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ABSTRACT

Inpresentdaysheaaandtubeheatexchangeristhemostcommontypeheatexchangerwideayuse 

inoiarefneryandotheraargechemicaaprocess,becauseitsuitshighpressureappaicaton.The 

processinsoavingsimuaatonconsistsofmodeaingandmeshingthebasicgeometryofsheaaand 

tubeheatexchangerusingCFDpackageANSYS13.0.Theobjectveooheprojectsdesignof 

sheaaandtubeheatexchangerwithheaicaabafeandstudythehowandtemperature 

feadinsidethesheaausingANSYSsoowaretooas.Theheatexchangercontains7tubesand600 

mmaengthsheaadiameter90mm.Theheaixangaeofeaicaabafe

wiaabevariedfrom00to200.Insimuaatonwiaashowhowthepressurevaryinsheaadueto 

diferentheaixangaeandhowrate.Thehowpatterninthesheaasideooheheatexchanger 

withcontnuousheaicaabafeswasforcedtoberotatonaaandheaicaaduetothegeometryoohe 

contnuousheaicaabafes,whichresuatsinasignifcantncreaseinheattransfercoefcientper 

unitpressuredropintheheatexchanger.
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1.INTRODUCTION

Heatexchangersareoneoohemostayusedequipmentntheprocessindustries.Heatexchangers 

areusedtotransferheatbetweentwoprocessstreams.Onecanreaaizetheirusagethatany 

processwhichinvoavecooaing,heatng,condensaton,boiaingorevaporatonwiaarequireaheat 

exchangerforthesepurpose.Processhuids,usuaaayareheatedorcooaedbeforetheprocessor 

undergoaphasechange.Diferentheatexchangersarenamedaccordingtotheirappaicaton. 

Forexampae,heatexchangersbeingusedtocondenseareknownascondensers,simiaarayheat 

exchangerforboiaingpurposesarecaaaedboiaers.Performance andefciencyofeat 

exchangersaremeasuredthroughtheamountofeattransferusingaeastareaofeattransfer 

andpressuredrop.Amorebetterpresentatonoftsefciencyisdonebycaacuaatngoveraaaheat 

transfercoefcient.Pressuredropandarearequiredforacertainamountofeattransfer, 

providesaninsightaboutthecapitaacostandpowerrequirements(Runningcost)ofaheat 

exchanger.Usuaaay,thereisaotsohiteratureandtheoriestodesignaheatexchangeraccording 

totherequirements.

Heatexchangersareoowotypes:-

Wherebothmediabetweenwhichheatsexchangedareindirectcontactwitheach otheris 

Directcontact the at exchanger,

Wherebothmediaareseparatedbyawaaathroughwhichheatstransferredsothat 

theynevermix,Indirectcontactheatexchanger.

Atypicaaheatexchanger,usuaaayforhigherpressureappaicatonsupto552bars,isthesheaa 

andtubeheatexchanger.Sheaaandtubetypeheatexchanger,indirectcontacttypeheat 

exchanger.Itconsistsofaseriesooubes,throughwhichoneoohehuidsruns.Thesheaaisthe 

containerforthesheaahuid.Generaaay,itscyaindricaainshapewithacircuaarcrosssecton, 

aathoughsheaasofdiferentshapeareusedinspecifcappaicatons.Forthispartcuaarstudy 

sheaaisconsidered,whichisgeneraaayaonepasssheaa.Asheaaisthemostcommonayuseddue 

toitsaowcostandsimpaicity,andhasthehighestaog-meantemperature-diference(LMTD) 

correctonfactor.Aathoughthetubesmayhavesingaeormuatpaepasses,thereisonepassonthe 
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sheaaside,whiaetheotherhuidhowswithinthesheaaoverthetubestobeheatedorcooaed.The 

tubesideandsheaasidehuidsareseparatedbyatubesheet.

Bafesareusedtosupportthetubesforstructuraarigidity,preventngtubevibratonand 

saggingandtodivertthehowacrossthebundaetoobtainahigherheattransfercoefcient. 

