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Abstract:

Theaim oftheresearchistoidentifythemaximum efficiencyofthe

heatingsystem andinvestigatetheopportunitiesofoperatingcost

reduction the in Petrodaroperation companypipeline crude by

adjusting thermaloilflow rate,realdata (readings)such as

temperature,offlow ratetaken,analyzedandputintotablesand

graphs and calculating system efficiency with corresponding

thermailoilbyexcelprogram.

Thedatatakenforfivemonthsstartingfrom October2017until

February2018.Themaximum thermalefficiencywas90.73% with

lowerfuelconsumption5cubicmetersperhourinDecember2017,

whenthethermaloilflow rate(thermanol)was670315kg/h.The

appropriatefuelconsumption5cubicmeterperhourswhichisgives

thehighestcrudeoiltemperatureabout71.9°C.

Byusing the finding result,we can consideritas a reference

operatingconditionfortheheatingsystem.
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: ةساردلا صخلم

ضفخ صرف نم ققحتلا و نيخستلا ماظن ل ةءافك يصقا تحديد ثحبلا اده نم فده لا
ذخا متو ، يرارحلا تيزلا نايرس طبض ب رادورتب بيبانأ طخ ماخ ل ليغشتلا ةفلكت
اهعضوو اهليلحتو قيفدتلا ةيمكو طوغ ولاض ةرارحلا ةجرد لثم ( تاءارق ) ةيقيقحتانايب
تيزلا قفدت نايرس لدعم لكل هرظانملا هءافكلا باسحو ةينايب تامو سرو لوادج يف

, ربمفون , ربوتكا رهش نم ادبت رهشا هسمخل تانايبلا تزخا , لسكا جمانربب يرارحلا
رياربف , رياناي , ربمسيد

لا هرظانملا .%90.73 ويه ىوصقلا ةيرارحلا ةءافكلا ثدحت : جئاتنلا هذه ىلإ ثحبلا لصوت
قفدت لدعم ناك امدنع 2017م ربمسيد يف هعاسلا ف بعكم رتم 4 دوقو لاك هتسا لق

5 لاملامئ دوقولا لاك هتسا و ةعاسلا يف مارجوليك 571190( لونامريث ) يرارحلا تيزلا
ةجرد 71.9 يلا وح ماخلا طفنلل ةرارح ةجرد ىلعأ يط عا يزلا و ةعاسلا يف ةبعكم راتمأ

. ليغشتلل ةيعجرم اهربتعن نأ اننكمي هلصحتملا جئاتنلا خماد تساب ، ةيوئم
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CHAPTERI

1.1Introduction

Heatingofheavycrudeoilinpipelineisveryimportanttoavoidgel

oranyotherproblem especiallyinwinterseasonatnighttimewhile

theambienttemperatureislowerthanitspourpointtemperature

whichis36°C.

Aheatingsystem (heatexchanger)isamedium thattransfersheat

energyfrom ahightemperaturefluidtoanotherlow temperature

fluid.Thermalexchangeisoneofthemostimportantapplicationsin

manyfields,suchasfoodprocessingengineering,especiallyinthe

manufacture of materials that are highly sensitive to high

temperatures,aswellasdifficulttoheatorraisetheirtemperature

bydirectmethodsandothermaterials.(Beck,1998)

heatingsystem (Heatexchangers)areusedinmanyengineering

processes,includingcooling,evaporation,condensationandother

thermalprocesses.

Heatexchangersarewidelyusedinthechemical,petroleumand

powergenerationindustries.Theshapeoftheheatexchangeris

determinedbytheuseofaspecifictemperaturelimit,thefluidflow

(fluidorgas),theamountofheattobetransportedandthepressure

lossallowedforbothhotandcoldfluid,andintheworkinglife.

Theperformanceoftheheatexchangerisaffectedbeyondwhich

theflowofthemassinwhichthespecificheatandtemperaturesof

entryandexitoffluidhotandcold.andthermalconductivityofa

substancetuberate.

this study will cover the heating system in Petrodar

operatingcompany(PDOC)whichconsistofheaters,heatexchanger

pipe,pumps,heatingmedium TherminolSPfluidisdesignedforuse



II

in non-pressurized/low-pressure,indirect heating systems.It

deliversefficient,dependable,uniform processheatwithnoneedfor

highpressures.ThehighboilingpointofTherminolSPhelpsreduce

the volatilityand fluid leakage problems associated with other

fluidsTherminolSPhasbeenshowntobesignificantlylesssensitive

thanmineraloilstothenegativeconsequences(sludging,fouling)of

thermal oxidation Therminol SP is noncorrosive to metals

commonlyusedintheconstructionofheattransfersystems.

While TherminolSP has a relativelyhigh flash point,itis not

classifiedasafire-resistantheattransferfluidDeliversexcellent

costperformanceoverthefluidlifewhencomparedtocommon

mineral oil-based heat transfer fluids,even when operating

temperaturesreachamaximum extendedusetemperatureof315°C

(600°F)seetable(1.1).

Table(1.1):therminolspecifications

Appearance Clear,yellowliquid

Composition Synthetichydrocarbonmixture

Maximum bulktemperature 290°C(550°F)

Maximum extended use

temperature

315°C(600°F)

Maximum film temperature 335°C(635°F)

Normalboilingpoint 351°C(664°F)

Pumpability,at300mm²/s(cSt) –8°C(17°F)

Flashpoint,COC(ASTM D-92) 177°C(350°F

Pourpoint(ISO3016) –54°C(–65°F)

Coefficientofthermalexpansion 0.000961/°C(0.000534/°F)
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@ 200°C

Heat of vaporization at

maximum usetemperature

228kJ/kg(98.1Btu/lb)

Averagemolecularweight 320

Pseudocriticaldensity 258kg/m3(16.1lb/ft3)

thissystem increasesthetemperatureofcrudeoilwheninterring

the pumping station to certain point above the pour point

temperature36°C toavoidgellingandreducingtheviscositytoallow

theflow.

MATLABandexcelveryusefultoolintheanalysisanddesignof

computerbasedelectronicsystemshasbecomealargepresencein

theengineeringcurriculum itisalsousedindustriallyinthedesign

andoperationprocessofsystemsthisreacarch usedexcelfor

calculatingthethermalefficiency.

