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ABSTRACT

Thisreportdiscussesthefinaldraftofthechosentopic,which

entitled Failure Analysis in the MechanicalSeal.Sealface crack

propagationisoneofthemajorcauseswhichleadtothefailureofthe

mechanicalsealthereforeanalysesonthesealbeforehandisimportant.

Normallyfailurehappensduetothiscrackwhichmayhappenasearlyas

aftertwomonthaftertheinstallationofthemechanicalseal.

Theobjectiveoftheprojectistoanalyzetheeffectsontheseal

face byapplying multiple ofdifferentloadswhich are pressure and

temperaturebasedonactualconditionofthepump.Thisprojectwill

focusmoreontheeffectsonstructuralstress,thermalloads,andfluid

flow conditiononthesealface.Aftertheanalysesonthesealfaceare

done,some changes willbe proposed in order to enhance the

performanceofthesealface.Later,new analyseswillbeperformedto

determinethecapabilityontheproposedchanges.

Themainmaterialthatwillbeanalyzedissiliconcarbidebased

sealfaceasthisisthemostcommonlyusedinthemechanicalseal

assembly.Therefore,thecharacteristicsand propertiesofthesilicon

carbidewillbesetfirstinadvancebeforethesimulationoftheeffectsof

bothpressureandtemperature.
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CHAPTER1

INTRODUCTION

1.BACKGROUNDSTUDY

Mechanicalsealsarethemostversatiletypeofsealforrotatingshafts.

Theirmainuseisonliquid/gassealing,e.g.,centrifugalpumps.Theyarealso

usedongas/gasapplications,e.g.,compressorandagitatorshaftseals,butin

thesecasestheyareusuallydeployedasdoublesealswithliquidinjectionto

provide lubrication ofthe sealfaces.Liquid sealing duties occurin such

applicationsasdoublesealswhereprocessfluidisonesideandbarrierfluidon

thewater.

Mechanicalsealin principle consistoftwo plane faces arranged

perpendiculartotheaxisofarotatingshaft.Thisgivesrisetothealternative

nameofradialfaceseal.Onefaceisfixedtothepumpcasingorvesselandis

stationary;theotherisfixedtotheshaftandrotateswithit.Inordertokeep

leakagetoanacceptablelevel,itisnecessarythatthetwofacesrunwithvery

smallseparation,typicallylessthan0.001mm.(Mayer,1977).

Inordertokeepfrictionalheatgenerationandwearwithinacceptable

limits,alubricatingfilm ofliquidmustbemaintainedbetweenthesealfaces,

whilenotexceedingthefilm thicknessmentionedabove.Inmostcases,where

singlesealsareemployed,thislubricantwillbethesealedfluid,whichmay

havepoorlubricatingproperties.

In orderto accommodate wearand pump build tolerances,itis

necessarythatoneofthefacescanmoveaxiallyandthatoneofthefaceshas

thefreedom toaccommodateswash(angularmisalignmentintherotating

component).Usuallythesamefacehasthefreedom toaccommodateboth

thesemovements.
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Thefloatingfacemaybeeitherstationaryorrotating,butforhighspeed

applications (shaftsurface speed greaterthan about15 m/s)stationary

mountingavoidsproblemsarisingfrom centrifugalforces.

Normallythesealismountedinternally,withthesealedfluidonthe

outerperipheryoftheseal.Withhighlycorrosiveliquids,howeverthesealcan

bemountedexternallytominimizeexposureofthesealpartstothecorrosive

conditions.(Lebeck,1991).

Mechanicalsealsthushaveasuperficialresemblancetothrustbearings.

However,theverycloserunningclearancewhichmustbemaintained,poor

lubricatingpropertiesofthelubricant,andverylow lubricantflow combineto

makethedesignofmechanicalsealsmuchmoredifficultthanthatofthrust

bearings.
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2.PROBLEM STATEMENT

Sealfailedforanumberofreasonsandoneofthem maybetheresult

ofcrackpropagationonthesealfacewhichmayleadtoleakagethenresulting

insealfailure.Usually,crackpropagationwilltranspireoninnerpartoftheseal

faceabouttwomonthsaftertheinstallationofthemechanicalseal.Ifthecrack

reacheduptocertaindegree,itmayspreadandcauseleakageinthepump.

Siliconcarbide,carbon,andceramicsealringsarealwayssubjectedto

thistypeoffailure,butothermaterialscanalsocrack.Thiscrackpropagationis

causedbyseveralfactors.Someofthem areovertighteningclampedunits,

carefree handling of sealrings,improper cooling sections,dry-running

conditions,orunchangedfacematerialsoversometimeoflifeexpectancy.

Therefore,itisneededtoanalyzethesealfaceintermsofeffectsof

pressureandtemperatureasintherealcondition.From theanalysis,itcanbe

seenwhenthefailurewillstarttooccurandafterwardssomemodifications

couldbemadetoexpandthelifeexpectancyofthesealfaceandimprovethe

performanceofthemechanicalseal.
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3.OBJECTIVES

Theobjectivesofthisanalysiscanbedividedintothreeparts:

i. Toinvestigatethecauseofcrackpropagationwhichwillleadtoseal

leakageinterm ofstructuralstress,thermaldistribution,andfluid's

flow.

ii. Toproposeanew modification(design)onthesealfacemodelto

encounterthepreviousproblem andincreasethelifeexpectancy.

iii. Toperform newanalysisonthenewproposedmodelbasedonthe

criteriamentionedinthefirstobjective.

3.SCOPEOFSTUDY

Forthisanalysis,onlyinnercompressionsystem willbeanalyzedasthe

failurealwaysoccurred on theinnerrotating sealfaceofa singlestage

mechanicalseal.In the compression,the type of materialtaken into

considerationsisonlyappliedtosiliconcarbidesealfacesasthistypeismost

commonlyused.

Theanalysisincludesthestudyofthebehaviorofthesiliconcarbide

sealface.Indoingthis,thestudywillbedividedintothreeseparateparts,in

termsoftheviewpointtaken.First,interm ofstressduetohighpressure

applicationsandtheeffectsonthesealface.Second,interm oftheupshotof

thesealfacepropertiesafterbeingappliedwiththermalloadandlastlyisabout

theflushingfluidflows.

Besides,inview oftherangeandambiguityofissuesrelatedtothe

subjectunderstudy,itismadeinfavorofthefunctionofmechanicalseals.The

advantageofthisstudyisthatthediscussionwillnotextendfarbeyondthe

limitssetbypracticalconstraints.Infact,practicalconstraintsofthesealface

properties,whetheronthesideofthesealfaceormechanicalsealitself,
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should notbe neglected in studies ofsilicon carbide sealfaces.The

requirementforefficiencyin sealfaces function,to a certain extent,the

possibleinterpretationsofresultandrealmodelingapplicationsofsealfaces.

CHAPTER2

LITERATUREREVIEW ANDTHEORY

1.MECHANICALSEALCONCEPT

Abasicmechanicalsealisnotacomplexdevice.Itconsistsprimarilyof

arotarysealfacewithadrivingmechanism whichrotatesatthesamespeedas

thepumpshaft,astationarysealfacewhichmateswiththerotaryandis

retainedusingaglandorinsomepumpmodelsasanintegralstuffingbox

cover,atensionassemblywhichkeepstherotaryfacefirmlypositionedagainst

thestationaryfacetoavoidleakagewhenthepumpisnotinoperation,and

staticsealinggasket(s)andelastomersstrategicallylocatedtocompletethe

sealassembly.(Summers-Smith,

2005)

Figure1:BasicMechanicalSeal
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Therotatingandstationarysealingfacescommonlyreferredtoasprimary

sealmembers,arematerialselectedfortheirlow coefficientofheatandare

compatiblewiththefluidbeingpumped.Theirextremelyflat,lappedmating

surfacesmakeitextremelydifficultforthefluidtoescapebetweenthem.The

fluiddoeshowever,formsathinlayerorfilm betweenthefacesandmigrates

towardthelowpressuresideofthefaces.Itisthisboundarylayeroffluidwhich

isusedandtocoolandlubricatethesealfacesToprohibitleakagealongthe

pumpshaftthroughtheinsidediameteroftherotaryandstationarysealfaces,

themechanicalsealsassemblyusesO-rings,V-rings,wedgesandpacking.

