, have
v only minor, aceopigble, cyosion damago to thy
ucket leading cdges. . .. R

alro neludea n weace of pet Avatem clcctelon) cutpmt » .
showlng tae Btable natere of the satput power. The net:
powor variations Aye 1ruflscernible bven thaugh the rgw-r-
hator pawer varfations wre 39.%%, The penalty ymposed
by the bodlex prysastre Tluctuations is a redigtion fn the

- net oufput power by an-pmourd equal to-the magnituda of

the Alteymator tutgad poner dips, .
Mertury Jnvertory: Varinttons in moveury Invontory
{0 inother phenomends charactaristie of the botler. The -
aptuht-of Meredty ootained witkin the botlet {s a fune- -
. {lon of the Nquid-vaper-interface locnton, The intertica
 tocntten 1o a fnzotfon ol heat-termefor conditions amd the’
boller conditloning atatus,” For j ronditioncd botler, tho

. pormod meveury fnventary s 2030 lh. For docondifioned

boRlere, SNAP-R oxperfence has Bhowp ihvéntoties.aa
high 0s. 75 b, To dotermine (ho morcury Iventory, $ho

. _S‘iqb'll‘l_ty_( Aroltuor boflor-Induccd oyttim pheromenon + SNAP-§ tollors have bebminatrumented along the oitors"

s preopare fluctuations in the morcury lodj, Yhiso’ <,
lzchialons nio gencrated within ths poiler wnd wre- o

aholl to pecord tho NoX temperature gradionte aloig e
boflor tongth, Figuro’T2 shows fwo guch teriporature

venamitted throughout (kD foep, The system cces tho’ >+ .profiloss gue for a coatittonod bolfer, and eno for'a -

luchaottons 38 a cyelio turbina tnlot preasure,. cyclle
oadenaing pressure, varisble morcury vopor density;
nd varkrblo mercury flow rato. The phencmenon iy’
auncd by varlzble hoatstranafor conditions within the *
cifor. Suspected factors within iho botler which fozd

deconditoned botler, 'Tho begiming of tho sicop slopo
of oach prolilo ropresenta the locadon whard betling -
teging, ‘The profile for tho deconditioned boiloR skaws
tho bolling reglon to have a difforent foontion than tor the

. tonditioncd hollex, Thorefors, the two profiles indfeato
ditleront luny S8 of bollor filled with Hyud moreury, For .

a tha Jastakiily nre alug-flou-balling, 1 heat
Yangfer af onc tubo with respees 1o anather, asd NBH)
low stravfieation. . . .

The tolter deddgn objective i3 to restrlot tho prosuure
Tuctuation o less than 42-3%, Thia chicedve hag keen
aceomplished oo {9 titugtrpie by  typicol precsvro
rice shown In Figuro 18, The presgure esoiliatienn
wave @ moximura magnftude of ¥1,6%,. A typleal feequency
o the ezclllationg to .5 epa. 'Tha genornl treny $3 far
ho esetliotions to bo greater for  lossvcandittoned -
woller, Howoeser, over a cansidorable rengo of condi-
fenff, (o tegt data have indigated that the {luetuolions
I notdpurease appreckelily. A baller suffjutently docad=
Htfoged to-havo excenrive (ohyrd &5 ) flactuationd vould
Meeatly be aratreptohlo to tho System on the grawnda of

©, < vapar quality, and, posoibly, excedpiu e farbine kro~
", sfod vatbs. Tha pransyre.fluctuntlone 86 pot (epreseat |

¥ haraed 1o sypierd operotions By tholr vefy noudee, the
Tuotuatisns are colf-dimplngs an Inorease iq Loller
yesem 6 enusen 1 reduction in faw which xesults tn a
sronate=reduing corpensatien, . i’ \

‘i 0 I AloFRAter odtpl pawer,  Alternator output.
~oravr vorfutfona eccur ot the sarig fenquency ol tho X
pregrure bad fov varlattont. Flgure 11 ghows a typlenl |
trpie of alternator cutgal poswr. Thoe power.vartationn -,
Amennd Lo a0, 250f tho (otul power, Tho ret elestefenl
sutput of Lo syatem, husever, daeo rot roffect the povier-

“duriation acen &l the pltemmator cince the BRAP-3 speed=

+ eonteol Aystem abaerbn AoV ONCCHE FOWLT MO reruivdd oy
vectul electrical output, Therefore. the uoeful eloetricat
output rcmalng it b constunt ol with poses fhachnlons
being absotbed by tha apeedscoitrol systan. Figuro 13

he twa profilcd ohown, ho maercury (nyentarios are

* approxtmately 26 W and 450 - °- -

» The dlreet offest of;n botior Invontory chargolua . .
chenza n couh N b t dndireet
offoet 16 & thinge i torbine bagkprescure ond alternator *
cutput power, Figaro 19 pregento the rolationship

botween Botler Invontofy und nfiernatar output powor

* ghowing that arf fgrease or deerensd in Loflor tiventery - *

. reoaultadn n‘corrusponding Jnerease or decroano in

1 - woy {n which thes prrianrqﬂuémn!(ona alfeet tho.

alternatdr output,, - ~

The sbeeifte offect shbwn Ip Figurddd {o genceally  *

- ndt oxporjeneed if the hotlor taventory, ehango 1s the
tepult of-bofler conditloning or doeendittontng.” In thio,
Gaso, the chungo -fn boMar liquld carryoer addociated
whth the-glienge ' bolier . Ing hon on appr t

