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MATEMATHUYHA MOJEJIb HATPIBAHHS METAJIEBOI'O BPYXTY
B KOHBEPTEPI IMJIOBYT'VIBHUM ®AKEJIOM

Memoro docriddicenns € po3pobKa Mamemamuiroi Mooei nonepedHb020 nidiepisy Mmemanoo-
pyxmy y pobouomy npocmopi KUCHeB020 KOHEEpmepa i3 6UKOPUCMAHHAM GUCOKOMEMNEPAMYPHO20
Gakena, axuil ymeopeno no0asanHAM NUNOGY2INIbHO20 NAAUEA Y NOMOYI KUCHIO KPi3b CONIA HAKOHEU-
HUKA 8ePXHbOI (hypMuU, YUCeNbHA ma NpocpamMHa peanizayis 0anoi Mooeni, a MaKoiC 6CIMAHOBIEHHs il
AKicHOI adekeamnocmi npoyecy, wjo po3isadacmvcs

Kniouosi cnosa: memanobpyxm, xucenv, Koneepmep, RidicpiganHs, NUNOBY2ilbHE NANUBO,

dypma.

The purpose of the research is the development of a mathematical model of preheating of
scrap metal in the working space of an oxygen converter using a high-temperature torch, which is
formed by feeding pulverized coal fuel in an oxygen stream through the nozzles of the tip of the upper
lance, the numerical and software implementation of this model, as well as its installation qualitative
adequacy of the process under consideration

Keywords: scrap, oxygen, converter, heating, pulverized coal fuel, lance.

IMocTaHoBKa npo6aeMu

VY cTBOpeHHUX Ha CHOTOJEHHA B YKpaiHi yMOBax Je(ilUTy PiIKOro YaBYHY Ta 3pOCTaI0U0i Ki-
JIBKOCTI METAJIEBOTO OpYXTy 3a0€3MeUnTH Halle)KHE BUPOOHMITBO KHCHEBO-KOHBEPTEPHOI CTali MOX-
JIMBO TUTBKU 32 PaXyHOK PO3POOKH i BIPOBA/KEHHSI 0araToCOIUIOBUX MAIWBHO-KUCHEBHX QypM, SIKi
NPUCTOCOBAaH1 I TONEPEHBOTO HATPiBy METaJOOpYXTY B MOPOKHHMHI KOHBEpTEpa BUCOKOTEMIIEpa-
TYPHUMH NMIOBYTUIBHUMH (aKeIamMu.

AHaJi3 ocTaHHIX J0CTiAKeHb Ta myOJikamii

UucenpHe MOJICITIOBAHHS TOINEPEAHBOTO MIMIrpiBy OpyXTy B KOHBEpPTEpi 3 BUKOPUCTAHHSIM
KyCKOBOT'O BYT1JUISl TIpeAcTaBieHe y poOoTi [1]. B pobori [2] 3amponoHoBaHO MaTeMaTHYHY MOAEIb
MiAITpiBy OpyXTy B 4aBYHOBiI3HOMY 90-TOHHOMY KOBIII 3a JIOTIOMOT'OI0 KHCHEBO-TTAJIUBHOT (QypMH, e
B AKOCTI MaJMBa BUKOPUCTOBY€EThCS NPUPOAHUH ra3. [ro Mozaens Oy0 BUKOPUCTAHO sl YUCEIHHOIO
BUBYCHHS BIUIMBY IapaMeTpiB GypMH Ha TeMIepaTypy MONEpeIHbOro MiIirpiBy OpyXTy B KOBHI. Y
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BCTYII 10 po6oTH [2] 3po0iieHO AOCUThH I'PYHTOBHUH OTJISA OCTaHHIX MyOJikamiil 3 naHoi TemaTuku. B
[3] mpencraBineHo MateMaTHIHY MOJIENh MAJIOBYTUTFHOTO (haKemy.
®opMyTI0BAaHHS METH 10CTi/>KeHHS

MeTor0 TaHOTO JOCIIIKEHHsI € MOOYA0Ba MaTEMaTUYHOI MOJIENi MiirpiBaHHS METaIoOpyXTy B
KOHBEpTEepl MHJIOBYTUJIBHUM (DAaKeIoM Mepes 3ajJMBaHHSAM PIAKOTO YaByHY, YHCENbHA Ta MPOrpamMHa
peadizarist JaHOI MOJIENi, a TAKOK BCTAHOBIICHHS 11 SIKICHOT aJIeKBaTHOCTI MPOIIECY, IO PO3TIIIAETHCSL.