Knownassecondaryseals,thesecomponentsofthesealselectedbasedon

fluidcompatibility,temperature,elastomericqualities,anddependingonthe

typeanddesignofthesealtheymayperform ineitherastaticordynamic

condition.(HeinzK.Muller,1998).

2.SEALFACEDESIGN

Figure2:StationaryandRotaryPartsofMechanicalSeal
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Sealingdevicescanbeclassifiedasstaticseals,suchasgaskets,and

dynamicseals,suchasrotatinginterfacialaxialseals,alsoknownasendface

mechanicalseals.Mechanicalsealsareusedinmanytypesofpumpsof

varioussizesandpressureratings,andareusedtotransportagreatdiversityof

fluidsinmanyindustries.Therefore,mechanicalsealsareavailableinavariety

ofconfigurations.However,regardlessoftheserviceconditions,allmechanical

sealsoperateonthesamebasicprinciple.Asimplemechanicalseal'sdesignis

shown

.

*BASIC MECHANICALSEALCOMPONENTS

.

Figure:DetailedMechanicalSealSystem
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Asealconsistsoftwosealingrings,eitherofwhichrotatesrelativetotheother.

Oneoftheringsismountedrigidlyandtheotherisarrangedsothatitcanmove

freelyandalignradially,axially,andangularlywiththerigidlymountedring.A

dynamicsealisachievedwheretworingscontactperpendicularly,tothepump

shaft.Theseringsarecalledsealfaces,oneoftherotatingfacesandtheother

oneisthestationaryface.Thefacesarelappedflat,whichresultsinverylow

levelsofleakage,whileatthesametimeprovidinglonglifeonthebasisof

normalwear.

Besidesthetwofaces,themechanicalsealcontainsasetofsecondary

sealingdynamicallyandstatically,loadingthefaces,andtransmittingrotation.

Thesecondarysealsprovidesealingbetweenthesealfacesandthemetalparts,

suchasmatingringhousing,sleeve,andgland.Themetalpartstransmitthe

torqueandprovideanaxialmechanicalforcebymeansofaspringelementto

loadthelappedfaces.(Publication,2000).

Inmostcases,rotatingsealfaceismadeofeithersiliconcarbideor

carbon graphite.However,silicon carbide is the selected materialin this

analysisbecauseofitsproperties.Someofthem aretheexcellentresistance

from abrasion,highresistancefrom corrosion,andgoodresistanceofthermal

shock.In fact,ifcompared to carbon graphite,silicon carbidehashigher

maximum loadcapability.Thereforeitalwaysbecomethematerialofsiliconfor

themanufacturingofthesealface.
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3.GENERALTHEORIESONTHERMALCONDIT1ON

3.1ThermalExpansiononRingShapedMaterials

Whenthetemperatureofasubstance(solid,liquidorgas)isincreased,

themoleculesoratomsinitvibratefasterandtheytendtomoveawayfrom

eachother,onaverage.Thisresultsinanexpansion(increaseoflengthand

depth)ofthesubstanceasawhole.Thisiscalledasthermalexpansion.Over

particulartemperatureranges,thethermalexpansioncanbedescribedbythe

coefficientoflinearexpansion.Itcanbeillustratedasbelow(Cengel,1998):

Lo=2-rRo

Lo=2mRf

Figure4:ThermalExpansionDiagram

Letsupposethatthetemperatureisincreasedfrom TDtoT.Thusthe

changeintemperatureisAT=(T-TD).Next,thelengthischangedfrom LotoL,

thereforethechangeinlengthisAL=(L-Lo).Thuswehave:

ALzAT
ThereforewecanwriteasAL=uLoATwhereuiscalledthecoefficientoflinear

expansion.

Alternatively,italsocanbewrittenas:

(L-LO)=uL0AT

L=Lo(l+CAT)

Replacingthelengthwithradius,changeinradiuswillbeAR=(R—Ro)
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Toputitintheform ofanequation:

a-Thermalexpansioncoefficient

InitiatRadius

Rt=PinalRadius(after

Thethermalexpansionforinnerradius,outerradius,andwidthoftheringcan

befurthersimplified.

Innerradius: ro (1 aåT)Outer

radius:

Widthofthering:WdWc(.1+ccaT)

Asaconclusion,onringshapedmaterial,theinnerradius,outerradius,

andwidthoftheringwillincrease.Thisfollowstheruleoflinearexpansion

theory.

3.2 HeatGeneratedDuetoViscousDrag

Heatgeneratedduetoviscousdragisconsiderableinsomecases.

Specificallyinhigh-speedapplicationsorwhendealingwithlargesealsat

normalpumpspeeds,itispossiblethattheturbulenceoftheliquidsurrounding

the mechanicalsealgenerates as much ormore heatthan the faces.

Experienceshowsthatthiscomponentmaybeconsidered whentheface

slidingspeedorvelocityexceeds25m/s(500R/min).

Itisprimarilyafunctionofperipheralvelocityandthepropertiesofliquid

inconsideration.Forsuchapplicationsconsultationwiththesealmanufacturer

isrecommendedtoverifyappropriatedesignfeatures,suchastheneedfora

stationaryspringseal.(Ortoleva,1994).
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Thefollowingillustratesthemethodofcalculatingtheheatgenerateddueto

viscousdrag.

First,calculatetheReynoldsnumberbasedontheclearancebetween

thesealandhousing.TocalculatetheReynoldsnumber,firstcalculatethe

tangentialvelocitywithinthesealchamber.

velocity.Ut= (metricunits)

Tangaltia.l Ut (UScustomary

tmits)Remolds nunbef,Re(metricmits)

Remoldsnumber, Re(UScustomaryunits)

ume•e:
Ut— tangeztialvelocityatthe OD,(misor

msec)c— clearancebetweenthesealand

housing:(m Ofin)p=ofthefluid,(kg.'m2 or

lbs:n3)g=viscosityofthefluid,(Pa.sor g

pavitational accel«ationt 386.1 D = seal

chamb«bore,(m orin)R=sealradius.(m orin)

n=shanspeed.Ipm

L=lengthofseal.Of-'clearance".(m Ofin)

Next,tofindoutthelosscoeffcientCM,usetheproperequationdependingon

theflowregime.

Oncethelosscoefficientisfound,thentheheatgeneratedduetoviscousdrag

canbecomputedusingthefollowingequation:

(metricknits)
CmpUt%rLD

(Btu•Y) (UScustomarytnits)

4086
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3.3 ThermalDeflections

Thermaldeflectionsresultfrom anon-uniform temperaturedistribution

withintheseal.Frictionalheat,conductedthroughthebodyofthesealfrom the

slidinginterfacetotheseal-chamberfluidisusuallythemainfactor,butwhen

sealingahigh-temperaturefluid,additionalthermalgradientsoccur.Thedirect

effectofthermalexpansionisamajorcomponentofthethermaldeflection,but

thermalstressescaninduceanadditionaldeflectingmomentwhichmustalso

beconsidered.

Calculation ofthermaldeflections is possible ifreliable data are

available forfrictionalheatgeneration,butthis depends upon the face

materialsandtheoperatingconditions.Itisnotsumcienttoassumeauniversal

valueoffrictioncoefficient.Definitionofvaluesofheattransfercoefficient,

betweenthesealandcontactingfluidcanalsopresentdifficulty.

3.4 ThermalConduction(HeatTransfer)

Themajorityofmechanicalsealsoperatewithatleastapartialfluidfilm

betweenthefaceswiththepossibleexceptionofunbalancedsealsathigh

pressureswheredryfrictiondominatesandPVismostmeaningful.

Thefrictionalheatgeneratedatthefaceofamechanicalsealcanlower

theviscosityofthefluidinthefilm tothepointwheretheloadbearingabilityof

thefilm isinsufficientandfailureresultsthroughheavywearorfacedamage.It

canalsoheatthefilm tosuchextentthatthefluidboilsorvaporizesatthe

prevailingfilm pressure.

