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Abstract:Mathematicalmodelsforburdendescendingprocesshavebeenappliedtoobtainwholeburdenstructuresin
blastfurnace,whereastheaccuracyofthoseburdendescentmodelshasnotbeensufficientlyinvestigated．Special
evaluationmethodbasedontimelineburdenprofileswasestablishedtoquantitativelyevaluatetheerrorbetweenexＧ
perimentalandmodeledburdenstructures．Fourexistingburdendescentmodelswereutilizedtodescribetheburden
structureofa１/２０scaledwarmblastfurnace．Inputmodelingconditionsincludinginitialburdenprofile,descending
volumesineachtimeinterval,andnormalizeddescendingvelocitydistributionweredeterminedviaspecialimageproＧ
cessingtechnology．Modeledburdenstructureswereevaluatedcombinedwiththepublishedexperimentaldata．Itis
foundthatallthemodelscaughtthemainprofileoftheburdenstructure．Furthermore,theimprovednonuniformdeＧ
scentmodel(ModelIV)showsthehighestlevelofprecisionespeciallywhenburdendescendswithunstablevelocity
distributiontendency．Meanwhile,thetraditionalnonuniformdescentmodel(ModelIII)mayalsobedesirableto
modeltheburdendescendingprocesswhentheburdendescendingvelocitypresentsalineartendency．Finally,theuniＧ
formdescentmodel(ModelI)mightbethefirstoptionforroughlypredictingburdenstructure．
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　　Blastfurnace(BF)isaverticalreactorwiththe
countercurrentflowsbetweensolidsandgasesfor
reducingironoxidestoiron．TheefficiencyofBFis
dominatedbytheheatexchangebetweengasand
charged materials,butessentiallydependsonthe
gasflowdistribution[１]．DuetodifferencesinpermeＧ
abilityanddensityofthechargedmaterials,thegas
flowdistributionislargelycontrolledbytheburden
distribution[２,３]．Besides,thecontrolofradialore/
cokeratiodistributionissignificantinformingthe
gaspassageandresultantgaspermeabilityinthe
furnace operation[４,５]．Thus, many mathematical
modelshavebeenestablishedtosimulatetheburden
distributioninBF[６Ｇ２１]．Amongthosestudies,the
movementprocessesoftheraw materialssimplified
inthemathematicalmodelmainlyinclude:discharＧ
gingfromthehopper,collidingonthechute,sliding
alongthechutewiththedrivenforceofgravity,
centrifugalforce,reactionforce,frictionforceand

Coriolisforce,fallinginthefreeboarddriven by
gravity,buoyancyforceanddragforce,stockingon
thepreviousburdentoformanewburdenprofile,
anddescendingtoformtheentireburdenstructure．
　　ThemechanismoftheburdendescentsubＧmodel
iscrucialformakingaccurateburdenstructurepreＧ
dictionsinceitisadirectreflectionoftheBF′sinterＧ
nalcondition．Thecontinuousdescendingtheory,
assumingthatthephysicalpropertiesofthematerial
remainuniform throughoutthe wholedescending
process,is madetodevelopanalyticalburdendeＧ
scentmodelsbasedonempiricaldata[９]．Overthe
pastfew decades,continuous modelshavegained
wideapplicationsrangingfromaccuratepredictionof
theburdenstructure[９Ｇ１２]tofastevaluationofthe
chargingprograms[１３]inrunningindustrialBF．
　　NishioandAriyama[１４]derivedtheoriginalanaＧ
lyticalburdendescentmodelin１９８２．WiththeasＧ
sumptionofradialdescendingpathanduniformdeＧ



scendingspeed,wholelayerstructurescouldbeobＧ
tainedfromthetopburdenprofile．Ichidaetal􀆰[１５]