Bukian ocHOBHOro MaTtepiaay

B ocHOBY MaTeMaTH4YHOT MO/ MOKIaACHI HACTYIHI CHPOLIYIOYH MPUMTYIICHHS:

1. 3amava mpuitHATa MUTIHIPUIHO-CHUMETPUIHOIO BITHOCHO OCi KOHBEpTEpa.

2. CymapHuit 00'eMHHI BMICT TOPOITMHOK BYTULIA B Ta30Bil ¢a3i mpu BUTpaTax, IO BUBYA-
I0TBCSI, HEBEJIMKH, TOMY TIOPOIIKOBE BYT1JUIS BUCTYIA€E B SIKOCTi AUCHEpPCHOI (ha3u cycrieHsii, B sKiit
ra3opa (paza € HeCy4iM Cepe/IOBHILEM.

3. PosrmsmaeTbes peskuM, KOJIA MTOPOIIKOMOIIOHE BYT1IIISI BCTHTAE TIOBHICTIO 3ropaTH y (ake-
JIi, IO BUXOJUTH 13 COIUIA AIMBHO-KMUCHEBOT PypPMH.

4. T'azoBa (haza B TOPOXKHHMHI KOHBEPTEpa, KA CKIAJAETHCS 3 MOBITPS, IO 3HAXOIUIOCS B
KOHBEpTEpl 70 MOoYaTKy MpOoIecy, iIHEPTHOTO Ta3y, sIKHi BUKOPHCTOBYETHCS Ul THEBMOTPAHCIIOPTY-
BaHHS MMOPOIIKY BYTLIIJIS, @ TAKOXK MPOIYKTIB TOPIHHS BYTLLIS, PO3TIISIAETHCS SIK €MHA Ta30Ba (asa,
sKa 3a MeXkaMH (pakeny pyxaeThCs K HECTHCIUBA CyOCTaHITis.

5. Pyx ra3oBoi }a3u € TypOyJIeHTHHM, IO BPAaXOBYETHCS 3a JOIMOMOTOI0 TPHITapaMETPUIHOT
anredpaiqHoi MoJielNi TypOyIeHTHOCTI.

6. MeraneBuii OpYXT pO3TISAAETHCS SIK TOPYBATE CEPEAOBUILE, IEPEHOCHI MPOIIECH B SIKOMY
BPaxOBYIOTHCS 3a JIOTIOMOTOK0 €(heKTUBHUX KOedillieHTIB niepeHocy. BiH HarpiBaeThes 10 TeMIepaTyp
HIDKYUX 32 TeMIIepaTypy IUIABJICHHS METaly, TOMY IIPOCTOPOBE PO3TAIlyBaHHS OPYXTYy HE 3MIHIO€TH-
s i1 yac mporecy.

7. 'paHn4HI yMOBH JUIsl PiBHAHB PyXy ra30Boi (a3u BUOWpaHi yMOBaMH BITbHOTO KOB3aHHS
Ha TBEPIUX IMOBEPXHSAX (HA BHYTPINIHIX MOBEPXHAX MOPOKHUHH KOHBEpPTEpa i MOBEPXHI OPyXTY).
I'pannyHi yMOBH IJIs PiBHSHB TETUIONEPEHOCY BUOpaHI yMOBAaMH CHPSDKEHHS Ha BHYTPINIHIX MOBEpPX-
HSIX PO3PaxyHKOBOI 00JacTi i YMOBOIO TeIUIOBiaui 3 eQEeKTUBHUM KOe]illieHTOM TeIUIoBinaadi
(sxuii BpaxoBye SIK KOHBEKTUBHUH, TaK 1 MPOMEHEBUH MeXaHi3MH TEIUIOBiA1adi) HA 30BHINIHIX TIOBEP-
XHSX KOHBepTepa. B 000X BHIajkax y ropJoBHHI KOHBEpTEpa BUOPAHO YMOBY BIJIBHOTO NMPOTiKaHHS
(s1x ra3y, Tak i Termia).