*eqial, and opposito, effest oh ar;urnntor cutpet W the .
Lulier invoRtory chinge 3o the Tetul of phenomuna other-.
than n chapg in beller condfslonlygy: ruch so bottor ero-, -
o or & changé'in NaK conditions, then the cffeet defined
by Figure 33 can be exierienved. - A oo

NN R

. Trnnetent Opovatfor: The abei
systom ntosaotions nro based upsn At-ady-atate epyration.
Bolfer ntartup teats have fustrated pnsthdr tntoreating |
Lallok phenoraenen. Tha 8NAR-8 sfartdp ncherni oalle,
for pherepty Injeetion e the botler with the NaK-stde
of tho bojler alyosdy at fult temperatuce JR00'F). Thio

noturaf), gives @ potentlal fos pgher Inftind hont-trinsfer

. rates than would ho expartenced during ateady -stato

_ -oporndfon. Thrrefore, thero is the foeuibility of bolling,

and high pressure drops, near the mercury nlct-end of
15 holler during o startam This phénomenon hes bhoen

Pago 4

“denariptionn of boficr~

meorcury (nvantory,

, Any deelino In cond i

vhion el durfng som2, hut not a3, swrtupr, A tpteat
plot of Lojler pressure drop for a Sturtup Invohing

rressure~drop BUTRe 1s given fn Figaed 14 The hotler
prossure drap lehsporarily reaehen apeda of ahout 130
el and then acttied back to @ norm ol salue near 35 pas,

Other startupa have had n smoath nressuros-lrop ramp

with na pdpk,. Presummhly, the cocditfoning statun of the
Lolter affects the extent of n pripoure-dropaape,

Tko effeel on the system of the |rmesurc;cjrop surgelc
neurge In batler mercuty inlet preesart . The change I
hoffer Inlot preasure chinges the pressece Urbp acronn
e Hquid-mercury flow contro! valvo 8o thit the end
rewult 40 6 dip In Bquideneraury flow zate Rosover,
e enttrd pheromenon s Hmited 1o the Uquid attls of
the mertary foap,  Ne effects secur at the hotler sutiot
ond, conecquently, the morcury-sApar {low rate ond
alteynator pawer.ta not phow aay responss to the pres-

“ BUre gutges, The ned effcct fo simply ‘Isat the meveury
-Hepald and vapar flow rates are tempourerdiv dncgeal, bhut :

theveftect 1a abnorbed by o tdmparaiy verlatlon In bodjor

Faollurea: Four typen of botlor falure have eccurred
doring (uoting. The mest revere, and trequent, fathire
made has heen an Intornal ook betwoen the mereucy and
Hokl, Thia ladlave mode has occurred theeo times, The
cffcel upon the pyotem, heatdes the natural requirement
to phutdown, oan Lo vory deyore, As o leak deseldpa,

. the lirgt resudt 48 mtvreyry cerossing Inta the NaK loop,

Ugan pbutdow.n, huwevdr, the profsere gradient can
ocally yeverse and allaw NaK €2 chter the marcury Yoop,
Thorolore, the potential oxtolofor farnting solld amat~
gams {n 53tk the mercury Joop and the Nak joop. Just .
such an occuryence resulted the firnt tme on Inforngl

fopl occurced In SNAR-S (esting, Solid amalgams formed -

in-both 169ps and In she rotnting catponenta, It WAG DO~
eagacy (7 perforn extenslye compenint and loap disaa~,
vembly ta clean the sygtem of wnialgoms,

A yosult of thin botler fatlure, menittoring methods

" werw catabliahied to give carly woesinga of a Jeak, " Tha
“functlons pelectnd for monttaring wore condcnoer moydury

inyentory, WoK purpp-motar careent, and NaK fles rato,

L ) ¥ CEPrUBIHLS o posstile
norcury=-1o-NaK Jeak, particularly if there aro no Indten-
tiona of un extornal marcury leak semewhere fn tho Yoop,
or i thord pra ne indloationa that the botlsr luventory

* requivement hea chinged (ruth an from docond{tfontng).

Confirmation of f suapacted NaK lony Ig cbtalntd by
cbnorving the Jak pump-mgtor cure et cod the tnitleated
Nol flov: vate, -Both of these functiong are wensitize to o
(Infd desistty ehagge sach 4 occurs whenmercury {8 In the
NoK. By uaing thone momitoring roed 1049 3 woa peathle

" 1o mero rendily dotet when Buternal kollor locha bad

goeurred of to bubsCquent odcasions. T leaks on these
fettor occondens were deteeted in Unte (0 yoqutre ohly 19op
aleaning rather than ¢xteasive toop aed cempanent v
dlansacmbly, * .

A-socond tsge of bullor fullors In an Cxternal NeK ook,
This 1ype of ok hay reaurced at the Nuk catlets onneotion,

, aRd/or Leotdon at the wacirure felot
Bred foa o4 ad e Tereery Auttrinment Whes cootatn pldy

Haae y savpes el 0 be aghieet 1o high stierse s during
e startip trapstent, Yealy e & Ipg comtuted to
) Audv AL l\;r.\'\pcmbn‘u Ko 'Irntn ond «trowa Jevsds s thin
arrw, L s cor ’
A third tepe o Iaflors Bt W, Beasa Bur oy e esian
Wit the butliy | The

inverie ‘(u Mere o e Bad-mercor, selacfy o chiewe
R vt astion for cob ot fr wf 2 s ench pleg
was weand with avive e, Vs e e wpre ds v e
suhfee! 1o BEaty olammton cdley vaanton This s degr-
abl erfect was corte e d by chwging the matc Liuds and by
wiathintng thtvads o gaea s nes e plog rathe e tha
windlog I whth wire . :

A fo':nrth (otlure mod r¢cunaad fiou hotlry sinfoh g
Apecbrlplug iRert s atet v Hh vext gt h s tre
opdyabre The intent 3y es Digher degos o1 cary Vb i e
with resultont impran dhwling ehaw et te . The

effeet Was that e batlrag fr i partieada yofton of the

bolltrwas tevn ot The ey peeto ataie by Bofl o

fn thi HEhtepitch v gho Wi Bica e sl 1658 the yuoe aain
drop vhich doveluped was o high that oals 2 ot 1% of
normal flow vonld be forced Haaugh the botler  Thy yra-
blem wne casily retaeled b changing the plog s r1s e
fasept w lth J5ors joed=piteh v - .