investigatedtheinfluenceofshaftexpansiononburＧ
dendescendingpathviaascaledcold model．The
correspondingstudydividedtheshaftregioninto
twoparts,theverticaldescendingregionandtheraＧ
dialdescendingregion．Thelatterwasprovedtobe
theonlyaffectedregionthroughcomparisonofthe
measuredparticlestreamlinesinbothregions．BeＧ
sides,theoperationconditionoftheBFstronglyinＧ
fluencedburdendescendingvelocityalongtheradiＧ
us．Withlinearityassumptiononthedistributionof
verticaldescendingvelocity,thenonＧuniform deＧ
scentmodelwasproposedbyKajiwaraetal􀆰[１６]acＧ
cordingtotheoperatingfurnace measurementon
KokuraBF No􀆰２．Inaddition,thedistributionof
verticaldescendingvelocitycanalsobesignificantly
affectedbythechargingpattern．Experimentdataof
the１/２０scaledwarm modelbuiltbyIchidaetal􀆰[１７]

showedthatstrong nonlineardescending velocity
distributionmightoccurevenundernormalcharging
pattern．Inrecentyears,withthedevelopmentof
measurementtechnologyontopburdensurface[１８],
radialdescending velocity distribution ofthetop
burdensurfacecouldbemeasuredentirelyandaccuＧ
ratelybyequipmentssuchaslaserscannerandmulＧ
tiradar．BurdendescentmodelsbasedonentireveＧ
locitydistributionofthetoplayerhavegainedwide
rangeofapplicationsonburdenstructureprediction[１９]．
　　DuetotheharshinＧfurnacecondition,itisdiffiＧ
culttomeasureburdenprofileofeachlayerbelow
thetopburdensurfacewithtraditionalequipments．
Validations ofthose burden descent models are
mainlyconductedonscaledcoldmodelswhichnegＧ
lectedthechemicalreactions[２,５,１５]．However,the
localsolidconsumption,i􀆰e􀆰orereductionandcoke

gasification,playsacriticalroleinburdendescendＧ
ingprocess．AccuracyofthoseburdendescentmodＧ
elshasnotbeensufficientlyinvestigated．TheobjecＧ
tiveofthisstudywastoevaluatethesuitabilityof
theburdendescentmodelsandtoanalyzetheiraccuＧ
racythroughcomparisonwithpublishedexperimenＧ
taldataofascaledwarmBF[１７]．

１　BurdenDescentModels
　　Theburdendescentmodels,bywhichtheburＧ
denlayersareshifteddownwards,arebasedonthe
assumptionthatthephysicalpropertiesofthemateＧ
rialsremainuniformthroughoutthewholedescendＧ
ingprocess．Theinfluenceoftheshaftexpandingalong
theverticaldirectionhasalsobeentakenintoacＧ
countwhiletheeffectslikemixedlayerformation
andgasflowareneglected．
　　Theconceptsofthefourconventionalburden
descentmodelsareshowninFig􀆰１．In modelI[１４]

(Fig􀆰１(a)),theburdendescendsalongthelinesraＧ
diatingfromtheconeapexOlocatedabovethetaＧ
peredwall．OistheintersectionofthefurnacecenＧ
terlineandtheextensionofthefurnaceshaft．The
basicassumptionofmodelIisthatparticlesinthe
samelevelpossesstheidenticalverticaldescending
velocities whichresultsinauniform verticaladＧ
vancementfortheseparticles．Inablastfurnacewith
throatradiusR,throatheighty０andshaftangleα１,
themovementoftheparticlesfromthepoint(x,y)
tothepoint(x′,y′)inthestackregionisformulaＧ
tedasEq􀆰(１)．

　　

y′＝[３Vd/(πtan２α１)＋(y－y０＋
　　R/tanα１)３]１/３＋y０－R/tanα１

x′＝x(y′－y０＋R/tanα１)/(y－y０＋
　　R/tanα１)
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where,Vdisthedescendingvolumeenclosedbythe

(a)ModelI;　 (b)ModelII;　 (c)ModelIII;　 (d)ModelIV．
Fig􀆰１　Illustrationofdifferentburdendescentmodels
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