Theheatbalanceequationscontainfrictionandheattransfervalues

whichagreecloselywithe,'Qerimentalvaluesandthemethodisreliablewhen

appliedtogeneralpurposeseals.Itsprincipalvaluehere,however,istoserveto

illustratethosefactorswhichinfluencesealfacetemperaturessothatchoices

maybemade.
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Figure5:HeatDissipationonSealFaceDiagram

Regardingthefigureabove,heatgeneratedatthefacesisasfollow:

Hg=gDmn(Fs+ApxAfxB)

Whilefortheheatdissipated:

Hd=mekAtanh(mtl)xAT

Wherem' = Q(h'C/kA) k = thermal

conductivityofseal

A =crosssectionalareaperpendiculartoheat

flowh'=heattransfercoefficient

I=axiallengthofsealringheattransfersurface

Ccircumferenceofheattransfer

ATtemperatureriseatsealfaceoversurroundingfluid(Tf—Tp)
Heatisdissipatedfrom bothrotatingandstationaryfacesandhence,

totalheatisequaltothecombinationofheatfrom rotatingfaceandstationary

face.Byequatingtheheatgeneratedandheatdissipated,thetemperaturerise

atthefacesmaybecalculated.
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4.FailureofMechanicalSeal

4.1 SealLife

Mostmechanicalseal'smanufacturerestimatethelifeofasealisabout

twoyearsatleast,whilesomecansustainuptothreeyearssuchasthose

specifiedinStandardAPI682.Thislifespanisdependingonthepressure,

temperature,andtheapplicationofthesealitself.Thelimithowever,maybe

onlyreliableforsteadystateoperation,andthelifespanmaybechangedor

overstatedforacyclicoperationofmechanicalseal.Thisisbecauseincyclic

operation,morelimitationsoccurandtheeffectsofdynamicstatearetaken

intoconsiderationwhichinvolvesincludingvibration,fluidflow,andturbulence

condition.

However,generallytherearenospecificorfixedruleswhichdetermine

thevalueofpressure,temperature,andvibrationasealcantoleratealongthe

application.AnexceptionmaybeAPI682seals,whichspecificallyaddressthat

shortcomingbyincludingaseriesofcyclicteststoqualifyaspecificsealtype

forarangeofservices,whichinresultmayenhancetheseallifeuptothree

years.

4.2 TypeofFailures

Eachmechanicalsealisexpected to achieveitsmaximum lifeand

optimum performancewhenoperatedunderitsdesignspecification.Ifthe

leakageexceedstheenvironmentalorplantsiteoperatinglimit,thesealis

consideredfailed.Thisfailuremayoccureitherbeforeorafterthesealhas

achievedthelifeexpectancyofitsusageasspecifiedbythemanufacturerand

thisfailurewillaffecttheequipmentintheplantandresultinequipmentfailure

anddowntimewhichwillcostafortune.

Therearemanycausesofsealfailuresuchasincorrectselectionofseal

design,abuseofsealcomponentsbeforeinstallation,erroneousinstallation,

impropersetup,improperpumpselection,contaminationofsealingfluid,and

worn-outseal.
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4.2.1Leaking

Asspecifiedinthescopeofstudy,thisprojectfocusesonasinglestage

mechanicalseal.Therearefourpossiblepathsforsealtoleakinthistypeof

sealasshownAsealconsistsoftwosealingrings,eitherofwhichrotates

relativetotheother.Oneoftheringsismountedrigidlyandtheotheris

arrangedsothatitcanmovefreelyandalignradially,axially,andangularlywith

therigidlymountedring.Adynamicsealisachievedwheretworingscontact

perpendicularly,tothepumpshaft.Theseringsarecalledsealfaces,oneofthe

rotatingfacesandtheotheroneisthestationaryface.Thefacesarelapped

flat,which resultsin verylow levelsofleakage,while atthe same time

providinglonglifeonthebasisofnormalwear.

Besidesthetwofaces,themechanicalsealcontainsasetofsecondary

sealingdynamicallyandstatically,loadingthefaces,andtransmittingrotation.

Thesecondarysealsprovidesealingbetweenthesealfacesandthemetal

parts,suchasmatingringhousing,sleeve,andgland.Themetalpartstransmit

thetorqueandprovideanaxialmechanicalforcebymeansofaspringelement

toloadthelappedfaces.(Publication,2000).

Inmostcases,rotatingsealfaceismadeofeithersiliconcarbideor

carbon graphite.However,silicon carbide isthe selected materialin this

analysisbecauseofitsproperties.Someofthem aretheexcellentresistance

from abrasion,highresistancefrom corrosion,andgoodresistanceofthermal

shock.Infact,ifcomparedto carbongraphite,siliconcarbidehashigher

maximum loadcapability.Thereforeitalwaysbecomethematerialofsilicon

forthemanufacturingofthesealface.
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 POSSIBLESEALLEAKAGE POINTS

in.

Figure6:PossibleSealLeakagePoints

1:leakagevisibleatthepointwheretheshaftexitstheglandoratthedrain

connections

2:Dynamicsecondarysealleakage—alsovisibleatthepointwheretheshaft

exitstheglandorattheglandconnections

3:Staticsecondarysealleakage— alsovisibleatthepointwheretheshaft

exitstheglandoratthedrainconnections

4:Glandgasketleakage—visibleattheglandsealchamberinterface
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CHAPTER3

METHODOLOGY/PROJECTWORK

1.PROJECTWORKFLOW

StudyonMechanicalSealConcept

RecognizePartsofMechanical
SeaL

CompareResults

Figure10:ProjectWorkflow
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Thediagram above(Figure10)showstheprojectworkflow ofthe

project.Firstly,studyhastobedoneabouttheconceptofmechanicalseal

includingthefunction,type,andbasicusage.Then,forbetterunderstanding,

furtherresearchismadeforrecognizeeachpartofthesealwhichcontributeto

thesealingfunctionintheirownway.Thesefirsttwostepsareveryimportant

becauseconcentratingonunderstandingthewholeconceptofmechanicalseal

beforeanyfurtheranalysiscouldbedone.

Afterthenonly,amodelofbasicmechanicalsealwillbedesignedasthe

sourceofgeometryfortheanalysis.From thefirstanalysisbasedonseveral

loadsmentioned in thediagram,dataiscollected and analyzed to beas

referenceforthenextanalysis.Then,byapplyingseveraltheoriesonstress

effectsandthedesignofthesealfaceitself,somemodificationswillbe

proposed to enhancetheperformanceofthesealface.Laterthesecond

analysiswillbeperformedandanalyzedeithertheresultshownrepresentinga

bettermodelofsealmodelornot.Ifnotgoodenough,anotherchangeswillbe

madetothemodelandbeanalyzedagainuntilmeettherequirements.

Then,thetwomodelswillbecomparedbasedontheresultsfrom the

simulationanalyses.

2.RESEARCHMETHODOLOGY

Forthisresearch,mostoftheinformationontheoriesisgatheredfrom

readings.Booksrelated to mechanicalseal,pump shaft,sealdesign,and

flushing conceptdo contribute to this project.From these sources,deep

understandinghasbeenachievedinordertogothroughthisprojectintheright

direction.

Otherthan written sources,many references also found from the

websites.Astheinformationisnotlimitedtocertainareas,itiseasytolookfor

anysolutionregardingengineeringconceptofmechanicalseal.Also,meetings

withthesupervisorareveryhelpfulasanyconcernregardingthisprojectcanbe

askeddirectlyintermsoftechnicalandtheoreticalproblems.
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CHAPTER4

RESULTSANDDISCUSSIONS

1.DESIGNOFBASICMECHANICALSEAL

Thedesignofthemechanicalsealhasbeencompletedbasedonthe

configurationofthesinglesealasitisthebasictypeofmechanicalsealand

canbeusedasabenchmarkofanalysisinsteadofusingadoubleortandem

sealfirstwhichisacombinationofsingleseal.Below isthepictureofthe

completeseal.

MATERIAL

SEALFACE
SILICON
CARBIDE

O-RING VITON

SPRING HAST-C

CARBON

SPRINGHOLDER SS316

RETAININGRING SS316

SETSCREW SS316

SHAFTSLEEVE SS316

FLANGE SS316

LOCKPIN SS316

THROTTLE
BUSHING BRONZE

DRIVECOLLAR SS316

SETTING
FIXTURE

SS316

HEXAGONBOLT SS316

Table1:PartListofSingleBalancedSeal
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Whileforthestationaryface:

Figure13:LocationofStationarySealFace

2.SETTINGSFORTHEANALYSISOFTHESEALFACES

2.1 MaterialProperties

Thissectionexplainsaboutthematerialpropertiesofthesealfaces.
OneissiliconcarbideforrotatingfaceandSS316forthestationaryface.
Belowarethepropertiesofbothofthem.

