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llsfor~nce ckud.gna ot 8 wru Wljor TflO.Otor eoncept1 (1) b~d 

CW!"l"ent value ot i-!Jaotor PC' •t~ra ind1cate that imt p1anii tfieien,... 

eins o.r 300 ' (e} powttr reootor pJ..ant, a natruct~d t.o-Jay would 11 be• 

t n 241' 311. ' .otal , war c~$ a o too• p r r aetor lante (?) 

would Yf/.'t'J l»tWCMl 9. 5'6 mills per kvbl" md 14.7t mill3 per kvhr. he 

Bddy$\t.l h>. l Uni'\ ot tho Ptlilodelp • .i a Electric '~any ropr.•nts the 

Gt advanced coal• fired plant. an' r co n,;ouctio in ttle United tlt. s. 

Tau 1uper-~n"itice.l J2' Mw{e) plGt 1& anticipat. d to operat.e at e. net 

pt.tr iafhr. 

Powr ra ottn" ofticanoieil c;iompw.e ole to the coal.•!'~d plent tti.• 

eioncy c~ be achieved at rGaotqJ." outkt "a•ratuns abOw S00 c. q,• 

uid · prod&, ono ...... ml1' or cttainirt.;~ auch to~Pfll"' turt:us without. re• 

qiU.ring high syetem prtu1stlntl• ~ r 1 uut,U tm. advent of nuclear 

povor ·enerntion1 liquid . tal.11 t~chnolo~ vu pr1arily lUlitad to the 

knoulodge *tain"d .frWI tnn use ot ~ut'Y b<)il!bl"S t'W POWOt' gener~t.1an 

and ti: thO u ot $odi aa an int • al cotttbtu;tion engine e nst 

valve coole.nt. 

Teat loops hava ·~ :tud to obtain. f!Utch baei.c hlf'ornation about 

liquid tals. Corrosion and eNa:ion o.:r contai . r rials, per...,. 

t~ ... d,ependant ma~s t.rans£er and beat. t~an1t~• are amo~ the lUOlf pbe-

n na that can mvee at~d with t -:it loops. In addition t,o thlf in* 

vestigatioo ot Uq.uid • ala betiavwr,, tho 1•eUah'lllty and dctpendability 

ot P~"'i a.nd tluid meter1n"' •<tulp~t and attt.~r syat-.~a eoapomnt• ..-



be ~~ned. T~, as a ma .. flt !"'~~ Uq\lid ~ te.ctmo10>a1 

~ teat loop uE;rvtta a multiplict..ty or ptl.'l"~•· 
T1- obj•ot Gt t.n1• ~id.a is to ~ ttuil ~~to~• ch.are• 

teruttmt or a ~l :u . .ue in~tion el•cti~h ~ •d.t.•b1e tor 
high t&mool"~tum liquid mtal ~•t loop o~et"ation mld tfi> :lnve"i~at• 

•t.twde by vh!oh. \he ~ll"t~• of tne vtsmp sq· 1- llliV~•d• 



Trus interaction ot ourr.ent, nnd •zr~tio field 1n a liqui<d co?ll"t 

duct.or va:» utili~d b,; Nortnrup (zl) in 191'.l? to p~ a h7droatati'° 

romru.re of 9 inches ot wgtor h-:r using {JOO ~res of curr11nt 1n merc11• 

ry. At that tino post'Jlijtud. th' thia phenomenon could be utilisod 

t:Ut a i .... r e capacity ~ ter rmd "V&a likel.;r to r~•u1lllt in new and uuful 

a; plic 'iotia •· 

it:in in and nzilard po.tetlt d i 1925 tho ide o.t" an f.Umul indulJ• 

t1on ptll?}' tor nae \4th 41.kftli metus. In 1942, •ld and Szil&r-d Ch) dlJ .. 

tailed the c&Leulrationo me<1~iHU"1 tu deail!ft an ar.nulr&.r inilueUon. pump 

rQr liquid biorouth. 

OM ot the etlrlioat a?P'li~at1on:.J 0£ eleot~tltic PlJJli">i ~ vu in 

the mnt.al. c:.ut:ing 1ndutl'"f ().}. lilcetr«U.~~tic pumps wre d to 

trlU'ls Etr lten olwni.m:tn .rroa :tumaeea to die ca~tin· machin'ltry, elhd.-

,natint; h d ladling or tiltin; "4C?liMl'"'.f and ®'li'l'O$"lng lag• tree t .. tat. 
neh serit>t1vo in.fo~1ti.OD on &le:ctrcmagnet>iO vuaps is NCOJ."ded 

in ttio liwrature ot t e United .S .. at.oa tmd tile Unit(td JtingdOl'ltit ltOWV(fl"• 

att (6) and laa (7) wn. ueed ae t. ba1ie "r r(\noe 1~ eleotromag ... 

net.le plm&p tho017. 

,tr.my typ*ls of electl'"QlllR;:rruttie · UC!lpl ha'q be~ ®vel~d :ln tn. dee• 

cdo inctJ nuclear msr i &:in•d pr 1.Mneo: and ttttty o n be claantied u 

follow • 

I . Oenduc ion p~ 

A,. Dinet OUJ!'mnt 

~. to~tm ' cnl"'ront 



!?, Induet:ton pum:;;ra 

A., 4mlllla-

D• H•Ueal 

o. Lin"~ 

n. bt.e.tmg ~et 

All electrc•~nr.:tic P~• devend upon the inte-r.eot1on betwt-M • 

<n1l'3."Cnt ~ '1 111agit$tiO field to '?f'Od:i.wc a force on tbo li(f.Uid metal. oJ.'l!-

thOgonal t.o both t.ho direction ot ournnt flaw and the ug~t1c £1 ld 

direction. fht!r ccnd®tton pwups ~~ nigh 'Our~t at low voltflge. 

·iw.. eurront ts 1'UPP1i•d w the U:quid mat.al in the l>UJUP duct thr i)uah 

lectrodea waad tco the p~ duct t.1'llt. Reotlli'l'l-r • em t» UMd to su 

?1¥ current to $mall. ~.rect c@rent condu~t1on P't.111P"1 but tr. homO'pe>l~ 

gonurator wttb liquid metal bnal1'Ds ic the unly eff1oie11t o~t sup-

pl)" tor ~ii:3 p~e. Ourr~nt. nquirameuts ot ~ot c.i..1Jr~ttt t.nmduotion 

1-1um.pa v~ from 4,soo Ai'iPQl"'(tG ail o .• 6 volt tor a PWI? (6) oapable of 

pumping io gpm cf ;;coo b~tb at 60 pid boaa to 2:;0, 000 1,Wp@rGe at. 2.s 
VQltG for the Pl"i~ qotd coolant J,lUtip of U. mllt lI (9) .Ciip:abl& ot 
p~1f lOtLJOO g'J.)4 Of 700 f &Oditm alt 2$ pai ~'lt&'J. 

1U9 low 'Jolt• iwrul1.t.ion nqtd.N~t of tlltf direct c~ aon• 

auction t'>W.t? r.Unilid.n• t.™1 o .. rteo\ 0£ wulutio.n dllttDrior.ation wht:in <>pa~ 

a.tin.:r in hign:.,y rlldi<>aot$.vo C"ou at high t~t"at:ure. 

