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AHAJII3 YTBOPEHHS PEAKIIMHOI 30HU B3AEMO/III Y PO3ILJIABI
KOHBEPTEPY TA CUCTEMATM3AIIISI PIBHSIHDb 3 BASHAUEHHSA
I'JINBUHMU I TIPOHUKHEHHSI

Baoicnusum acnexmom y xo0i excniyamayii KoHgepmepis 3a MexHOLO02IEI 8ePXHbOI NPO-
O0Y8KU € MOJICTUBICIND GNIIUBY BUCOKOMEMNEPAMYPHOL peakyilthoi 301U 83AEMOOIL HA NoGe-
DXHIO (pymepisku Koueepmepy. 3a yMOBU YMBOPEHHA HEPAYIOHANbHOI 2AUOUHU NPOHUK-
HeHHsl peaKkyitinoi 301U 83aeM00ii, 8i0Oysaembcs cymmeea inmencugikayis sHocy gyme-
piexu Onuwa konsepmepa. 11o0ibne npuzeode 00 nepeduacHo2o ii 8uxody 3 1ady abo mosjice
BUKIUKAMU ASUWEe NPo2apy OHUWA YmepieKyu ma cmaiego2o KOXCYXy KOHEepmepy 3 He-
nepedbayysanum 31ueom posnnagy. Haseoene ¢ nebesneunoro asapiiinoio cumyayicio 01s
VMO8 Memanypeiino2o eupoonuymea. OOHUM 3 WIIAXIE YHUKHEHHS MAK020 A8UWA € Nepeo-
YACHA NPOCHO3HA OYIHKA 0COOIUBOCHEl YMBOPEHHA PeaKyiliHOi 30HU 83AEMO0Ii ma enu-
Ounu ii nponuxHenHs y wapu 06 ’emy poznaagy memany. Cniscmaenenus ii poamipis 3 8io-
ROBIOHUMU PO3MIpAMU POOOH020 NPOCMOpPY KOHgepmepHOi eannu. Ha cvo2ooui icnye 6a-
2amo c8iduenb ma piGHsHb, WO CIMOCYIOMbCSL PeaKyiliHOl 30HU 83AEMOOIL OJisl PI3HUX CNO-
cobie ma pescumie npodysxu Koneepmephoi sannu. OOHax nompibHe cyuache npeocmas-
JIEHHsL OCHOGHUX MUNIE 2COMEMPUUHO20 YMEOPEHHS PeaKyiliHOl 30HU 83AEMOOIL y KUCHe-
80MY KOHGepmepi 3a yMO8U NPOOYBKU Hepe3 8EPXHIO (DYPMY, HE3ANEeHCHO 6i0 KOHCMPYKYIL
06a2amoconninso2o HAKOHEYHUKA Ma pexncumy npooysku. Bionoeiono 0o memu ma 3ae0ats
pobomu 3a 0COOIUBOCIAMU 2EOMEMPULHO20 (OPMYBAHHS 3ANPONROHOBAHO TPU OCHOBHI
XapaxmepHi munu YmeoperHs peakyitinoi 30HU 63aeMO0il ¥ KUCHEBOMY KOHGepmepi 3d
YMOBU NPOOYBKU Uepe3 8epXHio pypmy 3 6a2amoconiosum HAKOHEYHUKOM PI3HOI KOHCMPY-
Kyii ma pexcumom npooysKu: po30iibHe YMEOPEeHHs OKPEMUX He3ANEHCHUX PEAKYITIHUX 30H
83A€MOOIT NEGHUX 2COMEMPUUHUX POSMIDIG, KITLKICTb AKUX OOPIGHIOE KITbKOCMI KUCHEBUX
CmpyMeris, wo 6e3nocepedHbo Oilomb HA NOBEPXHIO PO3NILAEY MA NPOHUKAIOMb V 2AUb
tl020 wapis; 32pynosare ymeopeHHsa O0eKilbKOX 00 €OHAHUX HEe3ANeHCHUX PeaKYilHUX 30H
83a€MO0IL, WO YMBOPIOIOMbCA 34 PAXYHOK 00 €OHAHHSL pazom 080X ma Oinvbule 0OUHOUHUX
PeaxyitiHux 30H, CIMBOPEHUX HEe3ANEeHCHUMU KUCHEeSUMU CIPYMeHAMU, 00 €OHaHe ymeo-
PpenHst OOHIET CYYinbHOI peaxyitinol 30Hu 83A€MO0IT 3a PAXYHOK 3AUMMISL 308HIUWHIX KOHM)-
Pi6 ycix 0OUHOUHUX PeaKyiiUHUX 30H 83AEMOOIL, WO CHOPMOBAHI HE3ANEHCHUMU KUCHEGUMU
CmpyMeHamMU y €OUHY 00 €OHaHy peaxyiny 301y 63acmooii. OKpim ybo2o cqhopmosano 0o-
OipKu pieHAHb 05 U3HAUEHHS Ly — enubUHU NPOHUKHEHHS peaKyiiHoi 30HU 83AEMO0IL 2a-
308UX (KUCHEBUX) CIMPYMEHIB Y PO3NIA8 MEMAY, WO 3HAXOOUMbCA Y pOOOYOMY NPOCMODI
sanuu Konsepmepy. Po3dinenns pienans Ha 000ipKU 6UKOHAHO 6i0N0GIOHO 00 muny (izu-
YHO20 MOOEN0O8AHHA, WO OVI0 BUKOHAHO 074 ix ompumanns. llepwa 0obipka pigHsanb, wo
Oyau ompumani na niocmasi 0OpoOKU pe3yIbmamis excnepumMenmis Hu3bKomemMnepamyp-
HO20 Qi3utH020 MOOeN08anHs, ckiadaemucs 3 13 pisusanv. /pyea 000ipka pieHsaHb, Kompi
OMPUMAHI 30 PAXYHOK 0OPOOKU pe3yTbmamie eKCHePUMEHMIE 3 UCOKOMEMNEPANYPHO20
hizuun020 MOOENIOBANH, CKIAOAEMbCA 3 7 PIGHAND.

Kniwouogi cnosa: konsepmep, 6epxus pypma, 6epxus npooysKka, npooyska po3niasy, Qisu-
YHe MOOeNI0BAHHS, PeaKyiiHa 30Ha 83aEMO0Tl, 2NUOUHA NPOHUKHEHHS, PIBHAHMSL.
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P.O. Yushkevych. Analysis of the formation of the reactionary zone of interaction into
the melt in converter aggregate and systematization of equations to determine the depth
of its penetration. An important aspect in the operation of converters aggregates with top
blowing technology is the influence high-temperature reactionary area of interaction on
the thermal bricks in the converter aggregate. Provided the formation of irrational depth
of penetration of the reactionary zone of interaction, there is a significant intensification
of the wear of the thermal bricks on the bottom of the converter. One way to avoid such a
phenomenon is a premature prognosis of the peculiarities of the formation of the reaction-
ary zone of interaction and the depth of its penetration into the layers of the volume of
metal melt. Today, there are much information about reactionary zone of interaction and
equations for calculate it depth of penetration for different methods top and combine blow-
ing technology in the converter. However, to date we need modern representation of the
main types of geometric formation of the reactionary zone of interaction in the oxygen
converter with top blowing from tuyere. Regardless of the design the multi-nozzles tip and
the blowing modes. According to the purpose and tasks of the work, was offered three main
types of the geometric formation of the reaction zone of interaction, in the oxygen converter
with top blowing technology, regardless of the design of the multi-nozzles tip and the blow-
ing mode: the separate formation of independent reactionary zones of interaction of certain
geometric dimensions, the quantity of which is equal to the quantity of oxygen jets that
directly act on the surface of the melt and penetrate its layers; the grouped formation of
several united independent reactionary zone of interaction formed by the combination of
two or more single reactionary zones created by independent oxygen jets; the united for-
mation of one continuous reactionary zone of interaction due to the fusion of the external
contours of all single reactionary areas of interaction, formed by independent oxygen jets.
Into the single united reactionary zone of the interaction. In addition, was formed collection
of equations to determine L, — the depth of penetration of the reactionary zone of interac-
tion of gas (oxygenes) jets into the melt of metal located in the working space of the con-
verter bath. The separation of equations into collections was made according to the type
of physical modeling what was used to obtain them. The first selection of equations ob-
tained on the basis of processing the results of experiments with low temperature physical
modeling consists of 13 equations. The second selection includes of equations obtained by
processing the results with high temperature physical modeling experiments and consists
of 7 equations.

Key words: converter, top tuyere, top blowing, blowing of melt, physical modeling, reac-
tionary zone of interaction, the depth of penetration, equations.

