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Heat exchange reactor seal apparatus 

Thisinventionrelatestosealapparatusanditsuseinaheatexchangereactorsandprocesses 

usingsuchapparatusinparticularincatalyticsteamreformingprocesses.  

5 

Inheatexchangereactorapparatuscontainingexternallyheatedtubesthereisliabletobe 

significantdifferentialthermalexpansionbetweentubescarryingtheprocessfluidandmeans, 

suchasatubesheetdefiningaboundaryofazonethroughwhichaheatexchangemedium 

passesinheatexchangewiththeprocessfluidpassingthroughthetubes.Wheretubesare 

10 heatedbyaheatexchangemediumflowingaroundtheexteriorofthetubesthatisatalower 

pressurethantheprocessfluidpassingthroughthetubesonesolutionhasbeentoemploya 

sealdeviceconnectedtoeachtubecomprisingasealtubeandmovablydisposedwithinthe 

sealtubeaninnertubehavingaconstrictionthatprovidesalow-pressureregionandwhich 

alsohaspassagesthoughthewalloftheinnertubeconnectingthelow-pressureregiontothe 

15 exterioroftheinnertube.Inthiswayprocessfluidmixingwiththeheatexchangemediumis 

preventedorreduced.W09705947disclosessuchapparatus.  

TheApplicanthasfoundthatdisruptingtheflowofheatexchangemediumwithintheseal 

devicebycreatingturbulenceintheannularspacebetweentheexterioroftheinnertubeand 

20 theinteriorofthesealtubecanreducetheamountofmixingoftheheatexchangemediumwith 

theprocessfluid.  

Accordinglytheinventionprovidesatubesealdevicesuitableforuseinaheatexchange 

reactorcomprisingoneormoretubessaidtubesealdevicecomprisingasealtubeandan 

havingwithinsaidoverlappingregion,(i)aninteriorconstrictionofreducedcrosssectionalarea 

formingalow-pressureregion,(ii)anexpansionregionadjacenttheconstrictionofcross 

sectionalareagreaterthanthatoftheconstrictionand(iii)oneormorepassagesthroughthe 

walloftheinnertubeconnectingsaidlow-pressureregiontotheexterioroftheinnertube 

30 whereinthetubesealdevicefurthercomprisesoneormoregroovesformedaroundaninner 

faceofthesealtubeintheoverlappingregioncorrespondingtothelow-pressureregionofthe 

innertube.  

Theinventionfurtherprovidesaheatexchangereactorcomprisingoneormoreheatexchange 

35 tubescomprisingthetubesealdeviceandaprocessusingthereactorandtubesealdevice.  

Theheatexchangereactorapparatusincludingthetubesealdeviceisofparticularutilitywhere 

heatexchangemediumflowingaroundtheexteriorofthetubesisatalowerpressurethana 

processfluidpassingthroughthetubes.  

25 innertubedisposedwithinthesealtubetoprovideanoverlappingregionsaidinnertube
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Byprovidingthegroovesontheinteriorofthesealtuberatherthanontheexterioroftheinner 

tubefoulingoftheinnertubebymaterialbeingcarriedtherebytheheatexchangemediumis 

reduced.Thisimprovesthelong-termperformanceofthetubesealdeviceandcansimplify 

5 maintenancebyallowingthefouledsealtubetobereplacedduringroutinemaintenance.  

Moreoverprovidingthegroovesontheinteriorofthesealtubeallowspotentiallyagreater 

numberofgroovestobepresent.  

Toreducemixingoftheprocessfluidandheatexchangemediumfurthertheremay 

I0 additionallybeoneormoregroovesintheoverlappingregioncorrespondingtotheexpansion 

regionoftheinnertube.Theoneormoregroovesintheexpansionregionmaybeonanouter 

faceoftheinnertubeorontheinnerfaceofthesealtube.Preferablytheoneormore 

groovesintheoverlappingregioncorrespondingtotheexpansionregionoftheinnertubeare 

disposedontheouterfaceoftheinnertubebecausethissimplifiesfabrication.  