MaremaTryHa MOJIeTb, 3 YpaxyBaHHAM 3pOOJICHHX MPUITYIICHb, OyIyeTbCS 32 METOJUKOIO,
0 omucaHa B poOoTi [4] (MMO3HAYEHHs, 0 BUKOPUCTOBYIOTHCS, TAKOXK BHOpaHi y BIAMIOBIAHOCTI 3
JTAHOIO0 POOOTOO).

PiBHsiHHS, 1110 BH3HAuYae JUHAMIKY cepeloBHIAa B 00’eéMi KOHBepTepa, € piBHsAHHSIM Hap’e-
Crokca (abo B ycepesHEHOMY BUIJISLII piBHAHHIM PeitHonbzca):

5\7. 3 — ‘w3 1 v i — 1
—=—(V-V)V+0'AV-Vp', Q)
ot

Je V — OapuIEeHTpUYHA IIBUIKICTh CEPENOBHING; U — e(PeKTHBHHH KOe(]IIieHT KiHEMaTHYHOI

B’SI3KOCTI, 110 BPaXxOBY€E TYpOYJICHTHHI XapakTep pyXy cepenoBuina; p'=p/p — IUHAMiYHA CKIIa-
JI0Ba MOJIS TUCKY [, HOPMOBAHOTO HA TYCTHHY p , AJIsl 3HAXOPKEHHS SKOTO, 3TiHO MPHITYIIEeHHS 4,
10 piBHAHHSA (1) 10A€THCS YMOBA COJICHOIJalTbHOCTI:

V-v=0. )
TennoBa cTopoHa NpoLecy BU3HAYAETHCS PIBHSAHHSIM KOHBEKTHBHOTO TEILIONIEPEHOCY:
ar - =
C——=V-(AVT)+Q", 3)
dt
ne C i A" — edeKTUBHI TEMIOEMHICTh | HOPMOBAHA Ha I'YCTHHY TEILIONPOBIIHICTL CEPEIOBUINA, KA B
30HI KOHBEKTHBHOI'O PYXy BpaxoBye TypOyieHTHI edektH; Q' — 00’eMHa I'yCTHHA JKEpena Teria, 1o

BUIUIIETHCS TIPHU CIAJCHHI BYrUDIS 3rimHo 3 maAmMmm babGis B.I. Ta Kysaesa FHO.®. (1986 p.);
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d o .y . . .
—=—+V -V — cy0Ocranniiina noxigna. B piasHHi (3) T € cepenHb000’€MHOI0 TeMIEpaTyporo

dt ot

CepelloBUILA, sSIKa B HAIOMY HAaOJMKEHHI MajJocTi 00‘€MHOTrO BMICTy TBEpAOi (asu B CepeIOBHILI
(mpumymeHHst 2) HabIMHKEHO CITIBIAZae 3 TeMreparyporo ra3oBoi ¢asu. Lo crocyerbes edpekTuBHOL
HOPMOBAHOI Ha TYCTHHY TEIUIONPOBIIHOCTI cepefoBHina A, TO BHACIIZIOK SBHO TYpOYJIEHTHOIO pe-

KHUMY PyXy CEpelOBHIIA, BOHA BU3HAYAETHCSA, B OCHOBHOMY, TYpOYJIEHTHUMHU e(heKTaMH, OCKLIBKU B
HaIIOMYy BHIIAJKy TYpOyJIeHTHHI MEXaHi3M MepeHoCcy TeIlla HabaraTo MepeBHUIye MOJIEKYIIPHHH.

