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XapaKTEePUCTHUK 3aHYPEHUX CTaKaHiB

2. Stabilization of the hydrodynamic picture in the mold of slab CCM by optimizing the characteristics of
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Pedepar:
1. Inceprauiifina po60Ta IpUCBIYeHa BUBYEHHIO IIPOLIECiB BUTIKAHHS MeTajly Ha eTalli Jpyroro TeXHOJIOIiYHOTO
nepenuBaHHsA cTaji Ha MBJI3 MiXX NpOMIKHUM KOBIIEM i KPUCTaIi3aTOPOM, a TAKOXK CITIOCOOaM MiABUIIEHHS

€KCIIJIyaTaliliHOrO pPecypcy 3aHYpEeHUX CTaKaHiB i MOJIMIIEeHHS SIKOCTi OJIEP>)KyBaHUX 0€3M1ePEPBHONUTUX CIIS10iB.

ExcriepuMeHTaIbHUM LIJISIXOM OYJIM BCTAaHOBJIEH] 3aKOHOMIPHOCTI BUTIKaHHS MeTaJly Ha AiISHLI "MPOMDKHUH KiBII

- Kpucrainizarop MBJI3" nis pisHUX KOHCTPYKIIi# 3aHYpEHUX CTaKaHiB [1pY 3MiHi IIMPUHU CJ1516a, TIIMOUHU

pO3TallyBaHHA 3aHYPEHOTO CTaKaHa, BUTPATU aPrOHY, IO IIOd€ThCA B BaHypeHI/II/uI CTaKaH, KyTa PO3KPUTTA OiYHMX

OTBOPiB 3aHYPEHOTrO CTaKaHa. [loKka3aHo, o MPY BlyBaHHi aprOHy Yepe3 CTONOP-MOHOOJIOK ras, sIKuit

