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Abstract

Varioustypesofhbricfiltersarenowavailableonthemarket，butthereisno

standardmethodtotesttheperfbrlnancesofvariousfilermedia､Theobjectivesof

presentworkaretoproposeastandardtestingmetllodfbrfabricfiltersbycomparingthe

filterperfbrnlancesmeasuredbytheexistingstandardsofVDIandJIS,andtodevelopa

fabricfiltrationmodelwhichcanexpressthepressuredropevolutioninthe

filtration-cleaningcycleSThefilterperfbnnaｎｃｅｔｅｓｔｓｗｉｔｈＶＤＩｔｙｐｅ－１ａｎｄＪＩＳｒｉｇs

showedtllatthefiltercleaningeHiciencylneasuredwithVDItype-1ishigherthanthat

withJISbutthattlledifferenceintllefilterperfbrlnancemeasuredwithtworigscanbe

minimizedbyalteringtheagingconditiontogivethesameresidualpressuredropafter

thefilteragingAnewnlodelisproposedbyUreakingdownthefabricfiltrationprocess

intotllreestages；depthfiltrationstage,ｔransitionfiltrationstageandsurfacefiltration

stage、ThemodelsuccessfUllydescribedthetimeevolutionoffilterpressureduring

filtrationcyclesandthefIltercleaningperfbrmancecanbeexpressedwithtwo

parametersofthesurfacecleaningfiactionandtheresidualdustloadontheun-cleaned

surfiaceaftercleaningbythelnodel．

１.Introduction

Bagfiltershavebeenwidelyusedfbrcontrollingairpollutionaswellascollecting

powderproductpreparedviagas-phasereactionItisimportanttoestablishastandard

testinglnethod,whichallowsustocolnparetheperfbnnanceofdiffierentfiltermedia

underwell-definedconditionssimilartothoseencounteredinpractice・

Sincebagfiltersareoperatedinacycleofdustaccumulationandcleaning，itis

necessarytoaccuratelypredictthefiltrationperfbrnlanceduringthecycle・Thepresent

workseekstoproposeafiltrationmodelwhichcanexpresspressuredropdevelopment
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duringtherePeatedfiltrationcyclestakingintoaccOuntthepatchingcleaning・Wewill

alsoapplytllemodeltoevaluateandconlparetllefiltercleamngperfblTnancelneasured

byVDItJ7pe魚1rigandJISrig．

2.ComPariSOmofFiltrationPerfDrmncemMsuredbyⅥ〕ImdnS庇stingRigs
hrCleanableFabricFilter

lhefilterperfbrmancetestisconductedwitllJISandVDItype-1rigs・Theresults

showedtllatthattllefiltercleamngefficiencywithJISrigislowertllantllatwitllVDI

typalrigL

Fig､lSllOwstllerelatiOnsllipbetweentlleresidualpressuredrOpandtheresidualdust

loadfbrtlleVDItj'pe-1andJISrigs､InFigl,tlledatameasuredbybotllVDItype-１
，ｉ‘‘

andJISrigsfallonasinglestraigl1tline,mdicatingtllattlleresidualdustloadis
l、

uniquelydetennmeClbytlieresidualdustloadevenWhentllCagingisconductedwith

differemrigSofⅥ〕Itype-1andJIS・

SincetlledustcleaningefficiencyfbrVDItype-1rigishighertllantllatfbrJISrig，

tlleincreasingrateofresidualdustloadfbrVDItype-1rigislowertllantllatfbrJISrig

Inordertoobtaintllcsalnercsidualdustloadorresidualpressuredropaftertlleaging，

tllenUmberOffiltrationcyclesshouldbereduCedfbrⅡSrigorincreasedfbrVDItype-1

rig・ThefilterperfbnnancetestWiththeJISrigwasconductedusingafilteragedwitll

tllenumberoffiltratiOncyclesOf2700andthefiltrationcWletimeoｆ５ｓ､Theresults

arecolnparedinFig・Zwitllthepreviousperfbrlnancetestresultsfbrthetworigs・Fig2

showstllattllesametestingresultsfbrtlleVDItype-1rigandtlleJISrigareobtamed

notonlyintllefirst30cyclesbefbretlleagmgbuｔａｌｓｏｉｎｔｌｌｅｌａｓｔ３０ｃyclesaftertlle

agingbydecreasingtllenumberoffiltrationcyclesfiom5000timestoz700tinlesfbr

ⅡSrig．
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3.ModelfbrFiltmtionPerfmmncePMlictiⅢｏｆＦｌ団t-typeFabricFilte1.

