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⑥
TheEffectsofDuctHeightonHeatTransferEnhancementand

F1owCharacteristicsofFinnedSurface．

６．１１ntroduction

lnthischapterwehavediscussedtheeffectsofductheightonheattransferenhancement

andHowcharacteristicsoffinnedsurftlcesofco-angularandco-rotatmgpattemaswehave

alreadygottheco-1Dtatingpattemshowsthehighestthennalperfbrmanceamongfburdifferem

finpattems・Inthisinvestigationductheightwasvariedffoｍ２０－５０ｍｍａｎｄｔｈｅｐｉｔｃｈｒａｔｉｏ

(PRﾉinst1℃amwisedirection,finheightandinclinationanglewerefixedas2,１０mmand20

degPeerespectively

6､2.Detanedheattransfer

TheeffectofductheightonhcattransfercoefficiemplDfileandisoheattransfbr

coefficientcontourincaseofco-angularpattemisobservedwhichisshowninFi9.6.1．Wecan

comparetheheattransfercoefficientprofilefiomFig61(a),(b),(c),(｡),(e),(f)and(9)asthe

rangeofheattransfbrheattransfbrcoefficientsweremaintainedsamefbrallthefigures・Thougll

theshapeofheattransfbrpｒｏｆｉｌｅａｍｏｎｇｔｈｅｆｉｎｌＤｗｓｏｎｔｌｌｅｅｎdwallarefbundalmostsame

regardlessofductheightbuttheareasofhigdlerheattransfbrandlowerheattransferareclearly

visibledifferentontheendwaｌＬＩｎＦｉｇ６・litisobservedthathigherheattransferregion

decreaseswithincreasingductheight，Ｉｔｉｓａｌｓｏｎｏｔｉｃｅｄｔｈａｔｔｈｅｈｉｇｈｅｒｈｅattransferregions

adjacenttothefinbasealsodecreaseswithincreasingductheighLIsoheattransfercoefficient

contouralsoshowstheenlargedareaofhigherheattransfbrontheendwallmcaseoflowerduct

heightwhilethelowerheattransfbrregionsareapparentlyshownenlargeswitllincreasingduct

height､Thisisbecauseductheightinfluencestheflowfieldasaresultheattransfer
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Fig.６．１Detailedheattransfercoefncientprofilewithisoheattransibrcoefficientcontourof
therepresentativefinregionwithco-angularpatternIbrU＝１０ｍ/s,Ｈｌ－ｌＯｍｍ,ＰＲ＝Zand
fbrductheight(Llb)ｏｆ(a)２０ｍｍ,(b)２５ｍｍ,(c)３０ｍｍ,(｡)３５ｍｍ,(e)４０ｍｍ,(f)45ｍｍ
and(9)５０ｍｍ．
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Fig.６１Detailedheattransfercoefficientprofilewithisoheattransfercoefficientcontourof
therepresentativefinregionwithco-angularpattemibrU＝１０ｍ/S,Ｈｉ－ＩＯｍｍ,ＰＲ＝Zand
fbrductheight(Htl)of(a)２０ｍｍ,(b)２５ｍｍ,(c)３０ｍｍ,(｡)３５ｍｍ,(e)40ｍｍ,(f)４５ｍｍ
and(9)５０ｍｍ
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Fig.６.lDetailedheattransfercoefT1cientprofilewithisoheattransfbrcoefficientcontourof
therepresentativeflnregionwithco-angularpatternfiorU＝１０ｍ/s,Ｈｌ－ｌＯｍｍ,ＰＲ＝Zand
fbrductheight(Ht,)of(a)20ｍｍ,(b)25ｍｍ,(c)３０ｍｍ,(d)３５ｍｍ,(e)４０ｍｍ,(f)45ｍｍ
and(9)５０ｍｍ．

7０

鱒

詞

NI-

￣

￣

｢－

｜司一
一

一



Ａｉｒｆｌｏｗ

傍

3rdrow 4m 501 6tl］

ｈ

[Ｗ/in2K］
ＬＯ

曰
～

鵜b､ｑ０．０
140

120

100

80

-1.0

0０ ２．０ 4.0 6.0
＊

Ｘ几

(9)

Fig.６.lDetailedheattransfercoefficientprofilewithisoheattransfbrcoefficientcontourof
therepresentativeflnregionwithco-angularpatternfbrU＝１０ｍ/s,Ｈｆ＝１０ｍｍ,ＰＲ＝Zand
fiorductheight(Hb)of(a)20ｍｍ,(b)25ｍｍ,(c)３０ｍｍ,(｡)３５ｍｍ,(e)40ｍｍ,(f)45ｍｍ
and(9)５０ｍｍ．

characteristicsischangedwithductheight・Ｎｏｗ，ｗｅｗｏｕｌｄｌｉｋｅｔｏｏｂｓｅｒｖｅｔｈｅｈｅａｔｔｒａnsfer

coefHcientprofilewithductheightincaseofco-rotatingpatternasshowninthefbllowingfigure，