Al.tani~tine c~t oQndootioii P•?• L""'t> buieally th~ • ..., as t.,._ 
di.r$ot ourrent condt1at1on pUlnP.J• \~ 11a1l'D~tic c1rou1t. llllOt b\«I luiMted 

to reduce~ eun"Ont And~ lo•aes. High current$ :u-e obtained tr= 



ti-Daf ~rs tnat can ht Wilt as an in\egs:-al pat of tm pu.p. Alt(a:r-

natiQ6 awnnt cond'1ct.1on p~ ei• iu J.:Ud.ted b7 PQW» factor cm:uridoi-

atitms and tho altctl'llatin~ eurrct conduction pumps ant au td'.t"icient 

than dii10ot. Olll'l' nt cQUduotion pumpa. 

llttti•n.atin.1 cu~nt 1ndu.ot.1cQl'l p~ depend t1Pon the J110V1ng ~t1o 

f iald ·Uf • pol.Jphue ldndin!i to induce eddy o~nta in t.ho liquid metal.. 
fba li~m:i induetion p~ :La the most eo~ U«td ind~ion ptmp and 

comd.ste or a 'P\.lliaP ~tion l.ooated b:otw~n t1i10 lwnaud statorn that 

contain the pol;,phase vir..dblfta,. Copper side b&i"s oonr-Jtctfld to th ed;t•• 

ot the f:f~ duet H!'VO • •wt.um -path foll' ttto •Mr entrenta in 11 man• 
tsor analognu.1 to tM end l'intta of' an induo\ion motor totol"• tho liuaro 

induction pw:ip opo:r&t$a 1dthout a high B\tft'Ol'i"t pQVer sou~ and the dou• 

blG 41tator coutruct1on taoilit~s ~v.i ot tho pnm;? without diaturh-

.intf tht"t ~dac' ot the •JStf'lm. 

Ono ot tho l~ot liMu induoticm pumps const.Jmct~d u tho seoo~ 

.-, aodiWl coolant syirt.eM p~ of tbs Emt II (lO) that bu a. capacity ot 

s,ooo gpa ot a;o r aadiua at 40 pd hoo.d ld.t.b a~ Ppet'at.ina atr1c1eney. 

tdt\7 c~t patha in tho liquid ~ p~d ~l' an annular induct.ton 

pwrtp close on tb&..iveo1 o~tins ttMJ need tlO:l" cop~t aide bars. The 

annul.Ir Plll'AP duct is lo:=at.d aratmd o rldiall.1 ~ated ctntral ooro •d 

inside z out.op •t•to~ tlmt. eorit*1Jw the 111ndinr:a. Thie cONtt.ruation ·~ 

ducoe a st~r plll'lp tluct tban 1• norMl in the llnoar inc!uctitJD ~ 

but doe• not allow pimp t>ertovlll. witrit>Ut .,.iem dlaturhtmc~h 

Tho •11oal ~tion pump elosel!f rtUKtmbltHI the induction Mt.OZ" in 

a;tpe~ance and op1,trat1on. 'fl1a rot.at~: m~tio field ot thrt stator 



oau 1 rotatioti of thl'> liquid •tal 1P the cylindr1cal net betwoen t 

trt.ator and tllo tt.blook&d•• l:'otor and spi~ guide v s in thtl duot :11. mm:~ 

ad.el f!.'.otion t.o the rot.at. n fluid. The helical tnduotion pmtp ia ener• 

.allJ used tor low: flow• high prene,uro ppltcat!ons. 

lfba ~at.in& ~•1..rmt induo.tion VUJJ? {ll) combin a teat~ or botb 

ti. conduction and tho 1ndooti01l P~• 'tho pump duct is u1 the fora ot 
a :r»arly cloned cirel• witb l®d aide bas. A ·~~net uaemhl7 loo ted 

on both ai . • ot the ~ (lnai> end rotat.ed · han1aall:r prodt1AU!t1 t 

in ~tic ti•ld. Ou ot C t.tt"ent xcit~t.ion Of the .. Mt «SS T:ibl1 

pJ'Odl1ce1 high ~ti~ field ..t~ugth and ti. power tactor of the PWI? 

1• the near unit;r power tactc:t of tbe or. The rat.atio.nal veloci't;r 

t t.be can be v i d iJm:l tiW %'0t.ation provides coolitlr! ro.r tho ... 

Ilet A!llG J!W"" • 
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!iaruth Md other lirautli m~tm ·~ O.tPAblft ot dil!u.ml•inl autrteient 

t1ttn1o:nablo ~t{l!:rim.1 to mate , .. fa.t.t:r.au;U'V'e as ~MtQ!t t'tiels., ~:tt• 

eh~ pr~~l"'t.10~ ot =~ ~r.m:t.a'.U2,0r lfi&ter1.,ls r~q,u1re tne use ot fttraetoq 

mt~l1: to eontdn tooH liquid ~s at btgii ~>aratntl'lll• H~, at 

the'IO t~~atl.':f"~s t*n• t"l\l!raot0'¥7 •t.1• :W:4~ l.1t1 ~l"ftt(:tQted fNm the at• 

mQetphfllN ~~ o.r ?~ ondn1r.ion nai~-t.moe . 

l1!'.f1cil!nlo)" con$1.drJ~ationa ~uld dio~ t~ Cht>iee tif a eow:tuotion 

~ tor oirnul~ting biemtrt.h $tV! otJl61' ~~liquid net~Zl. '?ht! re~u:l.n$• 

ment Of a high oununt po~r 3'..tpply to1' the e~uct1~ p~ ~ attendfiflt 

prob~; ot dwbl• .. an ~ et.et.ion dos18n to ~' l'lll:tal oxidation 

:rel\tgata &fficionoy to a Mttoi:' O"f ~con,hiry i~Ol"t.tmee. Hnvewr, ti• 

pro.bl~ p~ovnt~ b7 the oont.t-i:ictinn pu~ h~vo noce1Bit&.ted t.tw u:se of a 

U.nu.u- in<h1ct100 pt~> fo~ hiilb ~mpG:ttatutf:0 ~~t loop 01~r.d ... lcm. 

'~ li:m!l~ induction ~ Wi.14, P1'm1'Un lt.$ OOil1\y to ~t"Qte· ~ "Ai"" 
per~tm", tll MM" 1000 0 f~ lo~ ~:r10tis or t:\Do (l:n. tt WU PNViOl>~ly 

und to 1n•un> t1U'ctiln:tion in t.it 'ltlOps vi tnou\ N,gal'd to -.lntemme• 

of a ~ifio tl.ow ?&t~. 'ft•~· •Ml-l:;J.e :lnf~tion on pertcnumce 

or tnt.. ~ wa.• that it ~d fl~ 8~ pound1. of 400 c b1~h ~r $u.W 

Gt e l/t-incn bi-.ith ~d (13). 