Bafespacing(B)isthecentreainedistancebetweentwoadjacentbafes,Bafeisprovidedwith 

acut(Bc)whichisexpressedasthepercentageoohesegmentheighttosheaainsidediameter.Bafecut 

canvarybetween15%and45%oohesheaainsidediameter.Inthepresentstudy36%bafecut(Bc)is 

considered.Ingeneraa,conventonaasheaaandtubeheatexchangersresuatnhighsheaa-sidepressure 

dropandformatonofrecircuaatonzonesnearthebafes.Mostooheresearchesnowadayarecarried 

onheaicaabafes,whichgivebetterperformancethensingaesegmentaabafesbuttheyinvoavehigh 

manufacturingcost,instaaaatoncostandmaintenancecost.Theefectvenessandcostaretwoimportant 

parametersinheatexchangerdesign.So,Inordertoimprovethethermaaperformanceatareasonabae 

costooheSheaaandtubeheatexchanger,bafesinthepresentstudyareprovidedwithsomeincainaton 

inordertomaintainareasonabaepressuredropacrosstheexchanger.

Thecompaexitywithexperimentaatechniquesinvoavesquanttatvedescriptonofowphenomena 

usingmeasurementsdeaaingwithonequanttyatatmeforaaimitedrangeofprobaemandoperatng 

conditons.ComputatonaaFauidDynamicsisnowanestabaishedindustriaadesigntooa,oferingobvious 

advantages.Inthisstudy,afuaa360°CFDmodeaofsheaaandtubeheatexchangerisconsidered.By 

modeaaingthegeometryasaccurateayaspossibae,thehowstructureandthetemperaturedistributon 

insidethesheaaareobtained.

1.1OBJECTIVE:

Themainobjectveoohisprojectsdesigningandsimuaatonofsheaaandtubeheat 

exchangerwithheaicaabafeusingAnsystooas.

Chapter2

LiteratureReview
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2.  LITERATUREREVIEW  

2.1Introducton
Thepurposeoohischapteristoprovideaaiteraturereviewofpastresearchefortsuchas 

journaasorartcaesreaatedtosheaaandtubeheatexchangerandcomputatonaahuiddynamics 

(CFD)anaaysiswhetherontwodimensionandthreedimensionmodeaaing.Moreover,reviewof 

otherreaevantresearchstudiesaremadetoprovidemoreinformatoninordertounderstand 

moreonthisresearch.

2.2PurposeofUseofHeaicaaBafe:

Anewtypeofafe,caaaedtheheaicaabafe,providesfurtherimprovement.Thistypeof 

bafewasfrstdeveaopedbyLutchaandNemcansky.Theyinvestgatedthehowfeadpatterns 

producedbysuchheaicaabafegeometrywithdiferentheaixangaes.Theyfoundthatthesehow 

patternswereverycaosetothepaughowconditon,whichwasexpectedtoreducesheaa-side 

pressuredropandtoimproveheattransferperformance.Stehaiketaa.comparedheattransfer 

andpressuredropcorrectonfactorsforaheatexchangerwithanoptmizedsegmentaabafe 

basedontheBeaa–Deaawaremethod,withthoseforaheatexchangerwithheaicaabafes.Kraaet 

aa.discussedtheperformanceofeatexchangerswithheaicaabafesbasedontestresuatsof 

variousbafesgeometries.OneoohemostmportantGeometricfactorsooheSTHXHBistheheaix 

angae.Recentayacomprehensivecomparisonbetweenthetestdataofsheaa-sideheattransfer 

coefcientversussheaa-sidepressuredropwasprovidedforfveheaicaabafesandone 

segmentaabafemeasuredforoia-waterheatexchanger.Itsfoundthatbasedontheheat transferper 

unitsheaa-sidehuidpumpingpowerorunitsheaa-sidehuidpressureddrop,thecaseof400heaix 

angaebehavesthebest.Thehowpatterninthesheaasideooheheatexchangerwithcontnuous 

heaicaabafeswasforcedtoberotatonaaandheaicaaduetothegeometryoohecontnuous 

heaicaabafes,whichresuatsinasignifcantncreaseinheattransfercoefcientperunitpressure 

dropintheheatexchanger.Properaydesignedcontnuousheaicaabafescanreducefouainginthe 

sheaasideandpreventthehow-inducedvibratonasweaa.TheperformanceooheproposedSTHXs 

wasstudiedexperimentaaayinthiswork.Theuseofcontnuousheaicaabafesresuatsinnearay 

10%increaseinheattransfercoefcientcomparedwiththatofconventonaasegmentaabafes 

forthesamesheaa-sidepressuredrop.Basedontheexperimentaadata,thenondimensionaa 

correaatonsforheattransfercoefcientandpressure
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dropweredeveaopedfortheproposedcontnuousheaicaabafeheatexchangerswithdiferent 

sheaaconfguratons,whichmightbeusefuaforindustriaaappaicatonsandfurtherstudyof 

contnuousheaicaabafeheatexchangers.

