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⑤
F1uidF1owandHeatTransferAnalysisofDifIbrentFinPatterns

andA1TangementataNarrowDuct．

5.1Introduction

lnthischapterwewouldliketoinvestigatethefluidflowandheattransfbrcharacteristics

offinnedsurfacesoffburdifferentfinpattem・co-angular,zigzag,co-rotatingandco-counter

rotatmgpattemofdifferentpitchratioof２，３ａｎｄ3.5．Experimentswereconductedfbrfinｓ

settingatanarrowductof50mmheightHerewewilldiscussfirstthefiictionfactorandthe

Howbehaviorofdifferentfinpatternbysmokeflowvisualizationandoiltitaniumoxidefilm

Howvisualizationfbllowingadetaileddiscussionoftheheattransfercharacteristics・Inaddition

wewillcomparethethermalperfbnnanceofthefinpattems．

5.ZFlowviSualizatio、

5.2.1SurfaceoilfilmHowpattemsaroundfinsattheendwall

ThetitamumoxideoilfilmUowpattemsdevelopedattheendwallfbrtheco-angular,zigzag,ＣＯ‐

IDtatingandco-counterrotatingpattemsareshowninFi9.5.1(a)－(｡).Fortheco-angular

pattemasshowni、Fig.５．１（a),fbreveryfinrowahorseshoevortexwasclearlyobservedin

hontofthefins・AseparationlineappearedatthefirstrowfiPomthemidpositionofthefinsand

thenreattachedatthebackofthefinswherevortexrolledupalongthetrailingedgeofthefin・

ThistypeofvortexfbnnationwasalsoobservedatlowerReynoldsnumberbydyeflowinwater

tablearoundco-angularpatterninductflow[2007］Alongitudinalvortexgeneratedbytheside

topedgewasalsoobserved，whichreattachedtotheinterfinregionbutcouldnottouchthe

endwallshieldedbythehorseshoevortex・Thestreaklinemthefigurealsoindicatesthatthe

４３



HowpassedsomewhatdiagonalIythroughthepassagebetweenthefbllowingfins・Ｉｎｔｈａｔ

instanceitwasobservedthatflowcontactedbothsideofthefins．
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TheflowpatternattheendwallaroundthezigzagpatternisshowninFi9.5.1(b)andit

looksdiffbrentthanthatofco-angularcaseasshowninFi9.5.1(a).Thoughastronghorseshoe

vortexwasclearlyobservedaroundtheUpstreamsidefinsbutthestreaklineappearance

indicatesthatthestrengthofthevortcxwasdecreasedatdownstreamsidefins・Thelongitudmal

vortexgeneratedbythesidetopedgestouchedthefiDntsideofthefinsandthenearbyendwalL

TherearsidesofthefinswerelightlytouchedAsthedirectionsofthefinsalternated,Howcould

notpassdiagonally,ratherflowedinasinusoidalwavypattem，

Flowpattemincaseofco-rotatmgpattemasshowninFi9.51(c)looksdifferemthan

thatofpreviouscasesthoughthehorseshoevorticesarefbnnedattheleadingedgeofeveryfin

rows・AstheconvergingpairfbrmsanalTowexitatthetranmgedge,flowvelocityismcreased

whichisclearlydemonstratedbyoilfilmnow・Streaklmebehaviorindicatesthatflow

reattachedatthetrailingedgeandthenfbrmrolledUpvortexasshowninFi9.5.1（c)which

enhanceheattransferinthatregion.Longimdinalvortexgeneratedbysidetopedgeofdiverging

finpairwasalsoobservedwhichstrucktheendwallbetweenthefinpairverystrongly・Here，

longitudinalvortexesweregeneratedbybothfinsandcombinedlystrucktheendwallwhich

enhancedtheheattransferfiPomthatregion・Thisfloweffectwillbefilrtheranalyzedlaterwith

thethennalimage・Streaklmeappearanceisfbundsimilarfbreveryfinrows・

Inco-counterrotatmgpatternasshowninFi9.5.1（｡),fIrstrowfinsexhibitsameoil

Uowpattemasthatofco-rotatingcase･Astheconsecutivesecondflnrowsarecounterrotatmg

(oppositerotation)type,theflowbehaviorofthesecondrowshowsdiffbrentthanthehrstfin

row・Flowaroundthirdandfburthfinrowｓａｒｅｓｉｍｉｌａｒｔｏｔｈａｔｏｆｆｉｒｓｔａｎｄｓｅｃondfiｎｒｏｗｓ

respectivelyHorseshoevorticesarenotstronglyobserved．
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5.2.2Smokeflowvisualization