15 

Heatexchangereactorapparatusincludingthetubesealdevicemayincludeaprocessfluid 

feedzoneaheatexchangezoneandaprocessfluidoff-takezonefirstandsecondboundary 

meansseparatingsaidzonesfromoneanotheroneormoreheatexchangetubesfastenedto 

oneofsaidboundarymeansandextendingthroughtheheatexchangezone.Processfluid 

20 canflowfromtheprocessfluidfeedzonethroughtheoneormoreheatexchangetubesand 

intotheprocessfluidoff-takezone.Foreachheatexchangetubeatubesealdeviceis 

provided.Thesealtubeofthetubesealdevicemaybefastenedtooneofsaidboundary 

means.Theinnertubeofthetubesealdeviceisprovidedoneachheatexchangetube.The 

sealtubeisdisposedsubstantiallycoaxiallywiththeinnertubesuchthattheinnertubeisin 

Eachinnertubeofthetubesealdeviceisprovidedwith(i)aninteriorconstrictionofreduced 

crosssectionalareaformingalow-pressureregionwithintheinnertube,(ii)anexpansion 

regionofcrosssectionalareagreaterthanthatoftheconstrictiondownstreamofsaid 

30 constrictionand(iii)oneormorepassagesthroughthewalloftheinnertubeconnectingsaid 

low-pressureregiontotheexterioroftheinnertubesaidpassagesbeinglocatedwithinsaid 

overlappingregiontherebyprovidingaflowpathforfluidfromtheheatexchangezonethrough 

saidoverlappingregionintosaidlow-pressureregionwithinsaidinnertube.  

35 Eachtubesealdevicecomprisesoneormoregroovesformedaroundaninnerfaceoftheseal 

tubeintheoverlappingregioncorrespondingtothelow-pressureregionoftheinnertube.  

Inaheatexchangereactoroftheabovetypeaprocessfluidispassedfromaprocessfluid 

feedzonethroughoneormoreheatexchangetubesdisposedwithinaheatexchangezone 

25 slidingengagementwithitsassociatedsealtubetherebyformingtheoverlappingregion.
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definedbyacasingthroughwhichaheatexchangemediumpassesandthenintoaprocess 

fluidoff-takezone.Meanssuchastubesheetsareprovidedtoseparatethezones.Thusa 

tubesheetmayseparatetheheatexchangezonethroughwhichtheheatexchangemedium 

passesfromazonesuchasaplenumchambercommunicatingwiththeinterioroftheheat 

5 exchangetubestopermitfeedofprocessfluidtothetubesorott-takeofprocessfluidfromthe 

tubes.Analternativearrangementinvolvestheuseofheaderpipesdisposedwithintheheat 

exchangezonetodefinetheprocessfluidfeedzone:theprocessfluidisfedtotheheader 

pipesfromwhenceitflowsintoandthroughtheheatexchangetubes.Similarlyheaderpipes 

maybeprovidedfortheoff-takeofprocessfluidfromthetubes.Alternativelytheremaybea 

10 combinationoftubesheetsandheaderpipes.Suchtubesheetsorheadersarehereintermed 

boundarymeansastheydefineboundariesbetweentheheatexchangezoneandtheprocess 

fluidfeedandoff-takezones.  

Byprovidingtheinnertubeontheheatexchangetubeandbyconnectingthesealtubetothe 

I5 boundarymeansintheheatexchangereactorlongitudinalmovementcausedbythermal 

expansionandcontractionoftheheatexchangetubesmaybeaccommodated.  

Inusebecauseofthelow-pressureregionintheinnertubeheatexchangemediummaybe 

drawnintotheinterioroftheinnertubewhereitmixeswiththeprocessfluidflowingthroughthe 

20 innertube.  

TheheatexchangereactormaycontainoneormoreheatexchangetubesforexampleItoI0 

tubesbutheatexchangereactorsforexampleusedinsteamreformingprocessesmay 

containtensorevenhundredsoftubesforexampleI0to2000tubes.Thetubesmaybe25

dependingonthesizeofthetubes.Thetubesmaybe5-15metresinlength.Itisatsuch 

lengthsparticularlyatI0-15metresthatthelongitudinallyexpansionbecomesparticularly 

problematicwithouttheuseofthetubesealdevice.Thetubesmaybefabricatedfromsuitable 

metalssuchasstainlesssteel.Theheatexchangereactormaycompriseoneormore 

30 transversebafflestocausetheheatexchangemediumtomoveinaserpentinemanner 

throughtheheatexchangezoneandtherebyenhancetheexchangeofheat.  