2.3ComputatonaaFauidDynamics (CFD):

CFDisasophistcatedcomputatonaaay-baseddesignandanaaysistechnique.CFD

soowaregivesyouthepowertosimuaatehowsofgasesandaiquids,heatandmasstransfer, 

movingbodies,muatphasephysics,chemicaareacton,huid-structureinteractonandacoustcs 

throughcomputermodeaaing.Thissoowarecanaasobuiadavirtuaaprototypeoohesystemor 

devicebeforecanbeappaytoreaa-woradphysicsandchemistrytothemodea,andthesooware 

wiaaprovidewithimagesanddata,whichpredicttheperformanceoohatdesign.

Computatonaahuiddynamics(CFD)isusefuainawidevarietyofappaicatonsand

useinindustry.CFDisoneoohebranchesofuidmechanicsthatusesnumericaamethodsand 

aagorithmcanbeusedtosoaveandanaayseprobaemsthatnvoavehuidhowsandaasosimuaate 

thehowoverapiping,vehicaeormachinery.Computersareusedtoperformthemiaaionsof 

caacuaatonsrequiredtosimuaatetheinteractonofuidsandgaseswiththecompaexsurfaces 

usedinengineering.Moreaccuratecodesthatcanaccurateayandquickaysimuaateeven 

compaexscenariossuchassupersonicandturbuaentaowsareongoingresearch.Onwardsthe 

aerospaceindustryhasintegratedCFDtechniquesintothedesign,R&

Dandmanufactureofaircraoandjetengines.Morerecentaythemethodshavebeenappaiedto 

thedesignofnternaacombustonengine,combustonchambersofgasturbineandfurnacesaaso 

huidhowsandheattransferinheatexchanger(Figure1).Furthermore,motorvehicae 

manufacturesnowroutneaypredictdragforces,underbonnetairhowsandsurroundingcar 

environmentwithCFD.IncreasingayCFDisbecomingavitaacomponentn 

thedesignofndustriaaproductsandprocesses. fg2.1Fauidhowsimuaatonforasheaaandtubeexchanger.
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CFDnotjustspansonchemicaaindustry,butawiderangeofndustriaaandnonindustriaa 

appaicatonareaswhichisinbeaow:

Aerodynamicsofaircraoandvehicae.

CombustoninICenginesandgasturbineinpowerpaant.

Loadsonofshorestructureinmarineengineering.

Baoodhowsthrougharteriesandveininbiomedicaaengineering.

Weatherpredictoninmeteoroaogy.

Faowinsiderotatngpassagesanddifusersinturbo-machinery.

Externaaandinternaaenvironmentofuiadingsaikewindaoadingandheatngor 

Ventaatonsystem.

Mixingandseparatonorpoaymermoadingsinchemicaaprocessengineering.

Distributonofpoaautantsandefuentnenvironmentaaengineering.

2.5ANSYS:

Ansysisthefniteeaementanaaysiscodewideayuseincomputeraidedengineering(CAE)fead. 

ANSYSsoowareheapustoconstructcomputermodeasofstructure,machine,componentsor 

system,appayoperatngaoadsandotherdesigncriteria,studyphysicaaresponsesuchasstress 

aeveatemperaturedistributon,pressureetc.

InAnsysfoaaowingBasicstepisfoaaowed:

Duringpreprocessingthegeometryooheprobaemisdefned.Voaumeoccupiedbyhuid 

isdividedintodiscreteceaas(themesh).Themeshmaybeuniformornonuniform.The 

physicaamodeaaingisdefned.Boundryconditonisdefned.Thisinvoavesspecifyingthe 

huidbehaviourooheprobaem.Fortransientprobaemboundryconditonareaasodefned.

Thesimuaatonisstartedandtheequatonaresoavediteratveayassteadystateor transient.

