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wmmtm of mmtt-^msmakTm macnms

tlmj^tmnmit ^Itrson IBo&th, 9*$iiH*

for til* 4«6r«« of if»«t«r of Soi«(k<»« in Hu^Xoftr InigiMWPlng*

Thft vmtmnt ixiAtpmmmA maibmp of iprefioMas hy institutions
mad induclidai gr<»j^ to Imiid p&m» or i*o»«troli rm»tmm in
popolmt^d «]*««« luui plAdod iiMMPWMiod oapNtsiii oti r««otor

i>«s«tor rtBEUHftsr «o«i4l^t»« Qixmm iMitor*4K»^tei«.toA r«fttt<»<«
ean bo doslsnod «it^ • lArgo oegativo »tmm oooffioiimt of
rMtttivity, tiMijr posMss inl^ormt |)a««r*»iiadtiiig eh«7«ot#x»i««
tie« whieh r«iiii«« tho hMnM of i^oii^NBttai ssuoXoar rmmingr*
Eoewitiy a •ox*ioa of intontioiml m^sliuy!* rvmmmy mtpmp$mmtB

tmm Borsx to ^ittonsdUio tlio rMtotor itibutdciei ao^Mmim fc»» a
nuoloar nxxmimy mmva'ston in a watosMiod«c«todl raaotor*

tho parpoao of ths invoatigation daaorlbod )^ t^s
thaaia haa hmm to nn^aratand ani anaisrs^ a nuoiaar snmiaw
aiauraion in a aatarHttodaratad i!*aaot<»*« ImmM thlB 9$m tha
ra^dta of tha Borax and ottiar boULins m^trnpimmn^M ware
atudiad in datail* fron t^a atfiiy a ptKyaioal modml of tha
raaotor tranaiant exetiraion aaa davaiqpadl and an^tain ^liaaaa
of thia nodal nara anal^^aad in dataii* tha !^<iAoipai riNKiita
of thit anai^raia hava bsan a pr^diation of m& tanp^mtmra
profila in iAm iiatar tOmmmln of tha raaat^* prior to
initiati<»i af boilings a oritari<»t for tha initiaticm of
boiXins aiid a good corralation of axpariatantal mukjjmm tvml
Plata taaparaturas for tha Borax raaotor*

Warn apaoifieally^ tha t«H|paratura profila in a aatar
aharsial pricsr to initiation of boiling ia givan by

T (x) - n -Cfp - n) a

itfiara t (x) ia tha icatar toaparatura in ^F at a diatanea
X ft into ^la aatar, 7i ia tha initial imtar taBg>«!«tyra«
tf ia tha fual plata tma^^mm^twem, m ia tha raoiprooal
axpenantial raaotor pariod in aao"^ and a is l^a haat
diffuaivity of W9^t9v in tt^/»m»



IBlMMtfMt 4MMI MtiOS
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Ttm eimmpwX nvitmvlitm Am^H/optA for |np«ftloting mm
bo&lini nlXl stiupt %» ttmt tUm mmKtmm 9Ba»m% of mi?m^

nt ^» hMMS 8urfRe« ia mAfttM$jm% to f^oana a m^mm
iHib^X* of A 9ftrtiau3L«r ais«* ¥lMm i^E^Xi»d to iiftt#r
AA^ftMnt to a fuol )plA'l^ mam» t«n9P«mtu3!*« i« li^ie^Muilns
•aqposMmtiaXly Kith m vm^tfo^mul pdrlod of si 800"^« ts^ji

V5
0»u^7 /IT - -^^^ I^^T-

nibmf tb is the plato tiHipi»mtisr« in ^ at tlui tliii» of
initiation of boloiiia and fs ia tha satusmticm t«Hporati9i>a
of iiat4a*«

Hia ooxvaXaticm of axp«rljn«ntai miiiliimii fual plata

ithare Tb. tha fiial pXata t«m»eratiira at itiioti boiling
starts, ia givan by tha pra«MLc« a<|aatiifltt#

<%t>iq;)lia iXluatrating tsn|NBtiti3a;<aa m'adiotsd \ss tsimm
•quationa moA sftoains 1^ agrosnnfkt of <^to«rvaA aaA
pradiotad tamMnpattxnui ara j^raaaotad^

fhm saoondszT z'Mi^ta of tliia tiisaia hava Imhri a
^aialitativa daaaripti^ of tlia ti<imaia»t boiXina
phsnonsna and i^is raaotar Slattdcam WMil»niaB«

thaaia a^qparriaea^t NKnacm Ssaadiat

l^tXas 7s*efaaaor of Mu^Xasr Snginffarina

ii
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thl» t^tH»sl» finai Jt^r his ^^mttmm^ mitmt» msA

I
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A l«rg« Hhftstiim of both th« Initial «nd o^rftting

costs of |»r«0«nt day pow#r or i*«««areh ptmat&m Btmm from

tho hAMurdSt both proven and Hypothetloml^ i^ieh may beset

the reaotor. Principal amotm the r^Mctor hasarda in regard

to inereaaed protection coats is the hazard of aecidental

miolear runaiiar* In water-moderated reactors the boiling

proceaa ^povides an inherent iponer liadtiv^E »eehaniami to

reduee this hasard*

Utilisation of the boiling pirooeaa in ifaterHMderated

reactors to littit nuclear runaiiay deipends w^en the fact

that aueh reactors can be deaigned to have a negative stean

coefficient of reactivity. Ihe fsriatlBin of steam and dia-»

placement of imter from the reactor causes a net decreaae

in reactivity such that the reactor may iNWome subcritical

in ifhieh case the power, after readhlng a maici«UB« will

teereaae.

In the siMBiar of 19$3 a waterHaodemted reactor using

imt type fuel elements was construated at the National

llaacter Teating Station in Xdsho to determine escperimentally

the self-limiting power oharacteristica of thia type of

reactor. During the summnm of 1933 an^ 195^ a series of

intentional nuclear ruenaway experimsnta Mmm eaadtoeted under

the code name Borax, k brief deaeripti^!^ of the 'B&xmx

esqperiments is giv«ri in the following aeotion*
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th« paapp&9% of tliliHllNNil* 18 to wid«t:*«tantf tnd

analyse a Buoiaar rujmiiasr fiocetAraior ^ % nmt^r modaratad

raastor. toieard thia alia th« BoiE^aat ai»i ^tliar lioiXing

axparlaaata wara atudlad 1a datall* from Vnts atudsr a

phjraleaX mo^ml of tha raaator tranalant waa dairalanpad aad

tfliara faaalbXa varloua ptubtaa of thla inadaX ifai*a analysad

im datall« ftm prSjmip9l raaulta of thia asaX^rala hava

^aan a ^radlati^^ ot tasiparaturaa la tha paaator prior t^

Inltlatlcm qT bolXlng^, a criterion tm^ tha Initiation of

iaiXlnc and an asEcaXXant earraXatlon of a9|9«ri»antaX

aaxlaw t\ml pXata tawparaturaa for tha Barax r«aator*

Saaondary x*asuXta of thla atud^r ^va baan a ^pyiaXltatlYa

vndaratandlns of tha tranaiant bolXlns pfeancina and tiM

raaattn* ^mtdc^fn malianlaBi*

'f^&i»Sf

„<t./»,Xir.;;,rr

:-,fl ^f^-IHh v^-r



siSLA ;;?i«»>7fi-x',.: .;.^[t4Jv'^aiq[ aau

its^



IsHM b#en ^^xiOmiM^^ from ttm*^ reports.

