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Thisinventionrelatestomeansand method of Preye? 
ingvaporlossesin storagetanksand more particularly 
to ameansand method ofreducing diferential pressure 
between the interior and exterior of a storage tank.? 

Storage tankstodayare Usualy of thetype whichare 
mounted above ground and exposed to the elementsof 
nature?These tanks,generaly speaking,have a rela 
tivelythinwalwhich defnesaspace containingliquid 
in the bottomportion and fumes,gasesand vapors in 
the toporchamber portion? · 

In the24hourcycle ofadaythe Storagetankis? 
usualy subjectedin the-daytime to the rays ofthe sun 
andgeneral heating,andthenatnighttoaperiod of? 
cooling when the temperature of the ambientairis, 
belowthetemperaturetowhichthetankwaspreviousy *30 
heated Thiscycle ofheatingand coolingjs welknown 
intheart,henceisnotdscussedin more detail, 
Duringthe heating phase,itisapparehtthattherays 

ofthe Sunaredrected.from Variousanglesandatyary-? 
ingintensty onthetank,with substantialynorays be 
ingdirecHyagainstthe bottom, Hence,an unevenheat-? 
ingwithin thetanktakes placewherebythe lquidsur 
face oftheliquid within the tankis heated to a higher 
temperature than the remaining liquid,This uneven 
heatingreSultsin a relatively coolliquid corewithinthe 
storagetankwhichcausesabuid-upin pressure dueto 
Volatization ofthe heated Surfaceandexpansion ofthe 
originalairandvapors? · * 

With volatileliquidsandfuidssuchasgasoline,naptha, 
ammonium hydroxideandthe Hke,the pressure buid-up 
asaresult of heatingisappreciable,andifthetempera 
?re9?thetan?drops,apartialvacuummaybeinduced. 
Forthisandotherreasonsthe priorarttankshaveusual 
ly been provided witha pressureyacuum relief valye? 
which9gensatapredetermined d?erentialpressureto 
alow either escape ofthe vaportotheatmospherewhen 
apressureisbuitupinthetankorthetakinginofair 
whena partialvacuumisinducedinthetank. ? 
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tank,In the 1atterinstance,the fuid constituting the? 
Vaporsand gasesin thechamberportion ofthestorage 
tankmust,of necessity be condensablein orderforthe 
apparatustofunctionpropery, · 

Inthe presentinvention,contraryto the prior art, 
theVaporsandgasesinthe chamberportionofthestor? 
agetankneed not be condensable,even though Some, 
Pondensätionthereofmaytakeplaceaswilherenafer 
be described.? * ? -,- * ?> 

Brie?y.theapparatus ofthe presentinventioninchudes 
a circulation conduitor passage meanswhich commpi 
Gat$With the yaporphase ofthe contentsofastorage 
tankata plurality of points?Circulation ofthe Vapor? 
throughthe conduitisinduced byatemperaturedfer 
entig created bya heatexchangerinthe path of the 
9onduit,Many means maybeemployedasacoolantin 
theheatexchanger;however,thepreferredembodment Qf… 
oUrinvention,as hereinafterdsclosed,utizesthe liquid 
phase ofthecontents ofthetankasthiscoolant, · 
The methodofourinvention?whereinthis apparatusis 

Smpoyed,maybroadybedescribedasaprocessof induc 
“ing condtionsfayorable to equibrium dstlation or, 

25 

depending onthe chemicalnature ofthe iquid, COndi 
#Gns?yorabletQ maxmum absorbingor dissqving-of 
the yap9rphaseintothe iquid phase?Aspointedout? 

.aboye,the contents ofastoragetankare heateduneyeny? 
duringthe day portion ofa24-hour timecycle? Under? thesecimatic conditions,thetemperature ofthe Surface 
9ftheiqd phasew?in?etankismuch higherthan? 
theremain?gliqug??thevaporphasethereisas6 
uneven hsating,with thevaporsadjacentthewalsad 
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Wapo?ad?centthe?pbengheatedtoahighertempera? 
turethanthevaporinthe centralportion ofthe tank? 
?9Perafngtheappa?tus ofthisinvention,thevapors 

fontheiquid phaseadacentthesevapo?o coalesce 
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Itjsapparegtthatmanydsadyantagesaccompanythe 
mQStamongthese disadvantagesisthatanappreciable 
amoutofvaluableproductislostwhenthevaporspass 

fo?pansonandpressurebuiduponafolowingday 
andbecomes.areactanttoacceleratethe corrodngof 
theinside ofthetank? * ,? 