ITocranoBka npodaemu. KucHeBo-KOHBEpTEpHHUHI MEPEALT € OTHUM 3 TOJIOBHUX IPOMHUCIIOBHX
croco0iB BUpOOHHMIITBA cTalli siK B YKpaiHi, Tak i cBiti [1-28]. B YkpaiHi y KHCHEBO-KOHBEPTEPHOMY
BUPOOHUIITBI IEPEBAYKHO BUKOPUCTOBYETHCS TEXHOJIOTISI BEPXHBOT MPOAYBKH KOHBEPTEPHOT BAHHH, 110
nependayae NpoayBKY PO3ILIaBY Yepe3 OJHOSPYCHY 0araTocomioBy GypMy HaA3BYKOBUMH KUCHEBUMHU
crpymensimu [2-5, 4, 28]. BepxHst nmpoiyBKa 3 BUKOPHCTAHHIM 0araTocorioBoi pypMH IPYHTY€EThCS Ha
YTBOPEHHI KOKHUM CTpyMEHEeM ra3y (KHCHIO), IO BUTIKA€E 3 COIUIA HAKOHEYHUKA (ypPMH, BUCOKOTEM-
nepatypHoi peakuiiHoi 30HH B3aeMoJii [2-27]. Peakuiitna 30Ha B3aeMo/ii (opMyeThesi y pe3ybTari
NPOHMKHEHHS Ta 3arju0JIEHHs ra30BOro (KMUCHEBOI'0) CTPYMEHS y LIApH PO3ILIaBY, KOTPi 3HAXOAATHCS
y poboyomy mpoctopi BaHHH KoHBepTepa [2-5, 12, 14, 20, 28, 4]. Y npoctopi Ta 06’eMi peakiiiiHoi
30HU B3aEMO/Ii1 PO3BUBAIOTHCS OCHOBHI Ti{pOra30JMHAMIYHI, TEIUIOMAcOOOMIHHI Ta €K30TEPMiUHi PO-
niecu [2-17]. TepeBaxue okucieHns (Si) — kpemHito, (Mn) — mapranio, (C) — Byruerto, (Fe) — 3aiza
TaKOX BiIOYyBa€ThCSA y MeXKaxX peakIiifHol 30HM B3aeMomii [2-21]. ¥ peakmiifHiii 30HI B3aeMoii J10-
KaJIbHO JIOCATA€ThCs HABUIIA TEMIIEpaTypa il 4ac NpoIyBKH Ta KOHBEPTYBaHHs po3iuiaBy [2-21]. Bin
Hel BiOyBaeTbCsl IHTEHCH]IKalLis Ta pO3NOBCIOMKEHHS yCiX BUILE IepeliueHnX npoueciB Ta 3a0e3rme-
9yeThCs TepellaHHs Terria 10 nepudepiiHux Ta TIIMOMHHUX IIApiB PO3INIaBy y poOOYOMY MPOCTOPi
BaHHU KOHBepTepy [2-21], 3aBasku 4oMy 0cCSraeThesi HEOOXIIHI CKIIal 3a BMICTOM XiMIYHUX €JIeMEH-
TiB Ta TeMIIepaTypa B yCboMY 00’€Mi po3ILIaBy, 1[0 3HAXOAUTHCS Y poOOYOMY IPOCTOPi BAaHHU KOHBE-

pTepy.
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BaxmMBUM acrieKTOM y XOJli eKCILTyarallii KOHBEPTEPiB 32 TEXHOJIOTIE€I0 BEPXHBOI MPOILYBKH €
MOXJIUBICTH BIUIMBY BUCOKOTEMIIEPAaTyPHOI peakLiifHOI 30HM B3a€MOil Ha HOBEPXHIO (QyTEepiBKU KOH-
BepTEpy. 3a YMOBH YTBOPEHHS HEepalliOHATBHOI TTMOMHYU MPOHUKHEHHS PEaKI[iiHOT 30HH B3aEMOIi1, Bi-
IOyBa€eThCS CYTTEBA iHTEHCHUiKaIlis 3HOCY QyTepiBKH AHUIIA KOHBepTepy. [lomgiOne mpusBoae ao me-
pendacHoro ii BUXoay 3 Jagy ado MOKe BHKIIMKATH SIBHLIEC Hporapy AHWIIA QyTepiBKU Ta CTaIeBOrO
KOXKyXYy KOHBEpTepy 3 HemependadyBaHUM 37MBOM po3muiaBy. HaBenene € HeOesnedHo0 aBapiiHOIO
CUTYAII€I0 151 YMOB METAIypriifHOTO BUPOOHUIITBA.

OpHUM 3 IUISAXIB YHUKHEHHS TaKOTO SIBUIA € TIepeIdacHa IMPOrHO3Ha OL[iHKa OCOOIUBOCTEMH Te-
OMETPUYHOTO (POPMYBaHHS PEaKLiHOT 30HH B3a€MOIi1 Ta IITMOMHY ii TPOHUKHEHHS y 00’ €MHU PO3ILIaBy
MeTaIy Ta CIiBCTaBJICHHS ii 3 BIATIOBIIHUMH po3MipaMHu poOOYOT0 MPOCTOPY KOHBepTepHOi BaHHH. Ha
CBOTOJTHI iCHY€ Oararo iH(opMarii 3 MUTaHHS YTBOPEHHS pPeakIliiiHOi 30HM B3a€MOIi 3a Pi3HMX KOHC-
TPYKUiil BepxHiX QpypM, KOHBEPTEPIB Ta CIOCOOIB, PEKUMIB IPOYBKH KOHBEPTEPHOi BaHHH, aje MOT-
piOHO BHIITUTH OCHOBHI THIH ii yTBOpeHHs. OKpIM IIHOTO 3alPOTIOHOBAaHO 0araTo piBHIHB IJIS PO3pa-
XYHKY TTTMOMHY TPOHUKHEHHS peakliiHoi 30HM B3aeMOii y po3IuiaB MeTary KoHBepTepy. OmHak Bijl-
CYTHS CUCTEMAaTH3allisl Ta 3BeJIeHHS [IUX PiBHSIHb. HasBHICTH Takoi cydacHoi iHdopmaii Oyne cripusT
PO3BUTKY LIbOTO HANPSAMKY IOCTiIKEeHb. 3BEACHHS Ta CUCTEMAaTH3allisl PIBHSIHD MOJIMIIUTE JOCTYH A0
HUX JJI pO3pOOKH BiATIOBITHUX METOIUK

AHaJi3 ocTaHHIX A0CTiTKeHD i my0Jikanii. 3a paxyHOK aHAIITHYHOTO y3araJbHEHHS HAyKOBO1
iHdopmauii [1-28] BcTaHOBICHO, 1110 OHUM 3 TOJOBHHX F€OMETPHYHHUX PO3MIpPIB IS peakUiitHOl 30HU
B3aeMoii € L,y — rmuOnHa MPOHUKHEHHS ra30BOT0 (KMCHEBOT'0) CTPYMEHS, 110 BHTIKA€E 3 COIIa HaKoO-
HEYHHMKa BEpXHKOI (PypMU JI0 pO3IUIAaBy MeTaly, KOTPHU 3HAXOAUTHhCS Y poOOYOMY MPOCTOPI BaHHH
KoHBepTepy [2-19].

Big nporo reoMmeTpuyHOro mapaMeTpa y HeBHil Mipi 3a1eXuTh CTadlIbHICTh, pECYPCO- Ta EHep-
roeeKTUBHICTh PEKUMY MPOITYBKH Ta TJIMOMHA, IO SKOI TOCATAETHCS HAHOUTBIINI HArpiB 3aITyICHUX
y LeH mpoliec mapiB po3IiaBy MeTaly, TeMIeparypa sIKMX MOXe A0CSIraTH KiibKox tucsd °C, mo mija-
TBEPIIKY€EThCA y podoTax [1-26].

Ilepmi nocmiKeHHs 31 BCTAaHOBIEHHS Ly, IPOBOANINCE 3 BUKOPUCTAHHIM HU3BKOTEMIIEPATyp-
HOTO ()I3UYHOTO MOJICITIOBAHHS, & BXKE 3 PO3BUTKOM I[HOTO HATIPSAMY TIEPEHIILTH JIO BHCOKOTEMITEPATyp-
HOTO (i3MYHOr0 MOAEIOBaHHS. Briepie Bu3HaueHHs ITMOMHE TPOHUKHEHHS Ta30BOT'0 CTPYMEHS B pi-
nuHy Oyno nposeneHo LI, Kasanuesum. Y nogansmomMy 1ie TUTaHHS Y KUICHEBO-KOHBEPTEPHOMY BH-
POOHHIITBI OMPAIbOBYBAJIOCH PSAIOM IHIINX BUEHUX-HoCHiaHuKiB [2-6, 10, 12, 17, 18 20 22 25 26 27].