7hM x'Mustox^ installation i« ai^omi in a otitaicair vi«i«

in flsox^ !• fba raaetcor tank lias eontaizied in a larger

ihlald tank of tan foot dUamtm? idiieh liaa sunk part ifajr

into th« gmrand anA had aarth pllad ar«un4 it for addltianal

aliialAins* Adjaaant to tha ahiald tank naa a pit with

^mn999%m wmXXm in i^aiah naa inatallad atuipiiKtt Sm* filli^^

mi aaptTiiit tlia raaator aiMt a^lalA taiika« and for pralicat*

ins tha watar in tha raaatar tank*

Sia raa^tar tank, i^iiah aaa four f^t in dia»»tar mnA

iitut tlilrtaan faat hi|^ aaatilnad tkia raaot^r aora* Mtoiah

aaiy^UiMI af a nuabar of WfH tjrpa f^l aian^nta h^A at tha

bettoai by a Mvpartinf grid and at tha t^ 1^ a x>a«ov«bla

MMMT crid. Tha eora grid aaMUl aoaaMMMlata thirty-aix

l\ial alananta* m.Ti a mtkrimm af thiii*ty ala»aiita wmpm uaad

in tha Boafax pragram* Zn G^^i^tion tha i*aadtor tank tiaa

jfil^Mid with nater ta a haigltt of t^iraa to fcmr and ona^half

faat aaava ma %op €»f tha aax^i thia iiater aaaatitutad tha

vaflaator^ aodarator^ and a^^lant*

2* ifjgl f^l jglfHffM

^. yitfura 8 ia a diwiing oi a atanaaroL iCAi\ fual alanant*

Baah alaaant aantainad iS rual plata» with a aoa^inad H^^
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.ont«nt (93^ mrctcimmt) of ateut X40 «»m. Ih* V«» In

Mtoh plat« i« in th<i form of a atrip of ui^tnittti-^uninuBi

Alloy, 23*^ iJM>it«8 long by d«3 Ineli^i wia* !^ 0.021 in«h

thlek* Th« alloy plata vi&a eoir«z^ with a eladidULng of pura

alxamlnioiji uhloh inoroaaad tha total <li»«Q«i&na of tha tomX

^lataa to d%»6 Inehaa W S*d^5 Inahaa by 0*060 inch. Tha

mtar ohannal batwMm tutm plataa ia 0*117 inch aeroaa«

^* Control Hod|

tJ^ia i»eactor eontainad fiva aontrol x*odei a aantral

rod whion naa altamatively a flat plata or a eroaa^ahapad

mmdma^, aa tha ra^^lramanta of tha aag^arljaant diotatad;,

and four wida flat plataa (ahim roda) i^iah oparatad in tha

ohannala aaparating tha four quadranta of tha raaetor eora*

All roda nfrm wmde of niokal-elad oaiteitm in aluninun

oaainga. 71^ ctmtrol rods wara attaohad by axtanaion roda

to drive »aohaniaRa looatad abova tha top of tha raactor

tank 9 Tha oantral rod waa attaohad to ita wa^mniaM by an

alaetx*oaagnat * i«hioh i^mx ralaaaad allotted tha rod to ba

aprins^ajaet^ downiiard out of tha ^mm for tha axpariaimta

on raaator v%mmm^»

^* 8^iy^rialw^tal.
.

.Proeaduay
Tha «tp«*iatantal proeadura naa aa foHoifai Iha fual

alanwnt loading of tha raaator waa adjuatad to giva

approxljHLtaly tha aaount of axeaaa r^totivity daairad for

tha axpari«M»it« With ahia roda fully iriaertad (raaotor

aiiteritloal) tha aantral control rod mm inaartad into tha



.4miM-

<i-ff<t«^0

*f#

^g^nsa aari

9i^mrf' mii^^-j ^Jf

i'v"**i;>jiS4i^ ©.C/Kn ..-,r:-' 4^-^X5 £Vi-



that poftitiojif tb« smt»U» wmi iii49 orit^Ual «t vm^ Km

P0mm? (- X mtt) ligr lilHliMill^ <»^ tUtt Mtoim x^odsi tiit «biK

ro^ wiopit tkmk tmlA at tliitt lofttiiml pc^alticm* Hie ftttstraX

traaalant mnamMkm*

'Shraa aaXil«mt#d nmitxi»n 9ouat«r« Hira inatalXad at

various pliiliilia in tha wmiMf^ to apa9<»^ t^Mi inata&tanaoiia

nautron flux and powar of tha vaaetor* HiarsaoooupiM aare

attaoliad ta fuai pXataa iia^ ^m vioiziitf mi matJimM tX\m iM

tha raaatai* to raaaml 4j«gaaaiHHMMMi-^JIii£k ailiiiii aaaaaaaaaaa*

fha aontraX and raao^dlng inatrontrnta wmm Xoaatad at aoaa

aiUMBiaa l'r«aii tim x^aaator pv&pmp to^ aafatj*

tha pXot of a typiaaX aaGOuraion ia i^bMai in Flgura 3U

fha folXowisis <»1>aaryatiqr«i ax« Tfmw^mA aftar aaaMination

a) 9ia powag irtoraaaa idLth tiaa ia a2«aat aiqpanantiaX

up to «9pgpoidbBataX7 tlia tiaa of aiai:laii,»> pmmv^

daviai^ii9ii'. ftnai tlia iiMiifliiilrjyjUl aaiiXid l>a a^inNyMMI^

to taap^niktura affaata oa raaativit^r*

b) Praaaura riaaina at aaMaat ptmmmm m^il

mwPBPaadfaaataXy tha tism of natdaam paaar and t^aa





6

e) me t4nip«ffttur« ot an ixmtX^iHi ivml plf^m at

•aqr tint it pm!fp(m?U.mmX to tl^ tl3»ft JUitagraX af

^, lih* peii^? t^ thf^ tlsiA* 1^ to «p|^*a3cii2iat#Xy th«

tl»i er aiMtew p^ma? tiki» 0mz>v# !• lOao^t

i) iBNi lMiz>« l\Ml pl«t« ttos^i^emt^xr* imr^HMMs A:&»&»t

tlui tiam Qt mKxMmm psmirg &t iMjsS^ tism th«

dXttmtmnfm b«&M«i3 ^« tieo t«Miip«9Kfti^%«Ni eiQ?v«»

t«mMH?«tar« e9#i;ani at 8<»it tl^^ altar mmdmm

«} Aft«(» m» tiaa of laaadMn ^psmis^ tiM pOHWi* eos-va

aliaim tlia affaat &t a at«ttii1L;r ineraaai^ nasatlira

p«piad «Ml^ i£iillaat«i a ataa^lT inei^aaaltMl staaat

v^iina lii tlia ^aa^tor* At «^ tiaw of tmsdsmm

tml i^iata taMS»«i«tuiNSi tlia pmms' la aa«ti>aaalJrsg

^lalta vmplMy*

FXota af a^qpariaamtal naaiam tm^ plata t«nQp«^turaa

attaiaadl f^ aaaural^na &t varicma pariada and Joiltia^

aa^aooU^s aara rafraitiM4 aa Yiis^^a 4 wid 5«
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fh# pcriitlte of «#Mii rmmi^ imwB^s^m^^liXfm of ^lir

boiilni peeemm^ mtll b9 ostd In this »ti2d^*

l>oiling in iM^NHP aAJft&ttnt to s tUdLn smlMit plate lAioie

t<w^»yftttsp» is ri«Siis mxpommtiM^IUj^ ^^ ti»«» flt^ i^lmt*

pmme mmmt^* Fiat« t^oQMisvtispti n^^ dNPdNnsNKS £)!!>ea &

piMtsvBMm ii«rt t«}e»ii of ^ti« pX&te ssNm ftt ^« riit9 of 6000

iJitttAi iMNnr t«gpimtiir«i sad «i^p<»i«iitiftl p«rioite«

fh* «3qp«zdBMB!it«3i r«raiiatii of ^d.« inv»0ti^tion fts

I»*l#fl3r i»:*eii«ntod In a pretii^timz^ r«povt (ll«f* 5) are an

l« fNi n^pl^:^ riair^ piata ta»p«?4itimi paaaaa tlia

Mitawtien tang»axmtur« ^f nfttar laid NM^^ra

ioi.Xi0e e^SMBMMEKNia i»D^^a«dtaJtt tssr an iMi^int

Uamad tha ^*taM|j»i^tmNi ov«i>#ioot«^

2* ^nMsOs^ t^tiara la ai» alA^o^ mcf^mi^y^ t&mmtl&B,

of inia»M<» a^v^arix:® ^m aurl^a*

>• thia boiajLn^ aurga n^x^pii'aa aai£ii fc^:* a si^iant tha

auDPl^a is ^aarXy fx*aa of %na^|»laii*

4* fh«i bQiiM^ aooaaaaaa iiiiiali la %i^- Ui

a^^^aaraaaa to loaiO. iK^lXisig with at^u^ t^myemttoii

0f haat#



^«f'-

; tKUWLMs^ •-":? V ^^-3 ^'\t3F-4^.
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5# lath inlMlft tffttirr liimmnwHwiti mmm 19^" F for

the ra»^ Qt wmriAOm vkuiftii tii« t«H|»«rftt«ra

6* JH^tM, glvwa f^or i3si« nm mammi tjm^ rc^ ar*

«sK|>cfKi»{iti«l jp«rlQdt of 1? 8dlXiMMNM»ift «n4 an

li^tial tsaDsrtttaani ef 9^ P tht |»lst«

t«iB9>«Br&uir« ai^ tkm tlsHr af initiation of l»alllj^

mm Se^'f r and the tliM ^bmntiem of th« inltlai

leilti^ifiwd (l^f• 4) Nmi found tvm, |ti0^«ii<«il» tiMii

of bollina; Ui nmter ^icidtor m iii4t mtm^ of «onditi«»n0 thi^

plots of tmaibasp ef bilM}l«a o^strvttd of & giv«n 2^aitlti«

v^riuii tim rso^ua socw & rata«r mmxv ptiaic at a tioifosm

radtlua of fq^Pt^eadaataXy 3 adla.