Inthe past many devices have been usedin anat tempttoreducethepressurebuid-upinstoragetanksand 
topreventvaporlossestherefrom. Generalytheseprior 
art devicesmaybeclassfedasexpansionroofs, foating 
roofs,vapor bagsandrefrigeration nechanisms?The 
devices whichincoporatethe expansionroofsorvapor 
bagsoperateonaprincipalof Providingadditionalvolume 
intowhchthevaporsmayexpand,whietherefrgeration 
?echanism attempt to convert the vapors backinto? 

opGaion ofthe pressure-yacuum reliefvalve,Upper? 
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iquidtoberetumedtotheiquidphaseinthestorage 

??9??.hquidsuface,Ofcouse?? 
processsome ofthecondensedvaporsreturn totheliquid? 

?ndbecomeheavier,Theheayiervapors,soneofwhch 
may be.condensed but do notnecessariy haveto be? 
89ndensed,are directed bytheconduit,down alongthe 
liquid Surface to formwhat may best be describedas? 
aheayyvaporblanket, Congrrentythehotvaporstrom 
?esidesandtop ofthetankareágedupaná through? 
??$nduitwherethey,inturg,a?ecoaled?A? 
9Perationcontinues,movementof theheayyyaporsinthe *.exchangertendstgaspirateadditioáaláoß? 
whichare cooledand dstributedas additionalyapopto 

Dhase? ? · - -? - 

*he*yeycoolyaporovertheiquidsurface? 
S9°$s?aioncondiopsaresetupyhereöy?? 
?°9fistlationo evaporafonis reduced,Fuß, ?s.coolYapors?ndtocooltheJiquid surface, thus? 
?fherredcingthetendencyofthe liquidtoeyaporate. 
?eimmedateefectofsettingup equibrium distia? 
ton conditionsisto causesubstanial absorptionofthe 

istakenintothetank duringpartialvacuumisayaiable… ?duce the positive pressure withi the storagetank? 
Undsrthese condtionstheaboveoperationreáce? the 
P9S?V?Pressureinthe_tanktosucfanextent??s?? Stantialynovaporsarelost ?roughoperationofthecon 
Ventionalpressure-vacuum rehefValvé, , 
Ontheother hand,atnightthe Systemjsnotoperated 

?encethereis?Pressurebuiduptoovercomethg? 
Vacuumnormalyencountered?Whilethis Operationisnot 
°y"ae?toodat?istime,i,ia?probabiš? 
maybedescribedasagradualrelease of Vaporfrom ?e 
?P?turatedliquidsurfaceandagradualreturnöf? 
the Systemtoone wherethevapors andtheliquidare in 
equilibrium atthe existing temperature,The pgessqre 
buk_upto9vercomethenaturalyencounteredvaeugg? 
mybeatubutedtothefact?atthereductonofü? 

  

  

  



2.944405 
3 

pressureandvolume ofthevaporsovertheiquid caused 
bynatural cooling,promotesthe evaporation of part of 
the more volatile liquidsintothe vapor space?There 
sultingincreaseinthe volume ofthe vaporsnulifesthe? 
reductioninvolumementionedabove?Thisisanappica 
tion of Henrys1aw? ,? - 
Accordingy,itisan objectofthe presentinvention to 

Provide.a means and method of maintainingthe pres 
Sure,withinapartialyfiledstoragetankwhichisexposed 
totheatmosphere,within predeterminedlimits duringthe 
normalheatingandcoolingcycle ofaday? 

Another objectofourinventionisto providea means 
and methodofcreatingandmaintainingarelatively high 
concentration ofvaporsora heavyvaporblanketoverthe 
hquid Surface ofaliquidwithinastoragetank? 

Anotherobject ofourinventionisto provideameans 
and method of coolingthe liquid surface of the liquid 
withina storagetank? 

Anotherobjectofourinventionisto provide a means 
and methodforreducingvaporlossesina storagetank 
Dartialyfled with liquid? 

