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ABSTRACT

Theformationofslageyeinagasstirredladlewasstudiedthroughcoldmodelsandindustrialtrials．Inthe
coldmodel, waterandsodiumtungstatesolutionwereemployedtosimulateliquidsteel,andsiliconoil
wasemployedtosimulateslag．Thesimulationresultsrevealedthatthegasflowrateandbathheighthad
strongeffectsontheslageyesize．Inparticular,thethicknessofslaglayerplayedastrongroleintheslag
eyesize．Inaddition,theslageyecouldnotbeformedwhenthethicknessofthetoplayerwasmorethan
４cminwaterＧsiliconeoilmodel．Besides,thesectionareaofvesselhadagreatimpactontheslageyesize．
Industrialtrialsresultsshowedasimilartrendthatthegasflowratewasverysignificantontheslageye
size．ThepredictionsoftheexistingmodelsshowedlargerpredictionsdeviationscomparedwiththeexperiＧ
mentaldata．Moreover,anewmodelwithoutfittingparameterswasdevelopedbasedonforcebalanceand
mathematicalderivation,andverifiedbytheexperimentaldata．Thenew modelprovidestheprediction
withsmalldeviationsbycomparingwiththedataacquiredfromcoldmodelsandindustrialtrials．

SymbolList

　　A—AreaofsectionA″B,cm２;
　　Ae—Slageyesize,cm２;
　　A０—Sectionareaofvessel,cm２;
　　Ap—Plumesize,cm２;
　　A∗

e —Dimensionlessslageye;
　　A∗

p —Dimensionlessplume;
　　d—Nozzlediameter, mm;
　　D０—Ladlediameter,cm;
　　De—Slageyediameter,cm;
　　Dp—Plumediameter,cm;
　　Fr—Froudenumber;
　　Fr∗ —DensimetricFroudenumber;
　　g—Accelerationofgravity,cm􀅰s－２;
　　h０—Upperphase(slag)thicknesswithoutgasblowing,cm;
　　h—Upperphase(slag)thicknesswithgasblowing,cm;
　　H—Depthofbulkphasefluidinladle,cm;
　　j—Unitvectorinverticaldirection;
　　K１, K２—Constants;

　　n
∧—Unitnormalvector;

　　Pa, Pb—Pressuresattopandbottom,respectively, of
controlvolume, Pa;

　　Q—Gasflowrate,cm３􀅰s－１;
　　s—Ratioofthicknessoftopphasetodepthofbulkphase;
　　U０—Velocityofdownwardflowincontrolvolume,cm􀅰s－１;
　　Up—Plumevelocity (averagerisevelocityoftwoＧphase

mixture),cm􀅰s－１;
　　Upmax—Maximumofplumevelocity,cm􀅰s－１;
　　v—Componentofvelocityvector;
　　V—Velocityvector;
　　W—Massofwatercontainedincontrolvolume,g;
　　α,β,γ—Constants;
　　θ—Verticalangleofdownwardflowincontrolvolume;
　　μs—Kinematicviscosity,cm２􀅰s－１;
　　ρo—Densityofoil,g􀅰cm－３;
　　ρ—Densityofwater,g􀅰cm－３;
　　ρs—Densityofupperliquid,g􀅰cm－３;
　　ρm—Densityofbulkphaseliquid,g􀅰cm－３;
　　Δρ—Differencebetweentopliquidandbulkliquid, g􀅰

cm－３;
　　Ψ—Gasfractioninplume;
　　χ—Numericalvalue．

１．Introduction
　ArgongasstirringiswidelyemployedinladlereＧ
finingprocess．Generally, argongasisintroduced