3a nanuMu npoaHasizoBaHUX Matepiamis [1-27] mist qociimkeHHs Ly, B3araii nepeBaxHo BUKO-
PpHUCTOBYBaANOCHh HU3BKOTEMIIEpAaTypHE (i3nuHe MonemoBaHHs. Taka TenaeHuis 30epiranacs HaBiTh i3
MOSIBOIO T2 PO3BUTKOM Y IIbOMY HANPSMKY BUCOKOTEMIepaTypHoro ¢gizuuHoro mMonemoBanus. [losic-
HIOETHCS L€ THUM, IO MPOBEACHHS HU3BKOTEMIIEPaTypHOro (Pi3HYHOr0 MOJIENIIOBaHHs HabaraTo mpoc-
Tillle y MiIrOTOBII 1 peani3aiii. BiamosigHo 10 cBigueHs poOiT [4, 11, 14, 17, 25, 27] nist HBOTO 3aCTO-
COBYBAJIM MOBITPS Y SIKOCT1 IPOyBHOTO Ta3y, IO AifB Ha MOAEIIOI0UE CepeAOBUILE (PIAMHN 3BUYAHHOT
i BHCOKoOl ryctuHH). Temreparypa cepemoBuIa 37e0iIbIIOTO BiAIMOBiada HOPMaJIbHHM yMOBaM,
T00TO Bix 20 mo 30°C.

BucokoremnepatypHe ¢iznuHe MoJAeNI0BaHHS HA0araTo CKJIQAHIIIE 32 HU3bKOTEMIIEpaTypHe AJIs
BHBYEHHS Ta AOCHTIKEHHS Lry. Haxkanp 3a HUM mpeacTaBieHo MEHITY KiTbKOCTI POOIT 3 pO3TISTHYTHX
[1-28]. Tpeba Bif3HAUUTH, 1110 32 BUCOKOTEMITEPATYPHHUM (Di3UUHHM MO/ICTFOBAHHIM MOXJIMBO JOCSATTH
MaKCHMaJIbHOI BiIIOBIHOCTI yCiX YMOB 10 peajlbHOI'O MPOMHUCIIOBOTO MPOLECY MPOAYBKU PO3IIABY y
KOHBEpTEpHiil BaHHi. J[Jis 11bOT0 TIepeBakHO MOTPiOHO [2-27]:

1. 3acrocoByBaTi MaciTabOBaHi aHAIOTH MOAEJIEH, 3p00JICHUX 3 MPOMHUCIIOBIX KOHBEPTEPIB Ta
BEPXHIX QypM i3 IpomopLiifHUM 30€peKeHHSIM yCiX IX OCHOBHUX PO3MipiB;

2. Y SKOCTI cepellOBUIIA AJISl MOJEJIOBAaHHS BUKOPUCTOBYBATH PO3ILIABH METAIy 1 IIJIAKy 3 TEM-
nepatyporo 10 1600°C;

3. loTpuMyBaTHCh BIAMOBITHOCTI 32 CKJIaJIOM XIMIUHUX €JIEMEHTIB y BCiX (hazax po3ILIaBy, IO
BUKOPHUCTOBYETHCS 715l MOJICIIIOBAHHSI, IO IPOMHUCIOBUX YMOB;

4. JIns mpoxyBKY BUKOPHUCTOBYBATH TEXHIYHO YNCTUH KUCEHB a00 1HIINN TIepe10adeHuid IpOMH-
CJIOBHM TEXHOJIOTIYHMM PEKUMOM Ta3 i3 IOTPUMaHHIM YMOB HEOOXiHOTO THUCKY, TUTOMOI iHTEHCHB-
HOCTI MPOAYBKH Ta 3arajbHOI BUTPATH.
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3 anaizy pobit [1-27] Bu3HaUYeHO, 110 [T BCTAHOBJIEHHS L7y — MIHOWHU IPOHUKHEHHS PEaKITii-
HO1 30HHU B3a€MOJi] Ta30BOT0 (KHCHEBOT0) CTPYMEHS Y PO3ILIaB, KOTPUI 3HAXOIUTHCS Y POOOUOMY IIpo-
CTOpi BaHHHW KOHBEPTEPY, Y ITUX HAYKOBUX JITEPATYPHHUX JHKEpEIaxX 3alpOITOHOBAHO BEITUKY KUIBKICTh
piBasHB. Tpebda Bim3HAUMTH, IO TIEPEBaKHA OITBIIICTH PiBHSIHB, HABEICHUX Y ITUX poOOTaX yIsl po3pa-
XYHKY Ln,, oTpuMaHa 3a pe3yinbratamu 0OpOOKH HHU3BKOTEMIIEPATYPHOro (pi3sMYHOrO MOAETIOBAHHS,
MEHIIA KUTBKICTh PIBHAHB — Ha MiACTaBi pe3ybTaTiB 00pOOKH BUCOKOTEMIIEPATYPHOTO (Pi3HYHOIO MO-
JIEITIOBAHHS.

Mera crarTi. Hagatu cyyacHe npencTaBieHHs OCHOBHUX THITIB T€OMETPHYHOTO (POpPMyBaHHS
peakuiiHOi 30HU B3a€MOJi1 KNCHEBUX CTPYMEHIB 3 PO3IJIaBOM y KUCHEBOMY KOHBepTepi. CTBOPUTH CH-
CTEMaTU30BaHi AOOIPKH PiBHIHL IS BU3HAYCHHS NIMOWHU MPOHUKHEHHS i€l peaKIiifHOi 30HU B3ae-
MOJII1 10 pO3IIIaBy METAIy 3a CIOCOO0M (Di3UIHOTO MOJICITIOBAHHS, BUKOHAHOTO JIJIS iX OTPHMAaHHS.

ITocranoBka 3amay:

1. [IpoBecTH aHANITHYHE y3araJbHEHHS HAyKOBOI iH(poOpMAIIii 3 HAIPAMKY JOCTiIKEHb 3 YTBO-
peHHs peaKIiitHOi 30HM B3a€MO/Ii1 ra30BUX (KHCHEBUX) CTPYMEHIB y 00’ €Mi PO3ILIaBY, 0 3HAXOAUTHCS
y po00YOMy IPOCTOPi BaHHH KOHBEPTEPA.

2. OxapakTepu3yBaTH OCHOBHI OCOOJMBOCTI THIIB T€OMETPHUYHOIO (OPMYBaHHS peaKLiiHOL
30HHM B3a€MOJIIT Ta30BUX (KMCHEBUX) CTPYMEHIB 3 PO3ILIABOM Y KHCHEBOMY KOHBEPTEDI.

3. CucreMaTH3yBaTH 3HalCHI PIBHSHHS JJIs1 BU3HAYCHHSI Ta PO3paxXyHKY IMTMOMHH MPOHUKHEHHS
peakuiiHOi 30HM B3a€EMOIii ra30BHX (KMCHEBHUX) CTPYMEHIB Y 00’ €M PO3IIJIaBy METaly, 10 3HAXOJUTHCS
y poO0YOMy TIPOCTOPi BaHHU KOHBEPTEPY, BIAMOBITHO A0 CIOCO0Y (Pi3MIHOTO MOJETIOBAHHS, IO OYB
BUKOPUCTAaHUH JJIS iX OTpPUMaHHS.

Buxkiaa ocHoBHOro marepiajy. BignosigHo 1o HaykoBux po0it [1-28] asst mpoayBKu KOHBEp-
TepHOI BaHHHM, HaBITh 3a TpaguuiiHuM LD-npouecoM, 3a3Buuail Ha KOXKHOMY BUPOOHHIITBI 3aCTOCOBY-
I0Th CBOI KOHCTPYKIIii 0araTocorioBUX BEpXHiX (ypM Ta TyTThOBI pexXxuMH 718 ix pobotu. [lepeBaxkHo
i GypMH KOHCTPYKTUBHO BiJpi3HSIOTHCS KOH(ITrypalieo Ta 0ya0BoI0 0araTocorioBoro HAKOHEYHUKA.
Hakoneunuk BepxHbOi ()ypMH FOJOBHUM YHHOM BiPi3HAETHCS OAMH BiJl OAHOTO [28]: pi3HOIO KiJIBKi-
CTIO COIIEJI; TUIIOM COIIEJ; TEOMETPUYHUMH PO3MIpaMHU COIIEIN Ta iX CIIiBBIJHOIIEHHSIM; KYTOM HaxXwiIy
COIIEJI JIO BEPTUKAIBHOT 0ci (ypMH; B32EMHUM PO3TAIIyBAHHSM Ta TPYIYBAaHHSM COMEIN. 3a THIIOM Yy
HAKOHEYHUKY 0araToCOIUIOBOi BEPXHBOI GypMHU MOXYTh OyTH BUKOPHCTaHI TiJIbKM HaA3BYKoBi (Jla-
BaJIsl), 3BYKOBI (IMJIIHAPWYHI, IIITMHHI Ta 1H.) Ta IOEIHAHHS PI3HUX THUITIB COTIEIL.