Thetubesealdevicecomprisesaninnertube.Theinnertubemaybeconnectedtooneendof 

theheatexchangetubeormaybeformedasanendportionoftheheatexchangetube.The 

35 innertubemayhavethesamediameterastheheatexchangetubeorpreferablyanarrower 

diameterthantheheatexchangetube.Theinnertubemaybepolygonalorcylindricalbutis 

preferablyshapedsothatanevenclearancespaceisformedbetweentheouterfaceofthe 

innertubeandtheinnerfaceofthesealtubeintheoverlappingregion.Theinnertubehasan 

internalconstrictionformingalow-pressureregionwithinthetubeandanexpandedportion 

25 150mminternaldiameterandthewallthicknessofthetubesmaybeintherange2-13mm
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adjacenttheconstrictionforminganexpansionzonewithinthetube.Oneormorepassages 

throughthewalloftheinnertubeconnectthelow-pressureregionwiththeexterioroftheinner 

tube.TheremaybebetweenIand20passagesconnectingthelow-pressureregionwiththe 

exterioroftheinnertube.Thepassagesaredesirablyevenlyspacedtoopenintothe 

5 clearancespacebetweentheinnertubeandthesealtube.Inusethedeviceisorientated 

suchthattheexpansionzoneislocateddownstreamofthelow-pressurezone.Forexamplein 

averticaldown-flowarrangementwiththetubesealdevicelocatedatthelowermostendofthe 

heatexchangetubetheexpansionregionwillbebelowtheconstrictionintheinnertube.The 

relativesizesoftheconstrictionlow-pressureregionandexpansionregionwilldependinpart 

I0 onthetubesize.Forexampleinoneembodimentincludingaheatexchangetubeofinternal 

diameteraboutI00mmtheportionoftubesformingtheinnertubemayhaveaninternal 

dimensionofabout25mmtaperinginternallytoaconstrictionofaboutI2mminternal 

diameteropeningintoalow-pressureregionofaboutI8mminternaldiameterandaboutI08 

mmlength.Attheendofthelow-pressureregiontheinnertubemaybeflaredfromtheI8mm 

I5 diametertoabout31mmexternaldiameteroveralengthofabout78mm.Twelveevenly 

spacedpassagesof3mmdiametermaybeprovidedbetweenthelow-pressureregionandthe 

exterioroftheinnertube.  

Aclearancespaceforexampleanannulargapwillexistbetweentheinnerfaceoftheseal 

20 tubeandtheouterfaceoftheinnertubeintheoverlappingregion.Theinnertubeisthereby 

freetomovelongitudinallywithinthesealtube.Thethicknessoftheclearancegapbetween 

theinnerfaceofthesealtubesandtheexteriorfaceoftheinnertubepartoftheheatexchange 

tubesmaybeabout0.1to0.5mm.Forexampleintheembodimentdescribedabovethegap 

maybeabout0.2mm.  

Thetubesealdevicealsocomprisesasealtube.Thesealtubemaybepolygonalor 

cylindricalbutpreferablyhasthesameformastheinnertubesothatanevenclearancespace 

ismaintained.Tubesealdevicescomprisingcylindricalsealtubesandcylindricalinnertubes 

arepreferredbecausethesearesimplertofabricateandarebetteradaptedforuseatelevated 

30 temperatureunderpressure.  

Thetubesealdevicecomprisesoneormoregroovesontheinnerfaceofthesealtube.The 

oneormoregroovesontheinnerfaceofthesealtubeareformedontheinnerfaceoftheseal 

tubeintheoverlappingregioncorrespondingtothelow-pressureregionoftheinnertube.The 

35 oneormoregroovesontheinnerfaceofthesealtubemaybeformedascrenellationsi.e.  

havingasquareorrectangularformorthegroovesmaybeU-shapedV-shapedorany 

combinationofthese.Squareorrectangular-shapedgroovesmayprovideimproved 

turbulenceintheoverlappingregion.  

25
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Thegroovesmaybeformedbycuttingoneormorechannelsintotheinnerfaceoftheseal 

tubedevice.Alternativelythegroovesmaybeformedwithoutcuttingforexamplebyusinga 

layeredarrangementofdifferentinsidediameterringsinsidethesealtubedeviceorbyrolling 

agroovedprofileinthesealtubedevice.  

5 

Thesizeofthegroovesmaybefrom2to20mminwidthe.g.6to14mminwidthandIto7 

mmindepthdependingonthesizeofthetubeandthethicknessofthetubewall.Desirably, 

thegroovedepthisnomorethanabout50%ofthetubewallthicknessforstrengthreasons.  

TheremaybebetweenIand30groovese.g.between2and25groovespreferablybetween 

I0 5and20grooveslocatedonthesealtubeintheoverlappingregioncorrespondingtothelow

pressureregionoftheinnertube.Thisisanimprovementoverdeviceswherethegroovesare 

locatedontheinnertubewherethenumberofgroovesinthisregionislimitedbythesizeof 

theinnertubeto8orless.Byplacingthegroovesontheinnerwallofthesealtubethe 

groovesmayextendbeyondthelow-pressureregion.  