IH)KEKTY€eTbCSl, PO3TAIlIOBYETHCS, TOJIOBHUM YMHOM, Y BHYTPIlIHIX 30HAaX CTPYMEHS i pyXaeTbCs 3i MBUAKICTIO



PiAMHHOTO MIOTOKY, HE MOPYIIYIOYM MOT0 NPUPOAHbOI KOHbirypauii. BjyBaHHS aproHy 3HMKye YTBOPEHHS
IJIAKOMeTaJIeBUX BiflkyianeHb. Hai6inbmui 103UTUBHUN e(PeKT JOCIraeThCs [IpY BUTPATi aproHy Ha piBHi 5-8
71/xB. [1pu 6isb1Iifl BUTpPATi aproHy CIIOCTEpiraeThCsl 30ibIIEHHS MIBUAKOCTI 3apOCTaHHSI IOPO>KHUHU 3aHYPEHOTO
CTaKaHa, 10 MOB's13aHe i3 pO30PMU3KYBaHHSIM CTPYMEHS Ta iIHTEHCMBHYM HAJIMIIAHHSIM KparneJsib CTaji Ha 10ro
BHYTPILIHIO IIOBEPXHIO. PallioHaJIbHOIO BEJIMYMHOIO KYyTa PO3KPUTTS CTPYMEHH, 1110 BUTIKA€ B KPUCTAIi3aTOP
ToBcTOCs1600B0i MBJI3, € 3HauenHs 10-150, sIKi MOXKYTb OyTH BUKOPUCTaHI IIiJl 4ac po3yIMBaHHS CIs16iB Pi3HUX
reOMETPUYHUX PO3MipiB, B TOMy YucJIi mUpUHU. [1py BUO6OPi ONTHMabHOIO KyTa PO3KPUTTS 3aHYPEHOTrO CTaKaHa
MOXKe OyTH PEeKOMEH/I0BaHa Jiesika KOPEKILisl B 6ik 3MEHIIEeHHsI KyTa PO3KPUTTS (61M3bKO 5-80), IKa BPaXOBYe€ BILJIUB
Ha [TOTOKHY, 10 BUTIKAIOTh, BEPXHIX UIMPKYJIALINHUX TOTOKIB. KpiM KyTa pO3KpUTTS BUITyCKHUX OTBOPIB Ha MpOLECH
3apOCTaHHS 3HAYHO BIIMBAE IIJIOIIA BUIIYCKHUX OTBOPIB. TakK, BUKOPUCTAHHS 3aHYPEHUX CTAKaHIB 3 BEJIMKOIO
Hee(EeKTUBHOIO IJIOIIEI0 BUITyCKHUX OTBOPIB TSTHE 32 COO0I0 ITPMCKOPEHHS NIPOLECiB 3apOCTaHHS 32 PAaXyHOK
6ib110] iIHTEHCMBHOCTI 3BOPOTHUX LIMPKYJISLIAHUX IIOTOKIB 3 KpUcTanidaropa. OTpumay NoJaablIInil pO3BUTOK
ySIBJIEHHS IO XapakTep NepeMilllyBaHHS MeTaJly i JIaKy B PiAKill BaHHI KpUCTasizaTopa Npyu aCUMETPUYHOMY
XapakTepi nifiBejeHHs MeTaly. BcTaHOB/IEHO, 1110 3aPOCTaHHS BHYTPIlIHbOI IOPOXXHUHY 3aHYPEHOrO CTakaHa
BUKJIMKA€E MOPYIIEHHA HOPMaJILHOI MiIpoaHaMiYHOI KapTUHM PO3IIOLINY IOTOKIB CTajli B KpUCTAi3aTopi, 0 B
CBOIO Yepry CIIpUsie pO3BUTKY BUXPOBUX i XBUJIbOBUX IIpo1ieciB. Po3aMax KoyiBaHb Ha NOBepxHi MeHicka 40-50 Mm
CJIifi BBayKaTU KPUTUYHUM, 1O IPU3BOAUTD 10 3ynuHKU MHJI3 a6o 1o aBapii BHAC/iOK IPOPUBY TBEPOi KOPHUHKU.
B nmponeci po3BUTKY CTOSYMX XBUJIb pigka LIYC posmnoginsgeTses 1o a3epkany MeTany BeJIbMU HEPIBHOMIPHO i
HAKOINYYETHCS B YJIOTOBUHAX, 110 YTBOPIOIOTHCS. BingdHaueHo, mo HepiBHOMipHUI po3mnozin IIYC e He6e3neyHnm 3
TOYKU 30py (POpMyBaHHS TBEPHOi KOPUHKYU, OCKiNbKYU ToBCTUI map IIYC 3HMKye iHTEeHCUBHICTb TEIJIOBiABOMY i
BiZITOBiHO MBUIKICTh KPUCTai3allii, 1[0 MOXXE ITPU3BOAUTH 1O MiKPOIIPOPUBIB TBEP 01 KOPUHKU Ge3rocepesHbo B
KpUCTai3aTopi 3Bakalouy Ha HEJOCTATHIO ii TOBIIMHY i MiIHICTb. B mporeci npoMuCI0BUX BUIPOOYBaHb OYB
BIlepliIe BUBYEHUN MeXaHi3M (POpMYBaHHSI BilKJIaZleHb Y IIOPOXKHUHI 3aHYPEHOr0 CTakaHa, 110 CKIAAEThCS 3
MEXaHIYHOI CyMillli ITIMHO3€MY i KpareJib CTajli. BCTaHOBJIEHO, 1110 MAacOBa YaCTKa METAJIEBUX BKpAIlJIEHb
KOJIMBA€ETbCSI B MeXax 65-90% Bif 3arasbHOi Macu BifkiageHsb. [IpyuoMy y BilKjlaZileHHSIX TIePeBa’kaloTh HEBEJIUKI
MerTasieBi YacTUHKH (<1,5-2,0 MM) 3 KOHiryparieo, 6113bK0I0 10 cHepUIHUX a60 NPUILTIIOCHYTUX Kpariesib. binbmi
MeTajleBi YaCTUHKYU € BKpaIJIEHHSIMU HeIlpaBuibHOI popMU i HaraJyloTh KOHIJIOMEPATU JEeKiJIbKOX 3JIUTIAX
YaCTMHOK Ha MigKJajli 3 HeMeTaseBoi YaCTVMHH BiiKIafeHb. YacTKa BEJIMKUX METAJI€BUX YACTUHOK (TTOHAT, 7-8 MM)

