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ABSTRACT

TherearemanybottomＧblownsmeltingfurnacesinmetallurgicalindustry．Whenoxygenorairsprays
fromthejetnozzleintothebottomofthefurnace,themeltingphasewillbefrozenandahemispherical
porouszonewithamushroomheadshapewillbeformedaroundthenozzle．ThemushroomheadcanproＧ
tectthejetnozzleandmitigatetheliquidsprayonthesurfaceofmelt．Inordertoanalyzetheformation
processofamushroomheadinthebottomＧblownsmeltingfurnaces,ahydraulicexperimentsystem was
designedandtheformationofthemushroomheadwasinvestigatedbyhydraulicexperiment．ThehydrauＧ
licexperimentresultsshowthattheformationprocessismainlydividedintogeneratingcrushinggeneraＧ
tingprocessandstablemushroomheadgenerationprocess．TheformationofstablemushroomheadreＧ
quirescertainthermodynamicconditionandwatersplashismoreintensewithoutamushroomheadthan
withamushroomhead．Thesize,porosityanddiameterofthemushroomheadareaffectedbytheflow
rate,temperatureandheatcapacityofthebottomＧblowinggasandthetemperatureofthesuperheatand
thephysicalparametersofthemelt．

１．Introduction
　VariousbottomＧblownsmeltingfurnaces,suchas
convertersandbottomＧblowncoppersmeltingfurＧ
naces,areusedinmetallurgicalindustry[１Ｇ３] ．When
afurnaceisutilized,gasisjettedstronglyfromthe
bottomofthefurnace,anditstemperatureislower
thanthatofthemelt．Acoldareawillbegenerated
aroundtheoutletofthejetnozzle．HighＧtemperaＧ
turemeltwillcurdleinthecoldareaandtransform
toaporousmediumsimilartoamushroom．This
porous medium iscalled mushroom head[４Ｇ８] ．A
mushroomheadcanprotectthejetnozzleoffurＧ
naces．However,italsoincreasestheresistancefor
jettinggas．Thus,theformationprocessofmushＧ
roomheadsmustbeanalyzed[９Ｇ１３] ．
　Yuanetal􀆰[１４] conductedahotsimulationtoinＧ
vestigatetheformationofa mushroom abovethe
outletofabottomＧblowingnozzleinacombinedbloＧ
wingconverter;thecorrelationamongthetemperaＧ
turesofthebottomＧblowingnozzle,itsperipheral
refractorylining,thetemperatureofhotmetal,and
theflowrateofbottomblowinggas, wasexamined．
Theresultshowedthathot metalwouldform a
mushroomabovethenozzleoutletandprotectthe
nozzleonly whentheoutlettemperatureislower

thanthesolidificationtemperatureofhotmetalby
approximately３３３K．Thus,ablowingpatternwas
proposedtocontroltheformation, growth, meltＧ
ing,anddissolutionofmushroomheads．Zhanget
al􀆰[１５] examinedthegrowthpatternofamushroom
attheendofthetuyereofthetopandbottomcomＧ
binedblownconverter, andinvestigatedthetherＧ
modynamicsandkineticsofnucleationandtheinfluＧ
enceoftechnicalparametersonthedimensionofthe
mushroomandthevariationsofgasflowrateand
pressure．TheeffectofthedistancebetweenneighＧ
boringpipesofmultipleＧpipetuyereandtheinfluＧ
enceofdifferentkindsoftuyeresontheformation
ofastablemushroom werealsoinvestigated．HowＧ
ever,theexperimentwasrelativelysimple,andmost
conclusionswereobtainedusingthermalequilibrium
mathematicalmodels．Yu[１６] discussedthethermoＧ
dynamicconditionsforthestabilityofamushroom
headatabottomＧblownconverterbyusingaheat
balancemodel．Therelationshipbetweenthesizeof
amushroomheadandtheflowrateofthebottomＧ
blowinggaswasestablished．Theformationprocess
ofamushroomheadandtheeffectofamushroom
headonfurnaceflowwerenotanalyzed．
　Thepreviousstudiesfocusedonthe mushroom
headinthebottomＧblownconverterandemployed
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simulationsofthethermalprocess．Thejetnozzles
ofabottomＧblownsmeltingfurnaceandabottomＧ
blownconverteraredifferent．Thejetnozzleofa
bottomＧblown smeltingfurnace must belocated
deeplyinthefurnace．Thus,theformandformation
processofamushroomheaddifferfromthoseinthe
bottomＧblownconverter．Thecurrentstudyfocused
onthebottomＧblownsmeltingfurnace．Intheactual
productionprocess,thetemperatureofthemeltis
alwayshigherthan１５７３K; thus, conductingexＧ
perimentsbyusingactualmeltisdifficult．ThereＧ
fore,theformationprocessofamushroomheadin
thebottomＧblownsmeltingfurnacewasinvestigated
byusinghydraulicmodelexperimentsbasedonpreＧ
viousstudiesonthemushroomheadinthebottomＧ
blownconvertertoanalyzetheeffectsoftemperaＧ
tureandgasflow ontheformationprocessofa
mushroomhead．