Tm ••1:rahil.tty ot O~l'ttOtt.ng ~·t 1()0p$ irt Wbi.Ch ••:to. Condi• 

tiou or fl~ r~ ed heat trcud'er can~ ftliMainoti n.ve mcf.laUJtt.a"d 

tb• dat~rlritmt1a4 o:t PM"fo~e •hA'r~te't".itJtics ot t.M lin9• induction 

~· 



fhe linoar indu~ti J pum11 shown in l'it'Un) l 1• a two· pole• ~ 

ooll1 Y cor,noctod, thrM pbaso Pum'P• The PUMP consists at an UPP9zt and 

a l.owr • atol'" with tho t. coil.a looetod in t.be lowr atator. The 

pole piton of tne pump 1 six :bmhe& ~ produce a r1gnatio field wloo-

1t1 ot 60 teot per Meond at 60 oyolo• pe.r aoond powr .tl:wqttency. Sach 

stato:- contain 16 ~1cms of 2b ga e hot ~ed hiu)i aUicon 1'4Und 

COft ira wit.It d!mnsiout U $110Wt1 ia .t•ig~ :!. '?~ ladftations e.t'G 

eulat.d from eac:t.t other "11th o,. ~inch rd.ea •h•t• the two outer 00U11 

o l.WJ tum and th~ can r · eoU or 120 tu.rttf are lf()'!.lnd of 12 gauge avy 

~ 1rusula.W co~ ~ ~"*• 

"~ fffJotiot'l$ with duct tbicfmats30t ot 0. 06), o.1as,, 0 .187, and 

o. 2so inch ro .t1tbrics.UtJ !roti o.1s2 ir..oh on t.snt~ltn tubing (0. 03 • inch 

'W"all thicknon) tJhectMd with ;;/b•i.Mu {nominal) o!ledulo qt) inconol 

pipe. 

'~~cury, a typiqal 1oavy w1tal vitu lligll l!'rttist1vity1 hi'hh mi.tty, 

and high visooat t;r 1 wu the liquid •tal used in this eXf!Qrl.~nt. The 

a or il\"'ll'CUl'T c:lrourovnnt~ti t)robleM i.rrrol~ wotdad loop conatruetion 

Ind the ·1 ot r.sclt01,,-aphf to tako it:tw."Q hGad meUU..":"• ll; tJ th t would 

have -n encm~red by using anottl.Qr or too hea· .. :y talo. 

A v.nturi mtor was u.eod tc 'lft0&9ttt'l!t l'litlrem:w tl<N b Q&Utfi) or if'J'tAr• 

ently oOd OU?"aoy and lou ~lie lo ot his !'l0\1 111<:n13ur1n; inst.ru-

m.nit. The Yenturi •ter was ccnstru.oted to the l"t)µtwt,iot1lt Heam nded 

b,1 t.ile 'ComittQ Oft Flow 1'.tt~emtnt- f the !ftte~nationaJ. ('Jr{!j6ll'tb&.tion 

lOJt Standardization (14, P• L.fi) , Tbfl 1&ttt1 equation r11-, tho vent.un 
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•1hor w!lf! dewlot1ed frt8 tllO aemwUi equaticn and tbt cont'111ldtJ equa-

tion ra1 inc01a9roo1ole tluid1• Tm actual P"•~ !'wadwflw n1at1on• 

·~ wu &ttermin'ld by uting a Vi~ pocd.tiv• displacell1ellt PUBIP t.o cb'-

cula,t. mGl'ett'l"Y at, ~ flow l"atos. ~ha dinh~o coetf!icienta ot the 

?antuvi aotar wn &rt.ermintld u the l'f.t.i.o at i)t'e$~ head a\ actual 

tlov to that p~•tifltt1d t~ ~ iderd ~ation. 

Ptunp out.put wu co:n\rollttd bf controU~~ the input voltaa-e with a 

t;-,-po l.)6-)t three phase Pownt..t V.$rUblo tr-«nsfermer :rated at 20 am-

~·• al~ volts,, ~ 9 •. 7 kva. All tine pban nadillga are tann frt)m 

a Welt.inghoun t~ !A 1~na1 ~l~t-• lndittdual phase road'lnga 

wre obt.Rin· d vitb • Si.mpaon 269 ultra high eomlt1rt.ty volt ohtl •c~ 

uaeter1 a Simpson 1~ amp amet.1~, 111d a Ves\on mom.l 310 •itlilt pt'liUG 

vattmewt'. 

~aulio lo•ns in tna p\Ulip aections ottv o~ulated f~ pnaoun 

dlrop •uo.~t•· aad• vith vat.el"• !be •qulval~ ot h1G't1on r~to, in 

a g• tricolly aiailv qatem at a con•tot Reynold• numbe:r pl"OV'ided the 

bash f<'11t tJ"" caloulat.i®I• 1'1- PN•IW.'1t drop tolationehip btt•en •z-• 
ollf'1 a11d wat.&r .for the ~ aotions taatm.t waa 91JtaiU114 t'raa the nar'°1 

equa.t1on* u mri~d m the A~c:Ux. 
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tlut porto~c charecwnatica at the linear induction ~ vit.h a 

pWp· action ot o. l2S•1noh due\ tnia~u .... Shawn in figure 3. f!ut 

iar0etd~ ,.~d flow l'ttte ot o.&.16 gpa ti~ the 0.112 aq i.ft• oroat 

saotion at a volocit;:r ot 1.36) fo.•t per second Pr'~Oc•d a !te,nolda nwa.-
bor ot 19,'140 in th:e pump due~ and • allp ot 97. e:.&. the bi.Ith tte,ynolds 

num~r and r :toult1ng Jl..vdnulie l()GSe1 .,.., in<licative ot luu.ivy liquid met-

al• and nWJrel;r l!t4\ the nw rat•, .u tndieated in n~ l • 
The wall lo.ea :ru&it-.tel."1 't, troa equation. (~), £or tble pump duot. 

ne1tlectin~ the outer i.ncomtl •ho•t.h ot tn. pump Metion, 1e ; .b56. fhua, 

bac:utuse the pump is ~rat,:lng at tt\"JM' 1001 sl1p1 tne o.v.rqo cur~nt in 

the tantalnftl pW!q) duet ll'Gll is apprmsaw~ ) . ~ t:1-.a l~ .r than the 

avo:rag• cul"l"ent tn 'fJW ll!lUtO\U"'!J'+ 

1be ideal power louas COI\lP~d fl'0111 ttquationa (1$) and (16) with 

wall loaa -paratMter I • J.t.!t6 and aUp • 0. 978 J1•ld 'P • 160. S f'' and 
1f 0 

I • h4.~ P • note tho pi-oponderance of lo•a ta the pu.nip d®t wall and 
0 

total potml" 1010 ot ~••• 200 tillos the &etual outp~ power.. 0¥2.o'Olation 

ol t.be ideal •£tio1e.noy 11 1.P'l•O••M'J· GS the M$'.td.t.udes <Jf p•er lots 

au!tico to ex.plain the veey low (lffic1eney. 

'tho pe:r:rommltle ch~toJ.•lllt.101 ot tho PmlP dtb a .PtlmP aeot1on b.4v-

tng a 0. 2$0-tnoh du.ct tnickneua ...,.. th:asm. rm Figure h. '?iMt erteot ot the 

ndueed ~:lo ftold atrenttth at \he tnon-.d a1r gq 1• evidtmt 1n 

th$ lOlimr pl"osuu~a dewl~d. Also olealf' ertdfmt. le: t,9 mah 
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decreaud hydnulio los• ros\U.tint~ fr014 too j.nen>ase in~ uct croa• 

notion .r o.u2 eq in. to o.~t sq m. the f'1ov rate of o.690 gi)ll 

produced a V4loc1ty Of 1.055 teet ~ 1MCJ1nd t.n tho P•P duct at • 

Reynalda ~ ot 2911J,tl0 and a alip or 95. t'. 1' w.all lose p~taf! 

to:r thio p ~ la 1,.656 tmd at thB lip or 0. 982_. i\, • 96 P 0 and 

t• .- 56 P • !nua, al.th the ~r lo a ill t~ 1'4&ro,ury ts gnat.er than 
() 

tlmt for the o.1t,•1l'Jo.1'\ du.ct th1et.neea,, t~ van lee• u ef'tioientl.J' 

decl'e& . d to deeNU t. 9 total 1" lNlh Tho total pmter 1030 ot 
162 P ia 79.S ot the total~ loss 1n th& 0.1~5-inch du.ctr · d t 

0 

e~$U&d power lon: f 01* the lerg•r- duet is 1m.U.oated: 0t1 Ft.gu.ro u $$ ill• 

co:.rNspondint(l.J lov ett1.oiencri•• ha.VG b<3$n noted tor an al~mati • our-

nmt condnetim pWI? c1rcu at~ ld.emuill a1' $Vaih.P flow rates (l~) . 