Another objectofourinventionisto provideameans 
forreducingvaporlossesin storagetanks whichmeansis 
economicaltoconstructandinstalon conventional stor 
agetanks,eficientinoperation and durablein Structure? 

Otherandfurtherobjectsandadvantages ofourinven 
tionwilbecomeapparentfrom the folowingdescription 
whentakenin conjunction with the accompanyingdraw 
ings wherein likecharacters of reference designate cor 
responding parts throughout the several views,and 
wherein: - 

Figure 1 is a schematic,side elevational view of a 
conventionalstoragetankwith theapparatusconstructed? 
inaccordancewith thisinvention beinginstalledthereon? 
Figure2is an enlarged fragmentary view,party in 

section,ofthe heatexchangeroftheapparatus shownin 
Figure 1? 
Figure3isan enlargedfragmentaryview of a portion 

oftheapparatus hereindisclosedandiustratinga modi 
fed embodiment of theinvention. , 
Referringnowindetailtotheembodimentchosenfor 

purpose ofillustration,numeral10 denotesthe base of 
aconventionalstoragetank havingthe usual cyindrical 
Dody or side11,and an upwardy concave formed top 
12,While we haveiustrated butasingle embodiment 
of a storagetank,itwil beapparent tothose skiledin 
the art that our invention,as hereinafter disclosed,is 
applicabletomanytypes ofstoragetanksandthatthe Spe-· 
cific configuration of storagetank shown is butone of 
thesetypes. 
*The conventionalStoragetankisalso shownas having 

the customary pressure-vacuum relief valve 13 in top? 
12,which valvecommunicateswith theinterior of the 
tankto alow escape of vapors whena pressureis buit 
up within thetank,andalsoto permitthetakingin of 
ambientairwhena vacuumisinducedinthetank,Ac 
cording to the prior art,this pressure-vacuum relief 
valve 13 may be setto open when there is % to4yá 
ounces per squareinch ormore of pressure exerted by 
the fuidwithinthetankorwhen thereisa vacuum of 
approximately % ounce persquare inch ormore within 
the tank?Of course,the pressure-vacuum relief valve 
maybesettofunctionatotherdiferentialpressurelimits; 
however,itis withintheabove stated limits of pressure 
and vacuum that the presentinvention is particularly 
adaptedtooperate? - 

For purpose ofilustration,the storagetankis shown 
in Figure1 asbeingpartialyfullofliquid14,Thetype 
andchemicalcomposition ofthe iquidisnot ofgreatim 
Iportance in the operation of thisinvention;however,as 
pointed out above,the presentinvention is adapted to 
Volatile liquids of thetype usualyfoundin storagetanks 
andparticularypetrolemandits products,Thesurface 
15 ofliquid14may be higherorlowerinthe tank,de 
pendingupon the quantity ofliquidstored,As Seenin 
Figure 1,the liquid Surface 15 divides the tank ?to 
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4 
achamber portion16,andaliquid portion,containing 
liquid14? 

Accordingto ourinvention,a pipe17ismounted on 
theroof12with theinlet port18 ofthe pipe projecting 
throughroof12to communicate with chamber portion 
16,Pipe 17 extends upwardy and externaly of the 
storagetank and then projects horizontaly and down 
wardytoterminate aboveroof12,In Someinstances 
itmay be found desirable to provide a valve,Such aS 
valve19inthe passage ofpipe17,Thisvalve19is used 
to open and close the passage way of pipe ?7 tothereby 
permitor preventtraveloffuidthrough pipe17, 
The freeendof pipe17communicateswith a heatex 

changerdenotedgeneralybynumeral20,Inthe preSent 
embodiment this heatexchanger 20is mounted above 
roof12andisconnected thereto by a pipe 21 which 
providesachannelbetween heatexchanger20andcham 
ber portion 16 ofthe storagetank?Pipe2?is Socon 
nected toroof12thatits discharge port22is Spaced 
fromtheinletPort18?Theexactlocation oftherespec 
tiveportsisnotcriticalanditisapparenttothoseskiled 
intheartthata plurality of portsand paSSage Ways may 
be providedforthe passage offuidto andfrom the heat 
exchanger,It is desirable,however,that pipe 21 and 
discharge port22 direct the fuid toward liquid Sur 
face15? - - 