3rigHo mpumynieHHs S5, epeKTHBHUI KOe(ilieHT KiHeMaTU4YHOI B’SI3KOCTI BH3HAYA€THCS (op-
MYJIOIO:

A ov
V' =0+—V, +1*|=, 4)
Re, ay
ne A — xapakTepHHH po3mip TypOyJIEeHTHHX BHXOpPiB, IO 3HAYEHHSAM HIDKUE SIKOTO BiOYBa€ThCS

ycepeIHeHHs (TIpU YMCeNbHOMY PO3B’sI3aHHI Y SIKOCTI A 3a3BHYail BHOMPAETHCS XapaKTEpHUI po3Mip
PO3PaxyHKOBOI CITKH); © — 130TpONHA CKJIaZoBa e(eKTUBHOI KIHEMaTHYHOI B S3KOCTI CEpelOBHIIIA,
sKa KpiM CKJIJI0BOI, 1110 OIMCYE MOJICKYIIAPHY B’SI3KICTh CEpe/IOBUINA, MA€ I1Ie i CKIaJoBy TypOyeH-
THOT B’s13k0cTi; Re, — citkoBe uncio Peiinonbiaca; | — noexuna nepeminryBanus. Ilinbopom mux
rapaMeTpiB MOKHA 320€3MeYNTH aIeKBATHICTh PO3PaXyHKIB TeUill PIAKUX CEPEAOBHUII ISl MTUPOKOTO
KOJIa 33/1a4.

Kpim edexTrBHOTO 301IIBIIIEHHS B’ SI3KOCTi, B TYpOYJIEHTHOMY TOTOII OYAYTh ITiICHITIOBATHCH
TaKOX BCi iHII epekTH, OB’ A3aHi 3 TUPY3i€r0 — TEIUIONPOBIAHICTD 1 TUdY3is OyAb-IKOTO0 KOMIIOHEH-
Ta CepeIOBHIIA, 10 3yMOBIIIOETHCS IHTEHCHBHUM TIEPEMIIITYBaHHSIM CTPyMYy TYpOYJICHTHHUMHU BUXOpa-
mu. OnHakoBa npuponaa GopMyBaHHS B TypOyJIEeHTHOMY CTpyMi eEeKTHUBHUX KOE(IIIEHTIB B I3KOCTI

!

' i Temmeparypomnposigrocti @' =A'/Cp , sKi MarOTh OIHAKOBY PO3MIpHICTH M?/C, JO3BOJISIE BHKO-
puctaTH U @' BUpA3, aHAJIOTiuHM BUpasy (4), o i epeKTUBHOTO KoedilieHTa TEIIOMPOBIIHOCTI
A'=Cpa’ nae:
A=a+CpLv +cp 2|2V 5)
Pe, ay
ne A — crana ckianoBa eeKTHBHOro Koe(illieHTa TEIUIONpOBITHOCTI, B SIKY BXOIUTH 1 HE3MiHHA
MOJIEKyJIsIpHa cKiianioBa; Pe, — citkose umcno Ilekie; |; — nowxuHa nepemiunryBanus. I3 3arasb-
HHUX MIpKyBaHb SICHO, III0 BEJIMYMHH, [0 MApaMETPU3YIOTh TYpOYJICHTHICTD, 3aJIeKaTh BiJl XapakTepy
pPyXy B LIJIOMY, a HE BiJl TOTO, SIKU KOHKPETHO KOe(illieHT MOJeTroeThes. ToMy, HaIprKIaz, JOBXKH-
uu iepeminryBansst | i |5, sxi Bxomsate y popmynu (4) Ta (5), moBHHHI MaTh oHY BennuuHy. Te came
CTOCYETHCS H IHIIKMX MapaMeTpiB TypOyJIEeHTHOCTI:
v=AICp; Re,=Pe,; I=1,. (6)
PiBusiHHs (1)—(3) po3B’SI3YI0THCS YUCETBHO METOIOM PO3LICIUICHHS 32 (Pi3nuHUMU (akTopa-
MU [5]. B skocTi po3paxyHKOBOT 00J1acTi BUOPAHO OJIOBUHY OCHOBOI'O pO3pi3y KoHBepTepa (puc. 1).
3riiHO 3 METOIOM PO3LICIUICHHS 32 (i3UUHUMHU (HaKTOPaMu 4acoBa BiCh PO30MBAETHCS Ha IIa-
PH 3 KPOKOM 7 , sIKi HyMEPYIOTbCSL 1HAEKCOM N, 1 ocTaHHIN JoAaHOK piBHAHHS (1) HA KOXKHOMY 4Yaco-

BOMY IIIapi BiANIEIUTIOETHCS 32 TOTIOMOTOF0 BBEICHHS POMIDKHOT IIBUAKOCTI V !