meacmmmf (Raf • 5) haa afttam that an axeell^tt oerrala-

ti<»n of aaqyarlaaatal, ifroiXing tieas^ -c-v. ;:>,/ ;t^'^::; '^ ^/.

vith tha «<s^2atlon

3

t^ara ^K la %h» rad^ of iiaat tranafa^ i^m tmlt ar^^ f^

la tlia aurftea taa9M»<attira» and fg la tha l^olllng tatapara-*

tt»*a ef a«itai*« O^^* la a o^rtatan^ for 9m aurfa«:»® taatarial^

fl^ia eamiijaation, tha ranwilnSng qaawaiiittB ara p!<ap«a*tlaa

of aatar or vnravaraal ^efrntmatm anit are deflnad in
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TtkM ttOftt ioportant result of tShls m^n?ml&t%&i for this

th«flift Is ttet th# h«at rxvix to boiling iimt«p (<VA) Is pro-*

j>os»tlonal to tfet mife« of th« <tlff4»*«iia« in t«^pw?atui?»



i-.-44 ^-.- ':". >?t*is.v?"«iJ .'?'v^.<*.« t.iii'-*'*

tnti'i it (« AKi^ lAif'f r^r-
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1^K#«« r»e4mt Invtstigatlons into t*i« Tailing jm>^eB» XmA

Grm to diiridki th« r^^^t^r «tism£E»6icm Into a mmibm? of phftWMi

tiiwiiii^itii ^h» tism w^qs^mn^^ of pliyaicMil 9tmitm oc^cmrring

within til* piMidtos:'* fh« snMMU^ Is askod to foous his

att«ntl<m od on« fual pXat« and adjaoimt wat«r ah«^m«X»

flCor* 6 giv»« a pietorial rmpmmtmtmtSjm of tha aaauaad

tai^por«ttn*a ppofilaa fdi* a fual pXata and adjaoant iiatar

^lA^AA Mbi^4iaK ^•^^^IP^'^ S^^^^MW^W "

1« i^ndu^tlon Phati

In tha initial atasaa of a ra^id r^^tor tranaiant

prior to tha Initiation of bolliiig tha m%ly aaehanlam for

tranafarrins haat i»pddiu>ad in tdN» tmX p3Ataa to tha natar

la eonduatl<m« fhara ia not tijita for nattiral aonva^tion

la baoaaa affaatlva In tvttnafarrinc haat<» flm pmm» mad

t^0l Plata t tMiitimt^ira ara tmrmkJiiMm aipraacinatal^' ««**

^onantlally (!nf<isfi8 thia tiisa» snA thara axlata at aixr ti^ma

a tmpmpA^wMf gradle^it In tha natar Kftil<^ dan ha pradletad

hjr adlutltm of tha aiffarwitlal a<|aaticm for tranal4^t haat

d03idtt6tion in natal and watar*

2« Initiation af BoiXi|ip

At tha tlma i^ian tha faal plata taa^arattira and tha

•nargy tranafarrad tc tha ^sttsr hare raad^ad si*ltis.ftl ^^.ttiaa

to ba 4»rt^^ in thxa i:ne^s^ i^tar aa& tiaa plata ax^raoa

vill arupt in an alaaat axploaiira fosenatlcm of ijy^hXaa*



;,*i ici .viiv,iai;^j;.

jr>^isu;i|£:@:'

^i^.iil'

^



5.

ymmftms^m maSt^^mi^M «Kst«£' in ri^ $c/iu4^^ s^mMs^* 'i»^'^y^tm

Hii jiltM ImM thftn 1^ jmMmi of h^t ti«szi8fi^ ^»it% inT Ito

km ^Hsm tmmamri^mm ftf tlm fii»l p4ftt« ^icKntJU^-^w^ !;#

trtM iN^iwg iPijiinn «fii»a« litN^ ms^ «f tldis i*iKio«i ffni^ tUm^

At thl® tint immA tswnsl^ «iit «r tifttt li^Uta« rw9$jm %M lor

I^M mt« of hMtt trsnef«r inte t^ b^Uing mm$jm will

%0Qmm greater ^utia t^t «i»iit^t«d out mud ^i* a«t ^«it« ^f

i^aclng of 9ta»e^ol^ tiftter ^m quielO^ iiiii?il»h nm smta of

iswipmmm of vi^poif fetwietlem*



-' ftfW



It

«r lag i» «p!P««i!ii?i»# of isitis 4»o«ii«MMi ^t t^vm^ ian>. an^r

#iinii»X aipasi4» «ai the tjima 4t«i».t*i^>«i^ai of tlim mnA

ii«ii^lv« sfam wmfttoUnb of yMittiiiflr lOui mff^tMm

flttitipiioatlon i!adt<»? of t^iM nMMter 4m9rmMm id.1^ tl«e*





S» 8MMI at ^MHiiS

iK»iiiii«« moA tim sMKtttion «f fui^ 4mm%0»m iMiiiii-iindl

p«^»ints « ^iteU«d ttial^rttl* «>^ tliMw 9NMMS of ft i!*M«to«'

«»Ricenildii la wmgrn;^ to plftt* t«n|>«mtiir»« mt« &f humt

tiHUi«^i»» iMi foiftti Of thm ^maprnm^wm pw^n^tt in ttm

iiat^r. this anaSijiis XMds to » oiM»d #(»P9«i«$&Mi «f

wiaytmin IMol plat* tiWKMiftiirts &b»«x*v^ in i^m Box«ac

tho I 111! till In phuttff of a votastoc* omwapaiott ara flMav^

dlffiouit to troat aiiijyiiailljf* ItadNmontal. imoirxa^liio of

tlia peonwmBmt aoaorriag Aurlas ItMi phaeae of waAme^mmljQ^^

and evyAtvXopad boiling t^ifi^ ia not neir avaixabla 1»

va^ttivaa* Tim tiiaaio gtnm only a lUMiitativa aeaoi^titm

of tha aa^MMioa of avanta aoaianfinc tarint tfeiMa iliaoas*

Qaai^i&tativa wailiaraiJi of tlia isifaaa of ballina tliaaaaa tha

A^i^pa? w%iMi •F^ri||Ha*Ba^F^a aws^a i^^^a ai^* wRMHRMk^inip ap^HHim^^w-^MPfHiji^ ^^^jpw^kjpwwap»a-af wiawa

ia basfona t^ba aaoiNi of t^iia tdhaaia*

c- 'a «V'



'tc?f*^r'>-

-^S «!
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a) Ihft rwftotoi* is orlgin«lly J«yit <^rl%la«l &t ir«x^

low piuvvj."