Transportingheavycrudeoilviapipelineusuallychallengingdueto

itshighdensityandviscosity(1,000CP)(centpoise)andverylow

mobility atreservoirtemperature.Asphalting deposition,heavy

metals,Sulphurandbrineorsaltcontentmakeitdifficulttobe

transportedandrefinedusingconventionalrefinerymethodswithout

firstlyupgradingthem tomeetconventionallightcrudeoilproperties

Also,thepresenceofbrineorsaltintheheavycrudestimulates

corrosionproblemsinthepipeline.Insomecases,theformationof

emulsionsuchastheoil–watermixtureproducedfrom thereservoir

posestransportationdifficulty.Thoughtheissueoftheenvironment

remainsaconcern,petroleum isstillthedominantsourceofenergy

worldwide forourtransportation fuels.The globaldemand for

energytomeetourdailyindustrialandtransportationneedsisever
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growingatanaverageannualgrowthrate.Pipelinesareusedto

transportabout95%oftheheavycrudeoilproducedinCanadaand

Venezuela,respectively.Thisisbecause pipelinesare the least

expensive,environmentally convenientand the mosteffective

meanstotransportcrudeoilfrom thefieldtotherefinery,marine

terminalorstoragetanks.(JonathanFiedler,1998)(prodtechnol,

2013)

To transportheavyoils economically,the pressure drop in the

pipelinemustbeloweredtominimizethepumppowerrequiredto

pushtheoiloveralongdistance.However,becauseoftheirhigh

viscosityatreservoirconditionscompared to conventionallight

crudeoils,conventionalpipeliningisnotadequatefortransporting

heavycrudeoiltorefinery,marineterminalorstoragetankswithout

reducingtheirviscosity.Themethodsusedfortransportingheavyoil

throughpipelinesaregenerallygroupedintothree.

(a)viscosityreduction[e.g.preheatingoftheheavycrudeoiland

subsequentheatingofthepipeline,blendinganddilutionwithlight

hydrocarbonsorsolvent,emulsificationthroughtheformationofan

oil-in-wateremulsionandloweringtheoil’spourpointbyusingpour

pointdepressant(PPD)(powerpointdepressnet);

(b)drag/frictionreduction(e.g.pipelinelubricationthroughtheuse

ofcore-annularflow,dragreducingadditive);

(c)Insitupartialupgradingoftheheavycrudetoproduceasync

rudewithimprovedviscosity,AmericanPetroleum Institute(API)

gravity,andminimizedasphaltenes,Sulphurandheavymetalcontent.

Inthisstudywillconsiderheatingmethodwhichiscommonlyused

methodtoreducethehighviscosityofheavycrudeoilandimprove

theflowabilityistheeffectoftemperature.Heating(i.e.increasing

temperature)thepipelinecausesarapidreductioninviscosityto
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lowertheresistanceoftheoiltoflow.Therefore,heatingisan

alternativemeansofenhancingtheflow propertiesofheavycrude

oil.Thisisbecausetheviscosityoftheheavyoilsisreducedby

severalorders ofmagnitude with increasing temperature.This

involvespreheating theheavycrudeoilfollowed bysubsequent

heatingofthepipelinetoimproveitsflow.However,heatingto

increase the temperature ofthe fluid involves a considerable

amountofenergyandcostaswell.Otherissuesincludegreater

internalcorrosionproblems,duetotheincreaseintemperature.

However,heatingthepipelinemaypossiblyinducechangesinthe

rheologicalpropertiesofthecrudeoilwhichmayresultininstability

inflow.Manynumberofheatingstationsarerequiredaddingtothe

cost,inadditiontoheatlossesoccurringalongthepipelineasa

resultofthelow flow oftheoil.However,mostofthetimesthe

pipelineisinsulatedtomaintainanelevatedtemperatureandreduce

theheatlossestothesurroundings.Additionally,suddenexpansion

andcontractionlongthepipelinemayinducechallengingproblems.

Consequently,thecostofoperating theheating aswellasthe

pumpingsystemsoveralongdistancefrom theoilfieldtothefinal

storageorrefineryisonthehighside.Themethodmightnotbe

viablefortransportingcrudeoilwhenitcomestosubseapipelines.

Finally,thecoolingeffectofthesurroundingwateraswellasthe

earthlowerstheefficiencyofthetechnique.(Aaron,2016)

1.2ResearchProblems

1.Heatingofheavycrudeoilinpipelineisveryimportanttoavoid

gelespeciallyinwinterseasonatnighttimewhiletheambient

temperatureisverylowabout10C.

2.Thisleadtooperatetheheatingsystem infullloadandhigh

fuelconsumption(160barrel/day)withoutouthighefficacy.
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3.Usehighfuelmeanmoremoneyhavetopayed.

4.Researchproblem isefficiencyincreasing.

1.3ResearchObjectives:

1.3.1Generalobjective:

Toincreaseheatingsystem efficiencyanddecreaseoperationcost.

1.3.2Specificobjectives:

Theresearchaimsto:

1.Toidentifytheoperationperformance,flow ratetemperature,

pressurethatgiveshighefficiencyofheatingsystem with

correspondingflowrateofcrudeoil.

2.Toapplythisresultofoperationconditionasguidelinemanual

inpetrodaroperatingcompanycentralprocessfacilityand

pumpstation.

1.4ResearchPlan&Methodology:

Theprocessofheatexchangeroperationisactuallyaprocessof

selecting the optimalvalues ofvariable transactions such as

pressureloss,pumpingcapacity(flowrate),temperature.

1.Informationgatheringandanalysis

2.Considerconsiderations forthe heatexchangeroperation

process.

3.Consideroperation process using mathematicalequations

andExcel

4.Explanationofoperationprocess.

5.Compare the finding results with realoperation process
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design.

6.Discusstheresults.

7.selectthebestallowableefficiency
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CHAPTERII

HeatExchanger

2.Literaturereview:

2.1previousstudies

Accordingto(AaronGucheetal.2016),(Aaron,2016)Theproblem

wasoverheatingtosolvetheittheengineerdecidestoinstallheat

exchangertothesystemtheymakeexperimenttoallowthehotfluid

toflowintheheatexchangerpercentagegrading10%,30%,50%,70%

and100%andseetheresultforthecoldfluidandrepeatthesame

proceduretothecoldfluidtheaffection.thiscannotgiveaccurate

resultbecauseitisdifficulttoidentifytherealpositionofthevalve

opening,butinmystudytakefloerateofthermaloilfrom localgage

andcomputerreadingfrom controlroom thisdonebyadjustingthe

valveturn.

