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1. Po3BUTOK TEOPii Tenyo- i MacCOOOMiHy NpY NPOAYBILi METAy B CTaJIEPO3JIMBHOMY KOBIIIi Ta BAOCKOHAJIEHHS
KOHCTPYKLITHUX [TapaMeTpiB AJ1s arperary "KiBII-miq"

2. The development of the theory of heat and mass transfer at metal blowing in the ladle and improvement of
refractory lining parameters of "ladle-furnace"

Pedepar:

1. O6'exT - mpoLec 06poO6KM METaly B CTAJIEPO3IMBHOMY KOBII arperary "KiBll - i4". MeTa - yCTaHOBUTU
palnioHasbHi IapaMeTpy 00pOOKHU PiiKoi CTaji aproHOM, 110 3a6e31eYy0Th BUCOKY SIKiCTb MeTaly, MiJBUIIeHHS
CTilIKOCTi pyTepiBKU I Yacy eKCITyaTallii CTaJlepo3JIMBHOrO KOBIIA HA OCHOBI HOBUX YSIBJIEHb [IPO MEXaHi3M BILJIUBY
IHTEHCHUBHOCTI BAMYXYBaHHS rasy, KiJIbKOCTI 11 po3TalllyBaHHS [IPOAYBHUX BYy3JIiB Ha Yac [epeMillyBaHHS 1 XapaKTep
KOHBEKTMBHUX IIOTOKIB PO3IJIaBy B KOBII. MeToau fOCiIKeHs i anaparypa - JociiIpKeHHS BUKOHaHi 3
BUKOPUCTAHHSIM T€Opii TEIJIO- i MACOIIEPEHOCY METAYPriiHMX PO3ILIABIB i IIJIAKiB i TEOPii nepeMilryBaHHS
METaJyprilHux po3IuiaBiB. MaTreMaTryHE MOJEIOBAHHS IIPOLECY IepEMIlllyBaHHS CTa/IU B KOBILI arperary "Kisll -
miv" i MOZIe/IIOBaHHS TEIJIOBOTO CTaHy (PyTEPiBKY arperary "KiBLI - MiY" BUKOHAJIM 32 JOIIOMOTOI0 METOAY KiHIEBHX

€JIEeMEHTIB Ha OCHOBI I1akeTa NnpukanHux rnporpam ANSYS. QiznyHe MopesI0BaHHS IIPOLIECiB IepeMilllyBaHHS



MeTaJly [IpY NPOJYBLi Oro iHepTHAM ra30M Yepe3 OJIMH i 1Ba IPOYBHI By3JIM BUKOHAJIU 3 YPaxXyBaHHSM OCHOBHHUX
KpUTepiiB rizpoguHamivHoi omo6u. IIpu ekcriepuMeHTaNbHUX JOCTIIKEHHSIX BUKOPUCTOBYBAIN
TEPMOMETPipyBaHHs 00'eKTa [OCiI>)KEHHsI B IPOMUCJIOBUX i 1abOpaTOPHUX YMOBaX. TeopeTuyHi i1 IpakTUyHi
Pe3yJIbTaTU - BUPilllEHA aKTyaJlbHA HAYKOBO-TEXHIYHA 3a/laya BU3HAYEHHS! palliOHAJIbHUX 3Ha4Y€Hb KOHCTPYKLIMHUX
napaMeTpiB IPOAYBHUX BY3JliB i (pyTepiBKM KOBIIA (a came, BilHOCHOTO pajliyca po3TalllyBaHHS IPOAYBHUX BY3IIiB,
KyTa yCTaHOBKU [IPOAYBHUX BY3J1iB, TEMIIEPAaTypPOIIPOBiIHOCTI BOTHETPUBIB, KoedillieHTa TeMIIepaTypHOTro
PO3BLINPEHHS BOTHETPUBIB IIJIaAKOBOTO I105ICY, TOBLIMHA KJIaAKU LIIJIAKOBOTO MOSICY) IJ1s arperary "KiBLI - Miv", 1o
3a6e31evyIoTh MiIBUIIEHHS eKCIUIyaTaliliHoi CTilKoCcTi po6oyoro mapy ¢yrepiBku g0 29 - 30 HalIUBiB, BUKOHAHA HA
OCHOBI PO3BUTKY Y4BJIEHb [IPO MEXAHi3M BIIJIMBY iHTEHCUBHOCTI BAMYXYBaHHS a3y, KiJIbKOCTi I pO3TallyBaHHS
IIPOAYBHUX BY3JIiB Ha YacC MepEMIllyBaHHS 1 XapaKTep KOHBEKTMBHUX IIOTOKIB pO3ILyIaBy B KoBlIi. HoBusna:l.
OTpumany nojanbinil PO3BUTOK YSIBJIEHHS PO MEXaHi3M BIUIMBY iHTEHCUBHOCTI BIlyBaHHSI ra3y, KiJIbKOCTi Ta
po3TalllyBaHHs [IPOLYBHUX BY3JIiB Ha Yac nepemimysanHs. [Ipu nepexozi Bin 1 10 2 mpoayBHUX BY3JIiB 4ac
nepeminlyBaHHs 3MeHIIyeTbcst B 1,3~ 1,7 pasu. 2. Briepiie 3ariporioHOBaHO Kiacu@ikaliilo peskvMiB IepeMillyBaHHs
MeTaJty Ipy NPOAYBLi iHepTHUM ra3oM, 110 BKJIIOYAE 5 CX€M PYXy KOHBEKTUBHUX MOTOKIB B 3aJI€KHOCTI Bif,
KIUJILKOCTI Ta MiCLisl PO3TallyBaHHS IIPOAYBHUX BY3JIiB B JHUIII KOBIIA. 3. Briepiie BCTaHOBJIEHO, WO IIif] Ai€t0
TEpMIYHOTO HaBaHTaKEHHS, 1[0 BUHMKAE [IPY BUTPUMIIi cTajli B Kol 3 Temrieparypoto 1600 °C a6o ii mpoxysui 3
BUTpaTolo razy 250 j1/XB., Bil0yBa€eThCsl PO3IIMPEHHS CTIHOK (PyTEPiBKY B pajfiialbHOMY HAPsIMKY Ha 15 - 16 MM, 1110
€ TaK 3BaHMM "BUKPUBJIEHHSIM" Mapy QyTepiBKu. 4. OTpMMAay NOAaJIbIINAYM PO3BUTOK OLIIHKY BILIUBY JIOKQJIbHOTO
3HOCY po6od4oro mapy ¢yTepiBKu IIJIaKOBOTO IOSICY KOBIIA ITPU 0OpOOLi Ha arperari "KiBm-1iv" Ha ii MillHICTb.
Ctyninb BIpoBaJyKeHHs - peKoMeHallii BlpoBaZpKeHi B ymoBax 3aBofy ITAO "Enepromaicrencrans” Chepa