«

0) th« i«ftti»f audi ftKil plMUm mm is^tiall^r at sc«m

"" d) th«r« «rtt no rmturml 30mrent;l<m duz<i>«it» net up

in til* Ml%«r <diinin«ls ^turing tte idiex^ tinn to

rMidh naxiHUHi ooifir*

«} th«rt is nto boiling m* ^i«por ftdj^aMLtion dtjo^ing

t) Hsftt tj?ftnftf«i* l¥ci» th# fUHtl piatss to the unttsr

aiiring this phMMi i« b^r tntnsiant o^ntuoti^m*

g) His diJPfusivity «f hsut ^ftrougli t^ l^i)»l. pXat«s

is ttnoH iikxii^ thftrt tliat thf>m^ tha trnt^r*

fhsa^fbf^ isimm is sss^mtimily no t«ra|^tr»tus^

tppMiSiimt in tiis foiti ]^lfitiwi ths gcvtfisnt «X1

%sing in ths ustsr*

h) His idsiisit of snsissr tvmemtm^rwd to ths iistsi*

durtoi MLs iilisss is snaiX ssmpgnsd nith l^is snsivr

oontginsd in ths fusi pl»t«s»



^x

^'rsf:

'^j^MP'-^f8m?® p^'j-f^ •X

.fir Tii'--' INri'*



Qmmttm^ M tixpm30i {«} mem l^^m pt^9mt In l^ie

{4} tmA Im)* Oond^tiiofi ($} is Urn S0» aXtadaim itUdNHi ««i

Wtttmt* 0oqiitil»l (h) 1« ^iMRi %o smeijmm i^h^mt%mt* klt^vBrnfi^

IWPiWilpiitfly tiptwBrttfcKflily «^l^ ^^ ^^^ %«miimm^w^ of n

f>eftl jru«l i>litt« di?^^ 0«l0ii ttdm txmuCkMi^td i>l&t» tinpi^^ttii**

%y an anfl«mt ]^rQ^^»3Nsicmal to th« mimm' tiNmrntmrtd to tli«

mt4^« 9^ ^^ iSie^ »—itor ^NKPtodte hmm <iMat wl^ tMBNi

IMji tma^pmem^vsm mffmrntm liitiWMfti tbt IsitKOftt^d 9M vmO.

tvmX plm%09 la aoaU. But, a |»niaji^tlon of tml plat*

iMpiiVHtii n %« a functl^m of tis^ will 1^ in mpmnf if It

as^PJaaiBd that tn& tms^pvr&tvr^ irmr^aa#a @3e|^q^fei»fitliili7 ulth

U» raaotor |>«rl0d* IM«»\mx*y slmie int 3s«lftt« t^« seX^j^i^^

f^ tdi« t«as»«z«tux»# tz«ai«(it In the wat«r to t!^ fu«l plat«

tii<tini Mill ii[i ln«t««d @f to a fusK^^lmi of tisMi th« ob4e«tlq&

to ^iila dtSfNIition la partially mdlllflM*

"Stm 2«#ftotor tdUiatiaa (pafOBipft iw»jrta*<!m» ofil^* »i^ lipucHrli^

•ad<»s)da3?7 t«i«Nmit^£>a affeota cffi x^aaetivlty) for tuia i^maa

ara daaerllH^ 1^*^

(tabXa of as^sn^la 1» glvan in A|!^^4mdtix A.)

(1) ^'f*

aftars

(a) « • "le

Znti^ppatina aa^ftti^ (l) Mtwaaa Pi at t » o a»4 F at

t « t givaa

i-m\ P «» WL a



tnh--! .t'^-h^-i

3!?nft-'^^?*^

v^iiMOO

Ib^w. ih)

' Vt
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ini for tNi xNiHi^Um h%ti¥»9n mm mt« ^r %«M^«Mit«r« rim

Since ttu^tiig this ^:»^u3tiQsi phfiSd h$«t haii iNK»«^«t«dt

«iay th# ordi^ of a imt wSJIb iato tli* »ii^v«^ im #«n «©9^iliii«^

thft nfttinE* to ^ ft MBi^*infinlt« »9dluai ifltli a mmtmm

tmiggatm:^ Slv«n b^r «i|ufttl<m (5)« Sol^^lng th« ti*«sud«nt

IINSilblMi of diffusion of bm,% Intd a j»ied*infiiii^« widtiiiR

iflth an «»pon«xtia3»l3r inejraai^Las mii?£^« t«ii9$NKmt%ii<«

(Api^iRdix B) li^ find th# aa^ststotia aoluti<m after Wt»

luitiax tiwamLmiT^ nav^ ^a.^a wm^t x'^r ^hia t^^^ratitra of

t^ha Kiitar a ^Ua^mea X ft'o^ tha no^Jiea at tiiM» t to be

-xja/a
(6) 1? (3t,t) ^ fiai||i^«

•"^yB^a



^'lft

1'"



B&tt timt i^p.mt4on9 (5) -^oi^ V^) «MI iMMill^' IM '
MHil"

Mniditldii (H) 0f tli0 ^ml<f siMmmi?%:mim io# tlil» fluM«# Ml....

fN|kmtlm (7) is siueii Imm i» «e^rar ^tn (6) imm this «aiMNi»

into th« ^»at«r la i^'^tn ^ aqpmtttm (?}«

b) A 9V*QipMrtiY8 lnMUi will a:r««r tr<9M a j^Uat em tha

i^iaiNi MnNSiaa*

a) A piMm^m%l'm M^IO^t t»» pf«a^ii»t mm vi»m wmam

aHi^m aaturttfeien tm»mHmmm mmSmiia^ in tte «al^ar

iK9rz*aar«di»K lt«

«) fha 9v«>ipa«ti^a nuabxa or p^int <m i^ia ^f^^^Mm msmiS&m

haa tlwi ability to ''Xaalf' ««it in tlto aasprowattit

mitar tsi a n^ra «»r 3L^Mi hamtapharlaai AuM«nt ar)^

to itsalir Asftanttta tlia aaargsr aJftoira aatoi^ifctiaii

tflwujitiimttiga do^taiJiad. txi liwitijptiaifs of vasfyii^

a) Betisywi of tte taiiyaj atuaws tua^MMst In ti»i m^^ th»



J»' ;^^^J-

't*^.



g} "Stm ps>QS^^mim InMfl* tflll toi^ mat ^ ^^'

ee^kdmUMi (f } Hiwm b# iiydt« 0aB4 foe 1^ «Mi« eKf «

0tai^ tw»<t'mtu£^ ipp«)il«fi^ late tut iiHl^«r «|3MW tHn )»biS»^

ear tint teitiiiib«:nL««a ^%wm oT imti^ iiiwHlwigNi m» wmeimm

jtiijj in «i«ax ittid thiA c»ii9?39r i« dX^iKP mid vimm rmmty

wmdXiMM to th9 "^jmim* Wm tsm mm ia£ iidRaX ywOxtm «?r



TuV'i

SJ*!^.J1^'^

SA

"X-

il

t;-TvtX: :ftt^«r,*!A1^



iiMiiW)i(jif.f4>wlN»l«» ei»««rv«^ Of « giv^ ribdiii* ir«r«iw ^mi

liUit toiviii- ".f^mmM.tw?m ot tfm «atar. icckI m in the F«ieir,t:»oQ«i

B 4j^>«£»24 . 'I;H* prti^ftur^ .% Mmm»l bMli'bl« jriMil^a@

aljMiyihiB:*^ 3^ u8^ ^'f «a a«PMia imdims of 3 mile ^^^ttfuXts In

a cjaloxiXataci

B ^n ^<i li^iaiMwi aiyiiiiiaiiiiigii^-apiii mmmmm^m mm
rmfxet^ mqMf'^kamit (mt* J)* thla \al%i» at atsn^i^herle

B •I' o*niir^ y^/^ sic*





tflXX ba aBiiiwiil Khftli (Bi •* «»} «ii|^«ft^3lliMI ftn ft«9«pt^# mt

wm^km mm mmmA ^ MHM|r Ml» winiaMMK^* f»il« i» >»»%

tpm^OmOtm im Mint <^i«^^ «^^ >^«i»t^ ^^ «Wtiurft fs*«!s th«

jteiMl- tiuili flap ttii ^|||j^|__|,||y. ^ ttiniJMift iM liwutlllintiiil Mlil^

miHiln lilw' miiliiij (t ^ ^^ ^ ^^ tmmmmtm^ mmmwwmn%B»

At 1^ii» ttOMB^ li#llliig T&ms$^^ %hmpm is ipi^MMit in ^i#

IRNMmur* tnA 4tipnMi i^ ^iXi»t in mm^ xwlon*
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OfflUFii SMdi .lflM|g>jEaap» ttlNMI ftttlMIVi^lliiOil WtKltMMSVOPiti ilMMl^MJMIji

is Xms «)imi ^dMi^ ««t (iffiflftffllj ti»lmifln% inl*^«if or sedan*

uim i^wis ttf tuis p^Ms (iisr« »•

Xa tte lsft%wp tti«9is oJT tliis pbass ^^ 4sk^ss oT

iMAjISBii maA ssBSMMSMliilar t;iMi OiJNMSSittns smI ssftinittniii

ttwpsffs»«af» |]» libis sits»e»i Assrsftss* A^ tii0 ssibis %i3m ths

«htl# Ite tfsts ftf dtmtsstivs lisi^ liMliir mit of tuis ^-^

(iiriiiiMiiliiii t^ ttas nflwiitliim of fiOiar ^m^inoip^A lisiilas*



1^--*

.:^'

,V^v,

.:H£'



taf tttiiill l^it imt# of iMttt t««iMitaP into *Imi l^liiis

x«glQii 9qpmX9 tliat ouls of this f^^jUki •» tlmt t^wim tAXl

iMi no not tottPOMMi ia vi«mx» fwmMMi i^tb tiao* mm

ttwpti'otupo proflXo for this oonditioa io plot<»*i«aiy

ohonn 00 eixinro ^ of Vleuro ?• fltlo oimdltion wi^, but

dooo not noooooogily liovo tOt ooowr In oagr itoon roootor.