3.1Modeldescriptionofthefabricfiltrationprocess

Foravirginfilter,dustparticlespenetrateintofilterandarecollectedinsidethefilter・

Whenthepressuredropreachesaprescribedvalue，thefilteriscleanedAftcrfilter

cleaning，apartofresidualdustcakeremainsonfiltersurface・However,onapartof

filtersurface,notonlythedustcakeiscompletelyremovedbutalsoapartofdustinside

thefilterisalsocleanedTherefbre，thedepthfiltrationtakesplaceonthecleaned

surfacejustafterthefiltercleaninguntilthedustloadreachesthemaximumretentionin

thefilter､Oncetlledustbeginstoaccumulateonthecleanedsurface,thesecondstageof

transitionfiltrationstagebeginsThelocalfiltrationvelocityvariesoverthefilter

surfacebecauseofthenon-unifbnnityinthedustcakedistributionThisleadsto

non-linearpressuredropdeVelopmentofthefilter・Astimepasses,ｔｈｅｎon-unifbnnity

willgraduallydisappearbecauseofselfLequalizingmechamslnfbrparallelpathflows・

Thedifferenceinlocalfiltrationvelocitywillthendiminishandtlliswillleadtoumfbnn

depositionoffiltercake,whichisthebeginningofsurfacefiltrationstage．

3.2Tiansitionfromdeptllfiltrationstagetotransitionfiltrationstage

lnordertofindthetransitionfi･omdepthfiltrationstagetotransitionfiltrationstage

ineachfiltercycle，weintroduceanewconceptofinterfacedustlayeronthefilter

surface・Whenthedepositeddustfilllyocc叩ｙｔhevoidsofthislayerorwhenthedust

loadreachesthemaximuminthislayer,thedustparticleswouldnotpenetrateintothe

filterandtherefbrestartaccumulatingonthefiltersurfnce．

3.3SurfacecleaningfiFactiOnandresidualdustloadaftercleamngontheun-cleaned

surface

lnordertoexpressthenon-unifbrlnityofresidualdustcakedistributionafierfilter

cleaninginasimplermanner,thepresentmodelintroducestwoparameters，ｉ､e・the

surfacecleaningfiaction，八whichistheratioofcleanedsurfaceareatothetotal

surfaceareaofaHlter，ａｎｄｔｌｌｅｒｅｓｉｄｕａｌｄｕｓｔｌｏａｄｏｎｔｈｅｕn-cleanedsurfaceafter

cleaning，川moBothﾉ刀測。ａｎｄ′Changewiththenumberoffiltrationcycle．

./iａｎｄ川AoarecalculatedandshownrespectivelyinFigs3and4
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4.EvaluationoffiltercleaninngperfbIⅢmcebytheprOposedmodel

UtiliZingtllefilterPerfbmanCeteStresultsWithVDItype-1andJISrigS，′ａｍｌ

咽oarecalculatedandPlottedinFigssand６.FigSshowstllereisnosignificant

differencem′bytllerigsemployed､However,inFig6，脚卿OobtaincdwithJISrigis

conSiderablyllighertllantllatwitllVDItype-1rigfbrtllelast30cyclesaftertlleaging，

indicatingtllattlledustcleaningefficiencyishigherfbrtheVDItype-1rig
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5.Conclusions

TYlefiltrationperfbmlancesmeasuredbyVDItype-lrigandJISrigwascompared

inordertofindtlleteStingconditionswllichgivetllesameresultsbythetworigs・A

modelisproPosedfbrtllepredictionoffabriCfiltrationproceSs,dividingafiltration

cycleintotllreestages，ｉ.e､thedeptllfiltrationStage,tlletransitionH1trationstageand

tllesurfacefiltrationstage・ItisaPpliedtoevaluateandcomparetllefiltercleaning

perfbrmancebetweerlthetworigs．
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学位論文審査結果の要旨

平成１７年７月２７曰に第１回論文審査会、そして、８月２曰に口頭発表と質疑応答を行い、引き続き開

催した第２回論文審査会において以下のように決定した。
・り

本論文は、主要な集塵装置であるバグフィルタ用ろ布の`性能評価法を確立するため、代表的な試験装置の

特徴を実験的に明らかにした。そして、ろ布への粒子の堆積と払い落としが繰り返されるろ過過程を、ろ材

ろ過、遷移ろ過、ケーキろ過の３段階に分けて評価することが重要との判断から、ろ過過程をモデル化し、

圧力損失の経時変化と払い落とし後の残留圧損を予測する方法を検討した。

その結果、ろ布の性能試験に関し、ろ布のエイジング処理において処理後のろ布の残留圧損を等しくすれ

ば､異なった装置で同一の性能試験結果が得られること､また､バグフィルタのろ過過程のモデリングに関し、

ろ布表面に仮想的な粉塵層を導入することにより､ろ材ろ過から表面ろ過に移行する時間を予測できること、

遷移ろ過過程における圧力損失の増加を、ろ布表面の不均一な粉塵堆積量分布を考えることにより予測でき

ることを示した。さらに、本モデルで導出された２つのパラメータ（払い落とし効率、残留粉塵量）を用い

て試験装置の比較を行い、払い落とし効率は同じであっても、払い落とし後の残留粉塵層の厚さが異なるこ

とを示し、圧力損失の経時変化の予測を可能にした。

以上のように、本論文は、バグフィルタ用ろ布の性能試験法に関し重要な評価指針を与えるとともに、バ

グフイルタによるろ過に対し新たなモデルを構築しており、工学的な価値は高く、博士（工学）の学位を授

与するに値すると判断する。

●
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