15 

Theremayadditionallybeoneormoregroovesintheoverlappingregioncorrespondingtothe 

expansionregionoftheinnertube.Whethertheoneormoregroovesareontheouterfaceof 

theinnertubeorontheinnerfaceofthesealtubetheymayalsobeformedascrenellations, 

i.e.havingasquareorrectangularformorthegroovesmaybeU-shapedV-shapedorany 

20 combinationofthese.Thesizeofthegroovesinthisregionmayalsobefrom2to20mmin 

widthe.g.6to14mminwidthandIto7mmindepth.Theremaybethesamenumberora 

greaternumberofgroovesintheexpansionregionthaninthelow-pressureregion.For 

exampletheremaybebetweenIand30groovese.g.between2and25groovespreferably 

between5and20grooveslocatedontheinnerfaceofthesealtubeortheouterfaceofthe 

Theoneormoregroovesaredesirablyarrangedtodisrupttheflowofgasthroughthetube 

sealdevice.Theoneormoregroovesmaybearrangedperpendiculartotheflowofprocess 

fluidthroughtheinnertubeorthegroovesmaybeformedinaspiralmannersuchasascrew 

30 thread.  

Wheretwoormoregroovesarepresentineitherthelow-pressureorexpansionregionsthey 

arepreferablyparalleltoeachother.  

35 Theinventionfurtherprovidesaprocesscomprisingthestepsott(a)feedingaprocessfluidto 

aheatexchangereactorhavingaprocessfluidfeedzoneseparatedfromaheatexchange 

zonebyboundary , (b)passingsaidprocessfluidfromsaidprocessfluidfeedzone 

throughoneormoreheatexchangetubesextendingthroughsaidheatexchangezone 

whereinsaidprocessfluidissubjectedtoheatexchangewithaheatexchangemediumata 

25 innertubeintheoverlappingregioncorrespondingtotheexpansionregionoftheinnertube.
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lowerpressurethantheprocessfluidpassingthroughthetubesinsaidheatexchangezone 

(c)passingtheprocessfluidfromsaidheatexchangetubestoaprocessfluidoff-takezone 

separatedfromsaidheatexchangezonebysecondboundary , (d)subjectingthe 

processfluidfromsaidprocessfluidoff-takezonetoafurtherprocessingstep, , (e)passing 

5 theresultantprocessedprocessfluidthroughtheheatexchangezoneastheheatexchange 

mediumwhereineachofsaidoneormoreheatexchangetubesisfastenedtooneofsaid 

boundarymeansandengageswiththeotherofsaidboundarymeansbymeansofatubeseal 

devicewhereinthetubesealdevicecomprisesasealtubefastenedtotheotherofsaid 

boundarymeansandaninnertubeconnectedtoeachheatexchangetubeanddisposedwithin 

I0 thesealtubetoprovideanoverlappingregionsaidinnertubehavingwithinsaidoverlapping 

region,(i)aninteriorconstrictionofreducedcrosssectionalareaformingalow-pressure 

region,(ii)anexpansionregionofcrosssectionalareagreaterthanthatoftheconstriction 

downstreaminthedirectionofflowofsaidprocessfluidofsaidlow-pressureregionand(iii) 

oneormorepassagesthroughthewalloftheinnertubeconnectingsaidlow-pressureregionto 

15 theexterioroftheinnertubewhereinthetubesealdevicecomprisesoneormoregrooves 

formedaroundaninnerfaceofthesealtubeintheoverlappingregioncorrespondingtothe 

low-pressureregionoftheinnertube.  

Intheprocesspartoftheprocessedprocessfluidfedtotheheatexchangezonepassesinto 

20 thetubesealdeviceandthroughtheoneormorepassagesintothelowpressureregion.  

Intheprocesstheheatexchangemediumistheprocessfluidthathaspassedthroughthetubes 

butwhichhasbeensubjectedtofurtherprocessingbeforebeingusedastheheatexchange 

medium. Thisfurtherprocessingpreferablyincludesastepinwhichtheprocessfluidisheated 

Thetubesealdeviceisofparticularutilityinaheatexchangesteamreformerorgas-heated 

reformeri.e.aheatexchangereactorcontainingaoneormoreexternallyheatedtubes 

containingasteamreformingcatalystthroughwhichareformerfeedispassedtogeneratea 

30 synthesisgasandwhereintheheatexchangeismediumusedtoheatthetubes.Insuch 

processestheheatexchangemediumistypicallyatlowerpressurethanthereformerfeed.  

