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OIr inivention Telates to 3, Cictit ine el 
and more particularty to a device of the type 
in which the resistance of a body of ligid Con 
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Inected in the circuit is increased. -- 
An object of our invention is Oprowidie 2, Illigic 

· ?reSistance Circhit breaker Which is So COISirced 
thal there is IBot Suficient heal generale in BI7 
portion of theliquid, when a Circtitisinterripied, 
to Iraise the teraperature of any poriOI O Gile 
liquid to its boiling point. 
A further Object Of the inernion is iO Cite 

a Citctit interrupter in Whicia the inCrease II 
resist3Dice is obitained by diecreaSing tle ale C? 
contact between a moving conducting Inember 
BInd the Iiguid and by increalSing the lielgill O 
.tle COIndicing 0.3th. 
A trtie Object Of tle rentiOIa is D OITOride 

an insulating arc barriersetweea the Coaducting 
leibers Of the Cirdlli breake 3 th SI C 
e liguid, -- 
7:aea 3, CirCit is iTal ed D? ?SE e 

esistance Of a, bod37 Ci litid ? :le , le 
Circtit interipter, Inust be SQ CGISI S3 
he BIaolin Of heat geraerated tie IeSiS23 

of tae liquid in any portiOI thereOf Ills e IeSS 
bara the allOutiat of ileat Wilia Will IBis le 
ellige:Sture of tbat portiora O :le O iS 
boing poin&. Thismaybe eXpressed Imaile:Illati 
cally iby the folowing equatiora: 

- 

Scif<c(?-2) (?) 
() . - 

Where: - 

=curreat density in amps/sg. 
s=specioresistance ofiquidia 
s=time of Switiching 
------ --- a Seg. 
?specia heat of iquid in 5? 5RTGIG 3s 
=toing point ofiquid itia pressir) 
=teriperature of liguid for ine, ?=Q 

Q 

CiDi 
C?: 

'Ithe eXereSSiola On the left-ild Sile Qi iS 
equationa shos thattle prodict of the sgle C 

5 the current dietasity and the spetic essance 
of the iquid tor a giyea iteryal of ite alls 
be kept, saaller tban tie specific hea of the 
iitid taultilied ity the inCre3Se a e 
le:CeSSiry to raiS8 the litid tio iS )Clig Oill). 
"The resistance of aliquid Ima be aried i eilier 
oftwomethods. The crosssection of ae efectis 
body of the liquid maybe decreased or he liengita 
o? the body of the liquid may lbe incre Set, "Itae 
reduction in cross section of the body of iquid 
increases the current deusty so that, if tis 

eduction in cross-section is carried berond a 
getBilm poin, it is Seen fronal the equatiOlia 3bore 
hat the walue of the Ief-hand side of the equa 
?ion rill be inceased aboe the 7alie Of the 
Iright-hand Side. It is, aerefore, IlleCeSSary iO 
Constrict, 3, liguid Circli interTupter So Illa te 
ctrent densit7 is Intit increased abore a giveIB 
aitle deperadig IIoa the type OI liquid ISed. 
FiroTal he equBions Bbove, it is alSO Seea that 

:le Condition for SUCCeSSiftil OpeTatiOHal Of the Cir 
Cli breaker ElB7 be llilled by7 inCre8Sing the 
5eSSuire On the liguid, hts IraiSing itS boing 
OD). 
If a ligid Iresis3Ince Circtit inteITIpte is Imade 

3Sig 3, COIndll Cing COEtBiner hodig 3, 3.ge 
CitIne O?igid h, 3, Staal electrode iTainerSed 
ereil, e OgeII O ale inteTruipter rittl 

ing tre e Cde il InSert BIn iDICreaSing 
ISSi53IS Il tle Citit. "Inis ?rill b8 (illse IBrgely 
Q he Ce SE E Se SIrage Brea C? tle ele 
C3e, 7 iDiCIeSing ine CITea density". 
Ele legia Di le conducting pah, horever, ri 

I e Fer Ima Eilily IntreaSed. It is eadily 
Ses:Ill taB, S 28ole the elecrode Heaes he 
igi, le 2ITe3 Q CoIBC ?il be inimitel7 Snal 
Did Hae Cireat Ciensity ill be itairaiteg lage 