If the rooetor to vwrr ««9iittr Mnxt dona tuvtiis tHo out**

w&H peommm$ of initita Wiiiag (o«|r in tlio oooo of a

ftst tvm ipwmkmrh tiioa liio pmtm «Ml ^too^Mi i«to of

piloto linpiiofm'o i*ioo «^ bo impf mmXX ond tlio unOor*-

«oirolopo4 jMULlng ytioat MQr not 4tiroiO|i to tho folly

#lfVi^U)mMt iMlUdnii •'OWMilt%ton.* 3Da t^Ho SofiMC jpoootoi^ It

WNMue*« 00 «iM«i0i tlM f^lr itovoXcytA boillJig oonxtltioii

io ottolfMO ot looot ot ttio point of irtOMm fins*

JwmiiHy in oil toootooo tHio «oiiiitio» io not ottoinod

in oil oii«»iolo «hi«Ai undosvont initioX boiling*

vit^ ao not inoroooo of otooa wnA m ^m^f Ion XovoX

ooaditiotif tho lOKnmt of tus^bulint ttixliis io vmt^ aeuai.

ItaO ttMi iMot tranofor out of tho boiXixie rogion id.ll bo

lliioi^ljr W o^idNiitoi into ^lo ooboooxod «oto2?»

ftinoo tho dogroo of boiling at thla tiaio io Moll;^ tho

ygooouyo in tl>o aator a^woMl hao rotumod to ocoontially



ClftJP.^ ?'».«!. "^"Vif.f. ii.i-

^ .*

^ » .J».w-



ts ••wHitsalXy mi^6miA$Mt tmipmmt&m ^ m/M^mt^ pemm^T^*

XT «• \mm niNikt tMf t<M|><agmiMg» ^ iptttMn^ «ii» m MMI tin»

X idULl pdi^^Ji3at« i^m^ nm tmi^mmi^Bm pr^ftl^ ii^to the

1mstm ftont x'^UtioR t« tiii« tuiiniiiiiii jiliHt itfileii

tmpwMitiMWi pgmtiJM 111 tim mtii^r s^ Hit «mi%«p nig* ^f tii*

tat tilt m^ Qt iMM^ tiwiiiPwp ^tn? tsslt mem^ Mbsf^MJi^ Ibt

iMtttr ^ 0OB^Nttti^% ftt «2iy point a i» glv^n )»3r



ri f P^'^.Ti

x-^
^^' ftt- .vN^r



r^^on ftt th« tlaw of fuaij m%'m>m^ MUtlnc i» #tuftl to

ttMl «3.opt of tlM t«fl|»«Pttttir* gx«iti«nt at the iiMtcint of

bu^l# fomstian gly«i ^ «^fiuitiQ9ii (9) at tmm po«itlon

lilMg thla gr«di«nt, x « x*. Hote that h«pa ttm ^piantity

X* l8 a«finad aa tlia dlat«Eie« f^?aa tlia plata Inte tha

Mttay ttfe lAii^Nii ttia i^mMi of tlui taMMHMiiMflMi aiPKllaiit tiiiiUi

iKlalMMI at tlw Jiaatai^ of bv^bla Hfttnatiaa wjpiala tiia

9^i3ipm of tiia ttm>awila«p» fpadlant at tN» ottt^c* aa«i of tha

MUIiig f^iSlaii at tlia tlaa of fuUj <la^ralopad bolXiJne«

tha pbyaidaa. daflnition of x* la oXaar^ alttwwi#i tlia

wmaatKf in irihdati it alalit varar with pariod and aii]»oooXis«

la not daflnad at praaant» Figura 7 i^siQwa a anlMnatlo

Fai»3c*aa«atation of t^ia ta^pNizmUopa ipnibdlwnt axlatlng at

thla tlaiM and tha dlatanaa x* ahlcOi la axparlsMHntaXl^r

iitdwft lattar to ba a vlrttaal dlatanaa*

fhita tlia rata «^ haat tranaf^ pm imit avaa Xaavlana

tiMi bollifia s<aglan at Ita outar ad«» at tha tlaw of IHaH

da»alopad MUlng la advaa ligr

Xha Fata af haat trar^far pm? imlt ax^M from ti»

flial yilata to tha wtktmt In boixing la slvan ^ aalia«»oir

(Itef« 5) i« ^



Q^.

•i.*ij

rlM.

Ml- -j^'^'rirl| J&&-
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•#

(18) (f)
= '^(j-p-n)

(13) oc = C<g^A<£

IMmmem ghfu %mX%3^fm for Q^ for i^ts«i<MJUK ^oiMjiftti^iiitt

9f mxHfm^m sitte^rlal imA fXuld to r«iig« ft'om d«0O5 to 0«O15*

Bvmlutttl^ tiw «9cpr«««i<m for oc f<»f «»ti^ llK>lXlng at

AtMPiphiMRU |flp«isiir« 1HI set

or for th* rM^ of sitrfae** u4«d tigr BdNHmair

(X. « 1,07 to X5«> ^^
hr ft»

fidji wtttrtilnty In tit* valitMi cf oc is^ it lli#Kn> of 2S5

or »or>t Is diseondOK^ing Hh^rn fttt«B^l3nis to Oftxry tliroiiSh

iiwwii toil oiMlliildiui. lli!Nf«v«r, th* m^Ni l^t <^«t it i«

• arniitliiit- f«r « glv«n yr—

u

r> ttnd wtif^ait^^lJMiiaiA oowfelrwi-

tiofi 1» lioljpfuX 8ino# If it esn %« £%ri6# «vftluiit«d this

mini wwr !>« twwa in IUrth«r o«3lctiiiitl«m« inwolving l^il*

Applying ^N« dofinitlitm of t€ll^ i«v9i<ip«<i t>oiXing«

^lat tho not rmUt of h«»t trwrariter to tl^ Miiiag region
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1» 8«r«>» w» ftt fXHStt i^EUfttionDi (XI) and (It)

(14) oc(rp'r5) ' = K^Jf(n-Tc) e
'''^

at tli« txiiitttnt ttt f^Ur d«vttXop«^ %!atliiis»

flit mmSme is netr iMill to focm« hti jblintl^m i^

tli« ll!b»t pUrt* tMmiptmturv at ^hi tiait of foXX^ ^ir«X«$|Nidi

iMslXlns* tHa rata of dhanga of ftttX pXata taqparattira at

ia(f tuna la givan by tha folXoitlng ^ilttm^mliiMX aq^uatioii*

(15) 5J^'P-ff) FLfiTe TO

QIMMsrvatlcma of tha BaMBl «it& (npi^e 3) itKW that

at t}» ttsie of mKxXmm tvm\ pXata taa^aiatt^af^ tlia powar

ia dacraaains quita ivpldly* And froia t^a dlaouaaion of

tlia undar^avaXopad bolXing piiaaa it iriXX b« rtinwlbapad

that in taia Xat«:* ata«aa of thla idiata tho haat tximaf«H:*

Mkta fTMi tha pXata to t^ aatar ia insraaaing aith tina*

Cooaidaration of thaaa faata in ^masm^%%m\ aith aquation

(15) auggaata that tha tiaia rata of ^^miom '^t plata

tOHiparatura my paaa throm^ saro ^V&fm to tha tina <st

attainmmt of fuxiy davaXopad boiXing 1^ tha Bc»«k raaatar*

At Xaaat tha tiaa rata of ah^ii^ of pXata tai)aM»patiii:*a iiiXX

ha vary MMtXX at thia tiaa. X ailX tHarafi^ra poatuXata

that for ikm Borax raaotar waSamm fuaX "s^IbXa taa(|Mefat\ira

aaaura at tha tiaa of attainoHsnt of fuxxy ^mmVsi^s^ boiling.
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ffvation {X4} y» 9m write 1^ tiM WemoL tma^^^m'

tmmm t^U i^m ottxianitt pl&t« t<«i^»?«itiSEH» mxm. U

1»^a.li^S* l^utttlcm (16) to^fttii^r ifith ^is^iition (B) )fiU

b« uMd to |»E*«dlot iittPd»y« ^«;»X pXftt^ t«S|p)#rmtur@8 for

tJ^ BDrax xH»aetor«

1tfih««cieir*ft •xpcrXawnts show that c?^ idiould b«

lnd«p«i4«nt of perldd (m) and Initiml degree of sutK^eollng

"^(Te - ^)j X ehexi aeeune that ;t* Xe aXe© independent of

theae variables

•

t^OdLng tte foXXoifir;« valvtee for wat4^ i^rofMtrtiea t

(IT) a - X.382 * 10'^ ft eee^^

(18) tx -0.39^—222_.