TheflowbehaviorandtheHowpattemdevelopedfbrtherectangularfinofco-angular，

zigzag，co-rotatingandco-coumerrotatingpattemaremoreclearlyobservedinsmokeHow

visualizationasshowniｎＦｉｇ５２(a)－(d）Inthisvisualizationshadowofthefinsareappeared

andcouldnotbecompletelyremovedasthefinendswereblackpaintedtoeliminatereflection・

Incaseofco-angUlarpattern,attheleadingedge(ffont)ofthefirstrowfins,horseshoevortex

wasclearlyobservedandthisvortexexistsattheleadingedgeofeveryfinrows・Atthetrailing

edge,behindthefin,rolledupvortexwasalsoappearedduetolowpressureatthatregionand

thisvortexwasalsoobservedateveryfinrows・Flowreattachedatthemiddleoffrontsideface

ofthefins，Longimdinalvortexgeneratedbythesidｅｔｏｐｅｄｇｅｏｆｔｈｅｆｉｒｓｔｒｏｗｆｉｎｓｓｔｒｉｋethe

endwallandcominuestomoveandtouchthemterfinregionaswellasthefbllowingfins・

Incaseofzigzagpatternhorseshoeｖｏｒｔｅｘｓａｍｅａｓｔｈａｔｏｆｃｏａｎｇｕｌａｒｐａｔtemwasalso

observedattheleadingedgesofthefirstrowfinsHorseshoevortexeswerenotsoclearatthe

leadingedgeofthesecondrowfins・Vortexfbrmedatthetrailingedgeofthefirstrowflns

combinedwiththeincomingflowandthenstronglyhitthefiPontsideoftheconsecutive

fbllowmgfinsasthezigzagpattemfblmsasinusoidalwavyflowpatternF1owgotagood

chancetowashtheinterfinregionandtheleadingedgeofthesecondrowfinsthoughbackside

ofthesecondrowfinswerenotstronglytouchedFlowbehavioraroundco-angularandzigzag

patternhasthesimilaritywiththatofdyeflowinwatertable[2007｝F1owbehavioraroundthe

co-rotatmgpattemislookeddifferentthanthatoftheprevlouscases・Longitudinalvortex

generatedbythedivergingpairoffirstrowfinscombinedandthenstrucktheendwallbetween

thepairandcontinuesmovingfilrtherdownstreamInthisinstanceitshouldbememionedthat

theconsecutivepairofthesecondrowfillsfbrmedthesamevortexandjoinedwiththeprevious

one・Atthetrailingexitoftheconvergingfinpair,flowvelocitywasincreasedandstronger

rolledupvorticeswereappearedatthemiddlepositionbetweenthefirstandsecondrowfinsthat
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stronglytouchedtheendwallaswellasthefbllowingfinsHorseshoevortexesarestillobserved・

Inco-counterrotatingpatternmorecomplicatedflowbehaviorisobservedasthe

consecutivefinrowsareoppositeinarrangements､InFig､５２(b)and(c)thedifferenceofUow

behaviorisobservedinthemiddleportionoftheconsecutivefinrowsinstreamwisedirection、

Vortexfbnnedbythedivergmgpairofthefirstrowfinscombinedandtouchedtheendwallbut

thisnowisdismrbedbytheconvergingpairofthefbllowingfinsandsoheattransferatthatarea

oftheendwallisdecreaseｄｔｏｓｏｍｅｅｘｔｅｍ．

5.3Frictionfactor

Ｔｏｅｓｔｉｍａｔｅａｐｒｅｓｓｕｒｅｄｒｏｐａｓｗｅｌｌａsthennalperfbrmancewithinsertionoffinsthe

hictionfactorfbrfburdiffbrentfinpatternsarrangedwiththreedifferentpitchratioswere

measured,anditsresultwereshownmFig53､Frictionfhctor,／isObtainedffomEq.(3.1).Ｔｈｅ

/valuesfbrallthepatternsarelargercomparedwiththeskinhFictiononasmoothduct(without

fills)whichisexpressedinthefbnnofEq.(5.1)fbrafUllydevelopedturbulentflow、

バー0.3164Re-w （5.1）

AmongthethreediffbrentvaluesofpitchratiothelargestfiPictionfactorisobtainedfbrPR＝２