Trrbin-Alfern a Ansombly

The tasbine«3yenam 9 5w by gonatats af tsy - ulim
aesemblions @ turhine @ Onbdy and w oltrenatal neme
v, - Theanit fs chown (8 Fgurad5, The trbin 48 a

fovr=stuze, aalal impale ¢ vvohing T3¢ fleot 0 o cond
steges are partlal wmfsdon, el ol demth e el
adrafxdfon. The @ternatin 3w o be pRg eIy coaled
rodsal-aly-gep. fovmepolir ffidyelop with o biwr ot aald
rotor. Tho electefeal satpat 8 d-phase, 120/204 volt, o
“409 Uz, Separale ba)) besadng st mblle s ars us o for B

urbine-and ulitranter. The arbine e contilecer-mount

and the nlltrnn!orh atraddfcspiountc ), Thounit npog-hoa
at 12,800 spiv. The turbine opruting Condltion Ja 2
£drv vapor flaw of 13,308 1 My 3 1200 F amd 230 peia
Tho turhine exhuuat peegfige 18 2300 pria. M these Cote

* titiors the grosn plectrieal owep S0 s @hout &% I for 4 et
uscful wyatcra calput o 8-k, TFomtng oxperiited hug

lnc']\;nkd B unfta for a tut,) acorucd time of B3I houra,

. The paxbine=attecndor e b Is the hewet of 1),:~
SNAPAY power conL cxalon tvrtend, SACTY et tuehidh
impoacd upon the anvrmbly divceth atfests tho uscl
Clectrledl output bf by canuall Bys ., Cone quenth
he flesign, operational mde, anliysiens Tntok.ctlons
fnvoludng the: Mrbing ~itvrimtar wvsi mbIy pocformune s o
of parampunt rsportanc &, Tasling ceprie pea il fhus
Furbine =alternator o is wbly b edvaongteate Yo of
clguttl 30t dmponkat- vAL W frcrAcSne,

Tarblae Efftcjeacy: The fabet woam dvothenmody-
DAMY QD arg ot oot B whoa uperaded ot dessgm
eonilopn A dothation froqu Qe aiga Conlithonw o igyen
an efrfefones deerease an ) exaltart Qe ine by us ol

Prgy & ' v

s g R et S ey P ¢ W Tty <, ....l
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ay tom output Ot o oveae lers daring turhine spuration,
tmeraal turbin: eh @Edn econrnth g AffC et ke By tom
The el vecarrince vl e ol o coling of the
agC e, e bk wkich h.L-r\ a0 W effCotive navs
A Yo dheat 3% Aok d serenlest go L7 g
Wuphvagne, with asse chtud ercied Jeadage pathe, wie
alsen feend, TEhe mverall ¢ ffs b nas atkerease in offi-
cieres and sustdm vutput, T oaferits of the Intiinai
ehauge appears o Rave happored over aperled of on
R . Elpurs o cLosn e changes, dukipg aseserals .
howr thee spen, In trbine it preasare guhich i i
s sy proportienat ta ans sl weap, altermator elcess
et otpat, Wd turbing oiffowac, For vley minuges
theve < v an actuad tlpesomat B prrfoentanee due to-
the {nitial noszle=bluck shittng, The culpat pover and
tuetyne SEch nev rote Lol 0% Appdrdntiv, 1 moie
optimurm s, 210 UGN e was temporm iiv acldeyed,
IHowever, the net cffect ae Tpyzrle hlued, bad ccttied
$oto its 1nat posttionuas adc crease of dout 16%an

antornator autgt md wphiteeuiclar 0 - N

To uorr;cl this, the firstestage nossbe block retentlon
mechaniam v as redesigrod and the secimd-stage dia-
por igm m:\h-rl.ﬂ way changxd. .

A . veond (\quk'm‘( sith internad tabine chunges Wus
the re gull of mazastranafer buildups within the turbine,
Thiz phenetcacy §4 s el A function ol system mates
l‘lulu spc Lol opesation ol lng vapor quality, Duciog
k] extended peraod of boiler opeiation o' tow qualitics: a
yeduction of about 2 (o first-ntugd nozsle area oeeus red
" Reduction of ne 221 by I thé vther thege stages alvo

ocerrred, hut 1o a lesper degree. A the batler perform=

et tmproged. the arcax gradually itereased, The feoe
Lond, third, and fourth utages regalne - most of the area

they hod Joet, g the Tirst stig lﬂ\mml to nnl) WS --m'i:
of its original \nlur L. -

“The choage with timd"af the nral-al\qc oz ale offee-
vy area wnd MUrCurs: yapar quallly are shown In
- v Fypre 17, At neminal operating conditfonsg, 1o gred’
- echange shawn “ould.result b o turts mf‘-c“lclcm.v dip ‘.r
Iut parcgntuge pointe and a svstem output poser dipof
4¢3k, The remaedinl actlon tr to niaintaln the halfur
at higher nullnl vaporn qualitics flering perloda -)l
(.‘tmaluunlng. i
oo 'mls- \mhm the (url:lm-nllcrnn(or m-m‘m'nl\' P
there wre tao aifforent fJulte, Mercury In the fushing
working (lu(d, Al palyperal cther 19 diled a1 braring
tybeteont. e ln\mrlm( o preveut Intermixing of lhow
two fluldo, o -