tMt tiMi vmXue <l«lMnMl!ied for B IVcm HfHHml^iaXU data,

iiMnnwleeii mtH tlie «g|»erl»entaX Hc^rasK data f^ iMPOwum

fueX plate te^pevatwre 9imm m m&taim^ fit of tHe data

ia ifcrtatiMal if ena vmmt

(19) t' - 0,9^5 :!^
10*' ft * «• U*35 «1X«

and

i|l») ex • 4aS> a XO"-'' M;
' w '

^ «• i^.9^ " "
"rT'o^f

See ft* nr hr ft* *1P^



n

^^'~
^ (^- .1\"\ ~^\ ,H = ''\£^ - ^-^"T ^ >

9l sktM^ ^^



(8} «i4 (16) U

(^) 0.114? /i" « ^(Ib*^ fi) "

iib«r« t$Mi t«n|M»mtu!^>i» art In ^ a»d s in in s^"^

«
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/W iind \f$ * 191/ flKP th4^ Be^E^ist titHHti^iSit KWW*t ffllJIiWilfltiiilWi^

|^iQ<tt«4 In WL8t3!t^ 10.

3PMP tM «••• in «#ii«h th* icitt«r WiM initially »attimttd

«^ b««t fit mm Miilim if 'Fb 98 « 6 ^ for all ^wixm*

Wtitn «R« th« bftals for th« r#q«ij»«»«r?t t^iat ffo - f» i^^upoaoh

«a aiaf«ptot« i»f 6 ^ «• Ti « ¥1 ainpv«Ni«iM4 s«ro as ^KpiaizKBd

in tlM a«otiaf% in miieh tha MNIillit f^ boiling wtM

pa*a«antad«

A nuRMr of Boraie aag^^KtHNftntal masctimits plata teiMpimtw

fitluaa fr^iB Figura k mr% i*«pl<ytted aa eti^iaa in Vigi^nt 10

to alMilt tlMi age^iaBMnt t^atinaan axpaiHa^fnt ftrid SfpMX^tton fox*

liia ifiitiaity aittimtatf caaa*

tha Borax «3^>«rt*afital saasditim plMlm t#«j5«s*&tffi*ea ft?a»

yigta?e 5 fot* "Wurloua dagraaa nf mi:^^-*'.&-i"! In^g; mid for 15 smd

2$ BdllaaaoiKI pmrtmiB ara rapd^^^aa as eiapalaa in yigora ll.
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for tiMMW Ism pm^ijo^ mim nirmmn «• miXiA liiuis la Wim»^ IX*

Umi flto— jgi'tMiiiint ittMMift tlMi *i1 t<iiii et th0 •orMilAtifMi

iUrteer th« listablliBlnMnt of naxy ««f««l<^«i boHiiagt ft

given ifit%«» dlMiie^. asy go %m^ th» <gv<i#>irtXos>»tf bellldg

jltif la »dil«li tte y«t« Q^ hm.% tmt^Omt into tli* b^^llng

yntinii 1ft gx*ftfttftr Iftan ftlHtt e«t ftf tula VftCilftA* timft th«

Wt/tB 9t vftfMHp jPfti iyititi<w> In ffectft tfMMnKI' nSJlIt lUfts^ftiuMi^ ftlt»ii

MM* WMmM»^ tdilft ]|^?>oftftftft ift nmpm «r Xftftft ftftl.f HmMNI
iiMft« thd spoiling ftgitftti^n i»&mposmMm mmm iralMwolftdt

iifttMir la xnsm mt0m tlmft Wftjaitog ttift ««!# of fnw,' fftt'ftS"

%l4MI ftft ftlNlSyKiHMI JHP'ftViiiMlltiJH^'^^^ ''^hft ftM^MKlMNBtlbQHEliftg' IMIttdtaMI

It lyarft fM« tl^ anftlpHl in tn* frft^itflnt ftft^itton

tgi^ilwiiifeXy «ft#p tttft fuller 4«v^U#ftft bftlllag tftniltlegi*

BiftX^i tt mpptum I0m% «Imi iBtmmt wmmat ai4ntt gft vftsrr

fftr Into tlift ftfftjr<OTftlii»ftd iMi^tag gliftftt* ..^^^.l^^.

Haiftr ft«hftr oftnAltlons^ htmvfmp, ftVftfuftftvftlofMid IwlMNi

MV tftiG* pXftftft to ft ftlgrilfleftstt ftxtftsit Ikftf^oTft mmxijmm plftt«
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BolXii^ first awmni3«g tiitliia a «»t«r etiaiinal ntrnt^

•St tlui iM>i)t of flisKtiiBH fXvm. in ttis rsaatoi*. Hhm feoilii^

irsul (W1 in ti^sl^ tiifiililtlrtll slMMsswi lAlX iniqpfi*ly isresMMNi

sxialiy i^a iNith diMietions tsmk ths ini^sl point ^mtil

SAMS HIMltai of thm tuml plsts sarss ticmniing this sIMnra^

is in botlim* At ttols tiHS tlm lM»iiiiii SK^ss Mili rss^ s

iwprtisiiWi in tinis stwonsl das to ttas sSHMUMid sffs^ts oft

(l) ImfSi flSB —ril IttaM SMSSMiStSd lOHST BlStS tSHMSmtttMl

iR^por fsffaatiai in ttis boilint rsgion inersssss ths

prsssisrs snA tlis siiHHMM -tMWMIIiilMPs at all jMiiJiils ia

prassiups £^«p<Mni ths satsp out iMXlii stnds of tNi alisnBift# tlis

thus partiaUir tfastjuyiag shqt timnsiiatma

*- ->"••-»?•',

^

£1 ths wmmMmt^ hsiiswsr» fuzitlMr natsr ohswnsiai' $ir«*

otasfi^riMisliiaUliy siii' i"»msi<IIhii Mi initial siuMsnsdl lantfsxil^

initial boiliiMC in a Msnnsr similar to that diMoaPibttd fbp
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rtpr4»s«ntat;ion of th» outward w^pfs§;pmm of 1»ol3Lin8 in tiMi

r«itetor«) ku fvcptShmp Initiftl botSliii t&ktm p3ao« tht

tta» foldewing 4i£f9mm%l»X wnm^^t'&ni

7sK -^-/.cvV^mM

t !• ti»tt» 6K 1« iSim Inltlml st^ inanMuit In •ff»9ti«»

MuatipXloabtion f^Mtor of th« vmu&ta^, p %m ttm ft«otlon of

fission nsutrons shloh lurs diiag^iid, I Is ths prospt nsutr^n

lifstlKS^ » Is ths ststistlosl wsl£ht St s i^oliit for

i«ssotor psx^urbatloosji W Is ths /olune of sts«s {»«r unit

fosl iilLSts sr«s« 1^ is ths rssstoar void sosfflelsiit sadl A

Is ths fttsl plsts srss.