BUKOPUCTAHHA ~ MeTa]IpriH.

2. Object - the process of the metaltreatment at the ladle furnace. Objective - to establish rational processing
parameters of liquid steel argontreatmentthat ensures metalhigh quality, increasing the resistance of ladle lining
and it's operating time on the basis of new ideas about the intensity of the blowing gasinfluence mechanism, the
number and location blowing units at the mixing time and the nature of the meltconvective flows in the ladle.
Research methods and equipment-investigations were carried out by using the theory of heat and mass transfer of
metallurgical slags and melts and the theory of metallurgical meltsmixing. Mathematical modeling of steel
stirringin the ladle furnace and modeling of the thermal state of the ladle furnace was performed using the finite
element method based on the software package ANSYS. Physical modeling of metal mixing with an inert gas
through one and two blowingunitswere carried out in consideration with the main criteria of hydrodynamic
similarity. During experimental investigationsthermometering of analysis objectwas used in industrial and
laboratory conditions. Theoretical and practical results - there was solved the urgent scientific and technical
problemof the rational values of blowing units and ladle lining design parameters(the relative radius of the blowing
unitslocation, unitsblowing angle, refractoriesthermal diffusivity, refractory materials coefficient of thermal
expansion of the slag-line area, the refractory thickness in the slag-line area)determination for the ladle-furnace
unit that enhance the operational stability of lining working layer up to 29 - 30 pourings, that was made on the
basis of theblowing gasintensity, the number and location of blowing units at the time of mixing and the convective
flow of the melt in the ladlenature mechanismsrepresentationNovelty: 1. Further developed ideas about the
influencemechanismof gas injectionintensity, the number and location of blowing units at the time of mixining.
Using 2 instead of 1 blowing unitsreducemixing time at 1.3 - 1.7 times. 2. The classification of metalmixing
modesduring inert gas purge that includes the five schemes of convective flows movement depending on the
number and location of the blowing units in theladle bottom were offered firstly. 3. For the first time
wasestablished that under the influence of thermal load, which occurs when steel was keeping in the ladle with a
temperature of 1600 ° C or itslowing with gasflow rate of 2501 / min., the expansion of the walls lining in the radial
direction by 15 - 16 mm, occurs. 4. Further developed assessment of theslag-line area liningworking
layerwearduring steel treatment at the ladle furnace unit on its strength. Introduction extent - the
recommendations were implemented in conditions of PJSC "Energomashspetsstal” The sphere of usage -
metallurgy.
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