Density 7750 kgma-3

Coefficientofthermal
expansion

1.70E-05 CA-I

Referencetemperature

Poisson'sratio 0.31 none

Young'smodulus 1.93E+11 Pa

Tensileyieldstrength 2.07+08pa

Compressiveyieldstrength 2.07E+08 pa

Tensileultimatestrength 5.68E+08 pa

Compressiveultimate
strength

5.65E+0
8

pa

Tangentmodulus 1.80E+09 pa

Table2:PropertiesofStainlessSteel
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Value

Density 312
7

kgmA-3

Coefficientofthermal
expansion

4.00E-06 CA-I

Referencetemperature

Poisson'sratio IUOE-OI none

Young'smodulus 4.10+1
1

pa

Tensileyieldstrength 1.30E+0
8

pa

Compressiveyieldstrength 1.30E+0
8

pa

Tensileultimatestrength 3.40E+09 pa

Compressiveultimate
strength

3.90E+09 pa

Tangentmodulus 4.50E+09 pa

Table3:PropertiesofSiliconCarbide

2.2 StructuralStressAnalysis

Theanalysisconsistsofrotationalandpressurecondition.

22.1GeneralSettings

Thegeneralsettingsforthisanalysisare:

Setting Description

SolverType Direct

UpdateInterval 2.5s

AnalysisType

Environmental
Temperature

30

Maximum Principle
Stress

Definition

Maximum overtime

StressToolDefinition
Theory

Mohr-CoulombStress

Table4:StructuralStressAnalysisGeneralSettings
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2.2.2Connections

The connection features functionalto specify the contactconditions

betweensurfacebeforeloading,andaspartofthefinalsolutiontoverifythe

transferofloads

(forcesandmoments)acrossthevariouscontactregions.
CurteåCMOdél,

Joint
Connection

LockRing-Body Joint
Connection

Lock Ring-SiC
SealFace

Connection
Type

NoSeparation Connection
Type

NoSeparation

Joint
Connection

Body-SiCSeal
Face

Joint
Connection SiCSealFace-

SS316

Connection
Type

NoSeparation Connection
Type

NoSeparation

Table5:ConnectionsforCurrent
ModelStressAnalysis
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Thedifferencesinthesecontactsettingsdeterminehowthecontacting

bodiescanmoverelativetooneanother.Thatisthemostcommonsetting

andhasthemostimpactonwhatothersettingsareavailable.Mostofthese

typesonlyapplytocontactregionsmadeupoffacesonly.(Lawrence,2007)

i. Bonded— Thisisthedefaultconfigurationforcontactregions.Ifcontact

regionsarebonded,thennoslidingorseparationbetweenfacesoredges

isallowed.Thinkoftheregionasglued.Thistypeofcontactisdetermined

on the mathematicalmodel,anygaps willbe closed and anyinitial

penetrationwillbeignored.

ii. Noseparation— Thiscontactsettingissimilartobondedcase.Itonly

appliestoregionsoffaces.Separationoffaceincontactisnotallowed,

butsmallamountsoffrictionlessslidingcanoccuralongcontactfaces.

iii. Frictionless— Thissettingmodelsstandardunilateralcontact,thatis,

normalpressuresequalszero ifseparationoccurs.Itonlyappliesto

regionsoffaces.

Thusgapscanform inthemodelbetweenbodiesdependingontheloading.

Thissolutionisnonlinearbecausetheareaofcontactmaychangeasload

isapplied.A zerocoefficientoffrictionisassumed,thusallowingfree

sliding.Themodelshouldbewellconstrainedwhenusingthiscontact

setting.Weakspringsareaddedtotheassemblytohelpstabilizethe

modelinordertoachieveareasonablesolution.

iv. Rough— Similartothefrictionlesssetting,thissettingmodelsperfectly

roughfrictionalcontactwherethereisnosliding.Itonlyappliestoregions

offaces.Bydefault,noautomaticclosingofgapsisperformed.Thiscase

corresponds to an infinite friction coefficientbetween the contacting

bodies.

v. Frictional—Inthissetting,twocontactingfacescancarryshearstresses

uptoacertainmagnitudeacrosstheirinterfacebeforetheystartsliding

relativetoeachother.Itonlyappliestoregionsoffaces.
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2.2.3Mesh

3D Meshistheprocessofdividingthesetofnodesthatcomprisethe

surfacemesh(oredgesandfaces)intoanumberofsubsets,whereeachsubset

isalsoconnected.

Meshhasagreatinfluenceonthesolverconvergenceofeveryanalysis.

Severalparametersthatreflectthequalityofthemeshareavailableincluding

aspectratioandcentroid/faceangle.Forthisstructuralstressanalysis,the

aspectratiomustbeaslowas15.

Model Currentmodel

MeshFigure

0.010 0.030

Numberof
Nodes

61334

Numberof
Elements

28545

Table6:CurrentModelMeshingElement
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2.2.4Fixities

Basedontheoveralllocalandglobaldesign,thefollowingfixitiesshould

beassumedintheanalysis:

Fixities Purpose

Cylindrical
support

Fixedinradialandaxialdirectionbutfreein
tangentialdirectionforrotationalpurpose.

Cylindrical
support

Representapinfunctionbetweencarbonand
flange.

Providesupportonradial,axialandtangent
direction.

Displacement
0displacementonxcomponentbutfreeony
andzcomponent.

Table7:TypeofFixitiesUsedinFEAAnalysis

22.5 AppliedLoad

CurrentModel

LoadType:Rotational
Velocity

LoadType:Pressure

Magnitude:308.4rad/s Magnitude:7.2MPa
Table8:AppliedLoadonCurrentModelStructuralStressAnalysis
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2.3 ThermalAnalysis

ThepurposeoftheanalysisistostudythethermalresponseofSealFace

structuresduetoHeatFluxandConvection.

2.3.1GeneralSettings

Thegeneralsettingsforthisanalysisare:

Setting Description

InitialTemperature
Value

95C

SolverType Direct

AnalysisType 3-D

ThermalStrainEffect YES

ReferenceTemperature ByEnvironment

Table9:ThermalAnalysisGeneralSettings
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2.3.2Connections

The connection features functionalto specify the contactconditions

betweensurfacebeforeloading,andaspartofthefinalsolutiontoverifythe

transferofloads

(forcesandmoments)acrossthevariouscontactregions.

CurrentModel

Joint
Connection

LockRing-Body Joint
Connection

LockRing-SiCSeal
Face

Connection
Type

NoSeparation Connection
Type

NoSeparation

Joint
Connection

Body-SiCSeal
Face

Joint
Connection

SiCSealFace-SS316

Connection
Type

NoSeparation Connection
Type

Frictional

Table10:ConnectionsforCurrentModelThermalAnalysis
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2.3.3Mesh

3DMeshistheprocessofdividingthesetofnodesthatcomprisethe

surfacemesh(oredgesandfaces)intoanumberofsubsets,whereeachsubset

isalsoconnected.Forthisanalysis,themeshesarethesamewithstructural

analysisin

Table6.

23.4AppliedLoad

CurrentModel

LoadType:Thermal
Condition

LoadType:HeatFlux

Magnitude:950C Magnitude:3.8W/mm2

LoadType:Convection

Magnitude:4.2E-2
W/mm20C
Table11:AppliedLoadonCurrentModelThermalAnalys
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2.4 FluidFlowAnalysis

Thepurposeoftheanalysisistostudythecirculationofflushingfluidonthe

SealFace.

2.4.1GeneralSettings

There are some settings configurations in orderto simulate the real

conditionsoftheanalysisasshowninthetablebelow.

Setting Description

AmbientTemperature 950C

AdvectionScheme High
Resolution

AnalysisType

TurbulenceNumeric FirstOrder

ConvergenceResidual
Type.

RMS

EquationClass Continuity

Table12:FluidFlowAnalysisGeneralSettings

2.4.2FluidFlowModel

Themodelofthefluidflowismadebasedonthecavityofthesealasthe

fluidwillgothroughthehollowspacesintheseal.

Figure14:FluidFlowCavityModel
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2.4.3Mesh

Basedonthecavitymodel,themeshesaregeneratedtodividethe

modelintonodesandelements.

InthistypeofCFDsimulationespecially,meshqualityisveryimportant.

Therefore,CFX-meshisusedtogenerate

the volumetricareaofthecavitymodel.The

aspect ratiocanbeupto1500forinvestigating

the flowofthefluidintheseal.