Tl et•~ ctorutica 0£ tllt!t pump 'id. tti pump eeetions ot 4iffe!"tmt. duct 

thiclmoasoe will btl t.ypioal of the cbarlCta.rist:Lce do$Cr1bod.- Highd 

priitl!aur-011 e4t'l btt ~J."ated :1n pmp ducts qf decrea iad thiok:n •s and de-

croaud OYer-all P'Wl> cti ri. air gap t tba GxpcnM :ot hydraulic .tti-

oiency. t large air 64P necea~arJ vlth pump 1JOCti<m.11 havlng larl"'& duct 

\biokm.uuioa ~nc•e the ~snre that em be 1•nerated1 lm\ :bap:rovos by. 

dftuliv •f'fio!$ncy. Thi• ie one exzm le ot the o~r mi• neeetsur.r be.• 

t.won Unee induction pustp olbctrioal and bydrauliQ requiro•nts. 



Th~ ~ro"P~nt 1n ma~tt'ltic fi~ld ~t.rongth and r~sultin pr.1unu 

inoreu~ with decr~ae in ~ir 'lX$) S,GVO r,._m. tf1 t.he idea et imJt:"CAL\11 -~ 

excitaticm AM r.nigMM.c t!eld in~th by dl.l'Cl"t)tM;1ntt the •ou.nt ot iron 

ift the Wtato~. fh.J3 p~ aeotion. 'l-d.tb 0.~"1winch duct t.hi!Z*"'n~ D UM u:t,i .. 

lined. tori cu'mp~i~on p!~m:ur. Tahu.lated in Table 1 arc tM oftftcts at 
laminA\tion en~ iat coof'Btant volt.,~. 

volt1J.J;e,. 
'i!"Olt& 

~ iir *•-• J~ l .. H ( l' G ll ,_,. 1 

~6 

h7 

200 

2-00 

200 

200 

pl14So cu~reJt.;., 

~NtJ 

. I ' )Ji 

1;.s 
l.6. 6 

11.1 

16.1 

!i:t 

powAl"; 
ntttt 

,. .. j"fJ Jit!J 

610 

69() 

750 

92S 

no•tlov pn!tft1'~, 
p$1 

. lfl" •••dl ii., m ~ ... " • 
0. 360 

0.362 

0.430 
o.416 

lam.nation& l)l"Oduc•a a col'l!'&JJ?Onding incftua 1n eve~ ph490 c:11JT0nt 

and in ~a:I' co~d. 'lhe Miontda u ~ow prettfimt with dttoNua 

in mm:iber ot l.Wnat1on. 1• dtNOUy attnt~utabl..• to the 1ncna. tn 
pbaa ~tat. 

Pernap• fl batt_. •thod ot llluetFat.11\.I tM e:l't•ct ot lainatian 

ObqO WOUld De tO Ud o,on&tan\ phaft Cw.*ren\ U f,bfJ bUitf Of CQl'lp41"itlotl• 

lfJ ir able 2 are t.abitla~ tho PUlfl?· xm:ramete~• at cOQatant phase current. 



iMR ·srii!;t11Wlr+ 1 t t .. ' .. a~ ·,~··'** a. ·. v - -ur e_ · - 11- J . U.1••)·11•a101E_rt:'t41 ·.w• r _ ~!t ' M Jh1lli . .:a ·:a1 1.1 1r t · 1 , , , -1t•titnr·• .•f.Mn• 

1'01~. pilUe <:U~tn\M ~r!J; no-flw ~S~t 
~"d.MUtm w1t$ · ~u vatt•· patl 

16 
66 

h'l 

23$ 
22h 
217 
200 

18.7 
18.:1 

16•? 
16.? 

,)0 

920 

?1S 
9$ 

o. ')J..S 
O.,bSO 

0.161 
o.b16 

f!i r rn · ru· u11• a J11 1 l "·m 

!no marJ.7 ctr~\.~ ~a ~.,_Ot! md no-a.- pre~ at tl• 

P•r>~• ~ ~t 01.' 18•1 ~ kad1cato tha\ the ~!G\ed 1tl-

'P'~nt SD ~ie &ld -~ • eon.iaut ~ '"'i.\b a~-

!ft ~i~ tath.td w ~-. 

Tho o.'U.?)lt ~r~lllmt QI tumllul prie~ ~-~d b,y t1vJ 4? lan-

1-tion ~I Iii fJ"lOWD b. '1~- S, ·~ \bat ot thtt 76 ~1an pump 

(,rt.~ h) vu.s ~ at a~~- o~~ oondit:loa in tno ~.lablo 

~--t~. ttita ~~ vu ~\lttiei~ to ~ant th& ovcr-
lcad ce.nditiona !ft tJ-. ClUt~~~ ~ ~ ttlndinr1• and the ~ 

coo~ ~.tty noee.~ t'or oon\Ua~a ~ Opt)Mian •. 

TlW \ta ot 81&:5 ~ U a m&.-. .Of ~1r'4l 1°'41:d.St~ V. ~ ~ 

~ tloo bu~ &aPt»i""...od tn ~ Uteratm.w It b59 ~round (16) 

tor a ~ dUot, mdttl ot t~ to tJ:11e t.im:J• tl• pole vltoh or· tl'Jdo,, ot1:n-

.tli:t1om1 t1f l<M #lip that tbo ~ ~ <IM be O~fld 'fdtbtlU\ a~~

ly attfJOt~ t!» p~ p!&d~. 
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INCONEL SHEATH 
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•tal.. Tho .. l"'o&M in ~•ietM:co to tddy c~t .Clow in t!la liquid 

~tal. l:$eauso or tho hign coo•tuot.ivity of t~ ooppor aide bun is not. 

provi: d th eddy currents induced in th!! toot.al~= '>"J!I 1ncM•l• Thusi, 

tlut curr nt 1nduo.d in tb1l tantal:um mid inocmal ro-.U1 at. tb a Wig• 

:ntt.udes na if no aide bllit't wr.e p1'1&~ent. It etrecttve external aide ha....-. 

could bo bra.Z$d to the ;>uttp oootior1• tne ••M.r oun•tmt· in the tant.a.'l 

end inc l would al ri • The 1de bars in tho p\1ll p duct are advan\a• 

goowi US • Wt~ Of inoBu:bat; tho eddy cur:rento in thtt liq'..tid rMltal 
. . . .· 2 without inc!'lil&~dm the odd.f cur11"ant.1 ~ tJlO I a los•ea in tt10 tantaluria 

Cop~ sidt wa, hadng a n._lstivity or l.85 Jl\i~:>htll-tm ~t 65' Jffe 1 

allow a curron~ density S2.4 t1-& larger ttian tnat Sn tM Gq!lival.wnt 

ueo;)Otrv o" ~rour.r fO't' "'he lil.1i!l0 V'Olt '" drop. fl10 doere1sod volt · 

d..,...,p in the dU'0otion parill11l. to too fluid flow porota a lim,~e-r voltage 

drop acl"Oa4 t.'l<t Q+,,rot, incn.""u~ tbt eddy ~nt.11 and preertNM l«IM~ 

atod. T co;:.-per side b~ •re c~ 3.ated fot" •he !'iw.it run pr&-

nt wotting ot \ho c;o.p~t' 'by the morcut'"/• tbua 18.tdnt~ tho n~ 

vetted condiU.ons tb&t havv ex1md in tba ~ dun\. 