Fig.6.2.TheshapeoftheheattransfbrcoefficientprofHeontheendwallfiorco-rotatingpattem

iscompletelydiffisrentthanthatfbrtheco-angularpattemForallductheightshapeofheat

transfiercoefficientprofileissimiIarfbrco-rotatingpattern・Isoheattransfercontourandheat

transferprofnealsoshowsthatheattransfbrincreaseswithductheightandthendecreaseswith

increasinｇｄｕｃｔheightand25mmductexperiellcesthehighestheattransfieramongtheduct．
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Fig.６．２DetailedheattransfercoefficientprofilewithisoheattransfercoefHcientcontourof
therepresentativefmregionwithco-rotatingpatternfbrU＝１０ｍ/s,Ｈトー１０ｍｍ,ＰＲ＝Zand
fbrductheight(Ht,)ｏｆ(a)２０ｍｍ,(b)２５ｍｍ北)３０ｍｍ,(d)３５ｍｍ,(e)４０ｍｍ,(f)45ｍｍ
and(9)５０ｍｍ．
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Fig.６．２DetailedheattransfercoefficientprofilewithisoheattransfercoeffYcientcontourof
therepresentativeHnregionwithco-rotatingpatternfbrU＝１０ｍ/s,ＨＩ－ｌＯｍｍ,ＰＲ＝Zand
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Fig.６．２Detailedheattransfiercoefficientprofilewithisoheattransfercoefficientcontourof
therepresentativefinregionwithco-rotatingpattemfbrU＝１０ｍ/s,Ｈｉ－１０ｍｍ,駅＝２alld
fbrductheight(Ｈ１)of(a)20ｍｍ,(b)２５ｍｍ,(c)３０ｍｍ,(d)３５ｍｍ,(e)４０ｍｍ,(f)45ｍｍ
and(9)５０ｍｍ

Inordertounderstandtheheattransfbrdistributionsmoreclearly，Spanwiseheattransfer

distributionsaredrawnatsomestreamwiselocationsoftherepresentativefmregion・Ｉ、Fig.６３

andFig.6.4,spanwiseheattransferdistributiｏｎｓａｒｅｓｈｏｗｎｆｂｒａｌｌｄｕｃｔｃａｓｅｓｏｆｃo-angular

patternandco-rotatingpalternrespectively・

Incaseofco-angularpatternspallwiseheattrans化rdistributionatthefincenters，胴

X7L=0,Zand4isperiodiQHigherpeakvaluesarelocatedatthefincenterpositionsandthe

lowerpeakvaluesarepositionedbetweenthefmsinspanwisedirection,ｉｅ・ａｔＺ*/Ｌ＝＋0.5ａｎｄ

-0.5.Atallductheightcasehigherpeakvaluesaresharperthanthelowerpeakvaluesandthis

sharpnessdecreaseswithincreasingductheightandtheheattransfbrcoefficientofthepeak

valuesgraduallydecreasesi、streamwisepositionsfbrallductcases・JustbehindthefIns､Ｌｅ・ａｔ

Ｘ*/Ｌ＝0.5,2､Sand45thoughperiodicaldistributionappears,butitisremarkablethatthelower

７５

'1-
1歩菌=四一



peakvaluesaresomewhatlargerthanfbratflncenterpositions・Thisisexpectedbecausethe

vortexgeneratedbyplatefintouchestheendwall(baseplate)justafterthefinswhichwillbe

moreclearlyeXplainedbystreamwiseflowvisualizations・Ａｔｔｈｅｍｉｄｄｌｅｏｆｔｈｅｆｉｎｒｏｗｓ，ｉ､e、

Ｘ*/Ｌ＝１ａｎｄ３，theshapeoftheprofileisnotdistinctlyperiodicaLFromofthefinsheattransfer

profilebecomesperiodicalagain・ＦｒｏｍFig.6.3itisshownthatheattransfercoefficientprofileat

streamwisedirectionremainssimilarfbrallductheightwithsomediffbrenccsinvalue・

Shapeoftheheattransfbrcoefficientprofileofco-rotatingpatternshowsdissimilarity

withco-angularone・HigherheattransfercoefIicientdistributionsareachievedataducｔｈｅｉｇｈｔ

ｏｆ２５ｍｍａｓｓｈｏｗｎｉｎＦｉ9.6.3．Convergingfinpairscauseshigherheattransfercoefficient

profilebetweenfinsmspanwisedirectionatX7L=0,2and4.Comparativelylowerheat

transferdistributionsareappearedbetweendivergingfinpairsatthesamepositionsmentioned．