To provide o hul‘l‘l(‘r againit Intermixing, the ancome -
hly hag o epico renl The mpace staf epetoten an
the prineiple of dy namlcnlh holding the tao fluids apart,
@k then yenting tu fpace thow s portions of the flulds .
which evaporsde snd thereby cuceced in eroading the
dynavtle herrler, space uimulation 1o accomplished 1

* Yie breadbourd system tuating with vacuum purapleg.
Somoe lors »i mercury and lubs feunt-cootant o expcted,
.

*oil. veparator shigh s freen effestive In ucpa\‘nunr‘:\n Do
’ o0p, (m Rorpe -

and alluned for, {0 the nuatem dostfm, A geneeal design
OBty B e (n o restrict the Joas por 10, 600 hours
to . Lout 11 of mereury and ope e of fubrlcant-
saitl - With 1{gard o reatisctiog the Interdiifa’ jon of -

Iy

. fanie the objedtive hus Boento Himit the lnludurmlbn,

ts hout 1427 of the totad Teahage.  The o alu.4isn of the
Space B Al hua hoen one o Ihc (mpor:nnl o smplishments
mn IR INAP K tenringy [

T ahoglicet on the svstem of epscesseal te u‘nn;u\ fu hpan
tn 'ygare 3, The elfeet fs actually one of improved poes
fosmaney . A boag of mercuny deereaces the eondenyer s
Inveatorv, wWhich Increancs the condenuing arcn and
deercuses the turbine hackpeessure.  Therefore, the
syatem clectrieal oatput in inercasud g8 a result of the

. insentory losa.” However. this ould enly be true upte’ .

the polntwhere. the gonden wer 13 ln.pl\ ., Devond this o
yoint. there [3-the (lmi;ur of mirciny-pump ens ltation,
Cerfatnly, 1t I3 more desirable to ainimize inventory

. logr &0 as to not_appraach the erI€ul point of conplete
condengor Inventary depletion,  ibrlednt-coolat fodk
hes no cffect an aystem performance unless, here again,

Jacdnventory 1y Iltpl(l(‘d 1o the point r.\t causing labricant=" . ‘

('mlr\nl pump cavitation,

S\ulem teating to date 18 not been deatgned to
aceurately moasure the fong-term spuce-feat faakage and
tatesdiffusfon, Such measurements In other teat fuctlitics
hard, fowever, demonatrnted that spaceraeal lewknge and
Inferdiffustoh rotes are within the Jesignobjectives, The-
contribution of the 3y stem tosting ta ypagu-sLal ov alnatidn
has hean, rather, fn the rcnlm of avatem ptartup and thut-
doan teokago ev aluatfon, * Slaeo the epaco acal depinda vn
dymumie action to-cruge aealing. the startup nnd shutdown

conditloits requlre spegiel stotic srals 10 ristrict Teakages -

During o sturtup, rubbing-contuct faee acals are kcp‘ tr
coptact uptil & minimum opeed has beep ‘vravhel,. When
thi: minimum’ epeed hos Yicen reached, she weald nhe”
preumaticolly Tifted, Syatom- l(tlln,, hna'dcm-innxrnu <)
that the ptarfip md thutdewn tedkages can be ‘eifecthvely

’ “restrfetcd. On fnolated ceeaglong, when the start acals
ucrn nat projosly ongiged, stacwp and shutdown loakages "
hqu been cpereed, But with praporly’ functlonfog atirt .
<geatn, no viathle leakage of mercury or lubrlcnml-cwl.\.ﬂ
Jhaa hoep deteetod,  Deglgn work 1s conunuing on. \hv a|:1r|
eealpto lmpro\o lhcl— .nclunuon mothylsl ©

- FEEPR
 Peatsatous hmc been mado I the breadhoard pyptem |

lcsung 1o hendle any gruan contufafnatlon of the mertury

2y the ofh The Ygukd mercury pauses ihrougf\ 2 1,1"1\“\'

ol) npdvartenlly nilowed Ints the mereur,
ahqu.mu, oll hng been fow! tn the pepar ator, npruronllv
“thd resuit’of- lmpropcr start-snal peta.tion or redliog,
Th ol ceparator hq'\ Dbéen u vulunble syslem nddition by

) olminatlng ot eant groas ofl entennce Into the l»ollcx‘
which could redult In LoHer dreonditicnlng.

Fallurlin: Thnc tdrlylno-nllcrnulur nunc.nhlh ] h‘\\('
!nlkd 9% on¢ roasen or andther durlng tha breadbosrd
uy! wlen tenting, One fatlube lmnhcd tha dinintegration

Page 0 .

of the firat-ctago wheel, Tho other two fatlures were
- muth lenn movere, conulsﬂngn( virdosscal seizures fn
the n\wmulor.