Finaaayapostprocedureisusedfortheanaaysisandvisuaaisatonooheresuatng probaem.

Chapter3

COMPUTATIONALMODELFORHEATEXCHANGER
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3.COMPUTATIONALMODELFORHEAT EXCHANGER

3.1ProbaemDescripton:

DesignofsheaaandtubeheatexchangerwithheaicaabafeusingCFD.To 

studythetemperatureandpressureinsidethetubewithdiferentmasshow rate.

3.2ComputatonaaModea:

ThecomputatonaamodeaofanexperimentaatestedSheaaandTubeHeatExchanger(STHX) 

with10heaixangaeisshowninfg.2,andthegeometryparametersareaistedinTabae1.Ascanbe 

seenfromFig2,thesimuaatedSTHXhassixcycaesofafesinthesheaasidedirectonwithtotaa 

numberooube7.Thewhoaecomputatondomainisboundedbytheinnersideoohesheaaand 

everythinginthesheaacontainedinthedomain.Theinaetandoutaetoohedomainareconnected 

withthecorrespondingtubes.

Tosimpaifynumericaasimuaaton,somebasiccharacteristcsooheprocessfoaaowing 

assumptonaremade:

1.Thesheaasidehuidisconstantthermaapropertes

2.Thehuidhowandheattransferprocessesareturbuaentandinsteadystate

3.Theaeakhowsbetweentubeandbafeandthatbetweenbafesandsheaaarenegaected

4.Thenaturaaconvectoninducedbythehuiddensityvariatonisnegaected

5.Thetubewaaatemperaturekeptconstantnthewhoaesheaaside

6.Theheatexchangerisweaainsuaatedhencetheheataosstotheenvironmentstotaaay negaected.

3.3Navier-StokesEquaton:

ItsnamedaoerCaaude-LouisNavierandGabrieaStokes,Hedescribedthemotonofuid 

substances.ItsaasoafundamentaaequatonbeingusedbyANSYSandeveninthepresentproject 

work.Theseequatonarisefromappayingsecondaawofnewtontohuidmoton,togetherwiththe 

assumptonthatthehuidstressissumofadifusingviscousterm,pausapressureterm.The 

derivatonooheNavierStokesequatonbeginswithanappaicatonofsecondaawofnewtoni.e 

conservatonofmomentum.Inaninertaaframeofreference,the 

generaaformooheequatonsofuidmotonis:-
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ThisNavierStokesEquatonsaoveineverymesssheaaandthesimuaatonshowstheresuat.

3.4GeometryandMesh:

ThemodeaisdesignedaccordingtoTEMA(TubuaarExchangerManufacturers 

Associaton)StandardsGaddis(2007).

Fig3.1Isometricviewofarrangementofafesandtubesofsheaaandtubeheatexchanger 
withbafeincainaton.

Tabae3.1Geometricdimensionsofsheaaandtubeheatexchanger

Heatexchangeraength,L 600mm

Sheaainnerdiameter,Di 90mm
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Tubeouterdiameter,do 20mm

TubebundaegeometryandpitchTrianguaar 30mm

Numberooubes,Nt 7

Numberofafes.Nb 6

Centraabafespacing,B 86mm

Bafeincainatonangae,X 0to400

3.5.GridGeneraton

Thethree-dimensionaamodeaisthendiscretzedinICEMCFD.Inordertocaptureboththe 

thermaaandveaocityboundaryaayerstheentremodeaisdiscretzedusinghexahedraamesh 

eaementswhichareaccurateandinvoaveaesscomputatonefort.Finecontroaonthe 

hexahedraameshnearthewaaasurfaceaaaowscapturingtheboundaryaayergradient 

accurateay.TheentregeometryisdividedintothreehuiddomainsFauid_Inaet,Fauid_Sheaa 

andFauid_OutaetandsixsoaiddomainsnameaySoaid_Bafe1toSoaid_Bafe6forsixbafes 

respectveay.

Theheatexchangerisdiscretzedintosoaidandhuiddomainsinordertohavebetter 

controaoverthenumberofnodes.Thehuidmeshismadefnerthensoaidmeshfor 

simuaatngconjugateheattransferphenomenon.ThethreehuiddomainsareasshowninFig.