Thetrendsofdistlibutionsarealmostsimilaratallductheight．
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６．３AreaaveragedheattransfercoefficientandNusseltnumbers

Wehaveestimatedtheareaaveragedheattransfercoefficientfbrtheoverallsurfacesof

therepresentativefInregionfbrdifferentductheightandfinpattemfbllowingtheEq.(43).And

thenwecalculatedaverageNUsseltnumberbasedonhydraulicdiameteroftheductandaverage

heattransfbrcoefficiemAreaaveragedheattransfercoefficientsarethenplottedagainst

mainstreamvelocity・Theareaaveragedheattransfercoefficientsarefilrtherrcpresentedbythe

curvefItｔｅｄｌｉｎｅｓａｎｄａｌｌｔｈｅｄａｔａｆａｌｌｓｍｏｏｔｈｌｙｏｎｔｈｅｃｕｒｖｅｆｉｔｔｅｄｌｍｅｓａｎｄｃａｎｂewell

reprcsemedasthefbrmofEq.(4.4).ＩｎＦｉｇ､6.5itisshownthatareaaveragedheattransfer

coefficientincreaseswithmamstreamvelocityregardlessofductheightandfinpattern・Incase

ofco-angularpattern,areaveragedheattransfercoeflicientaredecreaslngwithincreasingthe

ductheigdltandhighestheattransfervaluesareobtainedat20mmduct・Butco-rotatingpattem

showsadifferentbehavior・Heattransfercoefficientsfirstincreaseswithductheigbtandthen

decreaseswithincreasingtheductheight・Maximumheattransfercoefficientsareachievedat25

mmductcaSe・

RelationshipbetweenNusseltnumberandReynoldsnumberfbrdifferentductheigdlt

witllco-angularpatternandco-rotatingpattemisshowninFi9.6.6and6.7,reSpectively,Asthe

Nusseltnumberisbasedonductequivalentdiameter,Nusseltvaluesincreaseswithductheight

regaldlessoffinpattemandReynoldsnumber・Ｉ、Fig.6.7thereshowsasignifIcantdifferenceof

Nusseltvaluesbetween20nⅡ、and25mmductheightwhichisnotdistinctillcaseofco-angular

pattem・Co-rotatingpattemshowshigherNusseltnumbersthanthatofco-angularpattern．
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6.4FrictionfactOr

Ｔｏｅｓｔｉｍａｔｅａｐｒｅｓｓｕｒｅｄｒｏｐａｓｗｅｌｌａsthelmalperfbnnancewithinsertionoffins,the

fiPictionfactorfbrdiffbrentducthei2dltandflnpatternsweremeasure｡,ａｎｄits1℃sultare

presentedmFig､６．８ａｎｄFig.6.9.Frictionfactor,／isobtainedfiPomEq.(3.1).Frictionfactor

decreaseswithincreasingtheductfinheightratio(Hd/H1)regaldlessoffinpattemandtllisis

expectedbecausethclargerfrictionoccursfbrsmallerductfinheightratios・Co-rotatmgpattem

expenencesthelargerhictionfhctorthanfbrco-angularpattern,becausemoremrbulenceand

flowinteractionsareoccurredincaseofco-rotatingpattem、WhencompareFig,6.8ａｎｄ６．９，

thereshowsabigdiffbrenceofhictionfactorbetweenductfInheightratio(Hd/Hf)ｏｆ２ａｎｄ２､５

incaseofco-angularpattern,butinco-rotatingcasethedifferenceiscomparativelysmaller､Ｉｎ

ｃａｓｅｏｆco-angularpattemhictionfactorslowlydecreaseswithReynoldsnumberandthis

tendencycominuesfbrｄｕｃｔｆｉｎｈｅｉｇｈｔｒａｔｉｏｏｆ２ａｎｄ2.5．Fortheotherductfinheightratios，

fiictionfactorinitiallydecreaseswithincreasingtheReynoldsnumberbutfinallyslowly

increaseswithReylloldsnumber．

３
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葛魯

戴５
－５
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Fig.６．８VariationoffiictionfklctorswithReynoldsnumbersfbrco-angularpattemat

diffbrentductheight、
８５



ThetendencyoffiPictionfactorwithReynoldsnumberissameasthatofco-angularcase

uptoductfinheightratioof2and2.5.Forthelargerductfinheightratio,fiictionfactorinitially

decreaseswithReynoldsnumberfbllowingalmostconstantvaluefbrthehigherReynolds

numberwhichisdiffe１℃ntbehaviorthanfbrco-angularpattern．

３

２
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Fig.６．９VariationoffiPictionfactorswithReynoldsnumbersfbrco-rotatingpatternat
differemductheight．
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６．５Vortexstructureanalysis