SC 3: he lig ill le aiSed tG its oiling 
23iDi). IaiS is C COIlle iD 3DiC3Its” Circli 
eake by CCTeaSig ile Strate aTea G &he 

DCing Coaducting Inerater onlig o the poin 
7ae3 ns iDi?ing Valise Cif the Currea Celasity is 
SaCied BIl el Iace3Sig tile HeDig?a Of the 
CoadiC?g portio C lia iquid ritho degreaS 
??, ??S CGSS-SeciOBal Be). "Ithe reSStance Of 
&lie itid Cal e iDiCiteased i his Imatiner So 
?la le GUI ?S 6ietreaSed iO) ey SImail 
alle Si beile i3 IlloWilig Conitictilig inernber 

Ie3 es ite ligid SO 3 the Hilea?, genersedi gill 
IG IraiSa the legeralie of the liguid to its 
Oililg Dial. -- 

9 Orgo?g DiseCS ?D Ott Dae rill lig 
itrithe UnierStood toratithe ECCongating dra 
ings hica illistate Seeral Gractical enbodi 

EtiS Ci le iyeatiOIa ald in ticia 
?ue i Saill eielational Xie", I3rtially ia 

SeiOI, Of Oile Cirl Of CDir Circuit inerriptier in 
C:Sed CSiCal. 

Fig. 3 S 3, Silia lie SiOWilg ae Ciroui? 
S3ke i Opel 90Si?iol. 
Rig. 3 S3 S83?oll&l iCW. Grtily i elea?ion. 

Of a iaodied oria of the Circutit inierrupter 
lustrated in Figs. i arad 2. 
Fig. 4 is a Sectional Wiley through ?ig. 3 on 

?ine I-W7. • 
Figs.5 andi 8 show anither formot our inven 
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tion, Ipartially in Sectiora and partially Ia eleWal 
tiora, iTaits ClOSed aild partily Opened pOSitiOIns Ire 
spectively. 

Fig. 7 is B, Sectional WieW of a, furthe inodified 
iOII1, Of the in Veratioll, - 
Referring to Fig. 1, Our CirCitit intert Upter :0 

Comprises a, containet or tank 11 filled With a 
Conditicting fitid 13 ald ill Which a, 110Waliple COill 
diticting imember i5 is inserted. The Colatainer 11 
is Imade of COIndulCting Imaterial 3:1d is electitiCaliy 
Conilected to Oile Side Of tile CitClit. "ItaiS COIl 
tainer is COristructed With: 3, Stalial CITOSS-SectiCIll 
at its bottorl portioin 12 aid gradually ialies OUlt 
Wardly to a, lairge CitOSS-Seation at iS Upper pOlt 
tior? 14. The inoWalible Coridt1Citing Inneriaber 15 iS 
tubllair in foril With a, IOuided t00 16 ald a 
tapered lower portion 18. The eXterior of this 
ImoWable Colindicting Iriember is Streailimed SO aS 
to preWeint turbulenCe of the ligUid as it is IT10Wed 
thereira. "Ithe lower pottio? 18 of Corlducting 
Imember I5 is prowidied With a, CaVity i7 foir Ire 
tainiag a, IOOrtion Of the lictid. ?The CaVity 17 
has a, 110Z2le-Shaped Opering a its lOWer eld aild 
SImal air holes, 19 at its Uppe end, COIndUICiting 
Imaelinbel 15 iS 11CVed Ott Of the liCllid by ai 
actuatilig Irod 21 Which is operated by a, 11echa 
ImiSim inot ShoWil. 

Wheill the ImoWing ColiadUICting Illember is il iS 
lOWe: 10OSition, thle effeCitiVe CUI:Teilt pat be 
tWeel1 thle i?OWiing Interiber, WiliCith is eleCtriCally 
Conlinected to Oile Side of the electical CirCUlit, aild 
the contailet 1i is of lage cross-Section and 
Sinal leingth. AS the inerige: 15 is InOVed Clit 
of the liquid, its atea, Of COIntact therewith is de 
CreaSed With a, IeSIting dectrease in the CitOSS 
Section of the ligid Which is efective for COill 
dulctilig the CUIrrent. Atthe SBile time, the leingt 
of the Cllitrein path iS inCreased, Citle to the Cit 
Ward fiate I4 Of the CO:13ile: 11 and the inWard 
taper 18 of the member 15. When the end of 
the moWable 1mleimber 15 eaChes the SUIrface of 
the liquid, the COSS-Sectiol of tiae COInducting 
"portion of the liguid has been reduced to sub 
Staintially the area, Of the end Of the T1022le i8. 
As the menber 15 is firthei Iraised oult of the 