ａｎｄｔｈｅｌｏｗｅｓｔｖａｌｕｅｉｓｏｂｔａｉｎｅｄｆｂｒＰＲ＝3.5．Thisisbecausehighfindensitycauseslargcr

restrictiontoairnowthanthatoflowfindensity・Ontheotherhandamongthefburfinpattems，

co-mtatingpattemshowsthelargestfiictionfactorwhilethcco-angularpattemshowsthelowest

value・Ｔｈｉｓｉｓｄuetothefactthatlongimdinalvortexgeneratedbytheleadingfillrowstrikethe

endwallstronglyandastｈｅｃｏｎｓｅｃｕｔｉｖｅｆｉｎｒｏｗｓａｒｅｏｆｓａｍｅｃo-IDtatingtypeeveryfinrDws

stｒｉｋｅｔｈｅｅｎｄｗａｌｌａｓｗｅｌｌａｓｆｍｓｕｒｆａｃestrongly,Asaresultcombinedlargerdragfbrceis

occunFedButfbrco-angularcaseflowcanescapeeasilythroughthesidejusttouchingthefin

andtheendwallatthebeginningrowsduetoitsco-angulartypeorientation
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HencethesmaUerdragfbrceisocculred．

Inco-coumerrotatmgcasecombinedlongimdinalvortexeffectisdeclinedasthe

consecutivefinrowsareoppositemalTangementsandhenceComparativelylowerfiPictionfactor

isappearedthantheco-rotatingpattern・AstheconsecutivefInrowsarealtematedindirections，

zigzagpattemhasmorecontactwiththefinsurfaceandconseqUentlyalargedragfbrceoccurs

thanfbrtheco-angularpattern,Forallfinpatterns,／decreaseswithincreaseinReynoldsnumber

andpitchratio,ＲＲ．

5.4DetailedheattransfCranalysis

Detailedheattransfercoefficientdistributionsattheendwallsurfacesandthefinbaseare

observedfbrrectangularfinsofallpatterns，co-angular，zigzag，co-rotatingandco-counter

rotaｔｍｇｗｉｔｈＰＲ＝２，３ａｎｄ3.5．Asfbrtypicalexamplesdetailedheattransferdistributions

aroundtherepresentativefinrowsofallthepatternsfbrPR＝２areshowninFigures,5.4-5.9．

Fromthein丘aredimagesofFig、5.4(a)，5.5(a)，5.6(a）ａｎｄ5.7(a）distinctheattransfbr

characteristicsareobservedfbrco-angular,zigzag,co-rotatingandco-counterrotatingpattem

respectively・

Forco-angularpattemasshowninFi9.5,4(a),theinharedimageshowshigflerheat

transferregionaleatthefinbaseandaroundthefins・Ｔｈｉｓｉｓｂｅｃａｕｓｅｆｌｏｗｔｏｕｃｈｅｓｔｈｅｆｉｎ

surfacesstronglyandsoextendedsurfaceeffectbecomeshigher､Atthesametimehorseshoe

vortexesｆｂｒｍｅｄａｔｔｈｅｆｉｏｎｔｏｆｔｈｅｆＩｎｓｃａｕｓｅｄtheheattransfbrenhancementinthatregion，

Longimdinalvortexesgeneratedbytheinclinedrectangularfinstouchestheinterfinregionand

therebyenhancesheattransfer､Behindthefinshigherheattransferregionsarealsoappearedas

thecorneredgescreatesmoreturbulence・Lowerheattransfbrregionsareobservedbetween3Id

rowand41hrowfins,ｉｅ.,ｂｅｔｗｅｅｎＣ３ａｎｄＣ４ｆｉｎ,Ｄ３ａｎｄＤ４ａｓｗｅｌｌａｓＥ３ａｎｄＥ４ｆｉｎ・PIDfileof

theselowerheattransferregionsarelooklikehysteresiscurveshapedasalreadyexplainedi、
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chapter3・Thesamephenomenonisalsoobservedamongthesuccessivefinrowsic､between