AsBestseenin Figure2,heatexchanger29includesa 
HoHow casing23and plates24,24/,Plates24,24’are 
normallydisposed horizontalyincasing23to dividethe 
same into an upper cavity25?in communication with 
pipe17,a1owercavity26incommunicationwith ppe21 
andacentralcavityorintermediatechamber27. Disposed… 
verticalywithincasing23area plurality of Spaced heat 
exchangerpipes28whichareretainedin position bytheir 
respective ends being Seatedinappropriate aperturesin 
plates24,24”thereby providing a plurality of spaced 
Passageways between cavities25 and26? - 
Itwilnowbeseenthatwehave provideda completely? 

closed system whereinthe ends of aninverted U-shaped 
ppe communicate with the chamber portion 16 ofthe 
storagetankandthatinterspersedin the passage ofthis, 
inverted U-shapedppeisavalve19anda heatexchanger 
20,Therefore,underproper conditions,gasand vapors 
maytravelfrom chamber portion ?6,up through pipe 
?7pastopenvalve19andintouppercavity25?Thence, 
downthroughthechannelsofpipe28throughlowercayity 
26,through pipe21to return to chamber portion 16? 
It should be notedthatany number of pipes26within’ 
heatexchanger29maybeprovided,thatis,theremaybe 
one pipe ora plurality of ppes depending upon the 
sizeand other easiy determinable technical character 
istics ofthe storagetankto which the invention is ap-, 

?pied, 
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To provideameans of circulatinga coolant to and 
fromthe heatexchanger29,asuitable pump29is posi-, 
tionedadjacenttheliquid containingportion ofthe Stor 
agetank,Aliquidsupplytube30isconnected between 

,the suction end of pump29and extends through side 
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11ofthestoragetankto provide communication between 
thecentra1portion ofliquid14andthepump298othat 
pump 29is provided with a source ofrelatively cool 
iquid,The discharge of pump29is connectedto dis 
chargetube31whichextends upwardytoterminateat 
heatexchanger20with themouth oftube31in com-? 
munication with central cavity27, - - 

Toreturntheliquidincentralcavity27totheliquid, 
container portion ofthe storagetanka return tube 32 
1eadsfrom central cavity27and extends downwardy 
andthenthroughside11toapositionbelowthenormal 
1evelof1iquid surface15,Itis desirable to Space the 
respective openings oftubes 39 and32 which are con 
nectedtoside11since,inthisway,circulation ofiquid 
14isaccomplishedwhenpump29is operating,?n Some 
instancesitmaybefound desirabletoextendliquid Sup 

?pytube30 toapproximatey the axial center ofthe 
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storagetankortootherlocationstoprovideaccesstothe 
relativelycool portion ofliquid14? · w 

Itisreadiyapparent tothose skiedin theart that 
othersources of coolantare avaiableandthatinloca 
tions wherean abundant water Supplyis available,it 
maybefoundadvantageoustoconnectiquid Supplytube 
30to the water supply and dscharge this circulated 
water externaly of the storagetank,by relocatingthe 
discharge end ofreturn tube32,Forthis purposegate 
valves 31a and 32a are providedin the tubes 31 and 
32,respectively? 

It wi1 be noted that pump29may be any type of 
conventionalpump whichwilsupplysufcientheadand 
capacitytocirculatethe coolantin sufcientvolumefor 
the purposes hereinafterdescribed?Itwilalsobe under 
stood that pump 29 may be operated in any conven 
tionalmannerbutsinceitispreferabytocoordinatethe 
action ofpump29withthe buid up ofpressurewithin 
thestoragetank,a pressurestaticswitch33isconnected 
in communication with chamber portion L6 to actuate 
pump29throughappropriate electricalconnectionS(not 
shown)whereby pump29is startedandstoppedin re 
sponsetotheactionofswitch33? * 

Valves such as valves34and35 may be connected 
?o supplytube 30 and return tube 32,TeSpectively,to 
sealthe coolantin the tubes when the pumpis notin 
operation? -,,, 