Number ofnodes: 204388
Numberofelements:1007174

Figure15:MeshontheCavityModel

2.4.4BoundaryConditions

Theboundaryconditionsspecifiedthelocationoftheinlet,outlet,and

rotatingwallofthecavitymodel.

CurrentModel

BoundaryType:
InletPressure

BoundaryType:
RotatingWall

BoundaryType:
Outletpressure

Magnitude:126
Bar

Magnitude:2950
RPM

Magnitude:72
Bar

Table13:BoundaryConditionsforCurrentModelFluidFlow

Analysis
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3.RESULTSOFTHEANALYSISOFTHECURRENTSEALFACE

Asforthefirststep,analyseshavebeendoneforthecurrentmodel

ofthemechanicalseal.TypesofanalysesdoneareshownintheTable14.

TypeofAnalysis Function

StructuralStress

Analysis

Tolocatethepointthatexperiencesthehigheststress
on the sealface due to high pressure and high
temperatureapplications.

DeformationAnalysis Toinvestigatethedeformationeffectandpatternand
determine the maximum value ofdeformation that
occursduringtheapplication

SafetyFactor
Analysis

Toidentifythelowestsafetyfactorapplied,thus
determiningthesafetyofthesealface

ThermalAnalysis

(InnerSealFace)

Todeterminetheheatdissipationsontheseal
faceduetothefrictionalforceofthematingfaces

FlushingFluidFlow

Analysis

Toanalyzetheflushingfluidflowcharacteristicinside
themechanicalseal

Table14:TypeofAnalysisDoneontheCurrentModel

3.1 StructuralStressAnalysis

Inthisresult,thestressconcentrationareaontheanalysedsealface

modelwillbeshown.Asmentionedontheprevioussection,onlySiliconCarbide

(SIC)sealfacewillbestudied,thereforethemostsuitabletypeofstressesfor

brittlematerialtobeanalysedareMaximum PrincipleStressandMaximum Shear

Stress.
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ForCurrentModelDesign,two types ofanalyses willbe performed.Those

analysesare:

 Maximum PrincipleStressAnalysis

 Maximum ShearStressAnalysis.

3.1.1Maximum PrincipleStressAnalysis

BelowistheanalysisdoneontheCurrentModelsealfaceforinvestigating

theMaximum PrincipleStress.

Figure16:Maximum PrirhpleStressofCurrentModel

Forthe CurrentModelofthe sealface,the

Maximum PrincipleStressis226.17MPa.As

showninthefigure,thehigheststresslocation

isonthelockringslotareawherethecrack

propagationcomesfrom.Theaverageprinciple

stressconcentrationisonlyabout70.6MPa.

These sudden changes with a significant

amount of stress reduction over certain

localisedarea,inthiscase,itisonthecorner

slot,which willcause a high enormity of non-uniform deformation. This

circumstanceisidealtoinitiatecrackpropagationontheinnerbackrotatingseal

facethatwillleadtofailure.

Highstressconcentration
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3.1.2Maximum ShearStressAnalysis

FiguresbelowshowtheanalysisresultofMaximum ShearStressforthe

CurrentModelexistingrotatinginnersealface.

Figure17:Maximum ShearStressofCurrentModel

Themaximum shearstressfortheCurrent

Modelofthesealfaceis246.24MPa,which

isalsolocatedonthelockringslotarea.This

showsthatthearea,especiallyonthecorner

slotexperiencing both high principaland

shearstressatthesametime.The

Maximum Shear Stress occurs at the

corneroftheslotbecauseofitssquareverticesdesignthatactsasashear

concentratingpoint.Thefactissharpnessofthevertexhasbeenidentifiedasthe

crackstartingpointwhichisleadingtotheinitiationofcrackpropagationand

leadstofailureofaseal.
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3.2 DeformationAnalysis

Inthisresult,theanalysisperformedisTotalDeformationAnalysis.The

purpose ofperforming the totaldeformation analysis is to investigate the

deformationthatoccursonthesealfaceina3-dimensionaldirection.

ThefigurebelowshowsthetotaldeformationanalysisfortheCurrentModel

designsealface.The"RED"indicatesthehighestmagnitudeofdeformation.

Figure18:TotalDeformationofCurrentModel

Themaximum deformationvalueis0.0236mm.As

seenfrom thefigurebesides,thenon-uniformity

deformationsaresuspectedtocauseainstability

ofthegeometry'sshape,thatcouldleadtoacrack

initiation if there is any pressure surge or

temperaturespikeoccur.

RedAreaindicateshigheramountofdeformation

OrangeAreaindicatesloweramountofdeforrnation
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3.3 SafetyFactorAnalysis

Inthisanalysis,MohrCoulombSafetyFactorwaschosenasitisthebest

usedforbrittlematerial.

Figure19:MohrCoulombSafetyFactorofCurrentModel

Asshownonthefigureabove,theminimum safetyfactoris0.721,whichis

belowthelimitofthesafearea.Althoughin

thisapplication,thelocationofthesafety

factorisontheendslotarea,theother

corneroftheslotareaalsoexperiencing

low safety factor (the "YELLOW" area

indicatesthesafetyfactormerelyabovel).

Thispatternprovesthatincasethereisany

pressuresurge,ortemperaturespike,the

slotareawillhavethehighestpossibilityto

experience crack propagation. YELLOW

Areaindicatestheareawithalow safety

factor.
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3.4 ThermalAnalysis

Inthisanalysis,theambienttemperatureisappliedtoanalyzetheheat

dissipationsofthesealfacesduetothefrictionalforceofthematingfaces.The

followingfiguresshowtheresultoftheanalysisforthecurrentsealface.

Figure10:Maximum TemperaturePointforCurrentModel

From theresultabove,themaximum temperaturegeneratedattherotating

sealfaceis191.98cc.Ontheslotareaside,thetemperaturedifferencesare

extremelysignificance,asonthebackside,itisaveragelyabout117.550C.While

onthefrontside,thetemperatureisonlyabout48.05oc.Thisisbecauseofthe

ineffectivecooling system,astheflushing fluid'sflowsonthebacksideare

almoststagnantduetotheblockadeofthelockring,whichwillbeshowninthe

nextsection,makingtheheattrappedmore.Therefore,thematerialexpansion

wouldbeunevenasthebackslotareaexpandsmorethanthefrontslotarea.This

willinducecrackpropagation,whichwillleadtosealfailure.
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3.5FlushingFluidFlowAnalysis

Thepurposeofthisanalysisistoinvestigatethepatternoftheflowtothe

innersealfacearea,beforeperformingthemodificationtooptimizethefluid's

flowtotheheatdissipatedaroundthesealfaces.Forthecurrentmodeldesign,

theanalysiswasperformedbyassumingthattheflow'sconvectioncoefficient,h

isconstantasthesealfaceitselfisrotatingataconstantspeed,directlyhitbythe

constantflowoftheflushingfluid.Belowistheresultoftheflowanalysis:

Figure11:FlushingFluidFlowforCurrentModel

Asshownfrom theresultabove,themaximum velocityofthefluid'sflowis

about90m/s,whichislocatedontheoutletoftheflushinghole.Theaverage

flow'sspeed is40 m/s,considerablyhigh enough to provide good cooling.

However,forthiscurrentsealfacemodel,itisquitesignificantthatthesealface's

areawasnottotalcoveredbythehighvelocityflushingfluids,asthebacksideof
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therotatingsealfacewascoveredbythelockring,makingthefluid'scannotpass

throughit.Thiswillcertainlymaketheheattrappedinthebackside,thatwill

causeunevenexpansionthatmayleadtocrackpropagation,asthecornerofthe

slotareawhichexperiencingthehigheststress,isalsopositionedonthebackside

oftherotatingsealface.

4.MODIFICATIONSOFTHESEALFACEDESIGN

Nextinlinearethemodificationsofthesealfacedesigntoimproveits

capability.Thefirstmodificationmadeisbythickeningupthelengthoftheseal

face.Astheprevioussealface'sthicknessis().195in2,thenew modifiedseal

face's

thicknessis0.354in2.AccordingtoPrincipleofStress,c=(Y)—11-10thiswill

10linearlyincreasethestrengthofthesealfaceby80%.