C4-C5,D4-D5,E4-E5andthefbllowingfins・

IncaseofzigzagpatternasshowninFig55(a),heattransfercharacteristicssimilartoco-angular

patternatthirdfinrowswasobservedwhereasdiffbrentheattransfercharacteristicｓｗａｓ

ａｐｐｅａｒｅｄａｔｏｔｈｅｒｆｉｎｒｏｗｓａｓｔｈefinsalcalternatelyangledmdirectionstoairflow・

Comparativelyhigherheattransfbrregionsattheendwallareenlargedinthiscasethanfbrco-

angularpattern,BecausetlleHowtouchestheendwallandaltematedlargefinsurfacesstrongly

whilethecornereffectsarestillobserved､Here,nearlydeltashapedlowerheattransfbrregions

areappearedandaredifferentincharacteristicsthanthatofco-angularcasa

T11emfraredimageofco-rotatingpattem,Ｆi９５．６(a)showsacompletelydifferentheat

transfercharacteristicsthanfbrprevioustwocasesHeattransfbrcoefficiemsshowsthehighest

valuesamongthethreecasesandtherefbretovisualizethehigllerandlowerheattransferregions

moreclearly,heattransferfieldwasrangedbetwｅｅｎｌＯＯ－２４０Ｗ/ｍ２Ｋ.Hereconvergingand

divergmgfinpairsfbnndifferentheattransfbrandflowfields，Longimdmalvortexesare

generatedbyeachofdivergingfinpair,combinedandthenstrucktheendwallininterfinregion

andfiontofthefbllowmgfinpairswhichcausedheattransfbrenhancementfiomtheendwallas

wellasfinsurfaces、Comparativelylowerheattransfbrregionsareobservedinfrontofthe

divergmgfinpairsasdivergingfinpairscouldnotgeneratesuchkindofvortexandcombined

strucktotheendwall・Fig.5.7(a)showssomewhatcomplicatedheattransfercharacteristicsfbr

co-counterrotatingpatternAstheconsecutivefinrowsareoppositetype,longimdinalvortex

generatedbydivergingfinpairsaresomewhatdisturbedbythefbllowingfhlpairsandso

comparativelylowerheattransferregionsareobservedininterfinregion，Ｈeattransfer

characteristicsateveryfinrowslookdifferentinappearancewhereinotherfinpattemshavetheir

identicalappearanceateachfinrows・

NowconsiderFig､5.4(b),Fig.5.5(b),5.6(b）ａｎｄ5.7(b)whichdescribeheattransfbr
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Fig.５．７Detailedheattransfercoeff1cientdistributionsaroundtherepresentativeHnsofco-

counterrotatingpattemfbrRe＝５．２２×１０４，ＨＩ－ｌＯｍｍａｎｄＰＲ＝Ｚ.(a)Infinredimage.(b）
Centerlineandmidlinedistributionand(c)Spanwisedistribution．
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coeffIcientdistributionsalongthecemerlineandmidlinefbrco-angular,zigzag,co-rotatingand

co-counterrotatingpattem,respectively・Forallpattemsperiodicdistributionisappearedalong

thecenterline,showingthelocalmaximaatthefincenterandminimaattheendwallamongfin

rows、ThemaximumandminimumvaluesoflocalheattransfercoeffIcientamundthirdand

fburthrowfinsarerelativelyhigh,fbllowingasubsequemdeclinealongdownstreamsidefills・It

isremarkablethatcenterlinedistributioninco-rotatingpattempossessesthehighestlocalheat

transfercoefficientamongthefburpattems､Midlinedistributioncurvearoundmaximaarenat

fbrzigzagandco-rotatingpattemasshownmFi9.5.5(b)andFig.5.6(b)whereinfbrco-angular

andco-counterrotatingpattern,curvelooksshalp､Ｔｈｅmidlinedistlibutionshowingtheendwall

heattransferlooksnearlynatandhalfofmaximumvaluefbrallpattemsexceptfbrco-rotating

pattｅｍ,Inco-rotatingandco-counterrotatingcasetwomidlinedistributionsaredrawninorder

toclarifydifferentflowfields・Inco-mtatingcasemidlincdistributionalongZﾂZ＝‐0.5iswavy

innatureandlocalmaximaexistjustatfiontoftllefinpairswhichisdifferentthanothercases、

