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ABSTRACT

Toreducethermallossfrommoltensteelinatundishduringcontinuouscastingproduction,anewtundish
fabricatedbyweldingradiationＧproofsteelplatesontothesteelplatesoftheexteriorwallsofabilletcaster
tundishwasproposed．Thisnewtundishwasusedtoinvestigatetheeffectofpressuresinsidethevacuum
chamberontheuniformityofthetemperatureofmoltensteelandthethermalconditionsofthevacuum
layer．Theresultsshowthattheconversionradiationcoefficientisnotsensitivetopressureanditsvalueat
hightemperaturesismerely１􀆰５timesgreaterthanthatatlowtemperatures．PressureisthekeyfactorafＧ
fectingadditionalfactorofconversionconvection．Thisfactorismorethan１００timesgreaterat１０５Pathan
at１０２Pa,andthetemperatureatinnerpointsat１０２Pais,onaverage,４Khigherthanthatat１０５Pa．
Meanwhile,thelocaltemperaturedifferenceoftheinletat１０２Pais１Khigherthanthatat１０５Pa．Thus,
theproposedvacuumbilletcastertundishcanachievelowsuperheatteemingofsteelbecauseofthetherＧ
malpreservationcapabilityofthevacuum, whichhelpstoreducethetappingtemperatureandimprovethe
uniformityofthetemperatureofsteel．

SymbolList

　CV —Constantvolumespecificheatofair,kJ􀅰kg－１􀅰K－１;
　g—Gravitationalacceleration, m􀅰s－２;
　L—Qualitativesize, m;
　q—Heatflux, W􀅰m－２;
　ΔT—Temperaturedifference, K;
　T—Temperature, K;
　Ta—Hightemperatureofvacuumchamber, K;
　Tav—Averagetemperature, K;
　Tb— Lowtemperatureofvacuumchamber, K;
　α—Thermaldiffusioncoefficient, m２􀅰s－１;
　β—Volumetricthermalexpansioncoefficient,β＝１/Tav;

　γ—Airthermalinsulationexponential;
　δ—Thicknessofvacuumchamber, mm;
　εi—Emissivity;
　εk—Conversionthermalconductivityofconvection;
　λ— Comprehensivethermalconductivity, W􀅰m－１􀅰K－１;
　λ１—Thermalconductivity, W􀅰m－１􀅰K－１;
　λ２—Conversionthermalconductivityofradiation,

W􀅰m－１􀅰K－１;
　μ—Airmolecularviscosity,J􀅰m－１􀅰K－１;
　υ — Kinematicviscosity, m􀅰s－２;
　σ０— StefanBoltzmannconstant, W􀅰m－２􀅰K－１．

１．Introduction
　ThermallossfromliquidsteelinatundishisalＧ
waysinherentlyincurredduringcontinuouscasting
process[１] ,especiallythroughthemeltsurfaceand
thetundish walls．However, agreatersuperheat
willsubstantially weaken inclusions removal[２] ,
causecentralsegregation[３] ,andevenleadtomold
breakout．Overthe pastthree decades, several
measureshavebeenusedtomaintainthetemperaＧ

tureofliquidsteelwithinaspecifiednarrowrange,
whichcanbedividedintotwogroups:thermalinsuＧ
lationandexternalheating．Slag[４]andcoveraretwo
effectivemeasurestoreducethermallossthrough
thetopsurfaceofamelt．ChakrabortyandSahai[５Ｇ７]