fllkh^Mk fl^'ilB'^^B^hk riflu^jBiKKdteM^L^A^rik vl^^tt^rito ^M ^^h Hv 011^ Vl tfk 'V ^hkJh 4h 'I vl Ufc-dtt ^BMh MMWih '^rtdB ^kikA ^h

iiwtsr «lisiiasls wtl^iln ttm rssstcr tsfNMsis «\ ths tias

3Ps<|Hlapisd for the fiMil plats tfpiimtars m^mmut ts tiMiss

siMHMSi* to rssdti 7b* Zf /Ifo Is tits nsmiHMn fliix« jB^ Is

tiM flux St point r^, meiA t Is tiMi tiMS lag bs^issn

Initial boUliig In tlis ^ilismisl at position r rniA Initial

iHritiimt In tbis fiMwwHil oir MstMHi flnai# ilHi iMtsMis

sqessMsn smw SI IwHslj- 4mme^bm tiMr IntMfal of tin*

sliloh sls^sss bslwssn initial idling at position of

fltix moA posltiflti r«
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(ik) Ti-7I = ^[(Tb-TcJ^i^ pjt)dt]

in mo^ i»t«r dhsnn«l* tli# &rlt«rloi& ^mmX^&ptA for tiMi

initiation ®l* I99illng eositadUistdl tii« «uiwt»|>ti€N^ tdMit tiw

«ii|>«rtuMt «n«rg3r j^ the wat^^:* &vmilaibi« I'Qr vapt^r fonMition

is * e««i«t«iit «t tiM iiM or iaitiiiiii» ^- ai»s* iSfius

tiui initiai vo^^uoMi ^t vapor |n^^M««d la tii* %&1L%1»X wmm
of boiling in azisr if»t«r «iiMiixi*l frcn thl» o«fiftt«nt av«il^

ina^ptndont 01" «t^aooling o^ p«rio(l# t& mSMMifdnp tSm

pvoeaiw of initiatloa of l^»lli)a& Xa «XX natox' ohAimola i»

idontloAl ••Mmtl4Li,l¥ ijo^mmB^bmA m£ JHiMMiiiiMi oas* BHi tiMi-

thus it will ld« sMMMMl thst tht initial voluna of

atom fOTMOA in a^sr Wktrnt ohatmal la a oonata^t mA for

tiaaa lAiortly afUr tha laltiatifln af 1mibUIj««r tiia

oaatz^l <^iannal tha total vo1i«ik« ^ atana la tha ^<aaataa

ia thia ccmotarit mmm voX«aa pm i^^mm^ iRiiUpliad ^
titio ntadiar of ohmnala untfiKiaoizat boHisas*

If tha flux and MRt«N? <^anaojL« a&u^ a« «Muaaldorad

to ba aacially wgmmts^ uliout tlia o^^ral oham^al mA
initial boiling itith a eonatant vajpor voI^jbo par «li>naal:

Is taldUia plaoo ju-^axao » ^cqh^ ^t ^t^mmxa d^s^rib**

ing a airola of i^adiiss v, vimii&g sm tm^%ijm of

tha rMkotor Uir^^ih tha jpoi&t nf ^^ ^ than tha

total vapor irelano in tha roaator la gxvflxi
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liMMr* C iv & 9oiiirl«rtt fi&r any glinm INmX plAte*«Biit«K*

»IMMm« (t?)^ Va^), «ia (^) eim i»t mUmA,

]probal>l7 MUii«E* cm a oonsjuttn^ wmsMxm.^ ravaaJLtng ^te

eouzHM of tlu» i^Ntxttfoiin; ni«ii«filjni ^has'tiig %h» pm/iM

rtwrttly aft«r tii« tiM» ^ inltisliiaii of bolUns in iSm

first shwrmal*

IDn darlTing aQuation (t5) It h«i bMm mummmi. tlmt

ttMi viBdIiaMi ttif kImmm f01 Mill in omr dltittinftl at* tiMi int^tiiA^

tion of beiXlng in that is^mmml do«« not ^laxiiMi as l^olling

nopvaa outnard frtwi thia pointy iP«i«raaa in aaetiona V3 wsnA

tha miardavaloEj^ oolXins pNuMi and than inax'aaaaa ^mf^

it^E tha ov«r4«vaXopad boiling jiiaaa* Xt appaara tvmk

aanaidarmtlon of tha Barax aaceuraiona (Fisiai*a 3) timt tha

outward sHPograaa of initial boiXinft in tha raaotor haa

aegoapllahaA tha «aj<»r aantribution to Vm aimtdoim

pi*aoaaa bafoz^ tha attairaiant of fuller aa^/alopa^t boiling

wA a ttrtnlMiBi af vap<»* voXuaa in tlia aasitimi ahannal*

tha affa£it af thia daor^kaa in vapor voitsaa wiXX first ha

fait in tlw eantral ohannal* Bid^ tlia oontrihuticm of tha

vayor voliaM naiaaid to ba in thia oantral ehannal ia

aoMOl in aa«i»ariaQii with tha vaiK>r volma aofitalnad in t^ia
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wMie In not ^<9gi»lditrJLng t^« d^ertase in vvjpor voXnaf in

tiM e«al;rttX <MtAani»l shortly «i1;«r initiation ot )»oiiiiig wiil

Haw th# m;i;$iuMr9& flio4«i tm^ Urn likutOsmm ptroemMk •«

iiv«i 1^ e^iaticaia (23) < (^^} ami (as) i^?piK»di«t.t«ly

4mi9S'I|niii INiir vrntuttor i^nnNoim mvehsniflai shortly after tUm.

initiiM^iGr. of boijutng in Um Q.mi>iJrsUk mmmi^^^ t^m- i^iQ

Bovvx r«*att>f ^«i oiitmuc^ ]Kr«8r«fti of ii^tial l^oilit^ in th«

ri<wt<B>r fiontrilmtad mu^ tts»*« to thd rattstor tfiatdawn

MUtna «ri4 «444io«nt oh»iin«X9 .

i» txmsk A»l0i,\U



-, F-

fMititfflMiff



'Stm prlii0l-pa.1 r«sult» of this litt^ have b««!i 1^«

jpr«dietlcm of t^^^snuttiz^s flodstlns ttcping tiM <d«iiiliietl<m

ptm»9p th« ariti^iGn f©r .tnlfelAti<m of b€»llix^« aiw! tiMi

oot>f<*ULtlon t^t msprnpimmttd mtadrnm tvmt plate t«Bp«ratta*««

ifep the Borax f*«aetor» ."^dcaidary !r*&«m5,ts of this irt^^dy

fUI7« "b^wn a batter, but «tlll q^ailitaiil¥e, urr:f/.fr';y.';..a:':»'?l''''S:. cf

the t?anal«nt boiling piM^ioMtfia and tlie s^aaetor vhutdoim

wiehaiilaei«

Xin^ tha eondtuMitic^ plia9« It should be tvstm& that alttuniji^

th* tint ralation of tanpasmtttras !» not krtoifn Kith aeatzraair

tha x^alfttlon batiiaen tm^T9Lt^xx*eu isx tha iiat^:' «nd fu?s»l plata

t«H|p«raturii is wtmh aora aacwnMu^ icaeiBi. Xn tMs s'lgardt

althc$\]gh tha mmrgy ^mmXep^ hf tha rtaetor^, tMitih la tha

tlaw Inti^riCl v-jf* <•.*>« inatar-ttmn^r.nsi p<:»n»i»» la toicwn at tha

tliia df first ira.tiatldil ar :>caiing (i^j^^roddUsataly tha point

af mBLximm pevei!* for t^ Wm^tx rtm&t^r)^ this v&lua cf tha

ln«tantana«ii« potmrr at thia tlwi ij» r^-^t »m^^wi id.th aaooisiusy*

tha erltarlon fos» Inltlatlor* of falling <lav«lopad In

thlB thaala has not Ismtn fully &<mtirm»A by exptrlsiajit*

Hoirever, two faota I«rid er«dullty to tha arttmplo^^ flr«t»

4Mllirl<sal evaluation of the ^piantlty B (aquation S) fros

iiat«r px^Q^ertl«s tmd ttm aftaymad bu^bl« radius of 3 mlla

agroaft r«ouur1<abl7 irall alth an t3cp«x*lm«ntal ai^uatlon of

B tr*€m lloaantiial*ft en« rai^ortad mxprnpimmt. kttA w^^md, l^a
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ovltmttmi ims used with «u«0«mis In comi^otios) with tl»»