Theprocessandapparatusareofparticularutilityforsteamreforminghydrocarbonswhereina 

mixtureofahydrocarbonfeedstockandsteamispassedthroughtheheatexchangetubeswhich 

35 containasteamreformingcatalystforexampleanickel-containingsteamreformingcatalystsoas 

toformaprimaryreformedgaswhichisthensubjectedtopartialcombustionwithanoxygen

containinggasandtheresultantpartiallycombustedgasisusedastheheatexchangemediumin 

theheatexchangezone.Preferablythepartiallycombustedgasispassedthroughabedofa 

25 suchthattheheatexchangemediumimpartsheattotheoneormoreheatexchangetubes.
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secondaryreformingcatalystsoastoeffectfurtherreformingbeforebeingusedastheheat 

exchangemedium.  

Asaresultoftheconstrictionintheinnertubealow-pressureregionisformedwithintheinner 

5 tube:bysuitablysizingtheconstrictionthepressureinthelow-pressureregionwheninnormal 

operationcanbemadelowerthanthepressureintheheatexchangezonesothatthereisa 

flowofheatexchangemediume.g.theproductofsecondaryreformingtheprocessfluidtaken 

fromtheprocessfluidoff-takezonefromtheheatexchangezonethroughtheclearancespace 

betweenthesealtubeandtheinnertubeandthroughsaidpassagesinthewalloftheinner 

I0 tubeintothelow-pressureregion.Downstreamofthelow-pressureregiontheprocessfluid 

expandsintheexpansionregiongivingaprocessfluidpressuregreaterthanthatinthelow

pressureregion.Consequentlytherecanalsobeabacklioworrecycleofprocessfluidfrom 

theoutletendoftheinnertubethroughtheclearancespacetothepassagesandintothelow

pressureregion.  

15 

Thetubesealdeviceispreferablyprovidedattheboundarymeansbetweentheheatexchange 

zoneandtheprocessfluidoff-takezone.Thusthesealtubesarepreferablyfastenedtothat 

boundarymeanswhiletheoneormoreheatexchangetubescomprisingtheinnertubesare 

fastenedtotheboundarymeanse.g.tubesheetbetweentheprocessfluidinletzoneandthe 

20 heatexchangezone.Inthisarrangementtheinnertubesareformedattheendoftheheat 

exchangetubesadjacenttheboundarymeansbetweentheheatexchangezoneandthe 

processfluidoff-takezoneandthereforeengagewiththesealtubesatthisboundarymeansto 

formthetubesealdevice.Thisisespeciallypreferredwheretheprocessfluidundergoesa 

substantialpressuredropasitpassesthroughtheheatexchangetubesforexamplewherethe 

boundarymeansormayextendbackfromtheboundarymeansintotheprocessfluidoff-take 

zoneontheothersideoftheboundarymeans.  

Insteamreforminghydrocarbonfeedstockistypicallyamethane-containinggas.Duringthe 

30 reformingprocessmethanereactswithsteamtoproducehydrogenandcarbonoxides.Any 

hydrocarbonscontainingtwoormorecarbonatomsthatarepresentareconvertedtomethane 

carbonmonoxideandhydrogen.Steamreformingreactionstakeplaceinthetubesoverthe 

steamreformingcatalystsattemperaturesabove35O~Candtypicallytheprocessfluidexiting 

thetubesisatatemperatureintherange650to95O~C.Theheatexchangemediumflowing 

35 aroundtheoutsideofthetubesmayhaveatemperatureintherange500to2OOO~C.  

Theapparatusandprocessmaybeusedaspartofaprocessforthemanufactureofhydrogen 

methanoldimethyletherolefinsammoniaureaorhydrocarbonliquidse.g.dieselfuels, 

obtainedbytheFischer-Tropschsynthesis.Thusareformedgasmixtureobtainedusingthe 

25 lattercontainacatalyst.Thesealtubesmayprojectintotheheatexchangezonefromthe
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apparatusorintheprocessotthepresentinventionmaybesubjectedtofurtherprocesssteps 

includingastepofhydrogenseparationmethanolsynthesisdimethylethersynthesisolefin 

synthesisammoniasynthesisorhydrocarbonliquidsynthesis.Knownprocessesmaybe 

usedtoaccomplishthesesteps.  

5 

Althoughdescribedaboveprimarilyinrelationtoheatexchangesteamreformingitwillbe 

appreciatedthattheinventionisalsoofutilityinotherheatexchangeapplicationswhere 

considerabledifferentialthermalexpansionhastobeaccommodatedandleakageoftheheat 

exchangemediumintotheprocessfluidisnotobjectionable.Examplesincludefeed/effluent 

I0 heatexchangersforexamplewherethefeedtoaprocessstepsuchasanexothermic 

reactione.g.methanolorammoniasynthesisisheatedbyheatexchangewiththeeffluent 

fromtheprocessstep.Insuchcasestheheatexchangetubesmaybefreeofcatalystunless 

itisdesiredasintheaforementionedreformingprocessthatacatalyticreactioniseffectedon 

theprocessfluidwhileitisundergoingtheheatexchange.  