Tl• . rfo~e oharacte:r1stict1 or thff h1 lamination ~ witb 

chro•- lated copfJi)r id& hara 4!'4 shown in Fii?Urtt lo. The uo o the.• 

aide bare af;)pro:od.raa~l,y d\)ubl•d ti. no-llow preea<U"6 ~•d witl~ 

tbe aide bar& and SllprOr'.'Qd ()pt'l!'ating ort1c.tenc1. 

Ua of copper- sidt bare produced a pr<moUPe$d impr~t in bot.ob 
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de.-.lopant or pcumvinf tbo):ry. ln adl:lit on, the et :t.10JJ4t';Y pulsatin£ 

~i<: r1eldtr ~t t'ta arid o! t ile at.ators, the oddy rrenta in tJ liq-

uid out. ido / ttm ~~ntie tW«, and ot.hor non-ideal 4h&ract.nwtica ot 
tide pump furtMr ~v• it troa ideal bohaviar. ·towewr. the 2. 33 psi 

produe!ld with the vetted copper •ide ba1"8 ia net>..rly 11$ ot the pre Slll"O 

pNdiot d tro ideal induct.ion PUllP t aey. 

A rial with tlus conducti vi~y o! eot;>?<tr t t ooald prve a 

aide w in the ~? duct l.md be c~atib.le ~'.n carroaift liquid met.ala 
at r.1gb tcu»porm;.,ure u noneJCi&ct.ent u ;rut.. Yoo eft6C\ of a1do barn can 

obtatnGd in put lYJ t uae or w1 r pu;J;1lp ducts. fhe tnor. in 

ero •·a~ional ena of a pump duet with iml"'14$4 in pump duct widt.h 

auould effect a corresponding dee a. in CUl'rent derurity and ei$t.4noe 

to OU."T .nt flow in tm liqu.1d utal &it.hough the lo th ot eddy c , rent 

Three pump' S<Jct.ions a.au. or aloct.rieu conduit -.ro usttd to termine 
ttxt erf ct or on in.en )tr,.P duct uidth on the Tl' per.romanao eher• 

acterist c " Tm J/u•, l •, m:l 1 l/4- inab (nominAl) conduit, when r lled 

to a duct t.hickrlona ot o. 250 inoh, produced ~4' · ction.'l with duct 

width& ot l . 1641 l.;:~, d 2.o?h ineht1a napect.i l:t• 

To illustrate the etf et or p duet widtn o pertort"Jmee char ... 

ttt:riltics, independent or the ~ nt1: the var!abla• 

var. plotted u a function ot tm. purip duet wldth/;ni1'i) vidth r t.lo. The 

no-flow pressuroa produced vwro plotted on. a relative buia wt h the 
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11 -o- RELATIVE PRESSURE II 0.88 

-6- PHASE CURRENT ( 125 VOLTS) 

10 -0- POWER FACTOR (125 VOLTS) IO 0.80 

9 175v 9 0.72 
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f®le 4. ~t-ion pt~ .~ ~t'!!ra ar c~t volt~• 

pu.,~ duet width/ P:W!l!i' width 

~-·-··-----

0,/f6S 
3: 

0. 988 
1 .. )61 

line vol't.er:o 
vol: 

'Dab Ebe 'I.tea 

1)1 130 ia?.6 
ll2 130.11 1)0. 2 
1)1.. 6 130.~ 129. 2 

pha.~ volta.:te 
vol.ts 

Kan Elm pen 

a2.o 66.o e2.4 
s2.o 66.~ 62.1 

81.0 61..8 so.a 

pt:u~~e current 
~NS 

.\ 'i) c 

6, 1 u.9 6.o 
S.lt4 ).l.• l ~.2 

). 16 h. l.S h.96 
.............. ~-~----~~-.-· ~--· ·-

Plb"=t> duct vidt.n/p~ width 

0. 76) 

·0. 986 

l . 361 

phase ~ 
watts 

A · ia C 

18J S9 -n 
191 77 18 

210 100 53 

pb84lt~r 
taetm:i 

A B U 

o.)66 0. 183 -0.Uh.) 

o.42s o.tr!i o.Oba 
0.$02 0. 369 0.l.)2 

~"* nlaUve 
·~· no-tlow 

factor pre$9111"8 

().~ a.19 

0.2Sk 2.55 
0.337 ) . ) 

~ 



o. 76; ii tne n.ogat1va ~r input t<> cotl n. This •ans t.\11 eur:Nnt in 

coil o i out of pbA'.ua) more tl'..aa ryoo with t- TOl '1• and ~11 that 

the llqu.id ~al iet l\lturnin; pt;twr t.o tho coil u it laavea the PW'llp• 

}jQc~ of tbe nigh alip ~ tho t±ireo phMo vindit.t~• Ol\. a co~ 

~t.io ea , tho wind "" o.t t- PW1l#J ~ capab.le ot aet.J.ng • t.• pM.• 

~7 ot a tnnMt pl , t ans!'o~J"• A llfP .. ti,.. ~~ ci>:nd1Uou. can be 

?rOi::h.tc•d in onit 'PM• o! a t~e piw t.ranolort•~ U tho tranetonar 1• 

unbalanoed inductive load. ho Ulllldm"ltJttd load doting 1n 

th.is p , at the rnlati ly low pt~ wot, vi.dth/p11mp td.dtb ratio of.' o. 76$' 

~ lmv• bean itufflcim\t to pJl'od .. the n\1(i&tive ~r condition. 

flw ~tic field i-enstb or tll-e pu?lp wa~ cralcul.at1ld tratl the in• 

ducctd volt ;• irt "' tiMll se~h c:.nd.l. The V41.UQO ot field wt 

IShOWrJ in ~l'Ul'· ll. r~ 4 rep~oenuti"f'O ~ l~ ... ~\ey. ind1c&.t.e li!\$~ 

it1cAUO ~r ti•ld atN~h with voltage. At. the• valued of ti•ld 

af;ft~ no tooth. aa;tur-a.tion u mdent and tts law· tidd atn~"'tn at tllt 

ends ot t. , eta.tor M1rdsl1'S · the loa • :t.ncu~ because of etator d1s-

eont1nuit,r. 

?he lm"z drop in field atnngti1 ACN!Nl t..~ •lots in tiia stator ill 

Na:ult. ot tbe lat~• er i;ap &rut de:eree.!'11 the mer.m valt~ tit tield 

otnn~th. ovor th~ &nt1:r lcttlfr\:.h o! t!t.- pu1;tp to epp~atal:y o. 6 

rd.tude or bit;thoat tl'IJX' prod~d. 