He 3Bakaroum Ha BENWKY KUTBKICTh BUIIE IEPETIU€HOTO PIZHOMAHITTSI KOHCTPYKTHBHUX ITapame-
TpPiB HAKOHEYHHUKA (ypMH Ta 3 ypaxyBaHHS III€ 1 Bapialiii MOXKIMBUX PEKUMIB poOOTH 6aratocorioBoi
BEPXHBOT PypMH, y Oyab SIKOMY pa3i KO>KeH ra3oBUi (KUCHEBHI) CTPYMiHb, IO CIIPSIMOBAHHM 3 COILIa
0araTocorIOBOro HaKOHEYHUKA BEPXHbOI ypPMHU Ta JOCATAE MOBEPXHI PO3ILIABY, IO 3HAXOAUTHCS Y
poOodoMy MPOCTOPi BaHHM KOHBEPTEPA, Ji€ Ha Hel Ta BUKJIMKAE NeBHUM BIumB. Lleil BB Bupaxka-
€TbCsl Y QOpPMyBaHHi 3armu0JICHUX JUITHOK y TOBEPXHIO PO3ILIABY, IO MAIOTh BXiIHY (OpMY KpaTepo-
noJiOHUX YTBOPEHb, KOTP1 XapaKTePU3YIOTHCS IEBHUMH I'€OMETPUYHUMH NapaMeTpaMH NPOHUKHEHHS
y mapu 00’eMmy po3ruiaBy. OCHOBHMMH NTapaMeTpaMu (OpMyBaHHS PeaKIiiHOI 30HU B3a€EMO/II1 3 pO3II-
naBoM € niametp — Dy Ta rinbuHa MPOHUKHEHHS y PO3IIaB MeTaly — Ly, 1€ mATBEpIKY€EThCS 1Y
pob6orax [ 2-6, 10, 12, 17, 18 20 22 25 26 27].

BiamoBimHO 10 TPOBENCHUX HAYKOBHUX JIOCIHIKEHB, TOCBIAY BUCOKOTEMIIEPATYPHOTO MOJICITIO-
BaHHS Ta aHaIi3y CBimM4eHb poOit [1-28] 3anponoHoBaHo, AJsi CY4acHOTO MPE/ICTABICHHS 3a TUIIOM I'e-
OMETPUYHOrO (POPMYBaHHS, BCHOTO TPU OCHOBHI XapakTepH YTBOPEHHS pEaKLiiHOI 30HH B3a€MOAil
(puc. 1) y xucHeBOMy KOHBEpTEpi 3a MPOYBKH depe3 BepXHIO (ypMy, HaBiTh 32 Pi3HOT KOHCTPYKITii
0araTocoryIOBOro HAKOHEYHHKA Ta BapiaHTIB PEKUMY MPOJYBKU Ta POOOTH KUCHEBOTO KOHBEPTEPY:

1. Po3ninbHe yTBOPEHHSI OKPEMHUX HE3aJIKHUX PEaKkUiiHUX 30H B3a€MOJil MEBHUX €OMETPHUY-
HUX PO3MIpiB, KUTBKICTh SIKAX JIOPIBHIOE KUTBKOCTI KHCHEBHX CTPYMEHIB, 110 Oe31ocepeiHbO AIF0Th Ha
MMOBEPXHIO PO3IUIABY Ta MIPOHUKAIOTE y TIHO HOTO mMIapis;

2. 3rpymoBaHe YTBOPEHHS JIEKITBKOX 00’ €IHAaHUX HE3aJC)KHHUX PEaKIiHHUX 30H B3a€EMOIi, 110
YTBOPIOIOTHCS 33 PaXyHOK 00’ € JHAaHHSI Pa30M JBOX Ta OlIbIIe OJMHOYHMX PEaKiMHUX 30H, CTBOPEHHX
HE3aJIKHUMH KHCHEBUMU CTPYMEHSMU;

3. O0’eqHaHe yTBOPEHHS O/IHI€T CYILIBHOT peakIiiHOT 30HH B3a€MO/IIT 3a PaXyHOK 3JIMTTS 30BHi-
IIHIX KOHTYPIB yCiX OJMHOYHUX PeaKUiiHUX 30H B3a€MOZIT, 0 chopMOBaHi He3aJIe)KHUMH KUCHEBUMHU
CTPYMEHSIMHU y €IMHY 00’ €IHaHY peaKLiiiHy 30Hy B3a€EMOIIi.
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VY TpeThoMy BUNAJKY, 3 YTBOPESHHSAM €IMHOI 00’ €IHAHOT peaKIlifiHOT 30HU B3a€MO/Iii, 3araabHUA
niameTp Takoi 30HM B3aeMoaii — Dry BpaXxoBY€TbCS 32 30BHIIIHBOIO MEXKEIO CIIJIBHOTO KOHTYpY Li€l
ennHOI 00’ €HAHOI peakIliiHol 30HU B3aeMoil. binbmr netanbHO TIpo ocoOmBoCTI hopMyBaHHS Dizy
OyJe HaBeJCHO Y HACTYMHHUX poOoTax. He 3Bakarouu Ha Tpu HAaBEIIEHI Pi3HI TUIIM OCOOJIMBOCTEH yTBO-
peHHs, GopMyBaHHS Ta KOHQITYypailii peakiiifHoT 30HU B3aEMO/II1, Y KOXKHOMY 3 HUX OJHUM 3 TOJIOBHHUX
TEOMETPUYHHX MapaMeTpiB € TIMOWHA MPOHUKHEHHS — L,y peakiiiiHoi 30HM B3aeMoil ra3oBux (Kuc-
HEBUX) CTPYMEHIB y pO3IIaB MeTajly. 3a3Bu4aii y 0araTocornioBii ¢pypmi nependaueHe piBHOMIpHE po-
3MOALICHHS Ta3y (KUCHIO) MiXK KOYKHHM COTIJIOM HAKOHEYHUKA, 110 BiTHOCATHCS 10 OJHOTO THITy. OKpiM
LBOTO, HAOIbIIe MPOHUKHEHHS y IIAapu PO3ILIaBy 3a0e3Meuy€eThCsl Hal3ByKOBUMHU KUCHEBUMH CTPY-
MEHSIMH, [0 BUTIKAIOTH 13 comel Tty JlaBass HAKOHEYHHKY 06araTocorioBoi ¢ypmu. Y 3B’s3Ky 3 piB-
HOMIPHUM PO3IOIUICHHSM JIyTTS Ta 32 OJTHAKOBOTO THUITY COIEN, iX TeOMETPUIHUX PO3MIpiB Ta KOH(i-
rypauii y HAKOHEUYHHKY, IMTMOMHA TPOHUKHEHHS peakuiiHoi 30H1 B3aeMoii — L,y MOKe po3rmsiaaTucs
MPpUOIM3HO BIATIOBIAHOIO SK y BUTIAJKY [Iii OAHOTO KHCHEBOTO CTPYMEHS, TaK 1 IEKITbKOX OJHAKOBUX
CTpyMeHiB. BuiieHaBeieHe NoTpiOHO BpaxoBYBATH Y BUTIAJIKY BUKOPUCTAHHS PIBHSIHb PO3PaxXyHKY TJIH-
OMHM MPOHUKHEHHS — L7y peakIiiiHoi 30H1 B3a€MO/i1, HaBeJCHUX y Ta0auii 1 Ta Tabmuii 2, mo oTpu-
MaHi Ha MiJCTaBi aHaTi3y HAYKOBHUX JITEPaTypHHUX KEpel, y ToMy 4ucii i [2-27].