15 

Theinventionisfurtherillustratedbyreferencetotheaccompanyingdrawingswherein: 

Figure1isadiagrammaticcrosssectionofaheatexchangereactorcontainingatubeseal 

deviceaccordingtooneembodimentoftheinventionwhereintheboundarymeansaretube 

sheet&and 

20 Figure2isacrosssectionofatubesealdeviceaccordingtooneembodimentoftheinvention.  

InFigure1thereisshownaheatexchangesteamreformerhavinganouterinsulatedpressure 

shellI0enclosingthreezonesII, I2,13,definedbytheshellwallandtubesheetsI4andI5.  

ZoneI1,aprocessfluidfeedzoneisdefinedbytheshellwall10andtubesheet14.Itis 

toandextendingdownwardsfromtubesheet14.Thenumberoftubesemployedwilldepend 

onthescaleofoperation:althoughonlyfivetubesareshowntheremaybetypicallybe50or 

moresuchtubes.ThetubesI7arefilledwithasteamreformingcatalystI8,forexamplemulti

holedcylindricalpelletsofarefractoryoxide-supportednickelcatalystand/orastructuredsteam 

30 reformingcatalyst.ZoneI2,aheatexchangezoneisdefinedbytheshellwallI0andtube 

sheets14and15.Theheatexchangetubes17extendthroughtheheatexchangezone12and 

engagewithtubesealdevices20.Thetubesealdevices20eachcompriseasealtube21fixed 

tothetubesheetI5thatengageintheheatexchangezoneI2,withcatalyst-freeinnertube 

sections22extendingfromthebottomofthecatalyst-filledtubesI7.Theheatexchangezone12 

35 isfedwithaheatingmediume.g.asynthesisgasproducedbyautothermalorsecondary 

reformingviaaconduit23positionedintheshell10nearthebottomofthetubes17.The 

heatingmediumpassesupwardintheheatexchangezonewhereitexchangesheatwiththe 

tubes17andisthenremovedfromtheheatexchangezone12viaaconduit24positionedinthe 

shellI0nearthetopofthetubesI7.Transversebaffles25acttodiverttheheatingmedium 

25 providedwithaprocessfluidsupplyconduit16andhasapluralityofverticaltubes,17fastened
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horizontallyacrossthereformerandenhanceitsheatexchangewiththetubesI7.ZoneI3,the 

processfluidott-takezoneisdefinedbythewallofshellI0andthetubesheetI5.Thetubeseal 

devices20areopen-endedandextendthroughthetubesheetI5intotheoff-takezoneI3.The 

reformedgasespassfromthetubesI7throughthetubesealdevices20andintotheott-take 

5 zone13fromwhichtheyareremovedbyaprocessfluidoff-takeconduit26.  

Inuseaprocessfluidcomprisinghydrocarbonandsteamisfedatelevatedtemperatureand 

pressurethroughtheconduit16totheprocessfluidfeedzoneIIandthencedownwardthrough 

thecatalyst-filledtubesI7.Heatisexchangedwithheatingmediumintheheatexchangezone 

I0 12andsteamreformingreactionstakeplace.Thegasmixtureundergoingreformingpasses 

throughthetubesI7andthencethoughtubesealdevices20totheoff-takezoneI3fromwhich 

itisremovedbytheoff-takeconduit26.Areformedgasrecoveredfromtheoff-takeconduit26is 

subjectedtofurtherprocessinginwhichitisheatedinparticularbyautothermalorsecondary 

reformingandthefurtherprocessedgaspassedtotheheatexchangereformerviaconduit23as 

15 theheatexchangemedium.Thepressureoftheheatexchangemediumfedviaconduit23is 

lowerthanthegaspassingthoughthetubesI7.  