Inthe operation oftheinvention,itwilbe understood 
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?atthereliefvalve13issettoopenata predetermined ? 
pressure above atmospheric,Itw?1also beunderstood 
that switch 33 may be arranged to Operateata preS 
sure lessthanthe opening preSSUreforthe operation of 
valve13whereby upon pressure build-upwithin cham 
berportion16,switch33wilbeactuatedtostartpump 
29beforevalve13opens,Asthesuncomesupinthe 
morning,its raysstrikethe skinor Surface of the Stor 
age tank,and warms it?Thus,heatistransferred to 
the gases,vapors,fuids,andliquidswhichareinternaly 
adjacent the Surface ofthe tank,Asthe suncontinues 
itstravel,itis apparent thatits rays are directed more 
and moreagainstroof12andtherefore,thatportion of 
the fuid within the storage tank whichisimmediately 
adjacentroof12is usualy heated to a greater extent 
than the remainingvaporsandgases,Further,heatis 
transmitted,probablytoalarge extentbyradiationfrom 
the innersurface ofroof12and alsotosome extent by 
convection,to liquid Surface 15,Itis thus seen thata 
conditionissetup withinthetankWherethe meantem 
Beratures ofthe gasesand vaporsin chamberportion16 
ofthetankareincreasedandthe temperature of iquid 
surface15isincreased1eavinga relativey coolvolume 
ofliquid14inthatarea ofthetankbelowliquid surface 
15.,Thiscondition resultsina buid-up of pressurein 
chamberportion 16 because of eXpansion ofthe gases 
and vapors within chamber portion l6 and because of 
evaporation of liquid from the liquid surface? 
Now,accordingtoHenryslaw,the quantity ofgasdis 

solvedinagiven quantity of Solventorsolutionis direct 
1y proportionalto the gases”partial?pressure overthe 

Henrys law applies for the individualcom 
ponents ofagaseous mixtureas welasforasinglepure 

,gas,the concentration ofeach component dissolved be 
ing,accordingto thelaw,proportionaltoitsown partial 
presSure and not the total gas presSure,Theoreticaly 
Henrys law holdstrue over the range of pressuresand 
temperatures contemplated by this invention,Devia 
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tionsfrom this iaw willoccurifliquid14andthegases“ 
or Vapors in chamber 16 Undergo molecular change in 
solution Suchas dissociation,association orcombination 
with each other?However,ingeneralthe law-wilbe 
folowed by Substantialyalliquidswhichare contained 
in storage tanks,those deviations which do occur wili 
usualytend to decreaseratherthanincrease the total 
pressureexertedinchamberportion 16,Further,Raoulfs 
1aw states thatin vaporliquid equibrium the partial 

?0 

gravityfow describedabove? 

pressure of any componentina iquidis-equaltothe 
Productofitsmolefractioninthe liquidandthevapor 
Dressure ofthe pure componentatthesametemperature? 
From the above 1awsit wilbe seen thatthe areain 

chamber16directly overtheliquid surface15 hasa pro 
foundefectonthe rate of distilation ordissociation,In 
generalit can be saidthose liquids which have a high 
vapor pressure have a correspondingy1ow boiling point 
since boingoccurs whenthe vapor pressure ofthe con 
Stituent under standard conditions reachesatmospheric 
pressure,Thus,the low boing point constituents of 
liquid 16 exerts relatively higher partial pressures? 
ASSume nowthatliquid14is a petroleum product 

containing for example pentane and hexane?Asthe 
storagetank is heated bythe sun,thelghterfractions, 
Dentane,wildistilordissociatefirstandthen withfur 
ther heatingthe heavierfraction,hexane,in1argerquan 
tities wildistiordissociate from the iquid?With this 
distilation or dissociation,the pressure within chamber 
16increasesSufcientytoactuate pressurestaticswitch 
33 to Start pump 29?Thus,relative coolliquidfrom 
liquid 14is circulated through centraicavity27,This 
Circulationtendsto coolthosevaporsandgasesinthe 
heatexchangerpipes28to causethevaporstocoalesce, 
become heavier and pass by gravity and by heat 
diferential circulation down through lower cavity26 
through ppe 21 into chamber 16,Because these 
Coalescedvaporsaregeneralyheavierthanthesurround 
ing_Yaporsthey continuetotraveldownadjacentliquid 
SHrface?5Wheresome ofthevaporsreassociatewiththe 
liquid ?4 whie aSubstantial portion oftheremaining 
9oalescedvapors distributethemselvesimmediateyabove 
lquidsurface15, · ? 
The coalescing oftheyaporas describedabove hasan? 