Midlinedistlibutionsfbrco-rotatingpatternachievethehighestheattransfbrcoeffIcientamong

allfinpatterns．Ｉｔｍｉｇｈｔｂｅｄｕｅｔｏｔｈｅｃｏｍｂｉｎｅｄｖｏｒｔｅｘeffbctfbrmedbydivergmgfinpairs・

MidlinedistributionalongZ/Z＝＋０．５，１ooksnatandcomparativelylowerheattransfbr

coefficientsareobservedJUstbehindthefinpairsheattransfbrcoefficiemvaluesaremcreased

atsomeextemduetothenowaccelerationeffectandthisbehaviorcominuesateveryfinrows，

Incaseofco-coumerrotatingpattemmidlinedistributionalongZ>Z＝‐ｑ５ａｎｄ＋０．５１ooks

similarinnaturewithnosi8mificantdiffbrencelnmagnitudebetweenthem・

InordertoclarifymoredetailsofheattransfercharacteliStics,spanwiseheattransfbr

coefflcielltdistributionsatr/Ｚ＝0,0.5,1.0,Ｌ5,2.0and2.5aredrawnfbrallpatternsasshown

mFig.5.4(c),5.5(c),5.6(c)and5.7(c).Forco-angularpattem(Fig.5.4(c))periodicaldistribution

isappearedatr>Ｚ＝０and2.0,Ｌｅ・alongfincenter,whilejustbehindthefinsatr′Ｚ＝0.5and

2.5periodicaldistributionisappearedagainthoughthevaluesoflocalheattransfercoefficient
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arclowerthanthatoffincenter､A1ongthemiddlebetweenfinrows,ｉ､｡､ａｔｒ/Ｚ＝１．０，

distributiontendstowaldbeingflatandthevariationsofheattransfbrcoefficientareoflower

value・Frontofthefhls,Le・atｒ>Ｚ＝Ｌ5,heattransfercoefficiemdistributionmmedtoperiodic・

Forzigzagpattern(5､5(c)）ａｔＸ/Ｚ＝Ｏａｎｄ２０ｔｈｏｕｇｈｔｈｅｔｒｅｎｄｓｏｆｈｅａｔｔｒａnsfer

coeffIcientdistributionsissimilartoco-angularpatternbuttllecurvesaroundpeaksareless

shalpthanfbrco-angularpattern,indicatmghigherheattransfercoefficientatlargerarea・JUst

behindthefinsatrI/Ｚ＝Ｏ５ａｎｄ２・Sthenatureoftheheattransfbrcoefficientdistributionare

difIerentthanthatofco-angularpattern，

Incaseofco-rotatingpattem（5.6(c))，ａｔｒ９/Ｚ＝Ｏａｎｄ２．０identicalheattransfbr

distributionsareappearedalongfIncenterofthirdandfburthrowsInthiscase,inthemiddleof

convergingfInpairsandinthemiddleofdivergingfinpairsheattransferprofilearediffbrent，

comparativelylowerheattransfbrcoeflicientvaluesareappearedmthemiddlepositionbetween

convergingfinpairsthanthatofdivergingfinpairsthoughheattransfercoefficiematflncenter

remainssameateveryfin・Justbehindthefins,i､e・atrZL＝0.5and2.5curvesarefbundtobe

straightened・Ａｌongthemiddlebetweenflnrowsatr/Ｚ＝1.0,distributionslooksflatwhileat

fiontofthefindistributionstendtoperiodiQ

Incaseofco-counterrotatingpattem(5.7(c)),identicalheattransfbrdistributionsare

appearedalongfincenteri.e・atrV/Ｚ＝ＯａｎｄＺＯＡｔｒ/Ｚ＝0.5,distributioninthemiddleof

divergingfinpairsaswellasconvergingfinpairsareidenticaltothefbllowingdivergingand

convergingfinpairsrespectivelyatr>Ｚ＝2.5.Atthemiddleofthethirdandfburthrows

distributionisalmostHat・Consideringthespanwisedistributions，itisrecognizedthatco‐

rotatingpatternexpenencesthehighestheattransferamongfburtypesoffinpatternbecauseof

combinedvortexeffbctandlargerflowintelactions．
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５．５Area-averagedheattransfCrcoefficient