While(SuThetMonThan,2008)thoughthatThepurposeofthis

paperishowtodesigntheoilcooler(heatexchanger)especiallyfor

shell-and-tubeheatexchangerwhichisthemajoritytypeofliquid-to-

liquidheatexchanger,Generaldesignconsiderationsanddesign

procedurearealsoillustratedinthispaperandaflow diagram is

providedasanaidofdesignprocedure.Theprimaryaim ofthis

designistoobtainahighheattransferratewithoutexceedingthe

allowablepressuredrop.In design calculation,theMatLAB and

AutoCADsoftwareareused,Thecommentitwasanalysisdesignby

computeras theory butthis research used realdata and the

experimentisactuallyexisting.

(Fakheri,2007)providesthesolutiontotheproblem ofdefining

thermalefficiencyforheatexchangerbasedonthesecondlaw of

thermodynamicstoeachactualheatexchanger,thereisanideal
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heatexchangerthatisbalancedcounterflow heatexchanger.the

idealheatexchangerhassameUA,thesame aarithmetic mean

temperature difference,and thesamecold to hotfluid inlet

temperatureraito.the idealheatexchangersheatcapacityrateare

equalto the minimum heatcapacity rate ofthe actualheat

exchangertheheatexchangertransferthemaximum amountof

heatequaltotheproductofUAand arithmeticmeantemperature

differenceandgeneratestheminimum amountofentropy,making

itthemostefficientandlastirreversibleheatexchanger.Thisstudy

istheoreticalandmathematicalcalculationwhile thisresearchhas

realdataandfact.

Accoringto(Lab)FlowSimulationcanbeusedtostudythefluidflow

andheattransferforawidevarietyofengineeringequipment.this

exampletheotheruseFlowSimulationtodeterminetheefficiency

ofacounterflow heatexchangerandtoobservethetemperature

and flow patterns inside of it. With Flow Simulation the

determinationofheatexchangerefficiencyisstraightforwardandby

investigatingtheflow andtemperaturepatterns.Thegoalofthe

projectis to calculate the efficiency ofthe counterflow heat

exchanger.Also,determinetheaveragetemperatureoftheheat

exchangercentraltube’s wall. authormake this example by

commuterprogram same like (Su ThetMon Than,2008)in

proceduresifhesupporthisfindingbyexperimenttheresultwill

becomemoreaccurate.

While(tutorial,2011)thisprojectyouwillevaluateperformanceof

threedifferenttypesofheatexchangers(tubular,plate,andshell&

tube).Alltheseheatexchangerscanbeoperatedinbothparallel-

andcounter-flow configurations.Theheatexchangeisperformed

between hotand cold water.Investigate effects ofthe control
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parametersandtheheatexchangerconfigurationontherateofthe

heattransfer,q,andtheoverallheattransfercoefficient,U.Check

validityofthetheoreticalmodels

Moreoveritisatheoreticalexercisenotrealdataandhecompare

betweenthreetypeofheatexchanger.

According to (prod technol, 2013)In this study, different

technologiesarereviewedandtheadvantagesanddisadvantagesof

eachtechnologyarehighlightedwiththeview thatthereview will

provide direction for improvementand developmentof novel

technologiesforbitumenandheavyoiltransportationviapipelines.

Meansofaidingheavycrudeoilandbitumentransportationvia

pipelineViscosity reduction (Dilution/blending, Heating,

Emulsification Pour point reduction),Friction reduction (Drag

reducing additives,Core-annularflow),In situ upgrading.In this

review paper,thetechnologiesusedtoenhancethetransportation

ofheavycrudeoilandbitumenthroughpipelineswasexplored.Each

ofthethreecategoriesofmethodsemployedtoreduceviscosity

andpressuredroptoaidpipelinetransportationofheavycrudeoil

hasbeenpresentedalongwiththeiradvantagesanddisadvantages.

whiletheauotherspokeabout thethreecategoriesofmethods

employed to reduceviscosityand pressuredrop to aid pipeline

transportationofheavycrudeoilhasbeenpresentedalongwith

theiradvantages and disadvantages only if he concederthe

efficiencythereacherwillbecomemoreusefull.

2.2.Background

Transferofheatfrom onefluidtoanotherisanimportantoperation

formostofthe chemicaland petroleum industries.The most

commonapplicationofheattransferisindesigningofheattransfer

equipmentforexchangingheatfrom onefluidtoanotherfluid.Such
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devices forefficienttransferofheatare generallycalled Heat

Exchanger.Heatexchangersarenormallyclassifieddependingon

theheattransferprocessoccurringinthem.

Aheatexchangercanbedefinedasanydevicethattransfersheat

from onefluidtoanotherorfrom ortoafluidandtheenvironment.

Whereasindirectcontactheatexchangers,thereisnointervening

surfacebetweenfluids,inindirectcontactheatexchangers,the

customarydefinitionpertainstoadevicethatisemployedinthe

transferofheatbetweentwofluidsorbetweenasurfaceandafluid.

[3]

2.3TheoryandApplication:

Twofluids,ofdifferentstartingtemperatures,flowthroughtheheat

exchanger.Oneflowsthroughthetubes(thetubeside)andthe

otherflowsoutsidethetubesbutinsidetheshell(theshellside).

Heatistransferredfrom onefluidtotheotherthroughthetubewalls,

eitherfrom tubesidetoshellsideorviceversa.Thefluidscanbe

eitherliquidsorgasesoneithertheshellorthetubeside.Inorderto

transferheatefficiently,alargeheattransferareashouldbeused,

leadingtotheuseofmanytubes.Inthisway,wasteheatcanbeput

touse.Thisisanefficientwaytoconserveenergy.

Heatexchangerswithonlyonephase(liquidorgas)oneachside

canbecalledone-phaseorsingle-phaseheatexchangers.Two-

phaseheatexchangerscanbeusedtoheataliquidtoboilitintoa

gas(vapor),sometimescalledboilers,orcoolavaportocondenseit

intoaliquid(calledcondensers),withthephasechangeusually

occurringontheshellside.Boilersinsteam enginelocomotivesare

typically large,usually cylindrically-shaped shell-and-tube heat

exchangers.Inlargepowerplantswithsteam-driventurbines,shell-

and-tubesurfacecondensersareusedtocondensetheexhaust
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steam exitingtheturbineintocondensatewaterwhichisrecycled

backtobeturnedintosteam inthesteam generator.