ToobtainqUalitativeinfbnnationonthenowpattem，vortexstructures，sizeand

reattaclⅡnentpositions,theflowwasvisualizedbyNd:YAG1asersheetusingsmokeasatracer

suppliedatentranceoftheductandahighspeedcamera(PhantomV71)shotthephotographs・

I、thissmdyvortexstrucmresatseveralpositionswereobservedfbrdiffbrentductheightand

pattern,Butwehaveshowntllevortexstructｕｒｅｓｆｂｒｔｈｅ２０ｍｌｎｄｕｃｔｏｎｌｙａｎｄcomparedthe

structuresfbrco-angularandco-rotatingpatternasanexample､Fig.６．１０showsthefbnnation

andvariationofvortexstructuresatstreamwisepositionｓｏｆＸ/Ｌ＝0,0.5,1,1.5,2,3.5,4.5and7

fbrtheco-angularpattem・ＡｔＸ/Ｌ＝OandO5fbnnationoflongimdmalvortexisclearly

observedatfintopsurfacewhichisthengrowingUpatX/Ｌ＝LVortexpattemlookssilnilar

regardlessofstreamwisedirectionAtX/Ｌ＝Zvortexreattachedtotheendwallandthe

photographshowsthatthevortexsizeisgrowmgatfUrtherdownstream､Inthefigureitisshown

thatthelongitudmalvortexgeneratedbythefinrotatesandthendownwashthesurfacestrongly

Wherebyenhanceheattransfer・SoitcanbeconcludedthatnextfinsettingataroundX/Ｌ＝Zwill

beeffectivefbrheattransfbrenhancement､ＩｎＦｉｇ６,１１vortexstructuresatstreamwisepositions

areshownfbrtheco-rotatingpattern､Vortexstructuleslookdiffbrentthanthatofco-angular

pattem,Longitudinalbehaviorisalsoappearedfbrco-rotatingcasesameasthatofco-angular

pattem・Thephotographsarearrangedwithsamescalefbrbothpatterns・C1oserobservation

mdicatestllediffbremlengthoftheoriginofcirculationfbrdiffbrcntpattern・Incaseofco-

rotatingpattemoriginofthecirculationvortexiscloseraroundX/Ｌ＝L5andthenslowly

lncreasesatfUrtherdownstreamwhereinmco-angUlarpatternthecloserpointisaroｕｎｄＸ/Ｌ＝２．

Inbotllcasesthemtationofvortexestouchedtheendwallsurfhcesandenhancesheattransfbr．

Vortexrotationinco-rotatingcaseislargercomparedtothatofco-angUlarpattern．
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６．６Thermalperfbrmanceratio

Aswealreadyknowthevarioustechnique［1974］todesigntheheatexchanger・In

Fig､6.12ａｎｄFig.6.13ｔｈｅｒｅlationshipbetweenthennalperfbnnanceratiowithReynolds

numbersisshownfbrco-angularpatternandco-rotatingpatternrespectively・Thennal

perfbrmancedecreaseswithReynoldsnumberregardlessofductfinheightratioandfinpattern・

Ingeneral,itisseenthat〃possessesthehighervaluefbrallductheightcaseatthelowerregime

of／'/3Rc,regardlessoffinpatternsanditsvaluereachesneady3and4fbrco-angUlarandco‐

rotatmgpatternrespectively・ThermalpelfbImanceratioofco-rotatingpatterniscomparatively

higherthanfbrco-angularpattern,Thedifferencesofthennalperfbnnanceratiosfbrdifferem

ductheightsarealmosteveninco-angularcase､Butfbrco-rotatmgpatternthereshowsabig

differencefbrsmallerductfinheightratio,i・efbrHd/Hf＝２，３ａｎｄ3.5.Excepttheseratiosavery

littledifferenceinthennalperfbrmanceratioisappeared・NextweinvestigatetheefIectofduct

heightonthermalperfbrmanceanｄｇｅｔｔｈｅｍｏｓｔｏｐｔｉｍｕｍｄｕｃｔｈｅｉｇｈｔｂｙcompansonwitha

refbrenceducthei811t・Thefbllowingrelationisobtailledundertheconstantpumpmgpower

conditionwhenareferenceductiseXpressedwithsUbindex"rザ,

/ＪＲＣ(Ｈ“/Ｈ`)＝/3Ｒｅ〃----------------(5.6）

whereHh,噂/denotesareferenceductheigllt,thentheheattransferaugmentationorthennal

perfbnnanceratio1iiseXpressedasfbllows：

ウーハ/〃〃--------------－--------------(5.7）

WeselectHd＝20mmasareferenceductheight,thedatafbrrelativeperfbrmanceratio7i

bascdonEq.(5.7)isshownasafimction/'ﾉｮRerefinFig､6.14and6.15．

Soffomthetherelativeperfbnnancegraphitisclearthatfbrco-angularpattern20mmductis

themostoptimumfbrthehighestthermalperfblmance・Theothereffbctofductheightonthe

relativeperfbrmanceisfbundtllatthennalperfbrmancedecreaseswitllincreasmgtheductheight
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incaseofco-angularpattem・Fortheco-rotatingpattern,theeffectofductheightontherelative