Thearea-averagedheattransfercoefficientsattheendwallandfbrtheoverallsurftlcesof

the１℃presentativethird,fburthandfifthrowfinsweremeasuredfiDminfraredimageswiththe

Eq.(4.3).AndthenwecalculatedaverageNusseltnumberbasedonhydraulicdiameterofthe

ductandaverageheattransfercoefficiem・SinceNusseltnumberisbasedontheaverageheat

transfercoefflcientoftheprqjectedsurfhcearea,itwillrenecttheeffectofvariationonthe

surfhcearea,finpatternaswellasthatofnowbehaviorfbrmedbydiffbrentfinpattem､Fig.5.8

showtllecharactelisticsoftheareaaveragedNusseltnumberfbroverallsurfaceareawitll

ReynoldsnumberfbrdiffbrentfinpattemwithRR＝２，３ａｎｄ3.5．TheareaaveragedNusselt

numberisfUrtherrepresentedbythecurvefittedlmes､Allthedatafallsmootldyonthecurve

fittedlinesandcanbewellrepresemedasthefbnnofEq.(4.4).Valuesofcfbrdifferemfin

pattemandPRarelistedinTableZ

FromFi9.5.8(a),(b)and(c),wegotthattheNusseltnumberhasamaximumvaluefbr

theco-rotatingcaseamongdifferemfinpattemsandisindependentofPR､Ontheotherhand

Nusseltnumberhasｔｈｅｍinimumvaluefbrco-angularpattem・Thishigherheattransferfbrco-

rotatingpatternisalreadyexplainedasduetothecombinedvortexefIbctofdivergingfinpairs・

FromtheTable2andFig､5.8,itisobservedthatmaximumheattransfbrocculTedatPR＝Zand

ingeneralheattransferdecreaseswithincreasingPRexceptfbrco-counterrotatingpatternltis

Table2Coefficiemofheattransfbrcorrelationsfbrdifferentfinpattem,pitchratioandfin
heiglltoflOmmatanaIrowductof50mmheight

jVilove,ｖｗ＝ｃＲｅｑ７
Pattem

Ｃ

ＰＲ＝２ ＰＲ＝３ ＰＲ＝３．５

Co-angular

Zigzag

Co-rotating
Co-Counter

0.163

0.175

0.261

0.191

0.153

0.176

0.223

0.169

0.149

0.168

0.212

0.191
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alsofbundinFig､5.8(b)thatatPR＝３，zigzagpatternpronouncesslightlyhigherheattransfer

thanfbrco-counterrotatingpatternwhichshowsdifferencethanfbrRR＝２ａｎｄ3.5．The

differenceofheattransferenhancememamongfburfinpattemisfbundevenlyspacedwhichis

dissimilarthanthatofPR＝Zand3asshowninFig､5.8(c)．

ThecharacteristicsofareaaveragedNusseltnumberofoverallsurfacewithReynolds

numberatdiffe1℃ｍＰＲｆｂｒｏｎｌｙｃｏ－ｒotatingpatternisshowninFi9.5.9.Plotsaretllencurve

fittedandcanberepresemedbytheEq.(44）ValuesofcarelistedmTable3anditisshown

thatco-rotatingpattemexpenencesamaximumoverallheattransferenhancememfbrPR＝z

Thedifferenceofheattransferenhancementfbr1qR＝３ａｎｄ３．５islittlecomparedtoPR＝Zand

others．
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difIerentfinpitchrati｡．

Table3CoefficientsofheattransfercolTelationsfbrdifferemPRofco-rotatmgpattemataduct
of50mmheight．

/VjJ｡ve,ｖｗ＝ｃＲｅｏ７
Pitchratio,ＰＲ

Ｃ

２

３

３，５

0.261

0.223

0.212
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lnordertoknowtheeffbctofextendedsulfaceorvortexonheattransferenhancement，

especiallyfbrtheco-rotatingpattem,themosteffbctivefinarrangemem,ｔｈｅvariationofarea

avemgedNusseltnumberattheoverallsurfhceareaandfinbasewithReynoldsnumberfbr

differemfinheightaredrawnasshowninFi9.5.10(a)and(b〕Plotsar巳curvefittedandwell
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Fig.５．１０Variationofarea-averagedNusscltnumberfbrtlleco-rotatingpatteｍａｔｔｈｅ(a）
overallsurfaceand(b)finbasewithdifferentfinheight
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representedbytheEq.(4.4).ValuesofcarelistedmTable4FromFig・Ｓ１０ａｎｄＴａｂｌｅ４,ｗｃ