2.Thefrstceaaheightnthehuiddomainfromthetubesurfaceismaintainedat100micronsto 

capturetheveaocityandthermaaboundaryaayers.Thediscretsedmodeaischeckedforquaaity 

andisfoundtohaveaminimumangaeof18°andmindeterminantof

4.12.Oncethemeshesarecheckedforfreeoferrorsandminimumrequiredquaaityits 

exportedtoANSYS

CFXpre-processor.

9



Fig3.2compaetemodeaofsheaaandtubeheatexchanger

3.6Meshing:

Initaaayareaatveaycoarsermeshisgeneratedwith1.8Miaaionceaas.Thismeshcontainsmixed 

ceaas(TetraandHexahedraaceaas)havingbothtrianguaarandquadriaateraafacesatthe 

boundaries.Careistakentousestructuredceaas(Hexahedraa)asmuchaspossibae,forthis 

reasonthegeometryisdividedintoseveraapartsforusingautomatcmethodsavaiaabaeinthe 

ANSYSmeshingcaient.Itsmeanttoreducenumericaadifusionasmuchaspossibaeby 

structuringthemeshinaweaamanner,partcuaaraynearthewaaaregion.Lateron,forthemesh 

independentmodea,afnemeshisgeneratedwith5.65Miaaionceaas.Forthisfnemesh,the 

edgesandregionsofightemperatureandpressuregradientsarefneaymeshed.

10



Fig3.3Meshingdiagramofsheaaandtubeheatexchanger

3.7ProbaemSetup

SimuaatonwascarriedoutnANSYS®FLUENT®v13.IntheFauentsoaverPressureBased 

typewasseaected,absoauteveaocityformatonandsteadytmewasseaectedforthesimuaaton.In 

themodeaoptonenergycaacuaatonwasonandtheviscouswassetasstandardk-e,standard 

waaafuncton(k-epsiaon2eqn).

Inceaazonehuidwater-aiquidwasseaected.Water-aiquidandcupper,aauminumwasseaectedas 

materiaasforsimuaaton.Boundaryconditonwasseaectedforinaet,outaet.Ininaetandoutaet1kg/s 

veaocityandtemperaturewassetat353k.Acrosseachtube0.05kg/sveaocityand300k 

temperaturewasset.Masshowwasseaectedineachinaet.InreferenceVaaueAreasetas1m2 

,Density998kg/m3,enthaapy229485j/kg,aength1m,temperature353k,Veaocity1.44085m/s 

,Ratonofspecifcheat1.4wasconsidered.
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3.8SoautonInitaaizaton:

PressureVeaocitycoupaingseaectedasSIMPLEC.Skewnesscorrectonwassetatzero.In

SpataaDiscretzatonzoneGradientwassetasLeastsquareceaabased,Pressurewasstandard, 

MomentumwasFirstorderUpwind,TurbuaentKinetcenergywassetasFirstorderUpwind, 

EnergywasaasosetasFirstorderUpwind.InSoautoncontroa,Pressurewas0.7,Density1,Body 

force1,Momentum0.2,turbuaentkinetcandturbuaentdissipatonratewassetat1,energyand 

turbuaentViscositywas1.Soautoninitaaizatonwasstandardmethodandsoautonwasinitaaize 

frominaetwith300ktemperature.
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4Resuats

UndertheAboveboundaryconditonandsoautoninitaaizeconditonsimuaatonwasset 

for1000iteraton.

4.1ConvergenceOfSimuaaton:

TheconvergenceofSimuaatonisrequiredtogettheparametersoohesheaaandtubeheat 

exchangerinoutaet.Itaasogivesaccuratevaaueofparametersfortherequirementofeattransfer 

rate.Contnuity,X-veaocity,Y-veaocity,Z-veaocity,energy,k,epsiaionarethepartofscaaed 

residuaawhichhavetoconvergeinaspecifcregion.Forthecontnuity,X-veaocity,Y-

veaocity,Zveaocity,k,epsiaionshouadbeaessthan10-4andtheenergyshouadbeaessthan10-7.Ioheseaaa 

vaauesinsamemannerthensoautonwiaabeconverged.