２．HydraulicModelExperiment

２􀆰１．Similaritycriterion

　Theexperimentalsetupinthecurrentpaperissimilar
toabottomＧblowncoppersmeltingfurnace．Similarity
criterion mustbeestablishedtoensurethatthe
modelflowandprototypeflowaresimilar．ThesimＧ
ilaritycriterioninthecurrentstudyisasfollows．
　(１) Geometricsimilarity
　Geometricsimilaritywasthefirstconditionthat
mustbefollowedinasimilaritycriterion．ThisfeaＧ
tureindicatesthatamodelandprototypemusthave
thesamegeometricshape;theircorrespondingsize
musthavethesameratio, andtheircorresponding
anglesmustbesimilar．ThevalueofgeometricsimiＧ
larityiscomputedusingEq􀆰(１)．

　　λ＝
Lm

Lp
(１)

where,λisthenumberofgeometricsimilarity;Lm

isthelengthofthemodel, m;andLpisthelength
oftheprototype, m．
　 (２) Dynamicsimilarity
　A modifiedFroudenumberFr′wasselectedin
dynamicsimilarity,asshowninEq􀆰(２)．

　　Fr′＝
v２

g

gd０

ρg
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(２)

where,vgisthevelocityofgas, m/s;gistheacＧ
celerationofgravity, m/s２;d０isthediameterofa
jetnozzle, m;ρgisthedensityofgas,kg/m３;and
ρ１isthedensityofliquid,kg/m３．
　ThemodifiedFroudenumbersofthemodeland
prototypemustbethesame,asdescribedinEq􀆰(３)．
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２􀆰２．Experimentalparameters

　Basedonvariousconditions, suchaslaboratory

sizeandeconomiccost,１∶１０wassetasthegeoＧ
metricsimilaritynumber．Thestructuralparameters
ofthemodelandprototypeareshowninTable１．

Table１
Structuralparametersofmodelandprototype
Parameter Prototype Model

Geometricsimilaritynumber １∶１ １∶１０
Diameteroffurnace/mm ３８８０ ３８８
Lengthoffurnace/mm ２８５０ ２８５
Heightofliquidlevel/mm １５４５ １５４􀆰５
Angleofjetnozzle/(°) ０ ０
Lengthofjetnozzle/mm １８０ １８
Outletareaofjetnozzle/mm２ ７９８􀆰４２ About８

　Thecurrentstudyfocusedontheformationprocessof
amushroomheadwhencoldgaswasjettedtoafurＧ
nace．Waterwasusedinsteadofcoppermatte,and
coldairwasutilizedinsteadofjettinggas．Allthe
parametersoftheprototypewereprovidedbyacopＧ
perproductioncompany．TheparametersoftheproＧ
totypeandthemodelarepresentedinTable２．

Table２
Parametersofprototypeandmodel

Prototype

Densityofcoppermatte/(kg􀅰m－３) ４５００
DensityofN２/(kg􀅰m－３) １􀆰２５
DensityofO２/(kg􀅰m－３) １􀆰４２９
Gasflow/(m３􀅰h－１) ２０００
Initialwatertemperature/K ２７８

Model

Densityofwater/(kg􀅰m－３) ９９８
Densityofair/(kg􀅰m－３) １􀆰２９３
Airflow/(m３􀅰h－１) １􀆰０,１􀆰５,２􀆰０,２􀆰５

２􀆰３．Experimentalfacilityandscheme

　TheexperimentalfacilitiesintheexperimentinＧ
cludedafurnacemodel,acoldairＧsupplysystem (dry
icewasusedtoreducetemperature),airdryingsysＧ
tem, andcontrolsystem．Theschematicdiagram
andactualfacilitiesareshowninFigs􀆰１and２．
　TheworkingprincipleofthisexperimentisasfolＧ
lows:
　 (１) Airwasprovidedbyanaircompressor,and
itspressurewasstabilizedbyaregulatorvalve．
　 (２) AirpassedthroughanairＧdryingsystem,
anddryaircanbeprovided．
　 (３) DryairpassedthroughacoldairＧsupplysysＧ
tem,anditstemperaturewillbereducedtoanapＧ
propriatetemperature．
　 (４) Drycoldairwasjettedintoafurnacemodel．
　AhighＧspeedcamerawasusedtorecordtheforＧ
mationprocessofthemushroomhead,andthermoＧ
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