perfbrmanceisdiffbrentthanthatofco-angularpatternHere,initiallytherelativeperfbnnance

increaseswithincreasingtheductheightand25mmductheightshowsthehighestrelative

perfbrmanＣｅ・Afterthenrelativeperfbnnancedecreaseswithincreasingtheductheight．
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６．７Summary

lnthischapterwemainlydiscussedtheeffectsofducthei副ltonheattransferandUow

charactenstics・AfterthoroughinveStigationwecansummanesasfbllows：

（１）Isoheattransfercoefficiemprofilealongwithdetailcdheattransfbrdistributions

glvesacompleteideahowtheductheightinfluencestheheattransferfromtheendwallfbrthe

diffbrentpattem．

(2)Theareaaveragedheattransfercoefficientontheoverallsurftlces(includmgfinbase）

mcreaseswithvelocityregardlessofductheightandfillpattern・Incaseofco-angularpattern，

areaveragedheattransfercoefficiemaredecreasingwithmcreasingtheductheightandthe

highestheattransfervaluesareobtamedat20mmduct・Butco-rotatingpattemshowsadi舵rem

behavioLHeattransfbrcoefficiemsfirstmcreaseswithductheigi】tandthendecreaseswith

increasmgtheductheigdlt・Maximumheattransfercoefficiemsareachievedat25mmductcase．

(3)TT1eldativeperfbnnancegraphshows20mmand25mmductisthemostoptimum

fbrtllehighestthelmalperfbnnancefbrco-angularandco-rotatingpatternreSpectively､The

othereffbctofductheightontherelativeperfbnnanceisfbundthatthermalperfbnnance

decreaseswithincreasmgtheductheightfbrtheco-angularpattemWhereasfbrco-rotatmgcase，

mitiallytherelativeperfbnnancemcreaseswithincreasingtheductbutfinallydecreaseswith

mcreasmgtheductheight．

(4)FrictionfactorslowlydecreasesｗｉｔｈReynoldsnumberregardlessofductfinheight

ratiofbrco-rotatmgpattemwheremco-angularcasetllisbehaviorexistsonlyfbrductfinheight

ratioof2and２．５．

（５）Themostimportantinfblmationaboutvortexstructuresatseveralstreamwise

positionsisobtainedwhichshowsthereasonsofheattransfbrenhancement､Vortexstructures

fbrco-angularandco-rotatingpatternarefbunddiffbremandthcreattachmentpositionsare

Obtained・Vortexrotationinco-rotatingcaseislargercomparedtothatofco-angularpattem

whichisresponsiblefbrheattransferenhancement，

９３



了
Conclusions

lnthisthesiswehavediscussedheattransfbrandHuidflowcharacteriSticsofflTmed

surfaces・InclinedshortrectangnlarfinsoffburdifIerentpattemsandalTangementsare

investigatedinductflowsandtherelativemagnimdesoftheextendedsurfaceandthevortex

generatoreffectaredetemlinedFlowbehavioranddifIerenttypesofvortexesaswellasvortex

structureswhichcausestheheattransferemancementareObservedbydifferemflow

visualizationtechnique・Afterthoroughinvestigationwehavethefbllowingconclusions：

（１）Theeffbctofinclinationangleonheattransfershowedthattheheattransfer

coefficiemfbr20oinclinationangleiscomparativelylargeramongthethree,0.,20・and25o

whichagreeswiththedataobtainedbyBilenetaL[2002]．

(2)TheeffbctoffinheightonareaaveragedNusseltnumber(MJoveM)fbrsmallestPR

andco-rotatingpatｔｅｍｓｈｏｗｓｔｈａｔｌＯｎⅡｎｆｉｎｈａｓｔｈｅｍａｘｉｍｕｍｖａｌｕｅａｎｄｔｈｅｄｉffbrenceof

NusseltnumberbetweenｌＯｍｌｎａｎｄｌ５ｍｍｆｉｎｉsverylittle・Thesameeffectwasalsoobserved

mcaseofco-angularpattem[2007]．

（３）AtanalTowduct,theareaaveragedNusseltnumbersonoverallsurfhcearea

CW…"）increaseswithincreasingtheReynoldsnumberregaldlessoffinpattemsandpitch

ratio(PR).Amongthefburpatterns,co-rotatingpattemhasthehighestNusseltnumberandthe

co-angularpatternhastheleastNusseltnumber､TY1eeffbctofpitchratioonheattransfbrshows