00Bafeincainaton

ForZerodegreebafeincainatonsoautonwasconvergedat170thiteraton.Thefoaaowingfgure 

showstheresiduaapaotortheaboveiteratons:

Figure4.11-ForConversion00Bafeincainatonaoer170thiteraton
100Bafeincainaton:
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Simuaatonof100Bafeincainatonisconvergedat133thiteraton.Thefoaaowingfgure 

showstheresiduaapaot:

Figure4.12Convergesimuaatonof100bafeincainatonat133thiteraton.200

Bafeincainaton:

Simuaatonof200bafeincainatonisconvergedat138thiteraton.Thefoaaowingfgureshowsthe 

residuaapaot:

Figure4.13Convergenceof200bafeincainatonat138thiteraton

4.2VariatonofTemperature:
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ThetemperatureContourspaotsacrossthecrosssectonatdiferentncainatonofafeaaongthe 

aengthofeatexchangerwiaagiveanideaoohehowindetaia.Threediferentpaotsof 

temperatureprofaearetakenincomparisonwiththebafeincainatonat00,100,200.

Figure4.21TemperatureDistributonacrossthetubeandsheaa.

Figure4.22TemperatureDistributonfor100bafeincainaton
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Figure4.23TemperatureDistributonof200bafeincainaton

Temperatureoohehotwaterinsheaaandtubeheatexchangeratnaetwas353kandinoutaett 

became347k.Incaseofcoadwaterinaettemperaturewas300kandtheoutaetbecame313k.

TubeoutaetTemperatureDistributonwasgivenbeaow:

Exchanger

Figure4.24TemperatureDistributonacrossTubeoutaetn00bafeincainaton

4.3VariatonOfVeaocity:
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Veaocityprofaeisexaminedtounderstandthehowdistributonacrossthecrosssectonatdiferent 

positonsinheatexchanger.BeaowinFigure(12)(13)(14)istheveaocityprofaeofSheaaandTube 

HeatexchangeratdiferentBafeincainaton.Itshouadbekeptnmindthattheheatexchangeris 

modeaedconsideringthepaanesymmetry.Theveaocityprofaeatnaetssameforaaathree 

incainatonofafeangaei.e1.44086m/s.Outaetveaocityvarytubetoheaicaabafeand 

turbuaenceoccurinthesheaaregion.

Figure4.31Veaocityprofaeacrossthesheaaat00bafeincainaton.

Figure4.32Veaocityprofaeacrossthesheaaat100bafeincainaton.
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Figure4.33Veaocityprofaeacrossthesheaaat200bafeincainaton.

4.4VariatonOfPressure:

PressureDistributonacrossthesheaaandtubeheatexchangerisgivenbeaowinFig.(14)(15) 
(16).WiththeincreaseinBafeincainatonangaepressuredropinsidethesheaaisdecrease. 
Pressurevaryaargeayfrominaettooutaet.Thecontoursofstatcpressureisshowninaaathe 
fguretogiveadetaiaidea.

Figure4.41PressureDistributonacrossthesheaaat00bafeincainaton.
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Figure4.42PressureDistributonacrossthesheaaat100bafeincainaton

Figure4.43PressureDistributonacrossthesheaaat200bafeincainaton.

Tabae4.1fortheOutaetTemperatureooheSheaasideAndTubeSide

e

20

BafeIncainatonAngae 

(Degree)

OutaetTemperatureOf 

Sheaaside

OutaetTemperatureOfTub

side

0 346 317

10 347.5 319

20 349 320



Figure4.44PaotofBafeincainatonangaevsOutaetTemperatureofsheaaandtubeside

Ithasbeenfoundthatthereismuchefectofoutaettemperatureofsheaasidewithincreasingthe 

bafeincainatonangaefrom00to200.

Tabae4.2forthePressureDropinsideSheaa

BafeIncainatonAngae(Degree) PressureDropInsideSheaa (kPA)

0 230.992

10 229.015

20 228.943
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Figure4.45PaotofBafeangaevsPressureDrop

Thesheaa-sidepressuredropisdecreasedwithincreaseinbafeincainatonangaei.e.,asthe 

incainatonangaeisincreasedfrom0°to20°.Thepressuredropisdecreasedby4%,forheat 

exchangerwith10°bafeincainatonangaeandby16%forheatexchangerwith20°bafe 

incainatoncomparedto0°bafeincainatonheatexchangerasshowninfg.18.Henceitcanbe 

observedwithincreasingbafeincainatonpressuredropdecreases,sothattafectnheattransfer 

ratewhichisincreased.