asperatingefect within heatexchangerppes28tothus° 
grawadditionalvapors andgasesthrough ppe 17and 
into the heatexchanger ppes28,Thusitisseenthat 
acirculation ofvaporsandgasesissetupwhereinapor 
tion of the vaporsand gasesin chamberportion16is 
cooled,coalesced andreturned to chamber portion ?6, 
asa Vaporblanketalongliquidsurface15? 
Attentionisnow directedtoFigure3whichshowsthe 

pipe 17 whichnormalyinterconnects the chamber16 
3ndthecaviy25ofthe heatexchanger29,Inthisem 
bodment a blower 50is positionedin the line ofthe 
ppe 17toinduce or speed up the circulation ofthe 
VaporsonthoSetankinstalationswherethetanksizeor 
other conditions Suchassevere climatic conditionsre 
quirea vapor fow greater than thatinduced bythe 

It Wil be Understood thattheimmediate efectofthe 
circulationofliquid14inheatexchanger20isanappre 
ciable oweringinthe positive pressure withinthestor 
agetank,Thislowering of pressurecannotbeentirely 
explained bya simplecoolingofthevapors?Instead,the 
concentration of vapors immediately aboyethe iquid 
SUrface15,coolstheliquidsurfaceandsetupequibrium 
distilationconditions,Thevaporsimmediatelyabovethe 
liquid Surface15,thatis,theyaporblanketissuchthat 
anyadditionalpressure build-upwicauseaforcingof 
this Vaporinto the iquid,FUrther,the mole fraction 
concentration ofeach vaporissuchasto discourageits 
Complementaryfractionintheliquid phasefromvaporiz 
1ng? - - ? ’? 

Atnightthe vaporsofthevapor blankettendstodissi? 
Pateitselfintothe othergases andvapors,therebytend 
ingtooppose the creation ofavacuuminthetank? 

It wilbe obvioustothoseskiledintheartthatmany 
Variations may be madein the embodimentchosenfor 
purpose ofiustrationwithout departingfromthescope 
of myinventionas defned bythe appendedclaims, 
We claim: - -? 
1·?aconservationapparatusforusewihavolatie 

75 
liquid storagetank,saidtankdefningaiquidcontaining 
portionanda chamberportion wherein Vapors colect; 



7 
the combination ofa plurality of openingscommunicat 
ing with the chamber portion,passage meansintercon 
necting Said openings and establishing closed conStant 
volumecommunicationtherebetween,said passagemeans 
being dispoSed externaly of said chamber portion and 
temperature changingmeans operativelyassociated with 
Said paSSagemeanstocoolsaidvaporsandinduce circula 
tionthereofthroughsaidPassagemeans,saidtemperature 
changingmeanscomprisingachamberSurroundinga Seg 
ment of said passage means andadditional means asso 
ciated with said chamber for circulating a substance 
therethroughto efectatemperature change of the Seg 
ment ofsaid passagemeans,Said circulatingmeanscom 
prising passagewaysforestablishinga closed communi 
cating circuit betweenthe chamberandasource ofsaid 
Substance external of the chamber,and a pump mech 
anism in atleast one of Said pasagewaysto efect Said 
circulation, 
2.A conservation apparatus according to claim 1, 

wherein one of Said openings communicates with Said 
chamber portion ata point vertically above the other 
of Said openings? 
3?The conservation apparatus of claim 1,wherein 

thereisadditionallyprovided meanstoselectively control 
the operation of Said mechanismto provideintermittent 
circulation of said substance, - 
4,A conServation apparatus according to claim 3, 

wherein Said last mentioned meansis responsive to the 
DresSurein Said chamber portion? · 
5.A conservation apparatus according to claim 3, 

wherein Saidlastmentioned meanscomprisesa pressure 
Switch arranged to operate Said mechanism when the 
pressurein Said chamberportion reaches predetermined 
imitsabove orbelowatmosphericpressure, 
6?A conservation apparatus according to claim 1, 

wherein Said Sourceissaidliquidcontainingportion,and 
thesubstance comprisesthe iquidinsaid1astmentioned 
Portion? - 
7.A conservation apparatus according to claim 5, 