thatPR＝ZhavethehigdlestNusseltvalueandthevalueisdecreasedwithincreasingPRfbrall

finpattems．

(4).Whenthethennalpelfbnnanceisconsidered,Higherthennalperfbnnanceoccurred

9４



mthefbllowingorder，co-rotating，co-counterrotating，zigzagandco-angularpattem・Co-

mtatingpattemwithPR＝ＺａｎｄＨＴ＝１０mmisthemostrecommendedconfiglrationsmceit

producesthehighestoverallheattransferenhancememwithslightlyhigherpressurepenaltydue

tothepmnouncedvortexeffectonboththeendwallandflnsurfaces､Heattransferaugmentation

withco-mtatingpattemismorethanthreetimesthefin-lessduct．

（５）Detailedheattransfercoefficientdistributionsfomtheinffaredimageof

representativeregiongivesacompleteideaofhigherheattransferareaandlowerheattransfbr

area,SpanwiseheattransfbrcoefficiemprofileandstreamwiseheattransfercoefficientprofIle

impliestheheattransfercharacteristicsofdiffbrentfinpattems．

(6)ThehictionfactorsfbrallfinpatternsarelargercomparedtotheskinfiPictiononthe

smoothsurfacefbrａｆＵｌｌｙdevelopedturbulentflow・Amongthefburpatternslargestfriction

factorwasdevelopedfbrtheco-rotatingpatternowmgtothestrongnowimeractionsand

combmedvortexattackontheendwallandfinsurfacewhereastheleasthictiondevelopedfbr

co-angularpattem・FrictionfactorvalueisslowlydecreasedwithillcreasingReynoldsnumber

andpitchratio,及尺

（７）Dyeflowinwaterchannel，Oiltitaniumoxidefilmflowandsmokeflow

visualizationsconfinnedthelongitudinalvortex，horseshoevortex，comervortexandother

vortexesgeneratedbyallfinpattemswhichcausetheheattransfere血ancement．

(8)SmokeHowpattemaroundthefinsandoiltitaniumoxidefilmflowpattemontlle

endwallshowsagoodagreementwitheachother・Horseshoevortexisshownapparently

dominantincaseofco-angularfinpattemwhereasincaseofzigzagfinpattemwavyflow

behaviorwasobserved・Ｉｎｃａｓｅｏｆｃｏ－rotatingfinpattemmoretortuousflowisobservedasthe

longimdmalvortexesgeneratedbydivergingfinpairscombilledlyattacktheendwallandfin

surfaces・Thisflowwassomewhatdisturbedbythefbllowmgconvergingfinpairsmcaseofco-

countermtatingfinpattern．

９５



(9)Theeffectsofductheightonheattransferfbrco-angularandco-rotatingpattems

werealsoobserved・Inthatcase,itwasfbundthattheareaaveragedheattransfercoefIicienton

theoverallsurfacesmcreaseswithvelocityregardlessofductheightandfinpattem・Incaseof

co-angularpattern，areaaveragedheattransfbrcoefficientdecreaseswithincreasingtheduct

heightandthehighestheattransfbrvaluesareobtainedat20mmductwhereasco-rotating

achievedtllemaximumheattransfbrcoefficiemsat25mmduct．

（10)Therelativeperfbrmancegraphalsｏｓｈｏｗｓ２０ｍｍａｎｄ２５ｍｍｄｕｃｔｉｓｔｈｅmost

Optimumfbrthehighestthemlalperfbrmancefbrco-angularandco-rotatingpattemreSpectively・

Theothereffectofductheightontherelativeperfbnnanceisfbundthatthennalperfbnnance

decreaseswithincreasingtheductheightfbrtheco-angularpatternwhereasfbrco-rotatingcase，

initiallytherelativeperfbnnancemcreaseswithincreasingtheductbutfinallydecreaseswith

mcreasmgtheductheight

（11)FrictionfhctorslowlydecreaseswithReynoldsnumberregardlessofductfinheight

ratiofbrco-rotatingpattemwheremfbrco-angularcasethisbehaviorexistsonlyfbrductfin

heightratioof2and2､５．

（12)Vortexstructuresfbrco-rotatingpatternandco-angularpattematseveralstreamwise

positionsweretracedoutbysmokeflowwhichgivesnewinfbrmationaboutthereattachment

positionsofthelongitudmalvortexes・Comparativelylargescalevortexrotationisobservedin

co-rotatingcasewhichisObviouslyresponsiblefbrheattransfbrenhancemem．

9６



References

Bergles，Ａ・ＥｅｔａＬ（1974)，Perfbnnanceevaluationcriteriafbrenhancedheattransfer

surfaces,Proc・SthlnflHeatTransConf,Tokyo,Vol２，ｐｐ､239．

Bilen,Ｋ､,Yapici,S・(2002)HeattransferhPomasurfacefittedwithrectangularblocksatdifIerent