ｆｂｕｎｄｔｈａｔｌＯｎｍｆｉｎｃａｕｓｅｓｔｈｅｍａｘimumheattransferthoughthedifferenceofoverallheat

transferenhancementisverylittlebetweenlOandl5nunheightfinwhichwasalsoobserved

previouslyfbrco-angularpatter、[2007］Ontheotherhandincaseofheattransferthroughthe

finbaseonlyぅ１５mmfinhasthemaximumheattransferwhile5mmfinhasthelowestheat

transfbrwhichindicatesacmallytheextendedsurfhceeffbct・SoitisrecoglizablethatlOmmfin

causesmoreturbulenceandvortexefIbctthanl5nⅡ、ｆｉｎ,asaresultoverallheattransfbr,ｉ,e・

extendedsurfhceeffectandvortexeffbctonfillandendwallfbrlOmmfinhastllehigllestvalue・

Ａｔｔｈｅｓａｍｅｔｉｍｅ,ｐｒｅｓｓｕｒｅｄｒｏｐｆｂｒｌＯｎⅡｎｆｉｎｍｉｇｈｔｂｅｌｏｗｅｒｔｈａｎｆｂｒｌ５ｍｍｆｉｎ，ｓｏｉｔｉｓ

ｓｕｉｔａｂｌｅｔｏｃｈｏｏｓｅｌＯｍｍｆｉｎｆbrthehigherthermalperfbmlance．

Table4

CoefficientsofheattransfercondationsfbrfinbaseandoverallsurfacewithdifIbrcntfinheight
ofco-rotatingpattemataductheightof50nun．

jVjl＝ＣＲｅｕ７
Heigdlt,Ｈ(nｍ）

Ｃ

Finbase Overallsurfnce

５
，
泊

0.298

0.375

0.419

0.205

0.261

0.259
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5.6Thermalperfbrmanceratio

VariousteclmiquesmaybeprOposedfbrevaluatingthethennalperfblmanceratio

accordmgtothepulposefbrwhichaheatexchangerisdesigned[1974lHeretheheattransfer

enhancementratewillbeevaluatedfbrthepromotercasekeepingthepumpingpowerandheat

transfbrareaconstam､InthiscasetherelationbetweenReａｎｄReSatthesmoothsurfhcecanbe

derivedBomthelimitingconditionandwrittenasthefbllowingeqUatio、[1972]．

Ｒｅ－Ｒｅ(//（)３ （5.2）

Where,（isthefrictionfblctoratthesmoothsurface・Substituting児＝0.3164Res-1/4intothe

Eq.(5.2)yieldsthefbllowmgEq,5.3．

Res＝(/Re3/0.3164)'/２７ｓ （5.3）

CorrespondingNUsseltnumberofsmoothductisthencalculatedby

jWs＝0.019Reso8 （5.4）

FindingjWsfbrRes,ｗｅｈａｖｅｔheheattransfbraugmentationrateandtheratioofheattransfer

coefficiemofpresentsystemtosmoothductisdefhledasthermalperfbrmanceaccounting

pressuredropunderthePumPingpowerandheatingsurfacetobekeptconstant．

ﾘｰﾉMis＝Ｍ/ＭＩＩ↑ (5.5）

TheindicationffomtheEq.(5.5)isthattherewillbeanetenergygainonlyif〃isgreaterthan

unity・Fig.5.11showstherclationbetween〃(thennalperfbrmanceratio)andﾉﾉ3Refbrdifferent

finpattems､Itisseenfromthisfigurethat〃slowlydecreaseswithincreasingRefbrallcases

anditvariesbetweenl､８－３．２５indicatingthesubstantialheattransferaugmentationfbrallcases，

