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ABSTRACT

Coherentjetsarewidelyusedinelectricarcfurnace(EAF)steelmakingtoincreasetheoxygenutilizaＧ
tionandchemicalreactionrates．However,theinfluenceoffuelgascombustiononjetbehaviorisnot
fullyunderstoodyet．Theflowandcombustioncharacteristicsofacoherentjetwerethusinvestigated
atsteelmakingtemperatureusingFluentsoftware, andadetailedchemicalkineticreactionmechaＧ
nismwasusedinthecombustionreactionmodel．TheaxialvelocityandtotaltemperatureofthesuＧ
personicjetweremeasuredviahotstateexperiments．Thesimulationresultswerecomparedwiththe
experimentaldataandtheempiricaljetmodelproposedbyItoandMuchiandgoodconsistencywas
obtained．TheresearchresultsindicatedthatthepotentialcorelengthofthecoherentjetcanbeproＧ
longedbyoptimizingthecombustioneffectofthefuelgas．Besides,thebehaviorofthesupersonicjet
inthesubsonicsectionwasalsoinvestigated,asitisanimportantfactorforcontrollingthepositionof
theoxygenlance．Theinvestigationindicatedthattheattenuationofthecoherentjetismorenotable
thanthatoftheconventionaljetinthesubsonicsection．

１．Introduction
　Supersonicjetshavebeenwidelyappliedinbasic
oxygenfurnace (BOF) and electricarcfurnace
(EAF)steelmakingprocessesandplayanimportant
roleindecarburization,slagfoamingandcomponent
transport．Severalresearchershavefocusedonthe
optimizationofoxygenjettechnologybefore．For
example, Mahoney[１] investigated the effect of
shroudinggasandoxygenflowrateonsupersonic
jetsviaexperimentalmeasurements．Alametal[２]

presentedtheresultsofanumericalsimulationofa
coherentjet,andtheseresultswereconsistentwith
theexperimentaldata．Odenthaletal[３]developeda
newinjectionsystemthatusedahighＧtemperature
shroudinggassuppliedbycoaxialnozzlestoincrease
thejetlength．
　OneＧstepcombustionreactionbetween methane
andoxygenwasalsoconsidered[４Ｇ６] ．InaoneＧstepreＧ
action,alloftheenergyreleasedbycombustionis
convertedintoheatenergy, whichcausesthetemＧ

peratureoftheflametobeexcessivelyhighandthus
affectsthepotentialcorelengthofthesupersonic
jet．However,thesestudiesonlyconsideredmethＧ
aneasthefuelgasofthecoherentjet,andmethane
wasprovedtohaveapoorleanburnability,highigＧ
nitionenergyandslow burning velocity[７Ｇ９] ．ReＧ
searchersalsoreportedthathydrogenreducesthe
ignitiontemperatureof methaneandsignificantly
increasesthecombustionefficiencyoffuelgas[１０,１１] ,
buttheinfluenceoffuelgascombustiononsuperＧ
sonicjetswasnotinvolved．
　Inthisstudy,theeddydissipationconcept(EDC)
model[１２] waschosenforthecombustionmodelwith
thedetailedchemicalkineticreaction mechanism
GRI３０[１３] ．GRI３０consistsof５３species,inaddiＧ
tiontoargonandnitrogen,foratotalof３２５step
basicelementreactions．Methane, hydrogenanda
mixtureofthetwogaseswerechosenasthefuel
gas．Acomputationalfluiddynamics (CFD) model
ofasupersonicjetatsteelmakingtemperaturewas
developed．ThebehaviorofthecoherentjetwithdifＧ

　　　　　　　　　JournalofIronandSteelResearch,International２４(２０１７)１１４３－１１５１　　　　　　　　　　



ferentfuelgaseswasinvestigatedtounderstandthe
influenceoffuelgascombustiononthesmelting
functionandcombustionfunctionofthecoherent
oxygenlance．

２．Experimental

２１．Experimentalequipment

　ThecombustionfurnaceshowninFig１wasused
togenerateahighＧtemperatureenvironment．ThefurＧ
nacetemperaturewascontrolledbyaburneronthe
furnacewallandwasmonitoredby１０thermocouples．
Themeasurementdeviceswerefixedatthedesignated
measuringpointsbeforeperformingtheexperiment．
Theexperimentaloxygenlancewasequippedwitha

waterＧcooledcoppersleeve, whichwasinsertedata
horizontalposition．Theambienttemperatureofthe
furnacewaschosenastheaveragemonitoringtemＧ
peratureof１０thermocouples．Whenthefurnace
washeatedtotherequiredtemperature,theflame
burnerwasreplacedwithacoherentoxygenlance．
ThestructureoftheoxygenlanceisshowninFig２．
Theexternalandinternalringholeswereusedfor
shroudingoxygen．The middlesoftheringholes
wereusedtoconveyfuelgas．TheLavalnozzlewas
usedtoprovidethemainoxygensource．Theflow
rateoftheshroudingoxygenwastwicethatofthe
fuelgas．Thestructuralparametersofthecoherent
oxygenlancefortheexperimentalconditionsare
showninTable１．

Fig１．　Schematicviewofexperimentalequipment．

De—Nozzleoutletdiameter;D１,D３—Shroudingoxygen
outletdiameter;D２—Fuelgasoutletdiameter．

Fig２．　Nozzlestructureofcoherentoxygenlance．

Table１
Structuralparametersofcoherentoxygenlance(mm)

　Parameter Value

　De ３４２
　D１ ３０
　D２ ４３
　D３ ４０
　DiameterofLavalnozzlethroat ２６３

２２．Measurementmethod

　TheexperimentwascarriedoutatanenvironmenＧ
taltemperatureof１７００K．Thetraditionalpitottube

wasequippedwithawatercoolingdevice．Thepitot
tubecanbeusedintherangeof１６００－１８００K．In
thisexperiment,thetotalpressureandstaticpresＧ
sureatthemeasuringpointsweremeasuredthrough
apitottube; thetemperature ofthe measuring
pointswasalsomeasured．Usingthemeasureddata,
thevelocityatthemeasuringpointscanbeobtained
usingEq(１)．Theoxygenjethasnoeffectonthe
mixingofmoltensteelatthevelocitieslessthan０３
Ma (Machnumber)．Hence,velocitieslessthan０３
Mawerenotmeasuredinthisstudy．
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where,vrepresentsthevelocityatmeasuringpoint;
p０representsthetotalpressureofmeasuringpoint;
prepresentsthestaticpressureofmeasuringpoint;
Rrepresentstheidealgasconstant;Tistheactual
temperatureofmeasuringpoint;andγistheratioof
heatcapacity．

３．Simulation

３１．Governingequations

　Continuityequation

　　
∂ρ
∂t＋∇(ρu)＝０ (２)

　Momentumconservationequation
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