oliemationangle,HeatandMassTransfer,ＶＯＬ38,pp649-655、

El-Saed,Ｓ,Ａ.,Mohamed,Ｓ・Ｍ.,Abdel-Latif;Ａ､Ｍ,andAbouda,Ａ､E､（2002)Investigationof

turbulemheattransferandHuidflowmlongimdinalrectangularfill-arraysofdifferem

geometriesandshroudedfinalTaylExperimentalThennalandFluidScience,ＶｏＬ２６,ｐｐ、

879-900．

Edwards,Ｆ､J､andA1ker,ＣＪ.R・(1974),TY1eimprovementoffbrcedconvectionsurfaceheat

transferusingsurftlceprotrusionsinthefbnnof(a）cubesａｎｄ(b）vortexgenerators，

Proceedmgsofthe5unInternationalHeatTransferConfbrence,Tokyo,vol､2,pp244-248、

Fiebig,Ｍ,Kallweit,Ｐ・andMitra,Ｎ､K(1986),Wingtypevortexgeneratorsfbrheattransfbr

enhancement,ＨｅａｔTransfer,Ｃ・ＬＴｉｅｎｅｔａｌ，ｅｄ.，Hemisphere，Washington,ｖｏＬ６,pp

m09-2913

Fiebig,Ｍ､,Kallweit,Ｐ.,Mitra,Ｎ,andTiggelbeck,Ｓ､,(1991),Heattransferenhancementanddrag

bylongitudinalvortexgeneratorsinchannelflow，ExperimentalThermalandF1uid

Science,vol､4,,0.1,pplO3-114

Fiebig,Ｍ､,Valemca,Ａ､andMitra,ＮＫ.,(1993),Wingtypevortexgeneratorsfbrfin-and-tUbe

heatexchangers,ExpelimentalThermalandFluidScience,ｖ01.7,pp287-295、

Fiebig,Ｍ､,Valenica,Ａ・andMitra,ＮＫ.,(1994),localheattransferandnowlossesmfin-and-tube

vortexgenerators:acompansonofroundandflattubes,ExperimentalThennalandF1uid

Science,ｖｏＬ８,pp35-45．

9７



Herman,Ｃ・（1994)Expelimentalvisualizationoftemperaturefieldsandmeasurementofheat

transfere血ancementinelectronicsystemmodels,1,:SKakac;HYuncu;KHijikata(eds）

CoolingofE1ectronicsystems,ＮＡＴＯＡＳＩＳｅｒｉｅｓ２５８,KluwerAcademic,Dedrecht,pp、

313-337

Hennan,ＣａｎｄＫａｎｇ,Ｅ､,(2001）Experimentalvisualizationoftemperamrefieldsandstudyof

heattransferenhancementinoscillatoryfｌｏｗｉｎａ厚oovedchannel,JournalofHeatMass

Transfer,ＶＯＬ37,pp87-89・

Igarashi,Ｔ・(1983),Localhcattransferfromasquareprismtoanairstream,IntemationalJournal

ofHeatandMassTransfer,ＶＯＬ29,No.(5),pp､777-784．

Islam,ＭＤ.,Oyakawa,ＫａｎｄＹａｇａ,Ｍ・(2006)F1uidflowandinfiaredimageanalyseson

endwallfittedwithshortrectangUlarplatefin,JournalofThermalScience,Vol､15,Ｎ０．２，

ppl45-15L

Islam,ＭＤ.,Oyakawa,Ｋ､,Yaga,Ｍ・andSenaha,I.(2007)SmdyonheattransfbrandfluidHow

characteristicswithshortrectangularplatefinofdiffbrempattern,ExperimentalThennal

andFluidScience,ＶＯＬ31,pp367-379・

Kadle,ＤＳ.,Sparmw,ＥＭ.（1986)NumericalandeXperimentalsmdyofmrbulemheattransfbr

andHuidflowinlongitudinalfInarray,ASMEJofHeatTTansfbr,VoLlO8,ｐｐ,16-23．

Molki,Ｍ、,Faghri,Ｍ､andOzbay,０（1995)AcolTelationfbrheattransferandwakeeffbctin

tlleentranceregionofaninlinea1Tayofrectangularblockssimulatingelectronic

components,ASMEJournalofHeatTransfbr,Vol､117,ｐｐ､40-46．

Matsumoto,Ｒ､,Kikkawa,Ｓ・andSenda,Ｍ､,(1997).Effbctofpinfinarrangementonendwall

heattransfer,JSMEInternationalJoumalSeliesB,40(1),ppl42-151

oyakawa,Ｋ､,Furukawa,Ｙ､,Taira,TandSenaha,I.(1993).Effbctofvortexgeneratorsonheat

transferenhancementinaduct，ProceedingoftheExperimentalHeatTransfer，Ｆ１uid

MechanicsandThemlodynamics,Honolulu,Hawaii,ｐｐ､633-640.