intoladlebyusingbottom blowing[１] ．Forbottom
blowing,gasscattersmanybubblesintheprocess
ofrisinginliquidsteel．Besides,thebubblestransＧ
ferpotentialenergytoliquidsteelduringrising,
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forcingliquidsteelmovementandthusforminga
gasＧliquidplume．Undermoderatecondition, such
aslargeplumevelocityandthinslaglayer, the
plumewillovercomepotentialenergydifferencebeＧ
tweenliquidslagandliquidsteel, revealingabare
liquidsteelsurfacewhichisreferredtoas“slageye”．
　ItisgenerallybelievedthatgasＧliquidplumeand
slageyearecrucialtorefiningeffect．Forexample,
argongasstirringimprovesslagＧmetalmixingaround
slagＧeye and increases slagＧmetal contact area,
whichinturnacceleratesslagＧmetalreaction[２] ．BeＧ
sides, argon bubblesinliquidsteelarevacuum
chambers, andthusgasＧliquidplumehasastrong
degassingfunction．Inaddition,theinclusionsattaＧ
chedtogasbubbleseasilyriseandenterslag, which
ishelpfultoinclusionseparation．
　However,aviolentgasstirringwouldleadtoahigh
plumevelocity．Manyresearchersthoughtfastflowing
liquidsteelwouldshatterthetopslag,formingtiny
slagdroplets．Theslagdropletswouldbedragged
intometalbathbyflowingliquidsteel,forminginＧ
clusions[３,４] ．Bigsizeofslageyewouldalsoincrease
thecontactsurfacebetweenliquidsteelandair,
whichresultsinreＧoxidationandabsorbinggas．
　Duetoabovereasons,somestudies[５Ｇ１３] havebeen
performedtodescribeslageyesizeasafunctionof
thegasflowrateandthepropertiesofthemelts．
Thesestudiesareveryvaluabletounderstandthe
formationofslageye．However,littleworkwasdeＧ
votedtostudyingtheeffectofladledimensionon
slageyesize．
　Thepresentworkfocusedonthefollowingthree
aspects: (１) collectingthreeseriesdatabasedon
waterＧsiliconeoilmodels,sodiumtungstateＧsilicone
oilmodelandindustrialtrial; (２)establishinganew
modeltofittheexperimentaldataacquiredfromthe
coldmodelsandindustrialtrials; (３) checkingthe
existingmodelsandthenew modelbytheexperiＧ
mentaldata．

２．Experimental
　Twowatermodelswereadoptedinthepresent
study．TheexperimentalsetupisshowninFig􀆰１．
EachmodelconsistsofatransparentacryliccylinＧ
dricalvessel(withinnerdiametersof６０cmand２９
cm,respectively)andamassflowcontrollingsysＧ
tem．Compressedairwasinjectedintothevessel
throughacentrallyplacednozzlewithaninnerdiＧ
ameterof６ mm onthebottom ofthecylindrical
vessel．TapwaterandsiliconeoilwereusedtosimuＧ
lateliquidsteelandslaglayer,respectively．ToeasＧ
ilymakeouttheboundaryofslageye,afewdrops
ofSudanbluewasaddedtothesiliconeoil．Avideo
camera wasemployedtocatchthedimensionsof
slageye．

Fig􀆰１．　Experimentalsetupforcoldmodel．

　Inanothermodel,sodiumtungstatesolutionand
siliconeoilwereusedtosimulateliquidsteeland
slaglayer,respectively．Theexperimentalsetupwas
similartothewatermodel．Ithasaninnerdiameter
of１８􀆰８cmandthemaximumliquidbathheightof
１７􀆰２cm．Similarly,toeasilyidentifyboundaryof
slageye,afewdropsofSudanbluewereaddedto
thesiliconeoil．Compressedairwasemployedin
thismodelexperimentaswell．ThegasinletposiＧ
tionedinthecenterofthebottomhadaninnerdiＧ
ameterof６mm．
　Thephysicalpropertiesoftheliquidsusedinthe
experimentsarelistedinTable１．InageneralexＧ
periment,theheightsoftopliquidandbathliquid
wereaccuratelymeasured．Aconstantgasflowrate
wasadoptedineachexperiment．Thedimensionsof
slageyewererecordedwhentheslageyereached
relativelysteadystate, whichusuallytookabouta
few minutes．Bothvideoclipsandsteadyphotos
weretaken．Theimageswereusedtodeterminethe
dimensionsofslageyebycomparingthem withthe
dimensionsofthevessel．
　Besides,theindustrialtrialswerealsocarriedout
toverifytheexistingmodels．Thediameterofthe
１２０tladleisabout３􀆰０m,andtheheightoftheliqＧ
uidsteeliscalculatedtobe３􀆰２mbasedontheladle
dimensionsandthedensityoftheliquidsteel(１８７３
K)．Afterargonblowingfor５min,thevariationsof
slageyesizewithgasflowratewererecordedbyan
infraredvideocamera．Accordingtothemassratio
ofslagtometal,thethicknessesofthelayerswere
estimatedtobeabout２－６cm．

Table１
Physicalpropertiesofliquidsusedinpresentstudy

Liquid
Viscosity/
(mPa􀅰s)

Surfacetension/
(N􀅰m－１)

Density/
(kg􀅰m－３)

Siliconeoil ９７􀆰０ ２１􀆰０×１０－３ ９６５±４
Sodiumtungstate １０􀆰０ ９０􀆰０×１０－３ ２０００
Water １􀆰０ ７􀆰０×１０－３ １０００
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