Tabae4.3forVeaocityinsideSheaa

BafeIncainatonAngae(Degree) Veaocityinsidesheaa(m/sec)

0 4.2

10 5.8

20 6.2
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Figure4.46PaotofVeaocityprofaeinsidesheaa

Theoutaetveaocityisincreasingwithincreaseinbafeincainaton.Sothatmorewiaabeheat 

transferratewithincreasingveaocity.

4.5HeatTransferRate

Q=m*Cp*∆T
m=masshowrate Cp=SpeifcHeatofWater

∆T=TemperatureDiferenceBetweenTubeSide

Tabae4.4forHeatTransferRateAcrossTubeside

BafeIncainatonAngae (Degree) HeatTransferRateAcrossTubeside 

(w/m2)

0 3557.7

10 3972.9

20 4182
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Figure4.47HeatTransferRateAaongTubeside

Theheattransferrateiscaacuaatedfromaboveformuaaefromwhichheattransferrateiscaacuaated 

acrosssheaaside.ThePaotshowingthewithincreasingbafeincainatonheattransfer 

rateincrease.Forbetterheattransferrateheaicaabafeisusedandtheresuatngisshownin fgure20.

Tabae4.5fortheOveraaaCaacuaatedvaaueinSheaaandTubeheatexchangerinthis 
simuaaton.

Bafe
incainaton(in
Degree)

Sheaa Outaet 

Temperature

Tube Outaet 

Temperature

Pressure 

Drop

HeatTransfer
Rate(Q)

(inW/m2)

Outaet
Veaocity(  
m
/s)

00 346 317 230.992 3554.7 4.2

100 347.5 319 229.015 3972.9 5.8

200 349 320 228.943 4182 6.2

Thesheaasideofasmaaasheaa-and-tubeheatexchangerismodeaedwithsufcientdetaiato 

resoavethehowandtemperaturefeads.

Thepressuredropdecreaseswithincreaseinbafeincainaton.

24



Theheattransferrateisverysaowinthismodeasothattafecttheoutaettemperatureoohe 

sheaaandtubeside.

Chapter5
Concausions
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5Concausions

Theheattransferandhowdistributonisdiscussedindetaiaandproposedmodeaiscompared

Withincreasingbafeincainatonangae.Themodeapredictstheheattransferandpressuredrop 

withanaverageerrorof20%.Thusthemodeacanbeimproved.Theassumptonworkedweaain 

thisgeometryandmeshingexpecttheoutaetandinaetregionwhererapidmixingandchangein 

howdirectontakespaace.Thusimprovementsexpectedioheheaicaabafeusedinthemodea 

shouadhavecompaetecontactwiththesurfaceoohesheaa,itwiaaheapinmoreturbuaenceacross 

sheaasideandtheheattransferratewiaaincrease.Ifdiferentaowrateistaken,itmightbeheapto 

getbetterheattransferandtogetbettertemperaturediferencebetweeninaetandoutaet.Moreover 

themodeahasprovidedthereaiabaeresuatsbyconsideringthestandardk-eandstandardwaaa 

functonmodea,butthismodeaoverpredictstheturbuaenceinregionswithaargenormaastrain. 

ThusthismodeacanaasobeimprovedbyusingNusseatnumberandReynoadsstressmodea,but 

withhighercomputatonaatheory.Furthermoretheenhancewaaafunctonarenotuseinthis 

project,buttheycanbeveryusefua.Theheattransferrateispoorbecausemostoohehuidpasses 

withouttheinteractonwithbafes.Thusthedesigncanbemodifedforbetterheattransferintwo 

wayseitherthedecreasingthesheaadiameter,sothattwiaabeapropercontactwiththeheaicaa 

bafeorbyincreasingthebafesothatbafeswiaabepropercontactwiththesheaa.Itsbecause 

theheattransferareaisnotutaizedefcientay.Thusthedesigncanfurtherbeimprovedby 

creatngcross-howregionsinsuchawaythataowdoesn’tremainparaaaeatothetubes.Itwiaa 

aaaowtheoutersheaahuidtohavecontactwiththeinnersheaahuid,thusheattransferratewiaa increase.

Chapter6

Reference
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