2.4Shellandtubeheatexchangerdesign:

Therecanbemanyvariationsontheshellandtubedesign.Typically,

theendsofeachtubeareconnectedtoplenums(sometimescalled

waterboxes)through holesin tube sheets.The tubes maybe

straightorbentintheshapeofaU,calledU-tubes.(BeckD.D.,

1996).

Innuclearpowerplantscalledpressurizedwaterreactors,largeheat

exchangerscalledsteam generatorsaretwo-phase,shell-and-tube

heatexchangerswhichtypicallyhaveU-tubes.Theyareusedtoboil

waterrecycledfrom asurfacecondenserintosteam todrivethe

turbinetoproducepower.Mostshell-and-tubeheatexchangersare

either1,2,or4passdesignsonthetubeside.Thisreferstothe

numberoftimesthefluidinthetubespassesthroughthefluidinthe

shell.Inasinglepassheatexchanger,thefluidgoesinoneendof

eachtubeandouttheother.

Thereareoftenbafflesdirectingflow throughtheshellsidesothe

fluid does nottake a shortcutthrough the shellside leaving

ineffectivelowflowvolumes.

Countercurrentheatexchangersaremostefficientbecausethey

allowthehighestlogmeantemperaturedifferencebetweenthehot

andcoldstreams.Manycompanieshoweverdonotusesinglepass

heatexchangersbecausetheycanbreakeasilyinadditiontobeing

moreexpensivetobuild.Oftenmultipleheatexchangerscanbe

used to simulate the countercurrentflow ofa single large

exchanger

2.5Selectionoftubematerial:

Tobeabletotransferheatwell,thetubematerialshouldhavegood
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thermalconductivity.Becauseheatistransferredfrom ahottoa

cold side through the tubes,there is a temperature difference

throughthewidthofthetubes.Becauseofthetendencyofthetube

materialtothermallyexpanddifferentlyatvarioustemperatures,

thermalstressesoccurduringoperation.Thisisinadditiontoany

stressfrom highpressuresfrom thefluidsthemselves.Thetube

materialalsoshouldbecompatiblewithboththeshellandtubeside

fluidsforlongperiodsundertheoperatingconditions(temperatures,

pressures,pH,etc.)tominimizedeteriorationsuchascorrosion.All

oftheserequirementscallforcarefulselectionofstrong,thermally-

conductive,corrosion-resistant,highqualitytubematerials,typically

metals.Poorchoiceoftubematerialcouldresultinaleakthrougha

tube between the shelland tube sides causing fluid cross-

contaminationandpossiblylossofpressure.

2.6TypesofHeatExchangers

Classified divided exchangers based on many considerations,

including what is classified according to the mode of

communication,suchasthenumberoffluidsusedintheexchange,

includingbywayofconstructionandthesurfaceoftheexchange,

suchastheheatexchangemechanism,andgenerallytherearefour

heatexchangersClassifiedasentryintothefluidhotandcoldduring

whichmethodon:-

1/Heat exchanger with a single fluid and constant

temperature.

2/Heatexchangerparallel.

3/Heatexchangerwithreverseflow.

4/Theheatexchangerwithaflowperpendicular.

2.6.1DoublePipeHeatExchanger

Themostfamousand oldestspeciesevercalled (Doublepipe)
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wherewalkingthefirstfluidinsidethetubeandthesecondinside

thespacebetweenthefirsttubeandthesecond(tubewithinatube)

and the movementof fluids may be in the same direction

(concurrent)orintheoppositedirection(countercurrent).

2.6.2ScallopedHeatExchanger

Itisthemostcommonlyusedinindustrieswherelargecapacityto

heatorcoollargequantitiesoffluid.Whereitconsistsofalarge

shellwithinwhichalargegroupofpipesmatrixinparallel,theremay

bemorethanagroupoftubespassingthefluidinsidetheshellonit

morethanoncepasspathsarecalledsinglepassor1-1exchanger

thecoincidencecontainstwopassagewayscalled1-2exchanger.

Afewtimeswemighthavemoreofacoincidence(shell)isthebest

knowntypeofcomponentfrom coincidencesandfourlanes2-4

exchangertubes.Andincreasetheaislesareusuallyusedtogivea

greateropportunitytomeetbetweenfluidsandthereforeagreater

amountofheattransferand species in the months exchanger

psoriasisis1-2and2-4andarewidelyusedintheindustry.

2.6.3ShellandtubeHeatExchanger:

Itisoneofthemostusedexchangesinthefieldofchemicaland

petroleumindustriesandothertypesofindustrialfieldsandforthe

followingreasons:

1.Theoverallshapeoftheswapgivesitalargesurfacearea

ofrelativelysmallsize.

2.Thegeneralshapeiseasytouseinmanydifferent

applications.

3.Itispossibletousemanykindsofmineralsinthe

productionofsuchkindofexchanges.

4.Easytoperform inspection,maintenanceandcleaning.

5.Easydesignandmanufacturingprocedures.
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Figure(2.1)showspassofshelland1passoftubeheatexchanger

Figure (2.2)shows 1 pass ofshelland 2 pass oftube heat

exchanger.
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Figure(2.3)shows2passofshelland4passoftubeheat

exchanger.

Shellandtubeheatexchangersrepresentthemostwidelyused

vehicleforthetransferofheatinindustrialprocessapplications.

Theyarefrequentlyselectedforsuchdutiesas:

 Processliquidorgascooling.

 Processorrefrigerantvapororsteam condensing.

 Processliquid,steam orrefrigerantevaporation.

 Processheatremovalandpreheatingoffeedwater.

 Thermalenergyconservationefforts,heatrecovery.

 Compressor,turbineandenginecooling,oilandjacketwater.

 Hydraulicandlubeoilcooling.

 Manyotherindustrialapplications.

Shellandtubeheatexchangershavetheabilitytotransferlarge

amountsofheatinrelativelylowcost,serviceabledesigns.Theycan

providelargeamountsofeffectivetubesurfacewhileminimizingthe

requirementsoffloorspace,liquidvolumeandweight.Shelland

tubeexchangersareavailableinawiderangeofsizes.Theyhave

been used in industry for over 150 years,so the thermal

technologies and manufacturing methods are welldefined and

appliedbymoderncompetitivemanufacturers.Tubesurfacesfrom

standard to exotic metals with plain or enhanced surface

characteristicsarewidelyavailable.Theycanhelpprovidetheleast

costlymechanicaldesignfortheflows,liquidsandtemperatures

involved.