!he ~ctie :tield of m l#lttlllar induot1rib mitp ?rciduc~d by a I 

eonneu,ted1 <me slot po .ole ~r 'Phase, wind1:n.g ti.s oocm shown to haWt 
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It~ ftttn ~d MYtmth ba~1e1t {1? ),, lf™' tL.+':th h~te, tt"'aVttlit1' 

111 a dU8et1an Ol)\)Otit• to that or t.tio tund~rtta.1., md tha seventh h.~ 

monic1 t~av.lina iu the ~ di..""eut'-on aa t.bo ftmdamontal but at a !flt)'lfett 

speod1 both produced a br-al!!.lng action in tht l1qu1d. 

fh~:t11 ic no ~aaon to belie'~ that h~ea do not e:d~\ 1n the 

~{!tic field P!'OOUOod by the l.1tw~ .lndu.ctlon 'P~'· ilowevr r, the w&V3W 

:Olt!l ol t.he MtU'eb coil ®tput. a.t euh ~-~d point alonri t!'-.e m.at.ox-1 

ooa1n.•ved \11th an OGCiU<t~oro, we~ ~"1dal 1n natu~ and nono out the 

ftmd"1!l'Bntal va'il\1 •• ob•r~il. Any ultftifltl; ~~1ntcs wrQt undi~et.od 

and tbu5 tt101r (:ff•ct ia Mf%lill4'~.fld in. t.hi1 4ifmiund.ou. 

Fi~tlN 1J ,:;l®# not ind1~ltt• th\l iNft.~011u tleld valu.e, btltt i.'1-

d.i.eateft Ute ~1.~JUtl r=s valm c.f tho £1t1ld 1'Mieh~d. at l:rJ tU:e rr.ta•utit~ 

t~ thtt c~imd e tee\ ot ~ t'tlrff pl~e•• 'l'b• tn~~ut t'lu:< 

distribi.l\1.on !ft tb• air uap ot \.h\t p~, et 100 volts, 1& µll!)t"d in f<'ig• 

uro 14. !ho~ CU~lfl'IJ WN p~Jt.ictid by 1tntoo1it1 Of tl\Q t:Qtli.Yi.dual phaq 

fl-wt die~imitirni•• Tho Wividw.d P~• nux d11t-tibu.t1on.• w r" obt.Un• 

ed ~ Opllratt~ uub o~il separately at t~ sama e~nt, also the OftM 

•~ere turn~, ttxat was ~ by that et>1l whf:m oparat1~ from tho t.hNe 

'P!•tfff poweP ai.~?Pl.1'• !bft O'Wfffnt~ 1n t• t.t~• coi:b wre us~ to be 

d1ar.1laced the normal l!O e1-trtcal de~t~•, au ei1own at the top ot' 11 

ure l.4. 'the ... nitude of tt. e~nt, diftct:ion ot curr11mt r1w, dine• 

'\ion of Coil Uttt1l1tab in thtJ lt&tOJ'1 Ofid the \";)fJT:tlthl,! diNCtiM Of t1u 

at ()4Cil polnt in the ~~ tw ~aQb coll. ... o~r conei<lu~atti:trW ~ 

tUt•ar.Y' in the ~imtanoou1 tlux dlft.~ibUUtm u~l~tiona. tm.t ealcu-

latlono •N ~ tor U. toor in.tm1ts ot tie T1, 113, T3, and r4, Vlth 
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6o elcctrio&l degNQ apt:.C1n~~ ~t.'Wi!lori ~CIO!lnt till• 1.nm:.&nt$. 

ifigt1r1 14 ftU"ll1aila~ rl•ual 11m1dttJ1ne ot t.h.0 ~~ili! ::l&gr~tio t1(4ld. · 

Tho distJ:mce ~by tl~ f'iel>.t in 60 1'1.0ott:"i~al. ~:n$tls 11 tho dit."t.ance 

bft.uaan adj~nt polm taeGa, or tvo :im:Wth !n ·QWI cycle (;60 e~trlc4 

dsrN$s) th• field~"• OM toot and vith 60 cycle1 pur auOf!d ~l" +..h$ 

wlonit.y :is 60 ,feet?~ ~~.,nd, 11- ~t) bcm-~1-d l'q t~ inat:m~OU. 

.tlux dUt:ti\>ntii:m c~• Nmd..¥Ja ntHill'q conat~. 1nd1aat;:lng that. the et• 
t'eet11n .flllX doan not. Yll't'Jf ~th timo. ThtlBt the thl-eo vha" lf1nd1nh-9 

1'1"o&uce a constant. ot:tfl.ctd.'l'Oi ~1.1otic field tha"t. tr•nls at a 1mifom ve-

locit..r• 

5:'ht.t w.aVGff):"l\ Of t.he id<tal. fl.WC d:Lltribtit.Jon 1~ Gimuloidal b fl.tlturt:l • ' 

Control o!' t~ wavo:foN la obta1n@d int~ d@nl8n of t.l'Mi 'td.ndillt-,"'B and the 

ln7out ot t?1tJ co:tb P-.a.idnl.li up tno ~tor v.bid:L~a. Tbllt t1ux (11:Jtri ,iu.t:Lon 

in tlie fdr ea.pi of t'td.s p~ ia not einuoo1®16 a& it'tdioat.'ild in r~~ iu. 

thit1 1o a. nault at tJ1a ai.n£tle a~lil pol' pt~ \iimi~ but tlla' 1'&ftd'ol1!l 

CilL"'l btl i.ta,u'O<.AJd by lncnq~ tba n~r of •lots per~· to provi a 

distt-iuut ~d vindinl? over t.no ,atator lilrmt~1. 

11pn'I 1) itJ actually~ ~l~ of aU 1n4tmtt..aneous tl'l.U di....,tr1• 
2 

but.ion et'tJl'\,'ft&• Tl» ave~1e- •Alta tlf ~ t~ Pi~1n lJ vu Obta:tnad b7 
equmni;; Wlh OJ'di~te ot the o~ and w.amll'in~ tt• total ~a i.mdeit 

t~ nwlting. <:1ll'V?t w1th a planimt~l". Divaicm ot tM total. aJ"ta by th4t 

lfli\~tl ot the stator p~ded ·Ute trror~o val• ot tl• f1$ld ~rsntrtb 

oveP the lo~tn of ine P\PlP'• ~ sUIO proo•dut"O -. uaed to ~1'11.iu.e 

\ho ott~t.1•• value ot D~ ~rt~~ 14. lt 100 V()1ta, the aftJl~'f.J 
2 .. 6 2 . value ot '8"11 bom fi!tve l J w. 1.0la.(lO ) gawtt Cid tn. ot.feo~i\l'\) 



~\ 

2 . . 6 2 
val~ r4 B~ trcm Fi~ lb v.a" o.~(10 ) rc~• • The effedti• 1'.alue 

()f ~:. is ~f th.ilt ~~mined fx-r.>m the U7C:~ El~ ~1tzr t'..iltrii.m-

ti()J:l• 'ibis alatimi•hiP p$~'~it• th• oalt1\U~n ot tM ctt-tiw ~Ult 
2 ot I . tr~ r"~M"~d thr~• ~t~ tlu:& dl:st.ri~itiian ~ itJ nucb •1-s-u 

plfll.' tlwi 1.~di'4'idt1til7 moa.•Jt'in;& 

ta t.t....'"ri'W at the ~~ value. 