whereinsaidsourceissaidliquid containingportion,and 
Saidsubstanceistheliquidin Saidlast mentioned portion, 
8,In a method of conserving vaporsin atank used 

forstoringVolatieliquids,saidtankhavingaliquid con 
tainingportionanda vaporcontaining portion;thesteps 
ofaccommodatingemission of part ofthe vaporin said 
vaporportion from one pointinsaid vaporportion,cir 
culating Said vapor externally of Said vapor portion, 
changingthetemperature ofsaidcirculatingvaporduring 
Said circulation by movingliquid from said liquid por 
tionintosuch physicalrelationwith the circulatingvapor 
to efect the heattransfertherebetween,and depositing 
Saidcirculatedvaporintosaid vaporportion, - 
9.Themethod of claim 8,whereinthereisadditionaly 

provideda Step of controlingthecirculation oftheliquid 
inSuchamannerthatsaidliquidcirculationisresponsive 
tothepressureinsaidvaporportion, 

10?Apparatus for retarding pressure buid up in a 
Storagetankmountedatleastpartialyabovegroundand 
incidentaly Subjectedtotherays ofthe sun,saidstorage 
tankalso havinga conicalroof anda chamberportion 
below Said roof and a liquid containing portion below 
Said vaporcontaining portion,Saidliquid containingpor 
tion normaly having liquid therein and said chamber 
Portionnormalycontainingvaporsfromsaidliquidthere 
in,meanstoreleasesaidvaporsfrom said chamberpor 
tion whenSaidpressureinsaidstoragetankreachesa pre 
determined pressure above the pressure of saidambient 
airandtopermittheinfiuxofambientairintosaidstor 
agetank whensaidstoragetankreachesa predetermined 
Vacuum belowthe pressure of saidambientair,compris 
ingafrstppe mountedexternaly ofsaidstoragetankat 
the apex of Saidroof,the entranceto Said pipe beingin 
communicationwithsaid chamberportion,saidfrstppe 
extendingupwardyandthenhorizontaliyandthendown 
wardy,aVerticalydisposedsecond ppemountedonsaid 
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roof and havingan exitincommunicationwith Said 
chamberportionata positionspacedfrom Saidentrance 
of Saidfirst pipe,Said Second pipe beingaligned with the 
downwardy extending portion of saidfirst pipe,a heat 
exchanger externally of Said Storagetankand connected 
betweenthe freeend ofsaid frst pipeandon thetop of 
Said Second pipe,and meansfor circulating said liquid 
from sadliquid containingportionthrough Said heatex 
changerand backtosaidliquid containingportion? 

11?ApparatusforretardingpresSure buid upina Stor 
age tank mountedatleast partialyabove groundandin 
cidentaly subjected to the rays of the sun,Said storage 
tank havingaroof and a chamber portion below said 
roof and a iquid containing portion below Said vapor 
containingportion,Saidliquid containing portionnormal 
lyhavingliquidthereinand Said chamber portionnormal 
Iy containing vaporsfrom Saidliquidtherein,comprising 
afrst ppe mounted externaly of said storagetankon 
Saidroof,the entrance tosaid pipe beingin communica 
tion with Said chamber portion,a Second pipe mounted 
on Said roof and havingan exitin communication with 
Said chamberportion ata position spacedfrom Said en 
trance of Saidfirst pipe,a heatexchangermountedabove 
Said Storagetankand connected betweenthe freeend of 
Said first pipe and on the free end of said second pipe, 
Said heatexchanger beingprovidedwithan uppercavity 
and a central cavityanda lower cavityin verticalrela 
tionshipto each other,Saidupper cavity communicating 
with Said-frst pipe,Said lower cavity in communication 
with Said Second pipe,Said heatexchanger beingfurther 
characterized by a plurality of verticaily disposed heat 
exchangerpipesextendingthroughsaid centralcavityand 
formingapath betweensaiduppercavityandsaid lower 
cavity,conduit meansforthe circulation of saidliquid 
from Said liquid containingportionthrough said central 
cavityand backto Saidliquid containingportion,pump 
means connected to said conduit means forcirculating 
Saidliquor,and controlmeansresponsivetothepressure 
inSaidtankforactuatingSaid pump means, 