2.6.3.1Theadvantagesofshellandtubeexchangers

1.Theconfigurationgivessurfaceinasmallvolume.

2.Good mechanicallayoutand a good shape forpressure

operation.
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3.Usewell–establishedfabricationtechniques.

4.Canbeconstructedfrom awiderange.

5.Easilycleaned.

6.Well–establisheddesignprocedures.

Forallabovementionedadvantageselecttheshellandtube

exchangers, this heat exchanger is characterized by other

exchangers:

1.Easyandquickcleaning.

2.Givealargesurfaceareainasmallsize.

3.Technical,uncomplicatedandeasytomanufacture.

4.Multiplemanufacturingmaterialsareavailable.

2.6.3.2Tubearrangements

Thetubesinexchangersareusuallyarrangedintriangular,square,

orrotatedsquarepattern.Ichooseatriangularpitchbecauseit

giveshigherheattransferrates.

Figure2.4Tubepatterns.

2.6.3.3Tubesidepasses

Fluidinthetubeisusuallydirectedtoflow andforthinnumberof

passes through gropes passes oftubes arranged parallelto

increasethelengthofflowpath,thenumberofpassesisselectedto

givetherequiredtube–sidedesignvelocity.

2.6.3.4Shelltypes(passes)

Thesingleshellpasstypeisthemostcommonlyused,tow shell

passesareactuallyusedwheretheshellandtubesidetemperature
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differenceswillbeunfavorableinasinglepass,thoughtthesame

flow arrangementcanbeobtainedbyusingtow moreexchangers

shellinseries.

2.6.3.5Baffles

Bafflesareusedintheshelltodirectthefluidstream acrossthe

tubesto increasethefluid velocityand so improvetherateof

transfer.

Themagnitudeoftheindividualcoefficientswilldependonthe

nature of the heat transfer process (conduction,convection,

condensation,boilingorradiation),onthephysicalpropertiesofthe

fluids,onthefluidflowrates,andonthephysicalarrangementofthe

heat-transfersurface.

Asthephysicallayoutoftheexchangercannotbedetermineduntil

theareaisknownthedesignofanexchangeisofnecessityatrial

anderrorprocedure.

Thestepsinatypicaldesignprocedurearegivenbelow:

1.Definetheduty:heattransferrate,fluidflowratestemperature.

2.Collecttogetherthefluidphysicalpropertiesrequired:density,

viscosity,temperatureandconductivity.

3.Selectthetypeofexchangertobeused.

4.Selecttrialvaluefortheoverallcoefficientofheattransfer(U).

5.CalculatethemeantemperaturedifferenceTm.

6.Calculatethearearequiredfrom theequation:Q=UA∆Tm

7.Selecttheexchangerlayout.

8.Calculatetheindividualheattransfercoefficients.

9.Calculatetheoverallheattransfercoefficientandcompareit

withthetrialvalue.Ifthecalculatedvaluedifferssignificantly

from theestimatedvalue,substitutethecalculatedforthe

estimatedvalueandreturntostep6.
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10. Calculatetheexchangerpressuredrop.

2.6.4PlateHeatExchanger

Itiscalledaplateexchanger,whichconsistsofasetofveryclose

panelssothatthehotliquidisinacorridorfollowedbythecoldin

theothercorridor.

Figure(2.5)showstheplateheatexchanger.

2.6.5Casesoffluidflowinheatexchangers

Therearetwocasestothedirectionoffluidflowinheatexchangers:

2.6.5.1ParallelFlow

Thedirectionoffluidflowinthiscaseissimilar.Thatisthefluids

movesinthesamedirection.AsinFigure:

Figure(2.6)showstheparallelflow.

2.6.5.2CounterFlow
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Thedirectionofthefluidflowisreversed.Thatisthefluidgoesin

oppositedirectionsandasinthefigure:

Thedirectionofflowfluidscontrastedthatanyfluidsgoinopposite

directionsasinthefigure:

Figure(2.7)showsthecounterflow.

TheX-Axishorizontalaxisinthetwofiguresaboverepresentsthe

lengthoftheexchanger.Thenotesareincounterflow temperature

bandsareprovenalmostalongtheheatexchanger.Whileinparallel

flow itisnotedthatthedifferenceisverylargeintheentryofthe

exchangeranddecreasesalongitslength.

Practicalapplicationshaveshownthatthecounterflow ismore

efficientthantheparallelflow.

Theheatexchangerisusedusuallyforthefollowingpurposes:

Liquidorgasheating.

Coolingliquidorgas.

Steam intensifies.

Steamingliquid.

2.6.5.3CrossFlow

Usuallyitusedforgases(oftentocool),whereyoupassonthe

interceptorpipesetcontainingaliquid(to beheated),whichis

mixedwherethefluidpassesintothepipegroupandallheats.

Forgasmaybemixedormayseparatesitsparts,insulatingpanels

andiscalledMixedAmongthemostfamousapplicationsuseof
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exhaustgasesfrom certainindustriesinthewaterandheatingand

alsobeusedinair-conditionersarewidely.

Figure(2.8)showsthecrossflow.

2.6.6Classificationofheatexchangersaccordingtothenatureof

thework

1. Heaters:theexchangersthatareusedtoheatthehotliquid

fluid.

2. Coolers:Heatexchangersusedtocoolthefluidsbyanother

liquid,usuallywaterisusedforthispurposeiscalledthe

coolingwaterinthecaseoftheuseofaircalledtheair

chillers.

3. Condensate:Heatexchangerwhichisusedtointensifythe

steam anditsmainobjectiveistoremoveorlatentheatof

vaporization and absorption ofwateris used forthis

purposeusually.

4. Evaporators:Commonlyused to concentrate lotions by

evaporationofwater(aqueouslotionsofthese).

5. Boilers:Heatexchangerstypicallyusedtoheatdistillation

towerstoseparatederivativesorretailtowers(toseparate

gasesfrom liquids).Watervaporiswidelyused in the
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petroleum industry.

2.6.7Typesofheatexchangersbasedonitsdesign

2.6.7.1Fixed-headexchangers

Intheseheatexchangersthepipeplateisfixedtotheshellateach

endoftheheatexchanger.