InFigure2,atubesealdevice20isdepictedorientatedverticallyandarrangedfordownfiow 

thoughthedeviceinaccordancewiththeembodimentdepictedinFigure1. Thetubesealdevice 

20 20comprisesanoutersealtube21andaninnertube22.Theinnertube21islocatedinsidethe 

sealtube22toprovideanoverlappingregionandisfreetoslidevertically.Inusetheinnertube 

22isfixedtoalowermostportion30otaheatexchangetube.Thelowermostportionoftheheat 

exchangetube30andconnectedpartoftheinnertube22haveaninternaldiameterof25mm 

andarefreeofcatalyst.Theinnertube22tapersfromtheinternaldiameterof25mmtoa 

pressureregion32ofI8mminternaldiameterandI08mmlength.Theinnertubeflaresfrom 

the18mmdiameterofthelow-pressureregion32to31mmexternaldiameterinanexpansion 

region33overalengthof78mm.Twelvepassages34of3mmdiameterareprovided 

betweenthelow-pressureregion32,downstreamoftheconstriction31, andanannular 

30 clearancegap35betweentheinnersurfaceofthesealtube21andtheoutersurfaceofthe 

innertube22.Thethicknessoftheannularclearancegap35betweensealtube21andthe 

exteriorsuitaceoftheinnertube22is0.2mm.  

Thesealtube21comprisessevenparallel7mmwidesquare-cutgrooves36cutintotheinner 

35 surtaceofthesealtube21facingtheinnertube22intheoverlappingregion.Thegrooves 

extendfromapositioninthelowpressureregion32adjacentthepassages34upwards 

towardsandbeyondwheretheinnertube22isconnectedtothelowermostportion30ofthe 

heatexchangetubes.Itmaybeseenthatprovidingthegroovesinthiswayallowsforagreater 

numbertobepresentthaniftheywerecutontotheexteriorsuitaceoftheinnertube22.  

25 constriction31ofI2mminternaldiameterandexpandsfromtheconstriction31toalow-
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Inthisembodimentafurthersixparallel7mmwidesquare-cutgrooves37arecutintothe 

exteriorsuitaceoftheinnertube22fromapositionadjacentthepassages34downwards 

towardstheexpansionregion33.  

5 

Thelengthsoftheinnertube22andsealtube21aresuchthatthepassages34andopen 

endsoftheinnertube22arewithinthesealtubes21bothatstartupi.e.withtheapparatusat 

ambienttemperatureandatnormaloperatingtemperature.  

I0 Aflange38isprovidedonalowermostportionofthesealtube21, beyondtheendofthe 

overlappingregiontoenablefixingofthetubesealdevice20toatubesheet.
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Claims.  

I. Atubesealdevicesuitableforuseinaheatexchangereactorcomprisingoneormore 

tubessaidtubesealdevicecomprisingasealtubeandaninnertubedisposedwithin 

thesealtubetoprovideanoverlappingregionsaidinnertubehavingwithinsaid 

overlappingregion,(i)aninteriorconstrictionofreducedcrosssectionalareaforminga 

low-pressureregion,(ii)anexpansionregionadjacenttheconstrictionofcross 

sectionalareagreaterthanthatoftheconstrictionand(iii)oneormorepassages 

throughthewalloftheinnertubeconnectingsaidlow-pressureregiontotheexteriorof 

theinnertubewhereinthetubesealdevicefurthercomprisesoneormoregrooves 

formedaroundaninnerfaceofthesealtubeintheoverlappingregioncorresponding 

tothelow-pressureregionoftheinnertube..  

2. AtubesealdeviceaccordingtoclaimI, whereinoneormoregroovesareadditionally 

providedintheoverlappingregioncorrespondingtotheexpansionregionoftheinner 

tube.  

3. Atubesealdeviceaccordingtoclaim2,whereintheoneormoregroovesinthe 

expansionregionareprovidedonanouterfaceoftheinnertubeorontheinnerfaceof 

thesealtubepreferablyontheouterfaceoftheinnertube.  

4. AtubesealdeviceaccordingtoanyoneofclaimsIto3,comprisingbetweenIand30 

groovespreferablybetween5and20grooveslocatedonthesealtubeinthe 

overlappingregioncorrespondingtothelow-pressureregionoftheinnertube.  

grooveshaveasquareorrectangularformorareU-shapedV-shapedorany 

combinationofthese.  

6. AtubesealdeviceaccordingtoanyoneofclaimsIto5,whereintheoneormore 

groovesinthisregionhaveawidthintherangeof2to20mmpreferably6toI4mm.  

7. Aheatexchangereactorcomprisingoneormoreheatexchangetubescomprisingthe 

tubesealdeviceofanyoneofclaimsIto6.  

8. Aheatexchangereactoraccordingtoclaim7,comprisingaprocessfluidfeedzonea 

heatexchangezoneandaprocessfluidoff-takezonefirstandsecondboundary 

meansseparatingsaidzonesfromoneanotheroneormoreheatexchangetubes 

fastenedtooneofsaidboundarymeansandextendingthroughtheheatexchange 

zoneandatubesealdeviceforeachheatexchangetubesaidtubesealdevice 

5. AtubesealdeviceaccordingtoanyoneofclaimsIto4,whereintheoneormore
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comprisingasealtubeandaninnertubewhereinthesealtubeotthetubesealdevice 

isfastenedtooneofsaidboundarymeansanddisposedsubstantiallycoaxiallywith 

theinnertubesuchthattheinnertubeisinslidingengagementwithitsassociatedseal 

tubetherebyformingtheoverlappingregion.  