1T T

a 0 B

Puc. 1—- CxemarnyHe 300pakeHHs TI€OMETPUYHOTO (OPMYBaHHA PO3ALIBHOI (a),
3rpymnoBanoi (0), 00’exHaHO1 (B) peakIiifHOi 30HA B3aEMO/IiT Ta30BUX (KHMCHEBUX) CTPYMeE-
HIiB y pO3IIJIaB METally, KOTPHH 3HAXOAUTHCS Y poOOUOMY IPOCTOPi BAaHHU KOHBEpTepy: 1
— KOHBepTep; 2 — BepxHs (ypMa; 3 — po3ruiaB Metany; 4 — po3IUIaB NUIAKYy; 5 — BUXIAHI
rasu

[IpeacraBneni y poOoTi piBHSAHHS [l BU3HAYCHHS [NIMOWHU NPOHUKHEHHSA — Ly peakuiiHOi
30HM B3a€MOIii, o OyJIM 3HAWIEHI i 9ac 0OpoOKHW Ta aHaNi3y pe3yibTaTiB AOCTIIKEHb HayKOBHX
nitepatypHuX mKepen [1-27], po3nineHi Ha ABi 100ipKH BiAMOBIAHO 10O crioco0y (Qi3MYHOrO MOJIEIIO-
BaHHSI, 10 BUKOPUCTOBYBAIOCH [UIs iX OTpuMaHHs. TakuM unHOM y Tabnuui 1 HaBeaeHo no0ipKy piB-
HSIHb 7151 BU3HAUEHHS TIIMOMHU MPOHUKHEHHS Lrzv, KOTpi Oynu oTpuMaHi 3a paxyHOK 00poOKH ITaHUX
EKCIIEPUMEHTIB 3 HU3bKOTEMIIEPATyPHOro (Di3MYHOr0 MOIACTIOBaHHs. Y Ta0muili 2 — 100ipka piBHIHb
JUTsL BUBHAYEHHS Ly, IO OTPHMaHI 32 paxyHOK OOpOOKH pe3yNbTaTiB BUCOKOTEMIIEPATYPHOTO (i3ny-
HOTO MojenroBaHHs. HaBeneHi piBHsIHHS y Tabmumi 1 Ta Tabmuii 2 MaroTh HACTYITHI OCHOBHI YMOBHI
Mo3HaueHHs: Ly — TTMOMHA IPOHUKHEHHS Ta30BOT0 (KMCHEBOTO) CTPYMEHS, IO BUTIKAE 3 COTUIA HAKO-
HEYHHMKa BepXHBOi QypMu 10 po3maBy, M; Ar — Beln4unHa KpUTepito ApximMena JUiss KpUTHIHOTO Jlia-
MeTpa coruia (BU3HAYAETHCS 33 BEIMYMHOIO IMIYJbCY CTpyMeHs); Ovyh, Okr, d — BUXiTHUIA, KpUTHIHUI
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Ta HOMiHANBHMIA iameTp comuia JIaans, m; hy, h™ — BucoTa Ta po6oua BECOTa (ypMH IIi 4ac mposy-
BKU pO3IUIaBy, M; f — cTana, Mo XapakTepu3ye MpoIec iIHTCHCUBHOCTI 3MIIIyBaHHS CTPYMIHHS 3 OTO-
YYIOUUM CEPEIOBHIIEM BHIIE Ta HIKYE piBHA BaHHM; L™, — MaKCHMaIbHO MOKJIMBA TIIMOUHA MIPO-
HUKHEHHS CTPYMiHHS JI0 po3IUIaBy, M; i — iMITyJIbC OIMHOYHOTO KHCHEBOTO cTpyMeH:o, Kg-m /s pr,
pm — MIUIBHICTH PIJMHY, 1[0 BUKOPUCTOBYBAJIACH ITiJl 4YaC MOJICIIIOBAHHS Ta IIIJIbHICTh METAITY, kg/m3.
3 aHaui3zy piBHSHB, HaBeACHUX y Tabmuii 1 Ta Tabnuii 2, BCTAHOBIICHO, 0 BU3HAYEHHSI TITMOWHU
MIPOHUKHEHHS peakLiiHO] 30HW B3aEMOJI] Ta30BUX CTPYMEHIB Y PO3IJIaB MeTany L,y TICHO TIOB’s3aHO
3 TIOKa3HUKaMHu JiameTpiB coruia dyyh, dkr, d, | — IMITyJIbCOM OMHOYHOTO KUCHEBOTO CTPYMEHIO Ta MO-
Ka3HHKOM BHCOTH PO3TalllyBaHHs (pypMH Y XOJi MPOoAYyBKH Ny, 1110 MOKe 3MIHIOBATUCS Bij MOYATKOBOT
BHCOTH po3TarmyBanHs hP°M¢ 10 po6ouoi h™ 3a5eKHO Bix MPOBECHHS TEXHOIOITYHIX OMEPAIiii.

Tabmuns 1
JoOipka piBHSHB, BCTAHOBJICHHX 3 00POOKHU pPe3yIbTaTiB (Pi3MIHOT0 HU3EKOTEMITEpaTyp-
HOT'O MOJICTTFOBaHHs. PiBHSHHS [Tl BU3HAUCHHS TTTMOMHH MPOHUKHEHHS PeaKIiiiHOT 30HU
B3a€MOJIi1 ra30BUX CTPYMEHIB Yy pO3ILIaB METaly

Ne o/ Dopmynu
[ 1
! 2-m-k 1,79-Q fi )02
Ly (¢ +I—rzv)2 =— 1_(£j
TPr n Q
2 0,5 40,6
L =40 P (i -
?4 1+—. 1
40 d
3 112 0,30 0,25
hy To Po
4 Ly =187 - (AN %% (w/wy, )% .d
ERCEIN
Ly =1,87- ——| —— w.d%®
Pr-g 0,28
6 P 0,26
Ly =1,32-d-Ar03® -(1,715—1,353~P—°j
1
7 N oy
L =35 -e-[-0,21-hy -
= (Pr'gj f [Pr'g]
8 d dy

Ly :%-Arx , ko Ary < 0,43; Ln :%-Ar)?’6 , ko Ar, >0,43

) Ly (Lrzy +hf)2 =26,1- :
pr-g
10 L, Q)R 1,77 -hy
Ly =431072 = | .e:- 2 —
d 43.107-(Qd™)
11 ) 06
Lﬂ:4,8.(;3]
hy pr-g-h¥
12 i 0,56 h -0,18 h
Loy =08L:d | —— (—fj ko 1 <30
pr .gd d d
13 i 0,56 h, 054 h
Ly =2,7-d- — (—fj , KOJIH f 530
pr.g.d d d
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Tabmuws 2
Jo0Gipka piBHSIHB, BCTAHOBJICHUX 3 00OpOOKH pe3yabTaTiB (pi3HIHOTO BHCOKOTEMITEPATYP-
HOT'O MOZEIOBaHH:A. PIBHAHHS Ul BU3HAUCHHS ITTMOMHM IPOHUKHEHHS PEaKLiiiHOT 30HU
B3a€MOJIIT TA30BUX CTPYMEHIB Y PO3ILIAB METAITY

Ne o/ Dopmynu
| I
o .
! Ly =15-(ag 2)0'4 ;
2 a
i
Lz [erv +(hf* —Ist>]2 =48,85-
pr-9
3 i
L[ o <10 = 83-(i' 1, o)
4 Ly =0,8-H,
5 Ly =0,99-(i)°* komn hfy, =0
6 05 03 025
_A05 4 B-dy | Totoch | Px
erv =Ar dkr rob
h Twh PO
7

L,y =34,2-(P-dy,)/yh{°® +3,81

Hageneni piBHsSHHA y Tabuuni 1 Ta Tabmuni 2 MOXXYTh PIBHOLIIHHO BUKOPHUCTOBYBATUCH LIS BH-
3Ha4YeHHA Ly — IMHOWHY IPOHUKHEHHS PeakIliiHol 30HM B3a€EMO/Iii Ta30BUX (KUCHEBUX) CTPYMEHIB Y
pO3IJIaB MeTally, IO 3HaXOJUTHCS Yy POOOYOMY MPOCTOpI BaHHW KHCHEBOTO KoHBepTepa. OmHak 00-
PaHHs IEBHOTO PiBHSHHA 3 HaBEACHUX IUIS PO3PaxyHKY L,y HEOOXiIHO BUKOHYBaTH y BiAMOBIAHOCTI
IO BUX1JTHUX TEXHOJIOTIYHUX YMOB, JIJIS IKHX PO3TIsiAaeThes piBHSHHA. OOpaHe piBHSAHHS MOBHHHO Ma-
KCHMAaJTBHO BiJIIOBIAATH YMOBAM, IO TOTPUMYBAJIUCH I HOTO OJep KaHHsI, IO BUXITHAX TEXHOJIOT1-
HHUX YMOB, JJISl IKHX BOHO PO3TIISAAEThCS. 3aranoM Tpeda BiJ3HAYUTH, IO MOTPIOHO MPOBEICHHS T10-
JTBIITNX PO3PAaXYHKOBUX Ta aHAIITUYHUX JOCHTIJKCHb Y IIbOMY HANPSMKY JUIsi BCTAHOBJICHHS BiAIIO-
BIJTHOCTI Ta JOUUIBHOCTI HaBeleHUX y TaOumii | Ta Tabnuii 2 piBHSAHB 0 CYYacCHHUX TEXHOJOTIYHUX
YMOB poOOTH KHCHEBUX KOHBEPTEPIB METATYPriHUX MiANPHEMCTB YKpaiHH.