Tbt n1:1~~10 c~Mt.fJriatic ot the~ ~ct.ion 11a~ri~u will 

not di~m}, th0• va\uftt.1 'but 'tM ~~~tie f1.Gld1 p~iccd in the liquid 

1Setal b'</ th~ lat"~ e1!dy' eun-~;,ntAt 14&1 l':ll l.~g~ GnOiJi~h to de(JWMO too fd• 

tf:ot1'M 'fu~ of tho f'iold tn tb!J liquid i~t.d.. 

Tb~ ~ff$otivo -an.~U<l :fhld stl"tJn.stth prodooed in ta O. ).J.i3'-ioob nu 
pp, i~~i\fe at t,f'NJ n~~ ot l.ain:it.1~.a in tbrl nt,taro" is ap~

~n:ly 16 gJt'IJ.f'Jfl./a."JP• This val~ :iti 111~1~~-~!!!d to 10) fS'a111Jfl;/$I!l 1dtl1 a 

fi~ld par unit 01tt~ ~itll~~ion ffas in:U.oat~d in 1'abl• 2 • 1, newly 

con&tant no-flow ilt'9S~~ dn~l.~d, ~ll•~ti\1'11 of th& n~m~~ of stater 
JA,minati~mtt, t0cr a i:Jootltant ;)b.,_ (,!V?"~nt. 

tli.e Iitl loa.P• in the \fili,di!l!I ot •~ l1mt~ !n~i~wt.i<Xl ~p.1 ha.w 

~ u~m t~ uc1t.~1w. e~ tbm, t..~ Q!b'htd.md wit.ft half th:a c~nt. 

suµp~d to cmc.h. \dn1Ji..~g ~\.mP• f'bt1 vu at:t~mpted with \~ liMl1" b • 

dt.lcti~ p~ b\1' ~vin:ix tt1>t top ata~ m«1 .r•p~m~ iii v•.t:t,h th.,'9 bott. 

ot&~r t't'<1fl ~M'r pm!Q• tl~ co!lt;t d1~11 ~woe1t• o~h ~t.hs~ Ml.*Osts 

the £~ MO:tic~ w.ro: f'N ~ ~ •~ ~ 110 not to dist'!ll'b tl19 t.~ 

o1tng field ~ hAY:l~ th~ ~oils out 3f ,bu~. 



t:ranat~r ae't.ion b:r 01'1'-t il"OU? or cc1111 WIMt &lttiS..ntGl to 'taw op-

eration ct thcr ot.h=' coil &;roup. The :JJ.tidlZC~ e!'.f•ctlll e&atled bi om v~ 

1ns rrtoup bid t.o be ovorcome by t~ aeoond tl":OUP before Gnt aontrtmitioa 

to tiht :;wgnet1o f'itld strenath by \ht'# $eCund coil gNup eoldd oo ~. 

TN> =a1!hlW! -..,rn(jtic tield st~t.h pr~d b)" tbfiJ operation of a td:ngl.fl 

windtttt; l!tl'O\~' 1111• compvm->le to tb~t o'btaimid in the ngular Unr:uir in-

duction ~Q at th'l ·~~ volt.~~. ~l"'3Uon i0! both llillditlfl ttrt>ups pro-

duend a tl.ux th.:;~t uas cnl.,y ~ hith~:r \hQn that riro.JtJ.eed ht Of.I$ witid1ng 

itrmJi)• UCWQ~ 1 th.8 dopNJJtlion r>J: tb~ t!u \JM ~ ~ ~rv 1Wr.os1 

the ttluta .. now tta both i!r1de1 ot ~ 111• 41~tion,, thnn fo;ro u~ rt>tr.Uar 

ptmtl fiO~"t~. Th1.1$, the irrrectift vtt~ of the m~mittic i'ie1d 11:.m about 

the ~ U .Ol" th!'! l"O&Ul~r v~ f~l'!!lt~. 

~t 1.~0 "II lte end nbOVt:1 'f",~ ;;'!~ \1.b:rttt.,t'~ inol:'GllD<1 ~7• llf'biff 

W..bratit.m indic ·tillfd that the eoil$1 mlt!ht not haft \men pl'" .. ed ~r~~:rly 

fb't' co!'r~t op1t1rnt1011. Cox-~~tiw •1titru.Ns wcm net ta'k<en btHUiuf!.ct the 

~· d&preuaion o.t t.r.e :tlu acroaa th• nlo1~1' null1.f't~d \.b• 1nare~ 

tln:x at t,.._ f'olo teceo .• 



hJ 

11• lhVI~ ~ltmion ~~ (16 iaL~tio~a,, o.U$-ach >!Juot trdok• 

Mtm1 o. Jl9'-1nt:lh a1t' ;~) etm: 1.~ • ~d-.. nu-now PN•mn of 

o.1Jh ?Si tmd OM I}UtlP 0 . 1:.;o ~ Gitd,n~ a 0. 2 'f)si l~ad. \iit.b M a.1.r g~ 

or O-.b!+J imll m.td ~ p\>mp m11«.-;/ti.cn M'V'~ • o~~O-imlh duct t td.elme<Jtt1 t.".D 

ux~ ~1'1ow ~s•t.11"9 dec~•aef <to o,m psi, but t.be ~p:rovt.td cyd'Nu-
& etfic~)"' ot :thD l~er duet ~~t• aucuht.ion of 0. 9 gpa WJ:$&i.nft. 

a o.a inti htao. T•• ~o"~' m Nigmt1o f'iflld l\lt~th tnM 78 
' 

duo.t tniclmo11 a,gnsltrt.~ uitb e;•d ~aulic ~!t1l:iililntr/• 

iit..l\ tJ13 ~-- p~ m1d ~ ~iM ~qt 1.htt U. O! c.~~

platod copt".Qr tilde bV$ fik¥Qt:)lod th" P're•~ure &.v~~d 't>"!f ~ p~ &th ... 

ou.\ tt1dft ~.. 00i'P9l' ~1da ~- •t~ iQ' \b~ ••vt ~eed a 20-foW 

~~\ 1n ~~- p;fetta~ fmd ~~ t.h• ~1n«i •tttoi~t 

~ o.,0101t to o.iai. the ~ pert~• ~s.t11 ttM wtw« co~ ~ 
o•• W(llfJ ••17 1'J'.-' ot tbat ~~tnl tor- rm idl)al tndu.ct1• )!tnp., Th!s 

indi.Q•te• tho ~l'Jt ~~ r.;t :fluid wt.ti~ tar g®d ~ ~~ 

and ett~y. 

fbo nl~i•l.1100'1 conduct,ivit7 o:f t•ta1m1, • lM30~ f'aeto~ tn. the 

~ ~ ot.t:icieno11 aa.n .btf· u~ to ~v. tha ~~totlDtinae c~ 

iat,iQ:a Of tho P~• t'U.t.~ ~ _,. le• •tt~1w t~"'l copper aa td.~ 

~-. t.m:.c\&l.um lid.~ ~- Will ~~ tbt ~l"'fO~o Cbaactf!rutiou ot 
tho ptl.1\p "aen operatinfl a.<t ~h ~r~t;\)ft#J w:itill ~i~b Nl'i$tivitJ' liqtdd 

~t418. In oNor ~ fttain tbG p11r.-t~~ £:~~· obtai.llied vi.th 



aide b~ , ~f1c1~~)t !'law N'.'~.t. Jtrn't bQ prl)'lt1d 4 to PNV~nt fl1tira.~llo 

l~~• ~m null.1fy1~ t'h ttido 'bar ff.eat. 