Tho dirintegy '.lon of tae ﬂral-nlnp wheel {8 o good
example of thoposatile s¢vority of component-systera
{ntaraetiond, { Thiz fntfure wan the tndircet rosult of o
NoK-loop pump fallugp.  The -gyatem wng operating tor-
matly wWler hn oporn &rcuit onlthe primary NaK Todp purnp-
mator coiged § lonn of Naki flow to the baller. The t6n8 of
" NoX flow very rnpldb Feoulied In o Yous of mercury rupera

* huat follyored oy a decreasing mercury vapor quality, The
deerease {n mortury vapar flow reduced tho botler outlet
_mereucy prescure which, In  turn, lowered the mereury
“tepperature cindo the mercury vapor was satirated
. Thy evorall ¢ffeet on the turblne woe & vory ropld chdnge
. of fnlet merciry temperature, A maximum gradient of
- abeyt ST0°F por minutd Was recorded. It 1s conafdered
. Whely that the terperature geudtent and Tquid slugs fn

" the nn!urn(cd vapor pradipitated the fallure. The nvatem  *

. has eince had a rafety featarg.added to iold a

" reoceurrence of this tipa of shutdpwn. An auiomutic
tranafer mechanlsm now sturta an ouxfliary clectromag=
netlc pimp in the cvent of a logs of privoury Nok flow.
In the W-1 factlity, losn of the primary loop flow nuto«
m.\ucnlb} ahuts dovn the meveury loop,

Tho alternator v Ir#0-6041 « clzures were hoth the
reoult of alternator, overopeeds, The firps overupesd
resulted wEen the m rate whs changed te
redace e sygsontopevating power Ievel' The cxtornal .
foad en the altorpater was uculdeatally loft too high and
the alternator was unsble to upply both [t extarnal load
nd the speed-control pauoe requirements, The vxecap
193d on the alttnater yralled the'voltige dovp ond &n .

" undarvoltage safety mechanism, (to peotect the alternntor
against g short clreult) remoted the oxtornal allernator -
1>, The tarbine-altrynntor ausenibly: then wunt fnto a

L uneway deeeleration to ohout 17,000 rpm and ‘0 alter~
nator vieco-poat uolrcd- _The systom oporational ragde -
wag Bn'mcqucnlly changed ao thyt s undes soltege cundl=
tlor stops moreury flow and then vremeoyes alternator luad
soveral reconds tater,  This remedial dotion oftminated
(ho pw' shiliey of o reocTUrtinea of the overepced.

Thf* fecond L\l(om:\!or owrc.\nnl ar.d sefzurc egmur rcd
durlng Sff-denign performanca teotd, The pavticular test
in progross required operating e Farbinn-alte rator
(U:(ut‘ml\h' AL 13,5000 ¥pm 4 opposcd 18 the noreaa) 12,000
rpfn, To oprrrte off-gpeed, Al oltonator outpre,
including peer normally wacd.vor pureps cnd apced ¢opra
trol, won Yooy dellececd to an extornal Joad bank. The
regqultant lood en the bank was 6 Fw a8 cpposed to tho
uguok 35 kw, The excens load tripped tha load bank .
thermal-overload protectfie awlteh and diceennveted the
“eatire Mternotor [oad. The v uft was o overspoed to
“.ahout 10,000 rpm. and n v{aco~seil relzure, The correce
tive action consfated cf changing the thermal dwitch to
give nwarnfng g1gnal rathva thas o3 conbuctirg the toad,

Aeny 18 the aamd”

Condﬂgm r

Thn SNAL=3 cConunmer cotiniata 6 73 guralle! tanered
tuhes coclosed in a shelt 97 T paereusy condontan
tlen opcura inthe fabr s and lhm}w\t-re)rc'.(or.-‘.r-pr.-.\' ®
Mo n n the cuter sl ll Tho tager of the tubea provtdes-

Tadeereastg v pots flas Arca s Gt vapat velacll 48

matntatried cvon thragh the gas s oy of v opor ke aberes ave
kog. Thia feature provid v otuhhe Jtgetd- por-lnh riaes
tocatlon undor conditiona nt - oy sty pparatian,  [he
condomsar Yo o\ 6 I Nigne Yo

The parporet oA the condon v et e the
MOFEIEY Vigog, tu <ubcool the Yiguh) bo pyen g A quate
NESH for the Hquld mescun yamp, -l to prosidr the
proper Dackpacsury for ok Sartine AN Tinal
operating condition, the ¢ ondr ot Pttty erens
vipor fnlet kmperature of 07T (41,0 \ the mirm
eury eendinres \t GT'F .ml [LIBTS PR Tl oot
Wt v
&n'ﬂnunp\rnmn (B3 X- A tple st )w-m o uey
Inventory In the condenecy g2 03 b whleh o e e et
22 inches of the tetal tuhe length of 0 trehus,  Frgge rlone
with tosting has fneluded the terting of 3 wuts for a total
operating Ume of TRp0 h-\\fr-

Iy vietue of 31 fonction of ¢ nthluhing the Db
baclprossure, the condin er con bave Rt MR X\ 09
-rm(ox] SVt e erall porforman o, S b
has demonatrated tea madn e s o fmportant «.
8yatem intr rrctions,

Boncordenblin: The condim cr pranpl o ¢ ngtar
baritier to the passeze of .. that et by coonad
at the temperatare’ and pres ure ol the Goryvn e 4.
sclorfty of the condenus 3 Uqub b feavfeg the oAl n,or §
net sulficlunt e A gas LubLle gtudnst the Hogtivg
petlon of 1'p opuication Daritg oo co-g njx o e, the g o
could racre on through she comeh ey + Can uontly
Qiring ground tenting, v Ronus el ble g 1s the ;e
tm f5 wrapped (0 the conlenvr TR oy kv apar
voloelty enterlng he condvnapr Jn tafftel nthy Tglith A1t
{1 thought that tho noncoadennibiuz wccupy \nlum'
adjacent te th- Ugutd=vipor ¥ vherface. Tl s of iRt
selume §3 dep hdent wpon the wrs ant of nengondonih Tos.
Theeoffect then, 0 that the ¢ opdGo o1 Koty degrr, 1 ¢
area sraflable for heat i ranfoe. The cfloe o the

f the condenvep hot shovtes faby
Consrcuentls, neveondinafhlus roesult sn on lvmn JANLY I
WrLine ychpresAwe Al deccense (o Aatem ¢ Teegelcd
culru!.