Iiquid, the portion of the ligid Which has beet) 
Iretained Within the CaWity i7, is teleased as aill: 
enters the holes 9. This provides a jet of Iig 
uid Which floWs froin the CaVity i'7 to the In Birl 
body of the liguid 13, as illustrated in Fig. 2. This 
prowides a Current path of incireaSing leingth aind 
uniform Cross-Sectioia. The rate Of iOW of the 
liquid is Iregulated by the Si2e of the Opening of 
the 11OZZile BInd the Si2e Of the ai holeS 19. The 
CaWity 17 is Imade of SUfficient Si2e to prowide a 
Continulous Strean of liquid Ulintil the CUIrrant has 
been Iredulced t08, loW Walitle, SUICha aS 5 ampereS, 
at Which Substantiality Ino arC Will be produlced, 
When the Circulit is Completely interrupted dule 
to the fact that al Of the ligitid has irtIn oult O 
the Cavity 17. The liquid 13 Illay be Water of any 
other Conducting itid. If it is deSired, the /Coh 
ductivity of the ligidi Iralay be inCreaSed by add 
ing thereto a, SuibStaill Ce, Sticil aS Ordinary Salt). 

"The COIntairle: 11 is OOVided With ain iOliZBitiOI 
barrier 23 of insulating material. This barriet 
is provided at the surface of the liguid to pre 
Went a, flashower O: aTC ift Oral the 10Wing eleC 
trode 5 to the Container 11. IBarrier 23 has 
openings 25 at its base to permit free foW of the 
1iquid betweer: the portions Oill each Side of the 
barrier. 
Container 11 is prowided at its upper edge With 

contact jaws 2 for Imaking ail electrical ContheC 
tion With a Conducting balit 29 Whicia iS Cat 

i,937,893 
Iried by the conducting actuating Irod 21. "This 
Imakes B, Solid eleCtrical Connectiora betWeen the 
111OVirlig CorldlICting Ialerriber arld the taink i1 after 
the IreSiStaince Of the liquid has beer Iredulced 
to a, timinin IIIII Wherl the CitClit breaker is Closed. 
Referring tio Eig. 3, Where Similar Ireference 

CharaCiterS indiCate the Sanne pairts as in FigS. 1 
3ild 2, ?UII: CirCllit inteitruptel 10 is enClOSed il Bill 
air-tight taink 31 haVing a, Cominection 32 for Sup 
plying COripireSSed air Or Other gaS, SUICh BS hydr0 
geri, OI Iriaintairling the lictid 13 UInder preSSulte 
gleater than that due to the atinnosphere. The 
Opetating Irod 21 iSaCittlated thirough art inSulat 
ing billShing 33 Which is Secured t0 the top Of the 
taink 31 by a ianged Colar 35. The top of the 
iillSUlatiO: 33 iS 101CWiCed With DBC king 37 and a, 
glaild 39 fol rinaitaining an airtight joint With 
the Opetating IOd 21. "I'llis proWision of 11eanS 
fot inaillitaining the lictid Of the CitCllit breaker 
UInder I0IIeSSIre, 1taises the boiling point of the 
ICitid thillS inCiteaSing the CapaCity of the Circulit 
biteaket dule to the inCrease in the Walue of the 
tight-haild Side Of the equation giWerl aboWe. 
AS SiOWil in FigS. 3 and 4, the movable con 

Citicting Inerimber 15 is prowided With a, 1plurality 
O CaWitieS 34, 36 arld 38, eaci of Which: is made 
Oi a, diferent leingth So that the jets of liquid 
Which filow therefrom Will Stop after diferent 
leingtiS Of timile. This prowides means for Ireduc 
ing the CITOSS-Sectional area, of the fioWing stream 
Of liglid aliftel the inowing Imember has left the 
Sliface of the liquid and the floW of Current has 
been 1teduced. Each of the Cavities is prowided 
With Bir iletS 4, 42 aind 43 which are of dif 
iferent Si2es to CatiSe diferent Irates of flow in 
eaCll of the three jets. 