BucHoBkn

B YkpaiHi y KHCHEBO-KOHBEPTEPHOMY BHPOOHHUIITBI TIEPEBaXHO BUKOPHCTOBYETHCS TEXHOJOT 1S
BEPXHBOT MPOYBKH KOHBEPTEPHOI BAaHHU. BaskiMBHUM SBUILIEM ITiJ] 4ac BEpPXHbOI MPOAYBKH KOHBEpTE-
PHOI BaHHU € YyTBOPEHHS peakiiiHoi 3001 B3aeMoii. Peakuiiina 30Ha B3aeMoil GOpMY€eTbCs Y pe3yilb-
TaTi IPOHUKHECHHS Ta 3arIMOJICHHS Ta30BOT0 (KUCHEBOTO) CTPYMEHS Y IIapu pO3IIIaBy, KOTpi 3HAXO-
JATBCSL Y poO0UOMY MPOCTOpPI BaHHHM KOHBEpTepa. Y MPOCTOpi Ta 00’e€Mi peakiiiHoi 30HH B3aeMOJil
PO3BHBAIOTHCSI OCHOBHI TiApOra3oAMHAMIuHi, TEIIOMacOOOMiHHI, €K30TEpPMiYHI MPOLECH Ta J0cATa-
€ThCSl HAWBUINA TEMIIEpaTypa po3ILIaBy.

Jlns cydacHOTO TIpEICTaBIICHHS 32 OCOOJIMBOCTSMH T€OMETPUIHOTO (HOPMYBaHHS y poOOTi 3a-
NPOTIOHOBAHO TPH OCHOBHI XapaKTepHi TUIIM yTBOPEHHS PEaKLiitHOT 30HM B3a€MOJi] y KUCHEBOMY KOH-
BEpTepi 32 YMOBHU IPOIYBKH Yepe3 BEPXHIO GpypMy 3 6araTocomioBUM HAKOHEYHUKOM Pi3HOI KOHCTPY-
KIIii Ta peXXMMOM TIPOJTyBKH:

1. Po3inbHe YTBOPEHHSI OKPEMHUX HE3aJIeKHUX PEaKIiiHUX 30H B3a€MOil MEBHUX F€OMETPHY-
HHUX PO3MIpiB, KIIBKICTh SIKMX JOPIBHIOE KIIBKOCTI KUCHEBUX CTPYMEHIB, 10 Oe3MocepeIHbO Ail0Th Ha
MTOBEPXHIO PO3IIABY Ta IMPOHHUKAIOTH Y IIHO foro mapis;

2. 3rpymoBaHe YTBOPEHHS JIEKITBKOX 00’€IHAaHUX HE3aJC)KHUX PEaKIiifHUX 30H B3a€MOZIi, 110
YTBOPIOIOTHCS 33 PaXyHOK 00’ € JHAHHSI Pa30M JBOX Ta OlbIIe OJMHOYHMX PEaKiiHUX 30H, CTBOPEHHX
HE3aJI)KHUMH KHCHEBUMHU CTPYMEHSMU;

3. O6’emHaHe YTBOPEHHS OAHIET CYIUTHHOI PeaKIlifHOT 30HA B3a€EMOIi1 3a paXyHOK 37UTTS 30BHi-
IIHIX KOHTYPIB yCiX OJMHOYHUX PEaKIiiHUX 30H B3a€MOIT, o chopMOBaHi He3aJIe)KHUMHA KHCHEBUMHU
CTPYMEHSIMHU y €IMHY 00’ €IHaHY peaKLiiiHy 30Hy B3a€EMOIIi.
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HesanexxHo Bij TUIy TeOMeTpUYHOTO (JOPMYBaHHS OIHUM 3 TOJIOBHHX MapaMeTpiB € TTUOWHA

MpOHUKHEHHS L,y peakuiiiHoi 30HM B3a€MOZii ra30BUX (KHCHEBHX) CTPYMEHIB y IIApH PO3ILIaBy Me-
tany. [IpencraBneni y poOoTi piBHSHHSA, IJIs1 BU3HAYCHHS TNIMOWHN IPOHUKHEHHS L,y peaKIiiftHOT 30HU
B3a€EMO/Ii1, MpOaHaIi30BaHi Ta PO3UICHI HA MBI JOOIPKH BIATIOBIMHO 110 CIOCO0Y (hi3MIHOTO MOIEITIO-
BaHHS, 1[0 BUKOPHCTOBYBAIM JUIs X oTpuMaHHs. [1oTpiOHO MpOBEACHHS MOJAIBIINX PO3PAXYHKOBHX
Ta aHAJITUYHUX JTOCIIKEHD Y IbOMY HANPSAMKY JJIsl BCTAHOBJICHHS BiJIIOBITHOCTI Ta JOIJIEHOCTI Ha-
BEJICHHUX Yy N0OIpKax piBHIHB IO CyYaCHUX TEXHOJIOTIYHHX YMOB pOOOTH KICHEBUX KOHBEPTEPIB METa-
JMyprilHUX MIATPHEMCTB YKpaiHU.

10.

11.

12.

13.

14.

Ilepenik BUKOPpMCTAHUX JIAKEpe:
A physical modelling study to determine the influence of slag on the fluid flow in the AOD converter
process / P. Ternstedt, P. Ni, N. Lundqvist, A. Tilliander, P.G. Jénsson. Ironmaking and Steelmak-
ing. 2018. Vol. 45. Ne 10. Pp. 944-950. DOI: https://doi.org/10.1080/03019233.2017.1415012.
Physical modeling of mass transfer between slag and metal in combined blown converter and appli-
cation / X.-J. Yang, Q.-L. Zhou, Q. Zhang, J.-Y. Sun, L.-C. Zhong, Q. Li. Iron and Steel. 2022.
Vol. 57. Ne 12. Pp. 57-65. DOI: https://doi.org/10.13228/j.boyuan.issn0449-749x.20220288.
Physical modelling of the effect of slag and top-blowing on mixing in the AOD process / T. Haas,
V.-V. Visuri, A. Kérni, E. Isohookana, P. Sulasalmi, R. Hiirman Eri¢, H. Pfeifer, T. Fabritius. Ad-
vances in Molten Slags, Fluxes, and Salts: Proceedings of the 10th International Conference on
Molten Slags, Fluxes and Salts 2016, Seattle, 22-25 May 2016. Seattle, 2016. Pp. 999-1008. DOI:
https://doi.org/10.1007/978-3-319-48769-4_106.
CranemnaBuibHe BUpoOHUITBO: Haru. nocioHuk / B.1. bantusmancekuii ta in. Kuis : I3MH, 1996.
400 c.
Physical simulation analysis of a 300 t duplex combined blown dephosphorization converter / C.-
L. Zhao, C.-Y. Wang, Y.-H. Sun, Z. Wang, H.-J. Shen. Journal of Iron and Steel Research. 2015.
Vol. 27. Ne 12. Pp. 42-47. DOI: https://doi.org/10.13228/j.boyuan.issn1001-0963.20140412.
Numerical and physical simulations of a combined top-bottom-side blown converter / Zhou X., Ers-
son M., Zhong L., Jénsson P.G. Steel Research International. 2015. Vol. 86. Ne 11. Pp. 1328-1338.
DOI: https://doi.org/10.1002/srin.201400376.
Kovaf L. Main design characteristics of lances for steelmaking furnaces. METAL 2017: 26th Inter-
national Conference on Metallurgy and Materials: conference proceedings, Brno, 24-26 May 2017.
Vol. 2017-January. Pp. 176-181.
Zhu M., Lou W., Wang W. Research Progress of Numerical Simulation in Steelmaking and Con-
tinuous Casting Processes. Jinshu Xuebao/Acta Metallurgica Sinica. 2018. Vol. 54. Ne 2. Pp. 131-
150. DOI: https://doi.org/10.11900/0412.1961.2017.00430.
Physical simulation of converter steelmaking with powder injection / Tang B., Wang X., Zou Z.,
Yu A. Canadian Metallurgical Quarterly. 2016. Vol.55. Nel. Pp.124-130. DOI:
https://doi.org/10.1080/00084433.2015.1122275.
Physical simulation of bottom powder injection in combined blown converter / Tang B., He Y.-B.,
Zou Z.-S., Yu A.-B. Dongbei Daxue Xuebao/Journal of Northeastern University. 2014. Vol. 35.
Ne 2. Pp. 236-240. DOI: https://doi.org/10.3969/].issn.1005-3026.2014.02.019.
Research on the flow properties and erosion characteristics in combined blown converter at
steelmaking temperature / Hu S., Zhu R., Liu R., Dong K. International Symposium on CFD Mod-
eling and Simulation in Materials Processing: conference proceedings, Phoenix, 11-15 March 2018.
Phoenix, 2018. Pp. 159-171. DOI: https://doi.org/10.1007/978-3-319-72059-3 16.
Physical modeling of mass transfer between slag and metal in combined blown converter and appli-
cation / Zhao H., Wang J., Liu F., Sohn H.Y. International Journal of Minerals. Metallurgy and
Materials. 2022. Vol. 29. Ne 1. Pp.70-77. DOI: https://doi.org/10.13228/j.boyuan.issn0449-
749x.20220288.
Fault diagnosis of small sample of oxygen top-blowing converter based on PGAT model / J. Cao,
Z.-Y. Chen, J.-H. Wang, D.-N. Jiang, Y.-J. Li. Kongzhi yu Juece/Control and Decision. 2023.
Vol. 38. Ne 10. Pp. 2943-2952.
Cheslak F.R., Nickolls J.A., Sichel M. Cavities formed on liquid surface by impinging gaseous jets.
Journal of Fluid Mechanics. 1969. Vol. 36. Ne5.  Pp. 55-63. DOI