98



SpalTow,ＥＭ､andSaboya,ＥＥＭ(1976)Transfercharactelisticsoftwo-rowplatefinandmbe

heatexchangercoJ1figurations,IntemationalJoumalofHeatandMassTransfer,Ｖ01.19,

pP41-49

Sparrow，ＥＭ.，Niethammer,Ｊ・EandChaboki，Ａ・(1982)．Heattransferandpressuredrop

charactelisticsofarraysofrectangularmodulesencoumercdinelectronicequipmem,1,t．

Ｊ・ofHeatMassTransfer,Vol,25,pp961-973、

SpanDw,ＥＭ,Vemuli,SBandKadle,，.S・(1983)Enhancedandlocalheattransfbr,pressure

drop,andflowvisualizationfbrarraysｏｆblock-1ikeelectroniccomponents,1,t.Ｊ､ofHeat

MassTransfer,ＶＯＬ26,pp689-699、

Tulk，ＡＹ・andJUnld1an，Ｇ・Ｈ（1986）Heattransferenhancementdownstreamofvortex

generatorsonaflatplate,HeatTransfbr,ＣＬＴｉｅｎｅｔａＬｅｄ.，HemisphereWashington，

ＶＯＬ６，pp2903-2908・

Torii,Ｋ､andYanagihara,Ｊ１.(1997)Areviewonheattransfbrenllancemembylongimdinal

vortices,JournalHTSJ,VOL36,No.142,ｐｐ､73-86

VanFossen,ＧＪ.(1982)HeattransfercoefficientsfbrstaggeredalTaysofshortpinfhs,Journal

EngineeringPower,104,pp268-274

Webb,Ｒ・LandEckcrt,Ｅ､R､G・(1972)Applicationofroughsurfacestoheattransfbrexchanger

design,1,t.』・ofHeatandMassTransfbr,VOL15,ｐｐ､1647-1657.

9９



Acknowledgements

AttheconcludingstageofmylongtimestudyandresearchhereatOkmawa,Japan,Ｉ

ｗｏｕｌｄｌｉｋｅｔｏｔｈａｎｋｔｈｅｍａｌｌｗｈｏｈｅｌpedandsupportedmeinvanouswaysfbrsuccessfUl

completionofmyDoctoralcourse,IamgratefUltomyLord,Lordoftheuniversewhomade

everythingeasefbrmeandmyfhmilyduringthisperiod・Atfirstlexpressdeepgratimdetomy

honorablesupervisorDr・KenyuOyakawa，profbssorofmechanicalsystemsengineering，

UniversityoftheRyukyus,underwhosesupervisionandpmpergLlidancethisworkiscarTiedout、

IamextremelygratefUlfbrhisconstantsupport,encouragementandthemostvaluabletimehe

Spentduringthisresearch・IsincerelythankmyprofbssorfbralTangingtheresearchfimdduring

mycriticaltimewhenlwasreallyinneedoffinancialhelp，

IamverygratefUltoDr,MmoruYaga,professorofmechanicalsystemsengineelingfbr

hissupport,encouragement,valuablesuggestionsandhelptosolvetheproblematanydifficulty，

especiallyfbrreviewingmyresearchpapers、IsincerelythankDr・IzuruSenaha，Associate

professorofmechanicalsystemsengineeringfbrhissupportinarrangmgexperimentalfacilities

atthelaboratoryIeXpresssincerereSpecttoProfessorT､Nosoko,whotaughtmeadvancedheat

transferandthennodyllamicsinmyDoctoralcoursework・ＩｗｉｌｌｎｏｔｆｂｒｇｅｔＭｒ・Oshiro，

technicianofmachineshop/factory，whoconstantlyco-operatemeinmakingexperimemal

apparatusatthefactoryandhelpedmefriendlyatpracticalproblemswheneverrequired・

Thankstoallofthegraduateandundergraduatesmdentsofmylaboratolyfbrtheirheartyco‐

Operation・IamevergratefhltoHNEHEIWANAKAJIMAFOUNDATIONfbrawardingme

scholarshipsintllisresearchwork・

AtthismomentlrememberthemostwonderfilltimeandeventseUjoyedwitllmyfhmily

hereinOkinawa,HowcanwefbrgetthemostbeautifhlIsland,Wheremyson,IslamMohammed

Shamiulwasbornwllilemydaughter,IslamFarihagrownupslowlywithtllefreshair､Finallyl

wouldliketothankmybelovedwife,ShathifbrherlongtennpatienceandsUpportdulingthis

work・IreallyenjoyedlifeandsmdyinOkinawawithhavingsuchagoodcompanionlam

waitingtoseemymotherandfamilymemberinBangladesh

100