Ille 6rld 18 Of the ImoWing inember 15 is also 
p:OWided With arl instlating tube 45 Which acts 
BS a Srmooth InO22le to 1teduce the turbulence of 
the fiOWing Stream of liquid. By Imaking member 
45 Of ilSUlatiOrl, the area, of electrical Connection 
betWeen the Inerinber 15 and the liduid 13 is 
Ibiroket Wileia the eInd 18 of the Corad1:Cting rmer 
ber 15 leaWes the liquid but the liquid jet is still 
pteWeinted froil falling freelly to the Thairi body 
of the liguid 13. 
A ft Irther featire of the Imodification of the 

inventiorl illustrated in Fig. 3 lies in having the 
ligUid 13 Consist of Several layers of diferent, . 
liguids haWing diferent Specific resistances So 
ChOSern that the liquid ha Wing the highest Specific 
IeSiSaince also has the loWest spedific gravity. 
Itle liguidS are alSO SUICh th18t they are Inion-rinis 
Cible So that they Will float in Separate layerS. . 
Ima the draWings, tWo layers are Shown, With the 
IOWer layer 47 ConSisting of Water and the upper 
layer 49 Of Oil. By UISing a, plurality of different 
ligitidS, al inCreaSing IeSiStance is obitained BS 
the inoving member 15 is Iraised, dule to their ser 
tioia of the liquids of higher Specific IreSistalices. 
Since the liquids used have positive temperature 
C0eficients of IreSistance, the Iresistance of the 
littlid is in CreaSed BS it beCOrles heated, thus 
fitttler IredUICing the floW of CUITrent. 
A further modifiCation of the inivention is illus 

tated in FigS. 5 and 6. A Conducting container 
51 is fied With a, COIndUICting filid 538.Ind electri 
CBlly COrliected tO Orle Side Of the Circtit to be 
intertuptedi. The other Side of the Circuit is 
Comilected to the operating IrodS 55. The cornirlec 
tion is Imade With the liquid 53 through a pair 
of conducting menbers 57 and 59. 

Meimber 59 comprises B, 11etal tube haying B 
large area, and Which is otltWardly fared at its 
Uper portior: 61 and inWardly tapered atits lower 
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portion 63. "The container 51 is also outWardly 
fiBred at its top 65. "The outwardily flared portion 
61 of the member 59, and 65 of Container 51 Bite Of 
the Same size So that When the Conducting Ille:In 
ber 59isinitslowermost poSition, a Solid electrical 
Connection is Imaide between the two InneraberS. 
The Conducting imember 59 is Supported firom a, 
top 67 to Which the actuating Irods 55 ate Se 
Cured, - 

The moving conductingrod 57 extends throligia 
a bole 69 in the top 67 and is provided with a 
Collar 71. "The Container 51 inas Secured thetein 
an insulating tubular member "3 Which eXterlds 
from a?point above the Surface of the liquid 53, 
to the bottom of the container. "The tubular 
Imaember 73 is of a, relatively Smal CroSS-Sectiolia 
and has openings 75 mear the bottom thereof to 
permit flow of the liquid.. 
When the actuating Irods, 55 Bre raiSed to Open 

the circuit interrupter, the tUlbula Corlducting , 
Imaember 59 is Iraised until it is alimost Olib Of the 
liquid when the colar 71 on Irod 57 is eragaged 
by the top 67, thus raising the conducing rod 
57. It is thus seen that the Iresistaince tioulg 
the iquid is increased by diminishing the area of 
contact of the member 59 With the liguid 53 BInd 
by the increase in the length of the Conducting. 
path due to the ouitward fiate.65 of the Colatainer 

85 

50 
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and the inWBrd taper 63 of the moWable Coll 
ducting member. When the titibular COInducting 
mernber 59 has left; the liquid, the efective COIl 
Ciucting portion of the liquid is then tha Witialia 
the insulating tube "73. As the Coaducing IOd 5 
is inowed out of the insulating tbe, tle efectiVe 
area, of contact between the rod and ae Ilicid 
rernains substalitially ConstaInt, blit :le leingta 
of the Current path in the idtid is iCeBSed BS 
the rod is raised. "This prowides a, Colditicting 
path of substantially unioin Cross-Sectiola and 
increasinglength so thab ithe Clatent deasity CeS 
not; reach a value at which the boling Oill C 
he liquid is reached. 
In the imodiacation ofie invenioa lisesd 

ta Fig. 7,8, Container 79 is prowided Wii BIa lips 
portion 80 of uniforma sectiolia Bad al in Badily 
Bred lower portion 81 of insulaing lasial. 