188



BICHUK ITPUA3ZOBCBKOI'O JEP)KABHOI'O TEXHIYHOI'O YHIBEPCUTETY

2023p. Cepis: TexniuHi HayKn Bum. 47

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

p-1SSN: 2225-6733; e-ISSN: 2519-271X

https://doi.org/10.1017/S0022112069001509.

Singha P., Shukla A.K. Dynamic basic oxygen steelmaking process and its industry valida-
tion. JOM. 2023. Vol. 75. Ne 9. Pp. 3890-3899. DOI: https://doi.org/10.1007/s11837-023-06003-1.
Ishikawa H., Mizaguchi S., Segawa K. Studying on a model of O2 of jet and emissions in the LD-
converter. Tetsu-to-hagane «Journal of the Iron and Steel Institute of Japany. 1972. Ne 1. Pp. 76-
84.

Modelling the process of oxidising impurities in a metal bath using coherent nozzles / Golub T.,
Molchanov L., Semykin S., Koveria A. Acta Metallurgica Slovaca. 2023. Vol. 29. Ne 2. Pp. 63-66.
DOI: https://doi.org/10.36547/ams.29.2.1733.

Shimada M. The reactionary surface area of the partition during converter oxidation. Tetsu-to-ha-
gane «Journal of the Iron and Steel Institute of Japany. 1971. Ne 12, Pp. 1764-1773.

Numerical study on interfacial structure and mixing characteristics in converter based on CLSVOF
method / F. Qi, S. Zhou, L. Zhang, Z. Liu, Sh.C.P. Cheung, B. Li. Metals. 2023. Vol.13. Ne 5. Pp. 1-
15. DOI: https://doi.org/10.3390/met13050880.

Shimada M., Isibasi M., Ariesi T. About the features of the supersonic jet of oxygen in the LD-
converter. Tetsu-to-hagane «Journal of the Iron and Steel Institute of Japany». 1966. Ne 9. Pp. 1499-
1501.

Numerical simulation of the slag splashing process in a 120 ton top-blown converter / G. Yang, B.
Li, M. Sun, D. Qin, L. Zhong. Metals. 2023. Vol.13. Ne5. Pp. 1-20. DOI:
https://doi.org/10.3390/met13050940.

Oxygen supply system based on oxygen lance nozzle wear in converter / M. L, S. Chen, Y. Hao,
H. Guo, D. Li, Z. Zhang. Kang T'ieh/lron and Steel. 2023. Vol. 58. Ne 8. Pp. 99-109. DOI:
https://doi.org/10.13228/j.boyuan.issn0449-749x.20230084.

Development and application of converter COMI-B technology: a new way of CO2 utilization /
Feng C., DonglJ., Zhu R., Yang H. Metals. 2023. Vol. 13. Ne 5. Pp. 1-17. DOL:
https://doi.org/10.3390/met13050926.

Numerical investigation of the enhanced stirring characteristics of a multi-lance top-blowing con-
tinuous converting furnace for lance arrangement and variable-velocity blowing / W. Li, Sh. Wang,
J. Xu, J. Hu, H. Wang, Y. Zhai, Q. Xiao, G. Deng, D. Li. Energies. 2023. Vol. 16. Ne 5. Pp. 1-17.
DOI: https://doi.org/10.3390/en16052412.

Golub T.S., Molchanov L.S., Semykin S. Studying the possibility of using coherent type nozzles for
bof blowing at the gas dynamic simulation stand. Science and Innovation. 2023. Vol. 19. Ne 4.
Pp. 79-92. DOI: https://doi.org/10.15407/scine19.04.079.

Jet penetration and bath circulation in the basic oxygen furnace / Flinn R.A., Pehlke R.D.,
Glass D.R., Hays P.O. Transactions Metallurg. Soc. AIME. 1967. VVol. 239. Ne 11. Pp. 1776-1791.
Dong P.-Y., Zheng S.-G., Zhu M.-Y. Simulation and application of post-combustion oxygen lance
in a top-blown converter. Ironmaking and Steelmaking. 2023. Vol. 50. Ne 1. Pp. 55-66. DOI:
https://doi.org/10.1080/03019233.2022.2083928.

Yushkevich P. Comparison of calculatings methods of the main parameters for single-tier tuy-
eres. Scientific Journal of the Ternopil National Technical University. Ternopil : TNTU, 2020.
Vol. 99. Ne 3. Pp. 112-123. DOI: https://doi.org/10.33108/visnyk_tntu2020.03.

References:
P. Ternstedt, P. Ni, N. Lundqvist, A. Tilliander, and P.G. Jonsson, «A physical modelling study to
determine the influence of slag on the fluid flow in the AOD converter process», Ironmaking and
Steelmaking, vol. 45, Ne 10, pp. 944-950, 2018. doi: 10.1080/03019233.2017.1415012.
X.-J. Yang, Q.-L. Zhou, Q. Zhang, J.-Y. Sun, L.-C. Zhong, and Q. Li, «Physical modeling of mass
transfer between slag and metal in combined blown converter and application», Iron and Steel,
vol. 57, Ne 12, pp. 57-65, 2022. doi: 10.13228/j.boyuan.issn0449-749x.20220288.
T. Haas, V.-V. Visuri, A. Kéarnd, E. Isohookana, P. Sulasalmi, R. Hiirman Eri¢, H. Pfeifer, and
T. Fabritius, «Physical modelling of the effect of slag and top-blowing on mixing in the AOD pro-
cessy, in Proceedings of the 10th International Conference Advances in Molten Slags, Fluxes, and
Salts, Seattle, 2016, pp. 999-1008. doi: 10.1007/978-3-319-48769-4_106.
V.1. Baptyzmanskyi et al., Staleplavylne vyrobnytstvo: Navch. posibnyk [Steelmaking: Study guide].

189



BICHUK ITPUA3ZOBCBKOI'O JEP)KABHOI'O TEXHIYHOI'O YHIBEPCUTETY

2023p. Cepis: TexniuHi HayKn Bum. 47

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

p-1SSN: 2225-6733; e-ISSN: 2519-271X

Kyiv, Ukraine: IZMN Publ., 1996. (Ukr.)

C.-L. Zhao, C.-Y. Wang, Y.-H. Sun, Z. Wang, and H.-J. Shen, «Physical simulation analysis of a
300 t duplex combined blown dephosphorization converter», Journal of Iron and Steel Research,
vol. 27, Ne 12, pp. 42-47, 2015. doi: 10.13228/j.boyuan.issn1001-0963.20140412.

X. Zhou, M. Ersson, L. Zhong, and P.G. Jénsson, «Numerical and physical simulations of a com-
bined top-bottom-side blown converter», Steel Research International, vol. 86, Ne 11, pp. 1328-
1338, 2015. doi: 10.1002/srin.201400376.

L. Kovéaf, «Main design characteristics of lances for steelmaking furnaces», in Proceedings 26th
International Conference on Metallurgy and Materials METAL 2017, Brno, 2017, vol. 2017-Janu-
ary, pp. 176-181.

M. Zhu, W. Lou, and W. Wang, «Research progress of numerical simulation in steelmaking and
continuous casting processesy, Jinshu Xuebao/Acta Metallurgica Sinica, vol. 54, Ne 2, pp. 131-150,
2018. doi: 10.11900/0412.1961.2017.00430.

B. Tang, X. Wang, Z. Zou, and A. Yu, «Physical simulation of converter steelmaking with powder
injection», Canadian Metallurgical Quarterly, vol.55, Nel, pp.124-130, 2016. doi:
10.1080/00084433.2015.1122275.

B. Tang, Y.-B. He, Z.-S. Zou, and A.-B. Yu, «Physical simulation of bottom powder injection in
combined blown converter», Dongbei Daxue Xuebao/Journal of Northeastern University,
vol. 35, Ne 2, pp. 236-240, 2014. doi: 10.3969/j.issn.1005-3026.2014.02.019.