9. Aheatexchangereactoraccordingtoclaim8,whereintheheatexchangetubes 

containasteamreformingcatalyst.  

I0.Aheatexchangereactoraccordingtoclaim8orclaim9,comprisingoneormore 

transversebafflesintheheatexchangezone.  

II. Aheatexchangereactoraccordingtoanyoneofclaims8toI0,whereinthetubeseal 

deviceisfastenedtotheboundarymeansbetweentheheatexchangezoneandthe 

off-takezone.  

I2.Aheatexchangereactoraccordingtoanyoneofclaims8toII, intheformofaheat 

exchangesteamreformeroperativelyconnectedtopartialcombustionmeansdesigned 

toeffectpartialcombustionofaprocessfluidafterthelatterhaspassedthroughthe 

tubesandtosupplythegasaftersaidpartialcombustiontotheheatexchangesteam 

reformerasaheatexchangemedium.  

13.Aheatexchangereactoraccordingtoclaim12,whereinthepartialcombustionmeans 

includesabedofreformingcatalystthroughwhichthepartiallycombustedgas 

passesbeforesupplythereoftotheheatexchangereformerastheheatexchange 

medium.  

reactorhavingaprocessfluidfeedzoneseparatedfromaheatexchangezoneby 

boundary , (b)passingsaidprocessfluidfromsaidprocessfluidfeedzone 

throughoneormoreheatexchangetubesextendingthroughsaidheatexchangezone7 

whereinsaidprocessfluidissubjectedtoheatexchangewithaheatexchangemedium 

atalowerpressurethantheprocessfluidpassingthroughthetubesinsaidheat 

exchangezone;(c)passingtheprocessfluidfromsaidheatexchangetubestoa 

processfluidoff-takezoneseparatedfromsaidheatexchangezonebysecond 

boundary , (d)subjectingtheprocessfluidfromsaidprocessfluidoff-takezone 

toafurtherprocessingstep, , (e)passingtheresultantprocessedprocessfluid 

throughtheheatexchangezoneastheheatexchangemediumwhereineachofsaid 

oneormoreheatexchangetubesisfastenedtooneofsaidboundarymeansand 

engageswiththeotherofsaidboundarymeansbymeansofatubesealdevice, 

whereinthetubesealdevicecomprisesasealtubefastenedtotheotherofsaid 

14.Aprocesscomprisingthestepsof(a)feedingaprocessfluidtoaheatexchange
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boundarymeansandaninnertubeconnectedtoeachheatexchangetubeand 

disposedwithinthesealtubetoprovideanoverlappingregionsaidinnertubehaving 

withinsaidoverlappingregion,(i)aninteriorconstrictionofreducedcrosssectional 

areaformingalow-pressureregion,(ii)anexpansionregionofcrosssectionalarea 
U greaterthanthatoftheconstrictiondownstreaminthedirectionofflowofsaidprocess 

fluidofsaidlow-pressureregionand(iii)oneormorepassagesthroughthewallofthe 

innertubeconnectingsaidlow-pressureregiontotheexterioroftheinnertube 

whereinthetubesealdevicecomprisesoneormoregroovesformedaroundaninner 

faceofthesealtubeintheoverlappingregioncorrespondingtothelow-pressure 

regionoftheinnertube.  

15.Aprocessaccordingtoclaim14whereintheheatexchangereactorcomprisesaheat 

exchangereformercontainingoneormoreexternallyheatedtubescontainingasteam 

reformingcatalystthroughwhichareformerfeedispassedtogenerateasynthesis 

gasandwhereintheheatexchangemediumusedtoheatthetubesisatalower 

pressurethanthereformerfeed.  

16.Aprocessaccordingtoclaim15,whereintheexchangesteamreformerisoperatively 

connectedtopartialcombustionmeansdesignedtoeffectpartialcombustionofa 

processfluidafterthelatterhaspassedthroughthetubesandtosupplythegasafter 

saidpartialcombustiontotheheatexchangesteamreformerasaheatexchange 

medium 

I7.AprocessaccordingtoclaimI6,whereinthepartialcombustionmeans 

includesabedofreformingcatalystthroughwhichthepartiallycombustedgas 

medium.  

passesbeforesupplythereoftotheheatexchangereformerastheheatexchange
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