Tha clfeet of nﬂr.cmd Rl oo v fompoefor i g
18 rhoun fn Figure W0 Koo byRim ¢ leeted st outpat §¢
shown as a functlon ot the miggnitad of penesnd pafnde a,
Beewee of the eonvitgable offict o iane rlpsthloso o
Fyetem perforsoarc, (LR impartant to £ feret o
cabraace Inta tho oy remy, N
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Te¢Tarls 8oarecs of noncondons bler ixist, The first
satee b.irermplite cotgutsing snd Joop Cyvatuation prinr
h rlartur. This protlem hug bera hnglet in SNAT=4

csUng Ly e:tzblir bing mainimem uv‘('cpbbk‘ \.mmm-
r(t@ﬂm roulTemonte prfor o starup, Pricr &'
flartep, vrb Aazuanm £y ctem 1 valved oft ard the ruemur

ccay rate'ls monttored, The uucptamc- deaoy rite t8
Cstablithed st a minimum thet pecares no poteptipd Doa=
ccz,dmsxnc probicma, Loop outgassing o sesinted by

* - pufiping o7 the aystem with the botler heated to full

‘ apsrafing teimprrature Ly the primary Nk Joop. The
eeeond rovree of mcca-ul’nsmlco 18 in-lerhage followtng
startup - With ke wxception of she asea from the turblne,
st to the condenser, the mercury 10op shwovs vpers
ates sbova stmeepherie preboure. Thexeforn, there Is
crdiratfly only a lHmittcd portion of the 169p where o lcnk
could prrmit gas entry.  Howover, turbine lnlcrslm
prescyre instrumentation hay grovided an ddittonal
rumm\\htrc alenk conld recult io 28 Sh-leakege. The
Interptage pressure Instrumentatio Hres pags through
£n internal turblie cavlty which & .nted to the turbine
cxhmugt, On soveral occasions in the test program,
leckage bas oceurred ot the Toeatlon whero thece tnatru=
mentation linco pass through the Internal turbine emdity.
The repult wag a significent ingestion «f poncondensiblea
{airy. Thio source of noncondzasitles haa now been

climinsted by ehanglng from brazed to welded Inu!rumcn- .

tatlon cr.-ancctl(mn.

Tta qurcuon nnturully irivea cop;cmlng rcmmal of
nencondenribles diring testing.. Thio has not been
attempted t gate in the test program, One problom {o
tie ques of how (o 5o b the removal, To vent
the condenpcr Inlet woald prabably be treflective. I the
postulate holds th-d the noncon I nafbice

T MmO e mereur) Viyor. Jappcare Hield that the nons
eondepsiblen are (nd” ¢l inntde the tyeer, Beeaw e durlng
out teot perlod when 190 nencondensibles were 82 cxten
afve that they had do(hled the eondenatng pregsare, peads
Ingu of pre v 2l Ymperaurs bl tae cendenrer Inlet
were ptil) v thi mereury vapor saturation ind.  Asrum-~
Irg, 1her, that the nomeor donsibie. are Joeated within the |

tobes, removal ¢f the noneendoncibles frony the wp of tha,

<undenser 'Mu.z) requirk raf-log the liguid-vapprinters

face t pach the aoneondensibles ouf the'top, To” semove

all the nene on tensthlen by puch o procedare would be

fmy ¢t etlead since the turbine boek, PreLOUTe weuld cimul-

taraaty ojre, probubly ¥a unpceeptable Yovels, - Pos nibly.
" oppadue apprarch, of ropiosdag tho poncondinpibles
from U bittym of the condensor, could b ured. Thip
Tatte £ method would rdquire 1
traerface ot of the eondineer,  Providod iat ko ner-
carv pump NPAT w oo wsdntideed, this approach might
Prove s pteble, a1 ar preoently in vlfect to

atfemit to vent the cendinrer, Except for the provlent of

turhdrs tn trumoitution 1o leata, which fo correctablo,
e sppearn Lo bt Lo yrdblem of neacendensible bullifup,
(RIS R0 3 DTS SFIRILTS &6 § DU TH

PagoH

we loeated inotde |
- the mereany, tben, then vemting b Endinrcr weenld ondy -

ring the Hqtdwvapor- < '«

Lollcr f:uuc! FYroean . Th':'f rrcs'r)lj(' fluctuations at
the condemnser Mffect dlternutor datpat povier Jusl wo do
-boller autlet turbige Intety (luctuations. Therefore, on
imprrtant conalderatlon-fa whether the condenger pres~
sure, flactuntions ave etf-grnerated du~ to ho condensing
Proscsa ur ure afmply v flcctlens of the baller autiet
pressure fluctantions, If the presrure-rices at the e
bine inlct and outlet colrelde, the torgue dcwlopcd by the
turbioo would nat vark ar gTeatly as it wonld if the prese
nare fluctuntiona were 1n0" it of phare 60 that a pouk: ot
the turkine nlet santched a dip ot the farbino octlet, ond
vice versa, Thus, the ultimate power delivored by tha .
£yntom in o function of tho sourca and phase rclmlonphlp
n{ the dcpsing prtnmm: 1l H <

Teat dota hove provided the answoer to the question on.