2.5.7.2FloatingHeadExchangers

Inthistypeofheatexchangerinstalloneofthetwotubelinersfrom

oneend14andleaveloosefrom theotherend.Inordertoallowthe

expansionofthepipepackageasaresultofthermalexpansion,

especiallyifthethermaldifferencesbetweenthelargefluid

Thistypeisusedverywidelyintheoilindustryandiseasytoclean

whendoingmaintenancework.

2.6.7.3U-TypeExchangers

Inthistypeofheatexchanger,thepipeisU-shapedandthepipeis

installedononesheetofpipe.Inthistypethepipesareextended

freelyand areusuallyused inboilers,especiallythosethatare

heatedbysteam andusedfortemperaturesandhighpressures,but

itisdifficulttocleanthem bynormalmeanscomparedtoother

types.

Itisusedtocleanmodernmechanicalmeanssuchastheuseof

highpressurewaterorfinebrushesandflexiblehoses.Thistypeis

commonlyusedintheoilindustry.

Figure(2.9)showstheU-typeheatexchanger.

2.6.7.4DoublePipeheatExchanger

Itisanexternaltubeandanotherinternaltubeshorterandpassthe



XXII

materialthroughtheoutertubeandothermaterialtobecooledor

heated through theinternaltubeand theadvantageofcheaper

prices.

Figure(2.10)showsthedoublepipeheatexchanger.
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CHAPTERIII

CaseStudy

3.1Preface:

PetrodarOperatingCompany(PDOC)isaninternationalbusiness

company,incorporatedunderthelawsoftheBritishVirginIslands

on31October2001.Theconcessionareawasblocks3&7,which

weresituatedbetweenlongitudes31&34Eastandlatitudes8&10

North.Thetotalconcessionareawasabout72,000km2.(company,

2018).

A consortium of internationalexploration and production oil

companieshasbeenestablishedtoexploreandexploitoilinthe

concessionarea.Theconsortium enteredintoanExplorationand

ProductionSharingAgreement(EPSA)withtheGovernmentofthe

SudaninNovember2000.Theconsortium alsoenteredintoaCrude

OilPipelineAgreement(COPA)forthedownstream operationsin

2006.On8May2011,PDOCconcludedtheCrudeOilTransportation

Agreement(COTA)withtheGovernmentoftheSudan(company,

2018).

3.1.1Shareholders:

PDOC wasthe designated operatorto manage and run the oil

operationsintheabovestatedconcessionareaonbehalfofthe

shareholders,whoare:

 ChinaNationalPetroleum Corporation(CNPCInternational-

DAR),aChinesenationalcompany,incorporatedintheBritish

VirginIslandsandhasaregisteredbranchintheSudan.It

owns41%ofthesharesofPetrodar.

 PetronasCarigaliNile(PETRONAS),anationalMalaysianoil

company,incorporatedinMalaysiaandholds40% ofthe
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sharesofPetrodar.

 SudapetCo.Ltd (SUDAPET),a company owned by the

GovernmentofSudanandholds8%ofthesharesofPetrodar.

 SINOPECInternationalPetroleum ExplorationandProduction

Corporation(SINOPEC),aprivatecompany,incorporatedin

Chinaandholds6%ofthesharesofPetrodar.

 Tri-OceanExplorationandProduction(TRI-OCEAN),aprivate

company,incorporatedinCaymanIslandsandowns5% of

thesharesofPetrodar.

3.1.2AL-JabalainCPF

AL-JabalainCentralProcessingFacility(CPF)wasdesignedinitially

with(9)trainstoprocessandtreata210,000bbl/dcrudeoilin

phase-Ithen ithasbeen upgraded and expanded with (8)new

processingtrainsaddedtothefacilitiesinphase-IItoprocessand

handlea300,000bbl/dcrudeoilwith10%watercutmaximum at

feedinlet.

Al-JabalaynCPFcomprisesthefollowingprocesssystem

1.CrudeOilReceivingSystem

2.CrudeOilProcessingSystem

3.CrudeOilStorage/Exportingsystem

4.UtilitySystem

AL-Jabalain CPF processsystem receivespartially-treated crude

withmaximum 10%watercutfrom thePalougeFPFthroughPS#1

viaa24”

pipeline,250km long.

3.1.3PDOCBusinessChange

TheremarkablebusinesschangeinSudan’soilandgassectorwas

drivenbySouthSudanseparation/secessionon9thJuly,2011.

However,duringandafterthisdevelopment,PDOChaseffectively
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and efficientlymanaged the challenges and has continued the

business with best momentum and blossomed records of

outstandingachievementsandsuccessstories.

BythedawnofMarch2015,PDOChascontinuedgivingmorecare

and devoting additionaleffortand opportunity to embark on

ProcessingandTransportationactivities.

This change in business landscape was tailored by signing a

Memorandum ofUnderstanding(MOU-24thJune2014)between

thegovernmentofSudanandPDOCshareholders.Thus,thecurrent

PDOC Focus is mainly on OilProcessing and Transportation

activitiesbesidetheotherestablishedcorporateandgovernance

strategiesandinitiatives.

3.1.4PDOCPipelineOperations

TheprocessingandtransportationofPDOCDarBlendcrudeoilare

majorelementsofPDOCMission.ThisisundertakenthroughPDOC

giantpipeline together with its pumping stations,processing

facilities atAL-Jabalain CentralProcessing Facility (CPF)and

Bashayer-2MarineTerminalcrudeexportingfacilitiesatPortsudan.

3.1.5Pipeline

PDOCExportPipelineisoneofthreemajorcross-countrypipelines

transportingcrudeintheRepublicoftheSudan.

Themainpipelinetransportsexport-qualitytreatedcrudefrom the

FieldProcessingFacilities(FPF)locatedatPaloguetotheMarine

Terminal(MT)atPortSudan.The(FPF)atPaloguesuppliespartially

-treated crude with a maximum of10% water-cut.The pipeline

segmentbetween(FPF)atPalogueand(CPF)atAlJabalainis

technicallyreferredtoastheFieldPipeline(approximately237km)

asthecrudetransportedisofpropertiesandspecificationsdifferent

from theexport-qualitycrude.
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Thecrudeoilpipelinetransportationsystem consistsofthreemajor

components,namely:

1.TheNominalPipeSize(NPS)32-inch diameterpipeline

1370 km in length with associated sectionalizing block

valves,scraperlaunchingandreceivingfacilitiesandtake-

offvalvesforfuturetake-offstations.