investigatedtheeffectofdifferentslagＧlayerthickＧ
nessesonthephenomenonoftemperaturestratificaＧ
tion．Moreover,therefractoryliningofthetundish
alsoplaysacriticalroleinheattransfer;refractory
liningsshould withstandthermalshock, prevent
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thermalloss, preventoxidationoftheliquidsteel,
andresistcorrosion[８] ．TheotherapproachisexterＧ
nalheatingbyinductionorplasma．SuchtechnoloＧ
gieshavebeensuccessfullyappliedinthefacilitiesof
afewcompanies,includingNipponSteel[９] andKaＧ
wasakiSteelCorporation．Intheplasmasystem, a
plasmatorchgeneratesaplasmaarcbyionizinginＧ
ertgas(e􀆰g􀆰, ArorN２)．Matsumotoetal􀆰[１０] and
Kubotaetal􀆰[１１]reportedthattheheatingefficiency
ofaplasmasystemisintherangefrom６０％to８０％
andthatthevariationoftemperatureisnotmore
than５°C even during unsteadyＧstate operation,
whichenablesthebasicoxygenfurnace(BOF)tapＧ
pingtemperaturetobereducedby２０°C．IncomparＧ
isontoplasma, a１０００ＧkW inductionheaterwas
demonstratedtoachieve９０％ greaterthermaleffiＧ
ciency[１２,１３] ．However,externalheatingtechnologies
fortundisheshavenotbeenextensivelyusedbeＧ
causeoftheheavyinvestmentrequired,thepotenＧ
tialdanger,andtheexfoliationofrefractories[１４] ．
　Becauseofthermalinsulationofvacuum,theauＧ
thorsdesignedanewtypeoftundish[１５] surrounded
byavacuumcavitychambertoreducethethermal
lossfromthetundishwallsbyreducingthevacuum
absolutepressuresandtoexploretheeffectofthe
absolutepressureonthethermalconditionsinside
thevacuumchamber．Andthetemperaturesinside
thevacuumchamberweremeasuredandthetemＧ

peraturesofmoltensteelinthetundishwerealso
measuredinafiveＧstrandbilletcastertundish．

２．Experimental

２􀆰１．Vacuumbilletcastertundish

　Thewallofaconventionalbilletcastertundish
comprisestheworkinglayer,thepermanentlayer,
andthethermalinsulationlayer;theirphysicalpaＧ
rametersareshowninTable１．Bycontrast,thewall
ofavacuumbilletcastertundishcomprisesfourlayＧ
ers,asshowninFig􀆰１．WhenfabricatingthevacuＧ
umbilletcastertundish,alloftheinnersurfacesof
thesteelplates (QＧ３４５) werepolishedandsubseＧ
quentlycoatedwithradiationＧproofmaterialsprior
toweldingtheplates．Thesepolishedsteelplates
weresubsequentlyweldedontotheexteriorwallsof
aconventionalbilletcastertundishtoformcavity
shells．Thesphericalvalvesandpressuregageswere
installedontothe external walls ofthe welded
tundishasthetundishwasbeingconstructed．After
theairinthecavitywasevacuatedbyamechanical
vacuumpump,thecavityshellbecamethevacuum
layer;theweldedtundishisreferredtohereafteras
thevacuumbilletcastertundish．ThephysicalmodＧ
elingwasperformedonthebasisofafiveＧstrandbilＧ
letcastertundish．Thevacuumlayerofthetundish
doesnotextendtothebottomwallofthetundish．

Table１
Parametersoftundishwalls
Component Material Thermalconductivity/(W􀅰m－１􀅰K－１) Thickness/mm

Workinglayer Magnesiabrick (２􀆰１０±０􀆰１９)×１０－３T ５０
Permanencelayer Lightclaybrick (０􀆰２６－０􀆰２９)×１０－３T １２０
Thermalinsulationlayer Asbestosboard (０􀆰１６７－０􀆰１９０)×１０－３T ３０
Vacuumlayer λ １００

Fig􀆰１．　Structuredevicesofvacuumbilletcastertundish．

２􀆰２．Experimentalmethod

　TheexperimentalprocedureisdescribedatthebeＧ
ginningofthetrials．First,thesphericalvalveswere
openedandtheairinthevacuumchamberwaspumped

outbyamechanicalvacuumpump(２XZＧ２);thepresＧ
surewasheldstablefor１－３h．ThepumpingproceＧ
duresforthevacuumchamberweredesignedsuch
thatthepressureisreducedfromhightolow, which
cansavetimeandimproveworkingefficiency．Inthe
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