tho relationohlp 'bctwcr_n the condensey” ard the beller - -

prescury varfations,  Figure 21 aho-va trades of boiler R
outlet preosure and condenoing prcnuuro. The varintionn
aro cxactly in-phaee ond are of tha samo (requency.
Thereforo, it {o concluded that the system oatput poxer
variations arc a3 small aa péssiblo for’ the turbtno folot
and outlet pressure variations that cxiot. Thoro are ho
tut-of-phase relnt(o-nnhlpu to mrthcr reduce the net sys-
tem output :

Thc funcuon of tho cl’cctrluh-coz\!rol syulcm afe - ¢,
fntaln the turblno-alternator’ bly speed t -

ot 12,000 rpm within 12° s while dalhar]rg any requlred

sehjel lozd (system net uutpul) bewween O and 35 kwo, ‘

and to conlrol {he vehlele load veltago to 1*o/zos volis

* within 25%, | An pddittonu) requirement of thu dlectetcal

«controls 3n to prc»g"nm "thy segacnce of events durlng $hd
period of gystom staftup. This startup phm:(. of oprration
18 pot (naluded hore ‘since syctem sfarbip o5t have nat
yet been c'mducl(vl hawever, rystem startup (eats arg
planncd for the neav. futare, and companent tenting-haa -
lndlrw d that |h¢- atart bynlcm should operate n;ucccu;mlu .

. T

Thu cleetriea) l\)nl[olb conuist of tao M-ﬁo uniis A
wl('-;;o nguLmnp unit ond 1 npc('d ctnirol. unl( The
“oltaje vegulating unit 8 of tho anlpl-state nagnette typo,
The onft -grutn vollsirequency and odjustn, \ol(npu 1
" mufrdaln o conttiat roetle of velte o frequcn The (pu-d
epparol umiL Lporate rrwastnaing friquency urd "h"rglr .
altemitor Juad th eorrest oov ehz 2080 ba e geeies AL,
prtigitic W d o uged by fle speed contyof bily ta ehapge
the aiesmiter 19:d7 The ¢ waitle dead conblaga of a cot
of refictarn locm il tn ko heaterejcetion lnop. A fotal of

505 ?-/urs of tenting I veen, .«.rumul..xci on m-clccn -

el ler(:ln.

Tfm niccactionn Betuctn the clecteteat eantealsn ond the
secem fall ina two malg eategosfcas “thecontval veqalee)

—e— L g,

Rl bearinggs
. unlg o tuppress cavitation dir{ng the atartip phase

Ledsuge of parmal avetem perbarhattans and the cantead
regalrgd becruse of raddon cbanges $n Achtele Iagd. Each
of thece phopomens hd boen ey aduatad durlmz sVaUm
Jtestg,

“ormal syhtom yortar-
tiona In flo s ;) prersurs

“Mezused by e botler, Thege fluctaattons resaltin varfulile

torque development.dn the tufbine  The requicoment of
the clectrical comrols {8 to vary the 191d o the parasitic
1nad sealetos In A manac e that cumpenuates for vhe \arg -
Aale alternator cadgat,  Concequently, the parseitie mad
to varinhle, thershy protiniag a constant vehicle voltage,
Teat exprrience hos fnclitded operntion with bollers »with
performince vavving feam a velatively stable, conditfenc.)
- Btafn to peration At a ¢ conditiened atate giving riee to

* altcmator output pawet variatimne of #8, Under all cons

dittong, the testing has Jemenstrated that the clectriéal
-controld can and da malntadn ey > ((} nd \ol(':{vc within the
dcnlgn rcqulrnncnh. .
Sudden Chatign of Vehdele Load: Th mont extreme
operating condition of the cleetrieal contentu during 4
sulden application ar yemoval of full vchicle 10+d, “This
‘oparating condition requives a sudden tr.mfer of 45 ke
cither froni; or ta, the parasitic lood resistor, A lozd
transfer of thi= magnftude Incvitubly caaden g prrturt as
ton In alternator speed wnd voltage, The objectve,
thich was succesnfully met, was to ma}o tho transter
with 2 froquency teanniy at.of no more, thin 2% H7_and
with 0 damping timo of pot more than Hix opeflfwiong, =
Figuroe 22 shows 8 {zace of aetgneney wad voltuge durlag
7 typial appllcation and remioval of ' 35 vehlele Jand.
The perturbation maignitude nnd damplns' e are
. npproxlmnlcl\- cqunl to tho dualq;n o -]ccu\a.

’ mmE-Sto:er Annémbifea

" pump-motor assombly R u od to cach of (¢

vy

. Joopa of SNAP-¥, Sinee the pump vorking Mugdsi are
* Jeqatd, tho mogrdtuden of compencnt-ay-tem Interaciions

are ematl by eompatfaen with the fatetustivhs fox e, .
compynenta sMacugacd thus far, For th3 pumpemator
nnncmbll(u, the experitnee has b¢en more oneof
-ohaerving the-cffeeto on the componenta of fuctors’such
‘a5 Byctem cleanHneas ind opérationsl methndn, The s
pump-motor asscmblica for the Fu-reury znd fiah 1aopa
drg dlaeussed Ind lhl-h'-ll\' below. The Jubcleont-caolint
SPURB-TOtor anrembly hae, bev virtdotly troutdastpvs
m’.l HA nox diceyn-ed.,