12·Apparatus forretarding pressure buid up in a 
Storagetank mountedatleast partialyabove groundand 
incidentalySubjected to therays ofthe Sun,Saidstorage 
tank being provided with a pressure-vacuum relief valve 
which opens whenthe pressure diferential betweenthe 
anbientairand theinteriorofthe storage reaches pre 
determinedlimits,SaidStoragetankaso havingaconical 
Foofandachamber Dortion belowsaidroofanda iquid 
containing portion below Said vapor containing portion, 
Said liquid containing portion normaly having liquid 
thereinand Said chamber portion normaly containing 
vapors from Saidliquidtherein,Said pressure-vacuum re 
Hef valve beingmountedinsaidroofin communication 
with the upperportion ofsaid chamberportiontorelease 
Said Vaporsfrom Saidchamberportion whensaid pressure 
in Said Storage tank reaches a predetermined pressure 
above the pressure ofsaidambientairand to permitthe 
infux of ambientairinto said storagetank when said 
Storagetankreachesa predetermined vacuum belowthe 
presSure of Saidambient air,comprisinga frst pipe 
Dnountedexternaly of Said storagetankon saidroof,the 
entrance to Said pipe beingin communication with said 
chamberportionattheapexofsaidroof,averticalydis 
posed Second pipe mounted onsaid roof and havingan 
exitin communication with said chamberportion ata 
position below and Spaced from said entrance ofsaid 
frst ppe,a heat exchanger externaly of said storage 
tank and connected between the free end of said frst 
Dipe and on the top of Said Second pipe,said heatex 
changerbeingprovided withanuppercavityandacen 
tral cavity andalower cavityinvertical relationshipto 
each other,Said upper cavity communicating with said 
firstpipe,Saidlowercavitycommunicatingwithsaidsec 
ond pipe,Said heatexchangerbeingfurthercharacterized 
bya plurality ofverticaHydisposed heatexchangerpoes 
extendingthrough Said centralcavityandformingapath 
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betweensaiduppercavityandsaidlowercavity,conduit 
meansforcirculation ofsaidliquidfrom Said liquid con 
taining portion through said central cavityand backto 
said iquid containing portion,pump means connected 
tosaid conduitmeansforcirculatingSaidliquidin Said 
conduitmeans,andmeansresponsivetopresSurewithSaid 
tankforactuatingsaidpumpmeans? - 

13.ApparatusforretardingpresSure build upina Stor? 
agetank mountedatleastpartialyabovegroundandin 
cidentaly subjected totherays ofthe Sun,Said storage 
tank being providedwith a pressure-vacuum relief valve 
which opens when the pressure diferential between the 
ambientairand the interior of the storage reaches pre 
determined imits,said storagetankalso havinga roof 
andachamberportion belowsaid roofandaliquid con 
taining portion belowsaid vapor containing portion,Said 
liquid containing portion normaly havingliquidtherein 
and said chamber portion normaly containing yapors 
fromsaidliquidtherein,Saidpressure-vacuum reliefValve 
beingmountedin said roofin communication with the 
upper portion of said chamber portion to release Said 
vaporsfromsaid chamberportion when Said pressurein 
said storagetankreachesa predetermined preSSureabove 
the pressure ofsaidambientairandto permitthe infux 
of ambientairinto said storage tank when Said storage 
tankreachesa predetermined vacuum belowthe pressure 
of saidambientair,comprisinga frst pipe mounted eX 
ternally of said storage tank on said roof,the entrance 
to Said pipe beingin communication with Said chamber 
Portion,a verticaly disposed Second ppe mounted on 
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Saidroofand havingan exitin communication with Said 
chamberportionata position Spacedfrom Saidentrance 
of said frst pipe,a heat eXchanger externaly of Said 
storagetankand connected betweenthe free end of said 
first ppe and on the top of Said Second pipe,Said heat 
exchanger being provided with an upper cavity and a 
centralcavity anda lower cavityin vertical relationship 
to eachother,Said uppercavity communicatingwith Said 
frst pipe,saidlowercavity communicatingwith Said Sec 
ond ppe,said firstand Second heateXchanger pipes eX 
tendingthrough said central cavity and forminga path 
between said upper cavity and said lower cavity,and 
means for circulating said liquid from Said liquid con 
taining portion through Said central cavity and backto 
Saidliquidcontainingportion? 
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