2.The pipeline pumping facilities ofwhich six pumping

stationswerebuiltforthefirstphasewithdesigncapacity

of300,000 bpd.Each pumping station includes three

centrifugalpumpswithtwoworkingandoneinstand-by

position;two screw pumps used forlow-flow “yo-yo”

operationsandforinitialstart;heaters;dualfuelengines;

tankage,fuelstorage,andotherutilities.

3.MarineTerminalwhichexportstransportedcrudewitha

capacityof2,000,000barrelsperday.

3.1.6PipelineQuickReferenceFacts

 ConstructionbeganonOctober8th,2004andwascompleted

onDecember24th,2005.

 PDOCPipelineSystem wasdesignedandconstructedtomove

oilfrom thesoutheastofSudantothemarineterminalatPort

Sudan,NorthEastofSudan.

 Length:1370km.

 Diameter:32inches.

 Crossesmountainranges,2majorriversandmanystreams

andvalleys.

 FirstoilmovedthroughthepipelineonJuly25,2006.

 Firsttankertocarrycrudeoilfrom MT:August30,2006.

 Designlife:designedforanoperatinglifeof25years.
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 LinepipeisCarbonSteel,API5LX65&70.

 Pipelineexternalcoating:ThreelayerPolyPropylene(3LPP),

consistingof500micronepoxycoating,primerand2.5mm

Polypropylene, providing excellent protection against

mechanicalandimpactdamage.

 Cathodic Protection (CP) is the secondary means of

combatingexternalcorrosionofthepipeline.The(CP)was

designedtousetheimpressedcurrentsystem andseveral

factorswereconsideredforitssizingnamely,soilresistivity,

requiredcurrentdensity,coatingbreakdownfactorandanode

bedtype.

4.8PumpingStations

Pumping Stationswith Main LinePumps,HotOilHeaters,Fuel

StorageTankandControlBuilding.

3.1.7Bashayer(2)MarineTerminal

PDOCexportstheDarBlendCrudethroughitsownMarineTerminal

(MT)Bashayer(2)whichwasinauguratedbyH.E.thePresidentof

theRepublicoftheSudanon11July2007.

The(MT)includesthefollowingfacilities:

1.Six(6)storagetankswithacapacityof500,000barrelseach

(totalstoragecapacityis3millionbarrels).

2.OnshoreFacilities:HeatExchangers,MeteringSkid,Boosters,

ShippingPumpsandHeaters.

3.Offshore Facilities:Sub-sea Line,Pipeline End Manifold

(PLEM),SinglePointMooring(SPM)andJetty.

4.WaterTreatmentUnit.

5.PowerStation.

6.FireFightingandFoam System.

3.1.8PipelineSpecialAchievements
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 PDOCpipelinewassubjectedtoaprolongedshutdown(about

15months)asdirectedandeffectedbytheGovernmentof

SouthSudaninFebruary2012.

 PDOC underthe directsupervision and follow up ofthe

MinistryofPetroleum & Gashassuccessfullymanagedto

preservethepipeline,preventcrudegellingandsecurepipeline

integrity.

 Downstream facilities have also been preserved whereby

corrosion and rusthave been successfully prevented by

applyingadvancedgravitationaldewateringmethodologies.

 Pumpstations,theMarineTerminalandoffshoresystem have

successfullybeenpreserved.

 Resumptionofoiltransportationhasbeenconductedsafely

andsuccessfullybyPDOC.

 Theabovestated shutdown /resumption operationshave

professionallybeencarriedoutbyastaff98% ofwhom are

highlyskilledSudanesenationals.

3.2DatacollectionandCalculation

Aconvenientmeasureofheatexchangerperformanceisits

“efficiency”intransferringagivenamountofheatfrom onefluidat

highertemperaturetoanotherfluidatlowertemperature.The

efficiencycanbedeterminedifthetemperaturesatallflow

openingsareknownHeatexchangerefficiencyisdefinedasfollows:

…………………...……….equation(1)

ε=eff= ×100

= …………...….equation(2)Qth *( *Mth CPth) ( -Tthin Tthout)

= …………...….equation(3)Qcr *( *Mcr CPcr) ( -Tcrout Tcrin)

Where=
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theminolHeatquaintly =Qth

=CrudeoilheatquantityQcr

=MassoftherminolMth

=MassofcrudeoilMcr

=therminolHeatcapacityCPth

=CrudeoilheatcapacityCPcr

=inlettemratureoftheminol=centigradeTthin

=outlettemratureoftheminol=centigradeTthout

=outlettemperatureofcrude=centigradeTcrout

=inlettemperatureofcrude=centigradeTcrin

Actualheattransfermaximum possibleheattransfeTheactualheat

transfercanbecalculatedaseithertheenergylostbythehotfluid

ortheenergygainedbythecoldfluid.Themaximum possibleheat

transferisattainedifoneofthefluidswastoundergoatemperature

changeequaltothemaximum temperaturedifferencepresentinthe

exchanger,whichisthedifferenceintheinlettemperaturesofthe

hotandcoldfluids.

Exampleforcalculationofhigheffciceny.

571130Kg/H =Mth

670300Kg/H=Mcr

2.85KJ/Kg.K =CPth

2.13KJ/Kg.K(Dailyreport,2017)=CPcr

132°C=Tthin

103°C=Tthout

71.9°C=Tcrout

41.9°C=Tcrout

2)tocalculateheattransferbytheminol)UseEq

= …………...….equation(2)Qth *( *Mth CPth) ( -Tthin Tthout)

Kj/K47203849.5=(103-132)*2.85*571130=Qth
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3)tocalculateheattransferbycurdeoil)UseEq

= …………...….equation(3)Qcr *( *Mcr CPcr) ( -Tcrout Tcrin)

=670300*2.13*(71.9-41.9)=42832170Kj/KgQcr

1)tocalculateefficiency)UseEq

…………………...……….equation(1)

ε=eff= ×100

ε=47203849.5/42832170*100=efficiency=90.73%
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CHAPTERIV

ResultsandDiscussion

4.1Resultscalculation
ε=eff= ×100

Table(4.1)showOctoberdataofcrudeoilandtheminol

Asshowntable(4.1)andgraph(4.1)Octoberdataofcrudeoiland

Hotoilfluid(theminol),themaximum crudeoiltemperature73.2

degreeand the fuelconsumptionis7m3/hwithhighefficiency

75.64%.