M‘;L“l:v Rump=Mofor A :m'g_. The wercuiv yramg
motor antembly ®) {3 rhonn dn Clgure 23, The unit 19

hettaetienlly ocaled and campriees a wentrifugal g4 mp,
dynambe deata, Induction mofor, wnd ungular~comtact
A JCbovuter pubip fo integral v ith b, -

the pyatem~dovelap 3 net pasitlye cuctton hed gn Ty

- Beeltg labeteatien ad sy cenend Ll motoy cealing e

provided by U [ alyphr sl cther Tubeoteditec foligt Mlufd
Theunft £ vu v with 450°T racecury urd JAnos

o Poreling o cfntrifygel pamp, hermede iy -
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.wore uacd And the pump-molor asgombtice were

*Tho first tpe of nteractlon §s the resuds of Iuproper <

“blcedlug” of the aacembly, Beford a pumpsmotur

-asnembly 1o filled with Na¥. sthe rectroulation toop

contiins on foerl gas  The repirculntion foup must he
curclulty bied la eemone ol the gus to complelo the
fodp f1t, Incomplete hleeding has posutied f ceratle
raofrautation Joop flas ratea fnd high motor 1CRipera
fures. On eno oceaslon, gas eatrapment In tho reclreu-
Jagton loap cpused flow. varlaftons of 127 I the mala
NgK lcop. - Tho gas in tho reclrentation tonp $ad enuced
v §atiena tnaecircatation loop lﬁm which vesultud in 3
henting wd coqlipg eyele of the muin pump-motay shaft,
The temperature variation of the shaft caused o viriatlon
of Impetive-tu-houding exenrance which chmngcd the
pumping characiersoilcs af the pump. Tha bleed pro-

Blem in avoided by ndlequately hlobding the aszembly

In}iiadly.” o the ovent of on fncomplete bleed, axperis
cnce has shqun thal glopplog and sthrting the pump |
aevral times sulficiently clears jhl; foop ax pas.

A accond basle componcnt-n; 2\em imcr:cmm faa

heen the regult §f Mmnss transfcr and Nak oxide dcpoalts

within the pamp,  Unsler normal operating ¢onditions,
the loop oxtde teved I8 matntalned Lelo 30 ppm by n
iR purkfation system which ¢old-trips Nak oxf{des
and mast-transler products, However, on many *
oceagtons Ja {he teat program it wes nevessary 1o
Jparat for periods without the NaK pump~mstar aspeme
hltea. Puring these poriodd,-cwcetromagnetic pumps -
bypazsed, When bypassed and sitting idle, the pumps
were cotd relative to the Joop. Consomsently, tho pumps
tended to colfget oxfden i moss tranafer praducta,
Theae deposits wore the couse, at Jeast onee, of e
pump complctely freezing oo “that 1t.oculd not be started,
normally, Tho pusp wae finully started by ru(aung
slternately forwarda and backwatds.

FUTURE TESTING

The S9AP-8 Toat Pregram 0 datehas primardly

»_'bccn ln\olvcd in slond;-stato lnn\h\g with the bastg

t porformanca rnd

8 ‘,,Q‘" intorketionnss The progrom has been

auecrasful. More than 160,00 cumpunrnl-lwum of
(enum were ueerugd) by (heend ol’ mm ah the Intore

hips Letwcen ¥ nia nnd (h\‘ futem have
)x-cn welldefincd. 4B has bedn disvussed, the perturs
1 1tlons and vther phenomelin charavtortatic of ENAP~Y
Kave heen enthtied it the sagtem has twent ahn\\h tu
e ntnhlg‘.

Future teating il apply n\dra cmphnals to Ihr nyeae:

_ of tasg-term veltabiyy deniogaty atlons nod sranslent

tusting oo W erlates to 5y stem wtariup, The oh}ccuw

of SNAT=h s 1o run contipuously {or 19, 00g hourg, 4ot
the testing gonl iy to demonstrate his 30, 000=hpur
capabllity, Any compontns or svalen degradation which
18 Hfesrelated wilf e ldcn\mrd asd covyective mensurea
~witl be opphed. Tht areq’ of translert testing will bo o
significant coniribuilan 10wnrd developmeng of a fHight~
Fated SKAP-% svRighi, Annlyiical woek han pravided

" the groundnovk on shich to hase| the atartup proccdace

_ devlations of u brexdboard 8y stem fvom g Might<

for thc sysicm. Tho primo congideration §s to avold -
adversc tempcrature ‘gradicats ut the veastor during
the trimslenl perfarmmnte of the power contersion a1s-
tom n3 the ralaling comtponents siart and tho svsten: dut-
put 18 raised to full-power operntion, Planned teating
wil] Jnclude various startup mosles to fdenify the most
appropristo acheme cenalstent with o rolinble povers
converson-system atarkup antd acccmahlo xmﬂor
tranaiens, . .
The l-h.x\dbund appr\mch w lo\ﬂnnhm heen mkqu.tlt‘ .
doring the skc-vds-smm tosting € 2>y fuvleam thes far.
Ax the festiug proveeds tnto transiag perfprvuce, the

N "
ronfiguratton become prote <£gnlr|cwm, Now, tansparts
dolay g, heat dussea, and e Bhv, heeaquo hmportant.

- Even heroy though, the present breadinged copfiguras . .

Honssire espeeted 4o be infenable Wiaduable “extrpelis

ton, Bt applyng 1he ansdstien) work which, lns-lmn N

pr formed regarding startup pheaomend; § nm e pue-
RiYle to obiatn dita that.can bi transtated to gellne
startop conditiona fop o fHghtay Stem, - Tt 18 anticipated -
that much watuable teat dats relatd o w endarance tostiag

relialdiny] aad tronsient pedformance s il be obtatied in o

rurthmmm« oty uuing breadhonrd SNAU-¥ u»u-nui,

Poge 10
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