CTaHOBUTH 45-50% BiJ] 3arasbHOI Macy MeTayIeBUX YAaCTUHOK, 110 BXOASTH 110 CKJIaAY BiflKJlaJeHb.

2. The dissertation is devoted to the study of the processes of leakage of metal at the stage of the second
technological transfusion of steel on CCM between the tundish and the mold, as well as methods for increasing the
operating resource of submerged entry nozzle and improving the quality of the continuous casting slabs. By the
experimental way, the regularities of leakage of metal on the site "tundish - mold" were determined for various
designs of submerged entry nozzle when changing the width of the slab, the depth of location of the submerged
entry nozzle, the amount of argon deposited into the submerged entry nozzle angle of opening of the side
apertures. It wass shown that when injected with argon through a stopper, the injected gas is located mainly in the
internal zones of the jet and moves at the speed of the liquid stream without disturbing its natural configuration.
Injection of argon reduces the formation of slag-metal deposits. The greatest positive effect is achieved with argon
consumption at the level of 5-8 1 / min. At a higher cost of argon, an increase in the rate of overgrowth of the
cavity of the submerged entry nozzle is observed, which is due to the spatter of the jet and the intense sticking of
the droplets of steel on its inner surface. The rational size of the opening angle of the jet, which flows into the mold
of the thick-slab CCM, is 10-150, which can be used during the pouring of slabs of various geometric sizes,
including the width. When choosing the optimal opening angle of the submerged entry nozzle, some correction in
the direction of reducing the opening angle (about 5-80) may be recommended, which takes into account the
effect on the flowing streams of the upper circulating streams. In addition to the angle of opening of the outlets on
the processes of overgrowing significantly affected area exhaust. Thus, the use of submerged entry nozzle with a
large inefficient area of exhaust fumes entails accelerating processes of overgrowing due to the higher intensity of
the return circulating flows from the mold. We received further development of the understanding of the nature of



the mixing of metal and slag in the liquid bath of the mold with the asymmetric nature of the supply of metal. It
was established that overgrowth of the inner cavity of the submerged entry nozzle a violation of the normal
hydrodynamic picture of the distribution of steel fluxes in the mold, which in turn contributes to the development
of vortex and wave processes. The fluctuation velocity on the surface of the meniscus of 40-50 mm should be
considered critical, which leads to the stopping of the CCM or to the accident due to the breakthrough of the firm
cinnamon. In the course of the development of standing waves, liquid casting powder is distributed along the
mirror of the metal very unevenly and accumulates in the formed basins. It is noted that the uneven distribution of
the casting powder is dangerous in terms of the formation of a firm cinnamon, because the thick layer of the
casting powder reduces the intensity of the heat transfer and, consequently, the rate of crystallization, which can
lead to the microstructures of the firm cinnamon directly in the mold due to its insufficient thickness and strength.
In the p rocess of industrial tests, the mechanism for the formation of inclusions in the cavity of a the submerged
entry nozzle was first studied. These inclusions consist of a mechanical mixture of alumina and droplets of steel. It
has been established that the mass fraction of metallic impregnations varies within the limits of 65-90% of the
total mass of the inclusions. Small metal particles (<1.5 - 2.0 mm) predominate in the sediments with a
configuration close to spherical. Larger metal particles are inclusions of irregular shape and are conglomerates of
several coalesced particles on a substrate from a nonmetallic part of the inclusions. The proportion of large metal
particles (more than 7-8 mm) is 45-50% of the total mass of metallic particles entering the sediments.
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