table (4.1)and graph (4.2)show Octoberdata ofcrude oil

temperature73.2degattheminolflow rate558195Kg/h,according

to researchmust take in account the four items (crude oil

temperature,theminolflow,efficiencyrateandfuelconsumption)

togetherforexampleifthecrudeoiltemperatureishighagainsthigh

fuelconsumptionthisresultisnotconsidering,sothisresultisnot

suitable.
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Figure(4.1)show Maximum crudetemp73.2whentherminolflow
rateis558195Kg/h

Figure (4.2)show Maximum crude temp 73.2 deg when fuel
consumptionis7m3

Table(4.2)showNovemberdataofcrudeoilandtheminol
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Asshowntable(4.2)andgraph(4.3)Novemberdataofcrudeoiland

Hotoilfluid(theminol),themaximum crudeoiltemperature74

degreeandthe fuelconsumptionis8m3/h withhighefficiency

66.9%.

table (4.2)and graph (4.4)show Octoberdata ofcrude oil

temperature74degattheminolflow rate567160Kg/h,according

to research musttake in accountthe fouritems (crude oil

temperature,theminolflow,efficiencyrateandfuelconsumption)

togetherforexampleifthecrudeoiltemperatureishighagainsthigh

fuelconsumptionthisresultisnotconsidering,sothisresultisnot

suitable

Figure(4.3)show Maximum crudetempis74degwhentheminol
flowrateis567160Kg/h
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Figure(4.4)showMaximum crudetemp74degwhenminimum fuel
consumptionis7m3
Table(4.3)showDecemberdataofcrudeoilandtheminol

Asshowntable(4.3)andgraph(4.5)Decemberdataofcrudeoiland

Hotoilfluid(theminol),themaximum crudeoiltemperature71.9

degreeandthe fuelconsumptionis4m3/h withhighefficiency

90.7%.

table (4.3)and graph (4.6)show Octoberdata ofcrude oil

temperature74degattheminolflowrate571130Kg/h,according

to research musttake in accountthe fouritems (crude oil

temperature,theminolflow,efficiencyrateandfuelconsumption)

togetherforexampleifthecrudeoiltemperatureishighagainsthigh
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fuelconsumptionthisresultisacceptablesoissuitable.

Figure(4.5)showMaximum crudeoiltemperature71.9deg attheminolflow
rate571130Kg/h

Figure(4.6)showMinimum fuelconsumption5m3/hwithmaximum
crudeoiltemperature71.9deg

Table(4.4)showJanuarydataofcrudeoilandtheminol
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Asshowntable(4.4)andgraph(4.7)Januarydataofcrudeoiland

Hotoilfluid(theminol),themaximum crudeoiltemperature72

degreeandthe fuelconsumptionis7m3/h withhighefficiency

71.8%.

table (4.4)and graph (4.8)show Octoberdata ofcrude oil

temperature72degattheminolflowrate596005Kg/h,according

to research musttake in accountthe fouritems (crude oil

temperature,theminolflow,efficiencyrateandfuelconsumption)

togetherforexampleifthecrudeoiltemperatureishighagainsthigh

fuelconsumptionthisresultisnotconsidering,sothisresultisnot

suitable
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Figure (4.7)show Maximum crude temperature 72 deg when
theminolflowrateis596005Kg/h

Figure(4.8)showMaximum temp72degwhenfuelcons7m3/h

Table(4.5)showFebruarydataofcrudeoilandtheminol
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Asshowntable(4.5)andgraph(9.4)Februarydataofcrudeoiland

Hotoilfluid(theminol),themaximum crudeoiltemperature72.5

degreeandthe fuelconsumptionis7m3/h withhighefficiency

60.3%.

table (4.5)and graph (10.4)show Octoberdata ofcrude oil

temperature72degattheminolflowrate597030Kg/h,according

to research musttake in accountthe fouritems (crude oil

temperature,theminolflow,efficiencyrateandfuelconsumption)

togetherforexampleifthecrudeoiltemperatureishighagainsthigh

fuelconsumptionthisresultisnotconsidering,sothisresultisnot

suitable
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Figure(4.9)show Maximum crudetempis72.5degwhenflow rate
597030Kg/h

Figure(4.10)showMaximum crudetemp72.5whenminimum fuel
consumption5
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4.2Result

1.Maximum thermalefficiencyis90.7withlow fuel4meter

cubicperhoursconsumptionoccursinDecember2017when

thermalflowratewas571130Kg/h.

2.Itcan increase the crude oiltemperature outletofheat

exchangertosomeextendwiththesamefuelconsumption

whenchangethermalflowrate.

3.thesuitablefuelconsumptions4metercubicperhourswhich

give the highestcrude oiltemperature about71 degrees

Centgarde,theresultcanbetaken asoperationreference

procedures.

4.3Discussion

Thisresultisnotgivehighaccuracybecauseitisnottakingin

account thecalculationofquantityofheatwhichgainbythefuel

consumptiontoriseupthethermalfluidtemperature.

Thedataistakenfrom localgageandcontrolroom computers

Inpetrodaroperatingcom panytherearetwoheaterinthestation

oneonlineandtheotherstandbysothedatatakenfrom bothof

them ifittakenfrom oneheater thestudywillbeveryaccurate

becausetherearedifferentintheheaterperformance.
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CHAPTERV

Conclusionandrecommendation

5.1Conclusion

Increaseoftheheattransfercoefficientastheflowratefortheheat

exchangerincreased.Thismeansthatincreasingflow allowsfor

moreheattobetransferredbetweenthetwofluids.Bytakinginto

accountthesizeandflow rate,thedesiredtemperaturecanbe

reachedwhilemaximizingefficiencyandreducingcosts

5.2Recommendation

1.Theoperationmethodoftheheatertoobtaintheoptimum

crudetemperaturedegreeCelsiuswithlow fuelconsumption

andhighefficiency90.7%.byflowthermalrate571130Kg/h.

Inthenextstudymuttakinginaccount thecalculationof

quantityofheatwhichgainbythefuelconsumptiontoriseup

thethermalfluidtemperature.resultcanobtainhighaccuracy.

2.Theoperationmethodwhichobtainedcanbeusedforall

petdodaroperatingcoasmanualprocedure.
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