As holm in F ·ur@ 1 • the tant.nlnm d00.1 nf.t"'.; t,mich the 1ncoruil at the 

ed~tUJ irtl t.h VJ....~ duet., thu!!i tllf.l electrionl ci".intinnity and any 11oanibla 

ftiM b• . c. !':'eotu ot the ino·'IMl ohnm;.h tll"'tl lot.;t._ ut inemiol iehoul t• 

rcdtced in tbiekncac to tbt) m.nU:iilll C•>Mi.at11t\t Vi.th :trens\h d ot.het-' 

r.h~atht. "" reqtd .. "~imte an· the t~al.Ulll tubirt1: should rtt tl~htty llf,;ainet 

tbl· mco l. "M. it4ztJt be e,ee~l1~b~ ~,., ~~ t!l1' roducod inc~ml 

pi'PQ on the tcmtal t;.ubll:l.fl prior to rolling tl'l!Y pump ct.ion. 

Ir.cT1Htn ot" too ~ duct ¥14th in ~tl!'.\ttlal to i~rO"fed PUiti) ~ 

.f<>mrmoo. ""~ lt10rc " in duet. 1ddth 1tJ aoc~tm.1e:d b7 an iftCmJlaH 

"'Or and a ~X'flue in pbtu'Jtt ~u~,tt. tn add1t1on, t• 1n-

c~as4'd ciw ~ui ~ft:ll.tJ~tt thi: l~ul tc l<>s· nd dtu:.~~ases t~· di.tr 
curr nt &m~i+.y in tb.e l..ti~et i~ of nuid fl®• '%' deo~.o• in <f·*d;r 

OU~ dl'tru,sH,,y :IJctt~l"O llff }"~t":e!l Ut''AI t~no.i• · 1cm. ht th.e '>'U~." if ~ M.1<:ruWl:t 

at b!t;h 'ilt}lt~ ~!?, tmd tl1ll added tluid in "'ht! ~ uet il'lt 1n ett~et., a 

liquid nith 'bttr. 

'J'! • · rn~tie tie.ld $t.~ ni:rth of · hQ nump d0$S ~!ot proi!uec an a;~~ 

"nturat:tcm of t~ ~at.or lettinatiOmh R'owml'e.ir't l'l!Ct\ .. aft ot th" l•tr; tlot 

widths 1.n th~ .tat.OP, too Di'lml v~l:ue ot tne :t'iold :atnngtb • rad e#d to 
ju&t o.6 ot ht! ~ valuti'I •~bod. 

'i'ho p ~non or 1tt1<l lmttf~ Ct 'l'.h'-' p ·~ net Vall ar.d ttl9 UC, 

t~ l~ induetion 

~lt!l'P J'fomanc• cb&'" lt!terteti<Uh1 full adY~ta e of t°'i<.> tm?r~ved 

t~ a ean be nhtnin~d U th., hyrl~auUc )~<:•~ m.-e ndnild.&~ b7 s'l.n; 



• ~P a~ti~ wita iu,O" d~ct -,,idth, w~n ~ ~.,~-· t.k• ~r tuc• 
tOJ? and~--· th.$ p!'su• c~n.t. t°(H~i~Vlmt• ~f tne P~· 
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U f.nducti<m pt design could ooneeivablq bo conoiderod tn J st two 

ph.o.soo, tt £1"" p.,,.. ~· ~OOOIDPU$ vitd!Xl\; and Gt.ator ·daigtl for 
~ ~~o .t!Q'Ld ~~h Bild tlut nei11ld would be c.u:mcU'ned 114.tt\ 

t.l utmo.t utili1ati.m ot the ~~10 field p~ed~ 

lfho aottt. d.<)ffihble \1Mef~m. ot the t, ... ,.velJ.ng ~tio ti•ld 11 a 

a!nneo14. ThtJ ~le slot. per POle. ?Gr~ windi_ ot tho liM:.w in•· 

duetion .tudied P~•• a tJtt'm d •~o tl•l~ but thi• c 
~OVttd b3' uait\f; a distributed 1d.ndln; with ~ iucr1uw• in the m.am'ber of 

alotu ~,...pole. A Nduc\:'J.et\ of tho l$U01' ~du a ~•ult. or the 

puloa:titt QapGtic field at tho ~tor ands q,~ an 1ap11~nt in th• 

production ot a •m.-11' pmo trav~~ v11vo c~ bo oU~ by om of Rv-

C'd methods ot v.indin;i tna Mld polo• or i.hl ~ w ~7 ~re~ 
the ~ tie field. In ~-wic11 t.i. doubl~ 1~• id.ncl~ lend• 1taolt 

~1 to field pudin!1! t vhich is tho t._.. gi"Am tbaM v1nding Uitlth• 

~. !be w.w. o-! e single r~~ on ~ ~ polva or the at.3tor 4ll<M• 

the m~~notic ft.gld ftffngth ta ~ inaN~d f:W~d~ at; iM enda ot the 

•'t4t0r An n.~u:htec~ tho .,, itudo o.t tn. '°'!di? eurNnts tl01d , in t.ht liq-

~d 9tltaido or tll$ ~ic ~. 

~~ ot tM lack or p;r.&ll•l tu induotion *1tor tboot",1 or tr.- di.a* 

eontbruaua \.:ttOJ:t net t sult.~; pul.sat~ Metmt.ic tield, sud tho 

tGt.\tive ~•s ot -~~~tic ~1ntb; the d!#oontL'luity ~on 

4ndt11a1nitudoe flt the~ 1uo11~d u o MJNl'h aN ~adequately~ 

•~h in tha ar~a shotlld p~e a botte~ ability to 

e o.~wr1ttie.• ro· ehmt~md~io P~• ti o~tttly 



odet.a. 
?i• mftatii..t:.ati• ot 4d® ~ eftqt, rm.d duot r~atioa ·ct\ tht 

pnrtor~ ebe'Mtflttistlo• 4)f tM lbelU" ~OI) ~ • ~ 

b thifl thettia b.1 no -~ allhau:t.1 tblll ~dbil:l\1 ot tul1'\he!!' roq~h 

in tbi• -~ Tbs !Bt·w:.fy Of OtltlJ' c~ diot~imt ot t.M .. Mtio 

th'tld, ~ttoot at o~~ ln ~ ~· ot ~~-, ~ arrect of 901- ~tch 

G ti.~ ~ .. .rt~• o~~w1•t.1ca ~ ·tmt & ftw ot t!• ~7 11e1°"' 

b1'!l• that -td to ·~ .tudiad !1\\ ·~ to f~Ml" tl!e t~dirat•dtng and 

~l~nt of elo~~~Uo ~~. 
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so 

!p11 eiat.1.on and Uiank$ artt enonded to t~. Glmt."+1 Murfl\Y ~Mr. !193 

,Firu.r tor t·~i; gu1dm:me and 11nontil:'llf.~Mnt in mal1.Jl.; t11ta atu.dy, A.,"Pff"" 

elation ia exprinis~d t-o th.1 ... lcct.r:io.o.l. .!nr:ineertns l)opart~ 4DCl to it• 

•nbots who pruYldod a.suistantttt a:nd oe:urusel. 

Al.no ttt'i0o;;nit1on should .~ accor®d c~rt.ain mllten or tho lfuclet.r' 

ln131.Mnr:ln ·~ O.roup ll ot tne A:men ~bi>ratorr !or ttieir onotn.t.r~~ment llld 

U&i.$t\'Ult(J • 
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