"The inarrow portion Bit the Iowel sind 3 : O3 (e 
colatainer is closed by B, Valve 33, A ge:O38 
inetallic electrode 85 is Sectied beWeeX :le 002= 
tions 80 and 81 of the coataine 79. A secold 
electrode 87 is secured near the lowel ed o the 
inarrow tubular portion 8: Of the Contaliae. 
"These two electrodes are Commected o &he Ci 
Cuit to be controlled through Wiles 398nd 9. 
Whern the circuit is closed, 8, conaectio is Bade 
between the electtodes 85 arad 37 by 3, body Og 
highly corinducting liquid, Sulcia as i83l 98. 
"The Container is filled above the medly Wii 
B, 1iquid, such as water 95, Which is eSS Col 
ducting tharn the imerotlry. third laye C 
1 d, stich as oil 97, is a Binged Bibove liae Wale 
9B, Whern t; is desired to in3 pt; e ClCul), 
he Walve 83 is operned allow the leWel Of te 

liguds in the cohtainer "79 C) se loweltet, als 
ageriag an increased liquid tesistan39 betweel 

the electrodes 85 and 8" as he liquidis 95 Bild 
9, Which haye lower spect: Iresistances, 36 
Crogressively inseted in tha3 Citctit betweeta elec 
trode8,85 Bind 8", "Thi8 moverment of he bodie3 
0 Conducting liquids is advantsgoist that the 
intertipting capacity of the Circtit breaket is i 
Creaed dule to the fact that Cool portions of the 
1quild re Continually inserted in the circut be 
Weern the elecrodes, "This keeps the teraper 
ure of the liquild below their boling polints, 

3 
which is similar to the action of the iOWing jet 
in the modifications Shown in FigS. 1 and 2. "The 
top of the container 79 is prowided With ain irlet 
101 Which is Supplied With B, gaS UIndei preSSUITe 
So that the liquids are Imaintained at a, preSSure 80 
greater than that due to the atinosphere in the . 
same imiBinner as the modications of the Circulib 
interrupter ShoWii in Fig. 3. 
While several specific embodiments of the in 

7entiora linave been illStrated, it Sholld be UInder 
stiood that V9ious Iaodifications gara be Imacie 
Writhott deparing fromathe Spirit of the inWeation. 
It Should also be linderstood that the Warious 
details of e3Cll of the InodificationS SloWTal Imay 
be used in the oher embodiments of the in 
Wention Which iaBWe been illuStrated Witiaoult de 
parting fron the spirit of the appendediclairas. 

7e CliBiDia 3S CJIII in7eritiOra: 
i. In a, devide for Controlling 8In electric Cir 

Cit, B, Ipai Of COldll(3ting IllaemberS 8lid a, body 
Of Iiguid fo Inaking an electrical Coninection 
XiereibeWeein, ?eanS iOI Inoving OIae Of Said Con 
CIcting IneIaseXS Olit Of Said lictid, Said ?OVable 
COInductiag Ineiaber inaVing Zineans for entiTapping 
& CulaIntity of SBid liguid 8Ind diSCharging it ia 
B, jet Bite Said IlloWable Coraducting Illeinber h3S 
2eeta InOVed Out Of SBid lictidi, 3und 3, XnO22:le Of in 
StliBing Imaterial eXtending beyond he end of 
SBid IllOV8 ble COIdicting menbe for Cyntrolling 
he diSCharge of SBid jet). 
2. Ia 8, deVice OI Coratiolling ain electic Ci 