Figure12:FirstModificationontheSealFace

Nextmodificationistheremovalofthedriveslot.Thedriveslotonthenew

modelhasbeenremovedtoenhancethestrengthofthesealfacebyeliminating

themainsourcecrackpropagation.Instead,thesealfacewillbeshrink— fitted

withthemetalbody(SS316),whereasthedriveslothasbeenpositionedonit.
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Thechangesareshowninthefiguresbelow.

Figure13:CurrentSealFaceModelwithSlotDesign

Figure14:AssemblyofNewShrink-FittedSealFace

Toensurethatthisnewsealfacethatuseshrink-fittedmechanism willable

tohandlehightemperature,severalcalculationshasbeenmadetoensurethatthe

metalbodyofthesealfacewillstillholdtheSiliconCarbidesealfaceatthe

highesttemperaturepointofapplication.

Below istheresultofthedeformationofthesealfacemetalbody.The

deformationislineartotheincreasingoftemperature.Asthetemperaturelimit

fortheapplicationsare950C,andthesafetyfactortakenforthermaldeformation

onthesealfaceare3,thetolerancetakenare0.008inch,wherethetemperature

limitis300°c
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Figure25:GraphofSealFaceMetalBodyDeformationversusTemperature

Thereisacertainamountofstressneedtobeappliedinordertodeform the

SealFace'sMetalBody.Thesamestresswithequalmagnitudewillactonthe

SiliconCarbide(SIC)SealFaceasthissealfacemetalbodytendstoshrinkduring

thecoolingprocessafterpressfittingtheSICSealFace.Therefore,FiniteElement

DeformationAnalysishadperformedtodeterminetheamountofdeformation

madebycertainamountofStress.GraphbelowshowstheAppliedStressversus

thesealfacemetalbody:

Theresultshowsthattheappliedstressislinearlytothedeformation.Asthe

appliedpressurereachto23MPa,themaximum deformationofthemetalbodyis

onlyabout

0.008inch.Themaximum resultantstressduetotheappliedpressureAsthe

compressionstrengthoftheSinteredSiliconCarbideisabout3900MPa,itis

enoughtowithstandthecompressionloadduetoshrinkingmetalbody.
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5.RESULTSOFTHEANALYSISOFTHEMODIFIEDSEALFACE

Afterthemodificationshavebeen made,anotheranalysisisdoneto

ensurethatthenew designisfitandcanserveitspurposetoenhancethe

capabilityofthesealface.Thetypeofanalysesisshowninthetablebelow.

TypeofAnalysis Function

StructuralStress

Analysis

Tolocatethepointthatexperiencesthehigheststress
on the sealface due to high pressure and high
temperatureapplications.

Deformation
Analysis

Toinvestigatethedeformationeffectandpatternand
determine the maximum value ofdeformation that
occursduringtheapplication

SafetyFactor
Analysis

To identify the lowestsafety factorapplied,thus
determiningthesafetyofthesealface

ThermalAnalysis

(InnerSealFace)

Todeterminetheheatdissipationsontheseal
faceduetothefrictionalforceofthematingfaces

FlushingFluidFlow

Analysis

Toanalyzetheflushingfluidflowcharacteristicinside
themechanicalseal

Table14:TypeofAnalysisDoneontheModifiedModel

5.1 StructuralStressAnalysis

Inthisresult,thestressconcentrationareaontheanalysedsealfacemodel

willbeshown.Asmentionedontheprevioussection,onlySiliconCarbide(SIC)

SealFacewillbestudied,themostsuitabletypeofstressesforbrittlematerialto

beanalysedareMaximum PrincipleStressandMaximum ShearStress.

Forthemodifieddesign,2typesofanalyseswillbeperformed.Thoseanalysesare:

i. Maximum Principle Stress

Analysis

ii. Maximum ShearStressAnalysis.
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5.1.1Maximum PrincipleStressAnalysis

BelowisthefigureoftheresultofMaximum PrincipleStressAnalysisfor

theproposedmodifieddesign.The"RED"areashowsthemaximum magnitudeof

thePrincipleStress.

Figure15:Maximum PrincipleStressforModifiedModel

Forthemodifieddesign,themaximum principlestressis37.552MPa.The

magnitudeofthisstressisaboutSix(6)timesthantheprinciplestressofthe

currentsealface.Furthermore,thelocationofthemaximum stressisnotonthe

stressconcentratedarea,asitbecomeshardtoinitiatethecrackpropagation.

5.1.2Maximum ShearStressAnalysis

BelowisthefigureoftheresultofMaximum ShearStressAnalysisforthe

proposedmodifieddesign.The"RED"areashowsthemaximum magnitudeofthe

ShearStress.

Figure16:Maximum ShearStressforModifiedModel
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Themaximum shearstressfortheProposedModifiedSealFaceisabout109.7

MPa,locatedattheedgeofthesealface.Followingthesamecaselikethe

previousprincipalstress,themaximum shearstressontheproposedmodified

designisabouthalfofthepreviouscurrentsealfacedesign.

5.2 DeformationAnalysis

Inthisresult,therewere2typesofanalysesperformed.Thoseanalysesare:

i.TotalDeformationAnalysis

ii.DirectionalY-axisAnalysis

Thepurposeofperformingthetotaldeformationanalysisistoinvestigate

the deformation thatoccurs on the sealface in a 3-dimensionaldirection.

However,the directionalY-axis analysis was performed to investigate the

deformationthatoccursonthesealfaceinradialdirection.

Below isthefigureoftheresultofTotalDeformationAnalysisforthe

modifieddesign.

Figure29:TotalDeformationforModifiedModel

Themaximum deformationis0.0225mm whichisequalsto0.0018inches.
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5.3 SafetyFactorAnalysis

Inthisanalysis,MohrCoulombSafetyFactorwaschosenasitisthebest

usedforbrittlematerial.Theresultofthisanalysiswilldeterminewhetherthe

designisfailureornot.

Figure17:MohrCoulombSafetyFactorforModifiedModel

Theminimum safetyfactorforthenew design isabout4.799,which is

obviouslybeyondthelimitofthesafearea,whichisI.

5.4InnerSealFaceThermalAnalysis

Thepurposeofthisanalysisistoanalysetheheatgeneratedonthe

matingsealfacedue.Thisanalysisisperformedtobothcurrentsealface

modelandthemodifiedmodel.

Afterthemodificationhasbeenmade,thisanalysishasbeenperformedtocheck

fortheimprovementofthenew sealface.Below aretheresultsofthenew

modifieddesign.Theheatgenerationcapacitywasmaintainedequaltothecurrent

sealfacemodelasthematingfaces'contactareawasremainthesameasthere

wasnomodificationmadeonthestationarysealface.Asshowninthefigureabove,

themaximum temperatureis132.64oc.Thetemperaturethenreducedto70oc

averagely.Thetemperaturehaddecreasedinauniform patterntotheoutside

diameteroftherotatingsealface.Theimprovementofthecoolingsystem hadalso

influencedthetemperatureofthesealfaceasthemaximum temperatureofthe

sealfacehasbeenreducedfrom 191.980Cto132.640C.
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Figure18:ThermalAnalysisforModifiedDesign

5.5 FlushingFluid'sFlowAnalysis

Theanalysiswasperformedforbothcurrentsealfacedesignandforthe

modifieddesign.Thepurposeofthisanalysisistoinvestigatethepatternofthe

flow totheinnersealfacearea,beforeperformingthemodificationtooptimize

thefluid'sflowtotheheatdissipatedaroundthesealfaces.Somemodifications

havebeenmadeincludingbychangingthelockingmechanism,whichispreviously

byusingthelockring,tobyusingthedrivepin.Thiswilleliminatetheheattrap

problem,whichislocatedatthebacksideoftherotatingsealface.Below isthe

resultofthe
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From theresultabove,themaximum flow'svelocityisabout90m/s,and

theaverageisabout50m/s.Theflow'spatternhadcoveruptheentiresealface,

includingthebacksideoftherotatingsealface,eliminatestheproblem ofthe

previouscurrentsealfacemodel.

6.CALCULATION

6.1BalanceRatioCalculation

ThepurposeofthisBalanceRatioCalculationistodeterminewhetherthe

newsealfacemodelisbalanceorunbalanced.Inthisapplication,thepressureof

72barisconsideredashighpressureapplication.Therefore,thesealfacemustbe

inbalancedform.