3Qrr«latiofi of miei^ttvtatmiMBX jmirimm tv»X plater tmaptamtm^m

td ^tiitt;« aoaur«t«2^T pcvdldt; wirlani fMl plat# taaipBmlMMS

inMnints«r«l in rmpiA tvanslaats «}f lortac t9$m wm^tmrn*

Wmm^fm*, %t Xm prcM^Xy mHw * ttxe^smmtB aeeJU^mt that for

hWjfumad t« doin:««ai»«iiA vavy eXoaaar wil^ tiia attaAnaant of

fully davalaiMidl ballJUis in t^^ aantaral abamial*

Anattiar valua:bla vaault of tlila a«r9ala;klaii Has Haaci

an aaepax^iisintal dafawwiinattan of <x, tha haat tranaf^

ai^ffialaRft ftr Hwtllng 4>t mifeap in aanttaat nitii Mm ftM9t

alaBWits^

still in ^a raalJt of apaculati<Hi la th« vaatat tvom

tMLa aat'jMSKttLam UMii ^ta miawtiily x ia a donaiwiit* 4toaa

tMya jsantity rafopaeanta asMi iiiiaiiBWi, fael tlis w^^mmt tlNa)

aniavd^raiawMi lolltna dMMiu ittMi Hurt that it la a

niMitaitt iJMi^aia^^ tailavd that tliMM fMiaiaaaa mm
jiiaraiaally ai»ilar txrmKpe&ttw^ of parlod or dasi^aa of

Hda iMdliaf ia tha iMwia f««* tlia a«MPMiMt »o4al of

tha maitiaan HNNOamiaa ihortly aftar t^ initiation of

HatllwgictiwBi iJi aattton 95, daattas «ltii oatwayd paagraaa
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Wmmm 4m%m r««»ttm ^NNOhnNI ite«««ur«i« £a tint initial

tlw aMcr i^BMNW of tiii» phtttt« it wm pE««NiuMi>d ttun.^ t^

pemmmxim 4itmmmmB vitlt tiMi* flit «tt&l»RMiit ^i Um

fKmdXtlon of fully d«v«lci^ bollJUis «»» iM3B4ai4 hf «

r*tum ISO MMWAtlallr »Mmit ju'wuiiyi within thtt <9lM»m«l*

jiti'gnill 1 1 iiiiinattin wlli^ t^lMii*

oa idM fi9llGMln$ ai'gMtnt^ Xt la not twwi n^bmem t^

jpVMHMni* tmiwiiwiw tfts Imm^tmtl la t^e r«Mitor# AMUwlr^

HHit It ««• ft dftvlott <%f KO^Macwtft ^bM it tranil^ hiBpm lamm

inpii—iiin ibft p^ftftft it tmrtiii mm tmmt^p o&rmm or if it

w&vm ylfta>t iMiMv Itift (»0S% Ml mitiflP ^wonmI »t that ^

hftVt IMMMI IMMttl 1KP0M> tiMM tlMMM» l^r tMIHP

HH fHal tlMMmt* In in^ «^nmt the i^i^nnaM

92*M0«r« nftft p(pe1»ft^ly ii0t thftt assisting Kt any tint ulthln

a slnftltt «tinia2*<d ii«ftt«r {^hftrmftX*

Bi^^»wilr)» on til* t]rp« vat i^rta^tetlxm. of th« tx*an««^«MHr

Ita r«ftdlr^ ir9ul<l \Mi ft e<Mi:blnfttlJ»i of tilt «tfttl9 pc^mmxaem

•jdLstlng ftt '^iftt pGiMs^ maA th« pswaaax^a s«umftd W mamtmlhm
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^linipiii in th« movlr^ igat«r dloe^ to lilhm traruidiudtr ppmmmjirt

«in4t9iB&i»S bolXing ftt ai^ tiia#* Since th» ..v^ub«r af «^«]in»ls

iin4ez% jiUig l^tiJU lg<:>i.liuig Xb ra|44Xy Xria2*«a»Xn^ with tijsm.

Kith this »pa«l*

«aa!ur«lcxa nftji pres^ated In the Sorstt r^«4|)ort (Flgux*e ^"^

ISfiT. !}• Msntlon mk» wmIa of «|is>&«*trat i!%e<M3^1»t«is:)eXoi& In

tte ps«a«ur« olMDQrvstlaatt lAiioh iMre aliMliiW ^ ^^^-

Atfiotldiiiiig; of tJM ^^rvlce* O&rtful sdrutln^r of thit on«

pressure truc^ jpQv«ftlft aoifttt^U.ng ttdLah eoui^ best hm

-^m&Mmi^.m & ^«i6 in the mtvw at &pproQdJiitt.t«lir.||iii tljat

of nftxlMun fuel, plate teaperature* Ihie etmld be &tti?12K£led

tM> tlie itteldcYiee of tim ov^srOeveloped lK4.11n^ l^s« in tim

i^mtx^ ehennel at thia tl»a and the oaiaequiMt Mil aurfa

of «K3peXled nat^r*



s •'*'iiifiyiT*ii ?it
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tint Boxms^ m3sp93sriismiitsLx r^emut^ mm m« xixs^-^^-i-is^^Amm

by Ho««nthia« IdhiMMMUl «aid A^feMNBMWf j^ravid^d guides to

the de-^j^lopasttosit of' a j^mLsmX rss^mX tor i^m aaiuxmm ^f a

Within Urn £:m»mms^ ^ ihtmni P4i4#si It ms th« &!» of

•ac&ur&Xiata* 1h« H£»<taa 4«vtl(;4>ed Is i£4ai%»ist«nt wliKh this

THm «et«ittfttJL«ia |ilifM«# «oi«lltiim for liiiltiatlon ^r

ipMNifia^ld to analytical ln\ro'stlsaKtl^t «nd th« mamrX^^

vtsmxiXt* of t^#«<i sjialTUmi «|p^^ nitli^ th* i£9mlXia»x«

Anmlysis of tli« vmsmSsiXii& pha^ts of IAmp developed

pteorslMl ai@d«l artd a cNx^let^ aolutl^m ot th» reactor

i0idN»*standlng of t2«iyial«nt bttiling phftiMMHW*



y. ii'^'ZSfi^t^SX}^*'-''S^ii,

«v,-,',>: f



^

APfSUBXX A

%bl« of S^mSt^lB

k ttml plmt% area (ft^)

115 *T

h- X*te«nt hMt of vapoaidJtation of i«t«!* {«|^)

Ki h«at iiitiyity of nmt^* < ^ o^ ^

S«(2 ft F

5K initial •t«p %mvM» in €iff«otiv« aeiltipUoittion

f^tor <9f ttui roftotor

|£ TMMitor void oooffl«itnt (ft*^)

^ prca^t nffuti^n llf»tla» (ates)

m initial isrsv«tm p«»ator period 4tefia«<l 1>y

•<IU«tla!i (2) (Ste**^)

p poller d«v«l©po« in a ftt«i pl«t« pm* unit

300 ft*

(^) rftt# of hoftt t]!«n«f<»p por uR&t fitoi plato ftroft

( ^ J
300 ft*

S ho«t oi|pooit:r of fiiol platoo por tmit fnoi

plAto «?•» (—**§-)
ft* ^

t tSao (Sae)
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MT^B, (ft}

X 4ast«]ie« into tb« imt*ip firatt «Gid noaMftl. t^ m fuml
plMtm (ft)

k' dl«tiai«« int» %hii Hitter m% «Adi«ti tlMr aa^M of ttm
tMporattur* px^filo i#ii^ «xist«d ftt tii«

liMftRt 0f liui»liX« temmtXmi msmXB th» uXaipm
of ttm %mB^mm.tw^ pi^ofli* at th* mitmp imw
of Hm filing Msion «t thft ti»» of fulXsr
<||^"/<^l«^p•d iK^lXlilg (ft)

od l>olli3ig hMtt tv«fiiBf«t* co#ffisli9rit <t«fin«dl h^

•^"** <^^> (
3^ ? ^3^
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PERIOD = .051 sec

INITIAL TEMPERATURE = 82F

Figure 3

Plot of power, fuel plate temperature and

pressure rise during a typical nuclear runaway

excursion of the Borax reactor.
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- FUEL PLATE II, CENTER THERMOCOUPLE
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Figure 4

Borax maximum plate temperature rise

for runaway excursions of various periods,

with reactor Initially at saturation

temperature.
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Fle:ure 7

Schematic representation of temperature profiles

occurrlnp In a fuel plate and adjacent water channel

at various times durlr.r: a reactor runaway excursion.

1 and 2 Conduction phase

3 Initiation of boiling

4 Fully developed boiling

No-ie that the slope of profile 3 at (a) Is the same

as oroflle A at (b)

.
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Figure 7

Schematic representation of temperature profiles

occurring in a fuel plate and adjacent water channel

at various times durlnr: a reactor runaway excursion.

1 and 2 Conduction phase

3 Initiation of boiling

4 Fully developed boiling

No'ie that the elope of profile 3 at (a) Is the same

as profile 4 at (b)

.
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B697 Booth 23DGI
Behavior of water-moderated

reactors during raiDid transients.
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