Amongthefburkindsoffinpatternsco-rotatingpattemsappearstobeoneofthemostattractive

configurationsinceitproducesthehighestoverallheattransferenhancementwithslightlyhigher

pressurepenaltyduetothepronouncedvortexeffectonboththeendwallandfinsurfaces､Itis
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Fig.５．１１Relationbetween〃ａｎｄｆｌＢＲｅ

alsonotablethatthediffbrenceofthermalperfbnnanceratio〃amongtheco-an割lar,zigzagand

co-counterrotatingissmallerwhereasabigdifferenceisappearedbetweenco-rotatmgand

othercases・Ｈｏｗeverasubstamialenhancementisachievedmtheorderofco-rotating，co-

counterrotatmg,zigzagandco-angularpatternwhilethesameorderwasshownfbrthefiiction

factor,Thefeatureofthezigzagpattemshowsadifferentcharacteristicthantheothercases

lnitiallythennalperfbnnanceincreaseswithReynoldsnumberandthendecreaseswitll

mcreasingtlleReynoldsnumber・Thismightbeduetothelargerfrictionfbrcesatthelower

Reynoldsnumber．
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5.7Summary

AfierperfbnningtheexpenmentalinvestigationwecansummarizethemaJor

contributionasfbllows：

Firstweprovideddetailedheattransfbrdistributionsontheoverallsurfacefbrfbur

differentfInpattemsandthenwecalculatedtheareaaveragedheattransfbrcoefficientand

differentiatedtheeffectofextendedsurfaceandendwallsurfaceonheattransfbrenhancement・

Oiltitaniumoxideflowpatternandsmokeflowvisualizationsimplifiedtheheattransfbr

mechamsm・Finallythennalperfblmanceratiowasevaluatedandfindthereby：

LThefiictionfactorsfbrallfi、patternsarelargercomparedtotheskinffictiononthe

smoothsurfhcefbrafUllydevelopedturbulentflow､Amongthefburpatternslargesthiction

factorwasdevelopedfbrtheco-rotatingpatternowingtothestrongflowinteractionsand

combinedvortexattackontheendwallandfinsurfacewhereastheleastfiictiondevelopedfbr

co-angularpattern

FrictionfactorvalueisslowlydecreasedwithincreasingReynoldsnumberandpitchratio,ＰＲ、

２．SmokeHowpatternaroundthefinsandoiltitaniumoxidefilmfIowpattemonthe

endwallshowsagoodagreementwitheachother・Horseshoevortexisshownapparently

dommamincaseofco-angularfinpattemwhereasincaseofzigzagfinpattemwavynow

behaviorwasobserve｡､Incaseofco-rotatingflnpattemmoretortuousHowisobservedasthe

longitudinalvortexesgeneratedbydivergingfinpairscombinedlyattacktheendwallandfin

surfaces・Thisflowwassomewhatdismrbedbythefbllowmgconvergingfinpairsincaseofco‐

counterrotatingfinpattern、

３.TheeffbctoffinheightonareaaveragedNusseltnumber（胸｡，ごm"）fbrsmallestPR

andco-rotatmgpatternitisfbundthatlOmmfinhasthemaximumvalueandthediffbrenceof
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ＮｕｓｓｅｌｔｎｕｍｂｅｒｂｅｔｗｅｅｎｌＯｍｍａｎｄｌ５ｍmfinisverylittle､Thesamceffbctwasalsoobserved

mcaseofco-angularpattern[20071

４.TheareaaveragedNusseltnumberonoverallsurfhcearea（Ｍ…"）increaseswith

increasingtheReynoldsnumberregardlessofHnpatternsandpitchratio（PR)．Co-rotating

pattemhasthehighestNusseltnumberandtheco-angularpattemhastheleastNusseltnumber・

Consideringthepitchratio,ＰＲ＝ZshowsthehighestNusseltvalueandthevalueisdecreased

withincreasing1qRfbrallfinpatterns，

５.Whenthethermalperfbmlanceisconsidered,amongthefburkindsoffinpatternsco-

rotatiｎｇｐａｔｔｅｍｗｉｔｈｐＲ＝ＺａｎｄＨｉ＝I0mmisthemostrecommendedconfigurationsinceit

producesthehighestoverallheattransferenhancementwithsliglltlyhigherpressurepenaltydue

tothepronouncedvortcxeffectonboththeendwallandfinsurfaces・Heattransferenhancement

withco-rotatingpattemisｍｏｒｅthanthreetimesthefin-lessduct・Contrarily,co-angularpattern

istheleastrecommended．
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