EquationofBalanceRatio:

NewModelSpecification: =0.7075inch

— 1.2500inchr02

=1.4488inch

B=0.819(Balanced)

fluid'sflow:
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6.2ThermalExpansionCalculation

ThermalExpansionCalculationfordeterminingtheExactTolerancesforShrinkFit.

ThepurposeofthisThermalExpansionCalculationistocalculatethedeformation

ofthemetalbody(StainlessSteel316).From thiscalculationthen,theamountof

toleranceswillbedecidedtoensurethattheSealFace(SinteredSiliconCarbide)

willnotslipfrom metalbodyduetohightemperatureapplications.Thecalculation

willbetakenbasedontheinternaldiameteroftheSealFaceMetalBody.

R-Ro
—a(AT)(Fluigent,2010)

NewSealFaceModelSpecification:

Takingtemperaturedifferences,AT=IOOC

InitialInternalDiameter, I.471inch

ThermalExpansion,a=16.2x10-5m/m.0C(StainlessSteel316)

Deformation,R-Ro=0.00238inch

However,theequationaboveonlyfor2-Dimensionalcalculation,astheactual

thermalexpansioninvolves3-Dimensional,finiteelementcalculationisrequired.

Thus,Steady-StateThermalAnalysiswasperformedusingFiniteElementAnalysis

(FEA).

6.3HeatGeneratedCalculation

Thepurposeofthiscalculationistofindtheamountofheatgeneration

producedbythematingsealfaceswiththerotatingspeedof2950RPM.

1)Facepressure,Pf=AP(B-K)+Psp(psi)

Constant:Coefficientoffriction,g=0.1

PO=72bar
Pi=Ibar

bar

=1029.76psi

Sealareabalance,B=0.802

Pressuregradient,K0.65
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Psp=30psi(assumed)

(1029.76)(0.802-0.65)+30

=156.52psi+30psi

186.52psi

lt•n.D
2)MeanVelocity,Vm = m(m/s)

60

onærn

2

2.953+2.441

-2.697in

2

2082.92ft/min

12

3)Pressure-Velocity,PV=PfXVm

—186.52psi(2082.92ft/min)

=388505.34psi-ft/min

pv./1.A 4)
EnergyConsumption,HP

33000

33000

P7.ß.fi(2.9532-2.4412)]

2

388.sos.34.0.1•2.169

33000

235674HP

5)HeatGenerated=2x2546

=6501.655btu/hr

1905.45w
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6.4Prandt'lNumberCalculation

At950C,thermalpropertiesforcrudeoilare:

Thermalconductivity,k=130W/mK(forT>50K)

Density,p=750kgm 3

Specificheat,cp=74.1kJ/kg

Kinematicviscosity,v6.3x107m2/s

6.3 x 10-7 Prandtl

value

6.3x10-7

0.000002339 =

0.26

6.5HeatConvectionCoefficientCalculation

l)CalculateReynold'sNumber

V(Di+2t)
Reynold'snumber,Rel)=

60(0.062+2(0.0059))
6x10—7

60(0.0738)

=7380000 :.Turbulent

2)ReD.Pr=7380000(0.26)=1.92x106

Thususingasinglecomprehensiveequationthatcoverstheentirerangeof

Ret)forwhichthedataisavailable,

5/84/5
(ReD

!282000
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(7.38x106
)5/8

282000

(1075.0062)

[1+(7.6936)]4/5

(1075
—kOQ62(5.641)

(1.236)

=4878.469

3)Convectioncoefficient,

137x10-3
=4878.469

0.0738

=8593509W/m2.K

6.6 CalculationforHeatGenerationDuetoViscousDrag

l)Calculatethetangentialvelocity,

60

60

=11.585m/s

2)CalculatetheReynold'snumber,

(6x10-7)
=7380000 :.Turbulent

3)Calculatethelosscoefficient,

forRe>10000

(7380000)-02

1/
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4)Calculateheatgeneratedduetoviscousdrag,

2

 0.573W <l,thereforeneglected.

6.7ANALYSISSUMMARY

Thissectionsummarizestheanalysesthatwereperformedforboth

currentmodelandforthemodifiedmodel.A detailcomparisoncanbe

made to evaluate the significance ofimprovementforthe proposed

modifieddesign.

TableIS:ComparisonofAnalysisbetweenCurrentSealFaceandModifiedDesign

Descriptio
n

CurrentSealFaceModel ModifiedSealFaceModel

Maximum

Principle
Stress

Analysis

Values MaxStress:226.17MPa
ColourIndication:Red

MaxStress:37.552MPa
ColourIndcation:Red
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Maximum

Shear
Stress

Analysis

Values MaxStress:246.24MPa
ColourIndication:Red

MaxStress:109.7MPa
ColourIndication:Red

Maximum

Total
Deformation

Analysis

Values MaxDeformation:0.0236mm
ColourIndication:Red

MaxDeformation:0.0225mm
ColourIndcation:Red

Mohrs
Coulomb

Stress
Safety
Factor

Analysis
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Values Min.SafetyFactor:0.721
ColourIndcation:Red

Min.SafetyFactor:4.799
ColourIndcation:Red

Flushing

Fluid'sFlow
Analysis

Values MaxFlowVelocity:90m/s

ColourIndication:Red

MaxFlowVelocity:90m/s
ColourIndication:Red

InnerSeal
Face

Thermal

Analysis

Values Maximum Temperature:191.98
•C

ColourIndication:Red

Maximum Temperature:132.64'C

ColourIndcation:Red
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CHAPTER5

CONCLUSION

From theresearchIhavedonesofar,sealfaceisthemostcommoncause

ofmechanicalseal'sfailureaftercertainperiodofinstallation,rangefrom two

months as the fastesttime to failure's occurrence up to severalmonths

dependingonthepump'scondition.Thereforetheanalysesonthesealfaceitself

areessential.

From theanalysisabove,onthemaximum principlestress,themaximum

magnitudeofstressforthecurrentsealfacedesignis226.17MPaandthe

maximum magnitude ofprinciple stress forthe modified design is only

37.55MPa.Thedifferenceissignificantlylarge,whichisabout188.62MPa.This

provesthattheexistenceofthelockringslotareaisoneofthecausesofseal

failureduetocrackpropagation,causedbyhighstressconcentration.Therefore,

byeliminatingtheslotarea,theweaknesspointthatwassuspectedtobethe

maincauseofthissealfailureisalsodiminished.

Onthemaximum shearstressanalysis,thehighestmagnitudeofshear

stressforthecurrentsealfacemodelis246.24NfPa.Thelocationofthehighest

shearstressforthecurrentmodelisalsoonthehockringslotarea.Therefore,it

wasproventhatbyredesignbacktherotatingsealfacebyeliminatingtheslot

area,themaximum shearstresshasbeenreducedto109.7MPa.

Onthetotaldeformationanalysis,thepatternofdeformationontheslot

areawasnotinauniform shapeasonthecentreoftheslotareaindicatesthe

"ORANGE"colouredarea(Figure18),astheaveragedeformationsareabout

0.0184mm,whiletheedgeoftheslot,indicatesthe"RED"incolour(Figure18),

averagely0.02346mm.Thisnon-uniformityexpansionwillalsocausehighstress

concentration thatmaylead to sealfailure.Thedeformation on thenewly

proposedmodifieddesignseemsinauniform pattern,asthecolourdistribution
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thatindicates the magnitude ofthe deformation was evenly distributed.

Therefore,this concludes thatthe newlydesigned sealface has a better

uniformityofdeformationwhichmakeitmorestableandmoredurabletohigh

stressandrapidchangesofdeformation.

TheMohrCoulombsafetyfactorforthecurrentsealfacemodelis0.721,

whichisclearlyindicatesthesealfailureastheminimum safetylimitisl.The

locationoftheminimum safetyfactorisattheseal'slockringslotarea,where

thehigheststressconcentrationalso founded.Forthemodifiedmodel,the

minimum safetyfactoris4.799whichareabout5timesoftheminimum safety

limit.Thisisbecausetheslotareaforthedrivepinhasbeenpositionedonthe

metalbody,whichhasductilitycriteriathatwillpreventfrom crackpropagation

initiationduesuddenhighpressurespike.