Clit, 8, Dai O COInditicing aerabers arad a, body of 
Iliquid of maing BIn electrical connection there 
ge:Weela, TheanSo Inoving one of Said coiducting 
?ierabeis out O Said iquid, S8id Imov8ble CoTa 
Giucting Elember lasing a plurality of separale 
Chambers of Petairing liquid and ineans o 
Catising lie oW7 O 3, je of liquid roll each o 
S3id Chal:S3s il Said lovabie Conducting Inell 
39 Wilael i las been oved oult of the lietid, 
eacia OSaidesbeing Itsiatisinedi duriag a geZiod 
C Ill3 Cieling i elgi ?OIma nosa or ae 
Che jets. - 

8. Ea 3, Circll ae pe, 3, Conti9ilhe C Gone 
Ctiag lialegial laWilig 3, lore portion O3 SImail 

3CSS-S83iO 3ld lips yotioia 0 lags 
COSS-S3COI, 3, 30dy O COldictilg C itile 
?: SBC COBille, & CORadictig ilenaber a3Wiliag B 
COSS-SectiOX Sighity SIlialle ?nal the lowe of 
iCla O3 Said Coati3.2e, alleals io lowing Said 

CO3diticting lebe Cll o said coantaine, Saii 
CGICiticting IAGElbs aBWilig alesins e3i = 
Eag a pOlitiol C3 S3 itid and discharging ita s 
et Wilea Saild ICWable Coaducting ineibe inss 
brokera Contactiliathe surface of said itid, and 
3a iBStaing BC 38 et adolinted at tile stiace 
C0 SBC , ? - 

, lia 8, Citctil ite ster, 8, pait of Islativelly 
?OWable COldliciag Enerabets of lage atea, Bad a 
3City C3 :Oldllictiag tid fot Completing a ci 
Cit thetebstreSill, 8 lbula anernber of insula 

IaBStal G3iOSing 5, ortiola of said body o 
d aTC 8Ote CCaCiticiag imetanber laosible 

thia Saild tolla lieriabet, Bad Said pair o 
telativel7 iO3ble Coaducting inembers o large 
3 bell 0:Side C Said tubulat inetimbe. 

5. Ita B, 33tit atietriste, a psit of telatively 
GWible Coldlictillig Intabers oi large are, und 

3, body O a Coliaticilig uid for corapletig a cit 
3lit heebetweera, 3, tubular ineralber of itasulato 
lag insteial 9iclosig B, poltion of Said body of 
fluid Bal atiottle coladucting membet imorable 
Wittailia Said ubultar merabet, Said pair of tela 
ively movable conducting members of lage area 
?eling oitsilde of Sald tubulat Inember, and ineans 

05 

() 

3) 

3) 

5 

() 



0) 

6 

5 

4 
for first separating Said pair of relatively Taovable 
?memberS 8nd then WithdraWing SBid othe D10V 
able Hanermber fron Within t:1e fulid enClO5ed by 
said tubular member to interrupt said circuit. 

6. In a, CirCitit intertupter, a Container haWing 
a, body of Conducting fuid thetein, B, ttlbulart 
1neriber of inSUlating Imatelial haWing an operaing 
1near the bottioTal thereo Irinollated in SBid Con 
tainer andi extending above the leVel of the Euid 
therein, a, tubular Conducting IThernber SUIrrot?aid 
ing Said tubllar inSUlator aind mo7able olit of 
Said fulid, a, Coaditlcillig tod electicality Coainected 
With Said tUbular Condulctiag alember arld InnoV 
able int08ind Ott of Said tubla insulating merm 
ber. - 

7. II a deWice fo1 COIntroling Bil electric Ci 

1,927,898 
cuidt, a pair of conducting Inenbers and a, body 
of iquid for Imaking an electrical Connection 
therebet Ween, IneaIS ifor InOVing One Of Said Con 
dtlcting inemberS Out of Said liquid, Said InoWable 
Coraducting menber haWing B, plurality of Sep 
Brate Chambers for retaining Said liquid and 
Inneans for Causing the iOW of a.plurality of jets 
of lidtlid from Said conducting Imember When it 
has been ImOVed Out of the liquid, and one jet 
froral eacta Chamber being inaintBirled during B 
period of ime difering in 1ength from those for 
the jets from the other Chambers and Saidi pe 
?iodis being Separately determined. 

FRITZ, KESSELFRING. 
WTERNER, IKAIJIFMANIN. 
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