S. Hu, R. Zhu, R. Liu, and K. Dong, «Research on the flow properties and erosion characteristics in
combined blown converter at steelmaking temperature», in Proceedings International Symposium
on CFD Modeling and Simulation in Materials Processing, Phoenix, 2018, pp. 159-171. doi:
10.1007/978-3-319-72059-3_16.

H. Zhao, J. Wang, F. Liu, and H.Y. Sohn, «Physical modeling of mass transfer between slag and
metal in combined blown converter and applicationy, International Journal of Minerals. Metallurgy
and Materials, vol. 29, Ne 1, pp. 70-77, 2022. doi: 10.13228/j.boyuan.issn0449-749x.20220288.
J. Cao, Z.-Y. Chen, J.-H. Wang, D.-N. Jiang, and Y.-J. Li, «Fault diagnosis of small sample of ox-
ygen top-blowing converter based on PGAT model», Kongzhi yu Juece/Control and Decision,
vol. 38, Ne 10, pp. 2943-2952, 2023.

F.R. Cheslak, J.A. Nickolls, and M. Sichel, «Cavities formed on liquid surface by impinging gaseous
jets», Journal of Fluid Mechanics, vol. 36, Ne5, pp. 55-63, 1969. doi:
10.1017/S0022112069001509.

P. Singha, and A.K. Shukla, «Dynamic basic oxygen steelmaking process and its industry valida-
tion», JOM, vol. 75, Ne 9, pp. 3890-3899, 2023. doi: 10.1007/s11837-023-06003-1.

H. Ishikawa, S. Mizaguchi, K. Segawa, «Studying on a model of O2 of jet and emissions in the LD-
convertey, Tetsu-to-hagane «Journal of the Iron and Steel Institute of Japan», Ne 1, pp. 76-84, 1972.
T. Golub, L. Molchanov, S. Semykin, and A. Koveria, «Modelling the process of oxidising impuri-
ties in a metal bath using coherent nozzles», Acta Metallurgica Slovaca, vol. 29, Ne 2, pp. 63-66,
2023. doi: 10.36547/ams.29.2.1733.

M. Shimada, «The reactionary surface area of the partition during converter oxidationy, Tetsu-to-
hagane «Journal of the Iron and Steel Institute of Japany, Ne 12, pp. 1764-1773, 1971.

F. Qi, S. Zhou, L. Zhang, Z. Liu, Sh.C.P. Cheung, and B. Li. «Numerical study on interfacial struc-
ture and mixing characteristics in converter based on CLSVOF method», Metals, vol. 13, Ne 5,
pp. 1-15, 2023. doi: 10.3390/met13050880.

M. Shimada, M. Isibasi, and T. Ariesi, «About the features of the supersonic jet of oxygen in the
LD-converter», Tetsu-to-hagane «Journal of the Iron and Steel Institute of Japany, Ne 9, pp. 1499-
1501, 1966.

G. Yang, B. Li, M. Sun, D. Qin, and L. Zhong, «Numerical simulation of the slag splashing process
in a 120 ton top-blown converter», Metals, vol. 13, Ne 5, pp. 1-20, 2023. doi: 10.3390/met13050940.
M. Li, S. Chen, Y. Hao, H. Guo, D. Li, and Z. Zhang, «Oxygen supply system based on oxygen
lance nozzle wear in converter», Kang T'ieh/Iron and Steel, vol. 58, Ne 8, pp. 99-109, 2023. doi:
10.13228/j.boyuan.issn0449-749x.20230084.

C. Feng, J. Dong, R. Zhu, and H. Yang, «Development and application of converter COMI-B tech-
nology: a new way of CO2 utilization», Metals, vol. 13, Ne 5, pp. 1-17, 2023. doi:

190



BICHUK ITPUA3ZOBCBKOI'O JEP)KABHOI'O TEXHIYHOI'O YHIBEPCUTETY

2023p. Cepis: TexniuHi HayKn Bum. 47

24,

25.

26.

217.

28.

p-1SSN: 2225-6733; e-ISSN: 2519-271X

10.3390/met13050926.

W. Li, Sh. Wang, J. Xu, J. Hu, H. Wang, Y. Zhai, Q. Xiao, G. Deng, and D. Li, «Numerical inves-
tigation of the enhanced stirring characteristics of a multi-lance top-blowing continuous converting
furnace for lance arrangement and variable-velocity blowing», Energies, vol. 16, Ne 5, pp. 1-17,
2023. doi: 10.3390/en16052412.

T.S. Golub, L.S. Molchanov, and S. Semykin. «Studying the possibility of using coherent type noz-
zles for bof blowing at the gas dynamic simulation stand», Science and Innovation, vol. 19, Ne 4,
pp. 79-92, 2023. doi: 10.15407/scine19.04.079.

R.A. Flinn, R.D. Pehlke, D.R. Glass, and P.O. Hays, «Jet penetration and bath circulation in the
basic oxygen furnace», Transactions Metallurg. Soc. AIME, vol. 239, Ne 11, pp. 1776-1791, 1967.
P.-Y. Dong, S.-G. Zheng, and M.-Y. Zhu, «Simulation and application of post-combustion oxygen
lance in a top-blown converter», Ironmaking and Steelmaking, vol. 50, Ne 1, pp. 55-66, 2023. doi:
10.1080/03019233.2022.2083928.

P. Yushkevich, «Comparison of calculatings methods of the main parameters for single-tier tuy-
eresy, Scientific Journal of the Ternopil National Technical University, vol. 99, Ne 3, pp. 112-123,
2020. doi: 10.33108/visnyk_tntu2020.03.

Perntensent: B.I'. Kucnsikos
KaHJ. TeXH. HayK, 3aB. Bigainy, [YM HAH VYkpaian

Cmamms naoditiuna 18.08.2023
Cmamms npuiinama 15.09.2023

YK 669.184:519.22 doi: 10.31498/2225-6733.47.2023.300058

© Asseel Mohammed Kadhim?, Tapaciok JI.1.%, Kozaosues C.B.},
CuneabHukos B.0.*

BIIJINB HAT'PIBY I'A3Y HA PO3PAXYHKOBI HA3BYKOBI IAPAMETPH
CTPYMEHS I'A30IIOPOLIKY ITPU TPOAYBII LHIJIAKY B KOHBEPTEPI.
HOBIJIOMJIEHHA 1

Y emammi noxazano, wo oonuM i3 npuopumemHiux 3a860aHsb y MEXHON02II 6UPOOHUYMEA
cmani € niosuweHHs: 008206iHHOCII (hymeposKku KucHesux kKoneepmepis. Ilokasano, wjo
WIAKOOYBKA € PAOUKATLHUM CNOCOOOM Ni0GUUYEHHS 008208IYHOCTNT (DYyMEPOBKU KUCHEBUX
koueepmepie. Ilpu npoodysyi posnnasy xucrem emicm MgO 6 unaxy cmanosums 6-8%. /lna
niogueHHs XIMIYHOI cnopiOHeHoCmi WAaKy ma )ymepoeKu NPONOHYEMbCsL NPOOYBKA KOH-
8EPMEPHO20 WNAKY A30MOM aDO0 2A30NOPOWKOBUMU CIMPYMEHAMU. [N 00CACHeHHA onmu-
MAnbHOL XIMIYHOL cnopioHeHocmi hymeposKu i wiaKy 0CmManHiti peKoMeHO08aHO MOOUi-
Kysamu 3 Memoio 30i1bleHHs 8 HboMY OKcudy maehiio. Ilokasano, wo cnpoba niosuwumu
ehexmusHicmb MOOENI08AHHSL OYIce CKIAOHUX NPOYECI8 83AEMOOTT HAO38YKOBUX CIPYMe-
Hi6 3 KOHGEPMEPHUM WIAKOM We He 8Upiena. 3pooaeno KpUmuyHuil auaniz ichyiouux me-
mooi6 po3poboK MamemMamuyHoi Mooei, Wo 6a3yemvca Ha BUKOPUCAHHT 6I00MUX 2A30-
OUHAMIYHUX CNIBBIOHOULEHb 83AEMOOIL BITbHUX MYPOYIEHMHUX CIMPYMEHIE 3 PO3NAAGOM.
Bcmanoeneno, wo 6 winaxosuii posniag 3a6cou NOMpansitomy uule Ha038yKosi cmpy-
MeHi 3 XapakxmepHow 05l HUX YOapHO-X8Uib08oto cmpykmyporo. Hasedeno inmezpanvruii
MemoO DO3PAXYHKY NApamempis 2azonopouiko8o2o NOmoKy 8 HAO038YKOBOMY CONJI 3
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