Intheflushingfluidflow analysis,forthecurrentsealfacecompression

system,thecoolingfluidsareineffectivelyconvecttheheatthatgeneratedfrom

thesealface.Asdiscussedbefore,itisbecauseoftheexistenceoflockring,

blockingtheflushingfluidstoflow atthebacksideoftherotatingsealfacein

high speed,causing the heatto clog up.The newlymodified design,had

increasedthecoolingefficiencyasthelockingmechanism byusinglockringhas

beenchangetodrivepin,whichisnotprovidetheblockageforthecoolingfluids

toenteronthebacksideoftherotatingsealfaceinahighspeed.Thisprovesas

inthethermalanalysis,thehighesttemperaturehasbeenreducedfrom 191.98

0Cto132.640C.Thereforethemodifieddesignhasincreasedtheperformanceof

apumpintermsofflow capabilityofthefluidwhilemaintainingtheaverage

velocityattheoutlet.

Asaconclusion,thenewlymodifiedsealfacedesignhasbeenprovento

solveproblem thatarousedonthecurrentsealfacedesignasithasabetter

strength,betterheatcirculation,andmoredurable.
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APPENDIX6.1:
APPENDIXA-SAMPLEOFDRAWINGMANUAL

(STATIONARYSEALFACE)

1.OpenAutodeskInventorProfessional.

2.CreateNewfile

3.SelectStandardipt.mm

4.ClickOK.

5.Selectcirclebuttonfrom theDrawtoolbaronthetop-leftcorner.
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6.Selectanypointasthecenterofthecircleonthedrawingandclick

whiledragoutsidethecenterpointtodrawacircle.

7.Makeanothercirclewiththesamecenterpointbutwithdifferentdiameter.

8.Tospecifythediameterofthecircle,selectDimensionbuttononthe

Constraintoolbaratthetop-centerofthescreen.

9.Selectthecircleandclickoutsideoncetomakethedimensionappear.

10.Repeatstep9foranothercircle.

11.Left-clickonthevalueforediting,andchangethevalueto48mm forthe

outercircle.

12.PressEnter.

13.Forinnercircle,changethevalueto41.5mm.

14.PressEnter.

15.Toadjustthesizeofthecircleforbetterview,scrolldownorupusingthe

mouse.

16.SelectFinishSketchbuttontoexitthesketchmodeatthetop-rightcorner

ontheExittoolbar.

17.SelectExtrudebuttonfrom theCreatetoolbaratthetop-lencorner.

18.ThenselectAreaIonlyandchangethevalueto3mm.
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1.5

19.SelectOK.

20.SelectOrbitbuttonfrom therightcorner,thenrotatethemodelinto3Dview.

21.Selectthefrontfaceofthemodel.

22.Enter2DsketchmodeagainbyusingCreate2DSketchbuttononthetop-

leftofthescreen.

23.Createanothercircleusingthesamecenterpointwiththedimensionof

55.7mm.

24.Exitsketchmode.

25.SelectExtrudeandmakesureAreaIandArea2isselected,thenchange

thevalueto3mm also.
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26.Selectthenewgeneratedfaceandenterthesketchmodeagain.

27.Usingthesamecenterpointasbefore,draw anothercirclewiththe

diameterof49.7mm.

28.Exitsketchmode.

29.SelectExtrudeandselectAreaIonly.

30.ChangethevaluetoIImm andselectOK.

31.Selectthenewlygeneratedfaceandenterthesketchmode.

32.SelectLinebuttonnexttotheCirclebuttonandpointtoanycornerof

thecircle.

33.Makeashort90degreelineperpendiculartothecorner.
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34.Exitsketchmode.

35.SelectPlanebuttonontheWorkFeaturestoolbartocreateanew work

plane.

Axis Thicken/Offsetq:]Patch

L—rl.pojnt,# Sttch Trim
Plane

Lucssculpt OxDeleteFace
WorkFeatures Surface

36.Clickonthelinecreatedbeforeandonceagaintocreatetheworkplane.

37.Rotatethemodeltogetthesideview.

38.Selectthenewworkplaneandentersketchmode.

39.Makeastraightlinefrom acenterofthemodelwiththedimensionof3mm.

p.
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40.Createacirclewithadiameterof5mm usingtheright-endoftheline

asthecenter.

41.Then,addarectangularusingthecirclediameterasthewidth.

AreaI

Area2

42.Exitsketchmode.

43.SelectExtrudeandselectArea1andArea2.

44.SelectCutfunctionontheExtrudewindowtoremovetheareaselected.

45.Changethevalueto10mm.

46.SelectOK.
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Cutfunction

47.Right-clickontheSketchontheModelpanelattheleftsideofthescreen.

48.Un-tickthevisibilityoption.

49.RepeatStep48fortheWorkPlaneontheModelpanel.

50.Rotatethecompletemodeltogetthebestview.
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APPENDIX6.2:

APPENDIXB-SAMPLEOFSIMULATIONMANUAL

(ROTATINGSEALFACE)

1.RunANSYSWorkbench11.0

2.CretenewSimulationfile.

2.ImportthesealfacemodelbyclickingGeometrytabattheupperright

corneratthewindow.

3.ClickontheGeometryiconandselect'ProgrammeControlled'under

Definitioncharacteristic.

4.Right-clickonMeshiconandselectGenerateMesh.

5.Forthebettermeshingelementsizes,changesmaybemadebyadding

featuressuchasRefinementandMethodtoMeshiconbeforegenerating

mesh.

6.Thesealfacewillbemeshedaccordingtothesettingsapplied.
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7.SelectNewAnalysisfrom thetoolbaratthetop.

tions

8.SelectStaticStructural.

9.UnderAnalysisSettings,makesurealltheProgram Controlledfunctionis

selectedfortheparametersinthedetails.

Il.UnderEnvironmenttoolbar,selectInertialandinsertRotationalVelocity.

12.Selectthe whole bodyofthe sealface and click applyatthe

Geometryunderthedetails.

13.Specifythemagnitudeofthevelocity.

Rotation:o.to.t-308.4rad/s

Location:-4.5946,-3.964,0.175mm
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14.SelectFixedSupportunderSupportstoolbarandapplyonthefrontsurface

ofthesealface.

onesurfaceselected

15.UnderLoadstoolbar,addPressureandselectthefaceoppositeofthefixed

surfacebefore.

16.Specifythemagnitudeofthepressure.

17.ClickontheSolutionfoldericon.

18.UnderSolutiontoolbaratthetop,selecttheresultofinteresttobeshown,

forinstancetotaldeformation,maximum stress,maximum strainetc.

19.Right-clicktheSolutionfoldericonagainandselectSolveAll.

20.Resultmaybe viewed byclicking on the respective type ofsolution

specifiedbefore.
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Maximum principalstress

Maximum principalstress

21.Forbetterview,modelmayberotatedusingtherotateiconaboveorby

clickingthecenterwheelofthemouse.

22.Toviewtheminimum andmaximum pointoftheanalysisasshowninthe

figuresabove,enabletheMaxandMinbuttononthetoolbarabove.

Result8.7e+003(AutoSalt. O DProbe

23.Anothertypeofanalysismaybedonebyrepeatingfrom Step8butusing

anothertypeofanalysisrequired.

IR@AIKTC-KRRC

ir.aiktclibrary.org



REFERENCES

l.Lawrence,K.L.(2007).StructuralandThermalAnalysisusingtheANSYS

WorkbenchRelease11.0Environement.Texas:SDCPublications.

2. Cengel,Y.A.(1998).HeatTransfer:APracticalApproach.McGraw-

Hill.

3. HeinzK.Muller,B.S.(1998).FluidSealingTechnology:Principles

andApplications.M.Dekker.

4. Lebeck,A.O.(1991).PrincipleandDesignofMechanicalFaceSeals.

JohnWiley&Sons.

5. Mayer,E.(1977).MechanicalSeals.Newnes-Butterworth.

6. Ortoleva,P.J.(1994).CompartmentsandSeals.AAPG.

7. Publication,I.S.(2000).Reliability ofSealing Systems forRotating

Mechinery.ProfessionalEngineeringPublishingLimitedfortheInstitution

ofMechanicalEngineers.

8. Summers-Smith,J.(2005).MechanicalSealPracticeforImproved

Performance.John-Wiley&Sons.

9. YokotaManufacturingCo.,L.(11May,2010).Non-externalFlushing

MechanicalSeal.Retrieved10August,2010,from Aquadevice.com:

http://www.aquadevice.com/english/05material_mechaseal.htm

IR@AIKTC-KRRC

ir.aiktclibrary.org