§—V"=7 [-(V-V)V+0 AV]; )
Vit _V=—rVp'. (8)
B ocraHHe piBHSAHHS BXOIUTh HEBigOMe 1ojie THCKY. O4eBHIHO, BOHO MIOBUHHO OyTH 3HaM/1e-

He 710 o6uncIeHns wBuaKocti V'L Ha n +1-My gacoBomy miapi. Jlist iHoro BU3Hau€HHS BUKOPHUCTO-

BYETHCSA yMOBA COJICHOIJABHOCTI MO MIBUAKOCTI (2), a caMe BUMAaraeThes ii BAKOHAHHS Ha N+1-My
4acoBOMY IIapi:
V"™ =0. (9)
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Puc. 1. Po3zpaxynkoBa obmacts: 0 — mopokHHHa KOHBepTepa; 1 — CTIiHKH i
JTHHIIE KOHBepTepa; 2 — (ypma; 3 — posranryBanHs OpyXTy (BUOpaHO JTOBLIEHO

CERE 3rigHo piBHsHHS noBepxHi Hacumy G6pyxty Z=h, +Asin(Br/r)+Cr, ge f; —

pajiiyc MOpOKHUHU KOHBepTEpa, a Ny, A, B i C — uuciosi mapamerpn)

3actocyBaHHs omepaTopa V 110 TpaBoi Ta JiBoi yacTuH (popmynu (8), 3 BAKOPHCTAHHAIM YMO-
BU (9), 103BOJISIE 3HAWTH PIBHSHHSA I 3HAXOKECHHS TIOJIST THCKY:
Ap'=Vilr, (10)
ske siBisie coboro piBHAHHSA [lyaccona. IIpumyckaroun, mo mpaBi wactuau dopmyn B cxemi (7), (8)
HiIpaxOBYIOTHCS HA N-My YaCOBOMY IIapi, MPUXOIMMO J0 SBHOI 32 4aCOM PO3pPaxyHKOBOi CXEMH:

| \7:\7“”[—(\7”-6) V" 40 AV”}; 1)
I Ap™=vV.lr; (12)
I Vi =V—7 Vp'™. (13)

TakuMm unHOM, Ha miepmomMy eTari (11) 32 BUXiTHAM IOJIEM MIBUAKOCTEH OOYHCIIOETHCS TPO-

MiJKHA MIBUAKICTH V , IPUUOMY JOMYCKAEThCS CTUCIMBICTh CEPeNOBUINA, OO He BPaXOBYEThCS THCK,
KU 3aBaXkae foro crucimBocTi. Ha npyromy erami (12) i3 yMOBH CONEHOITANBHOCTI BEKTOPA IIIBH/I-
KOCTI Ha N+1-My 4acoBOMY IIapi OOYHCIIOETHCS MOJIe TUCKY (po3B’s3yeTbest piBHsAHHA Ilyaccona
(10) 3 mxepenom, ke sIBIILE COO0IO AMBEPTEHINIIO 3HANIEHOT MPOMIXKHOI IIBUKOCTI, MOIIJICHOT HA T :

Vit ). Crioci® oTpuMaHHS PIBHSHHS JUIsI TIOJISE THCKY BKa3ye Ha Te, IO I MoJie caMme Take, 100
3a0e3MeYlTH HECTUCIHMBICTL cepenoBuia. Ha TpeThoMy, 3aKIFOUHOMY Ha JIaHOMY KpOIli 32 4acoMm
etari (13), moJyie MBUAKOCTEW MiAMPABISAETHCS 32 JOMOMOTOI0 3HANHIEHOr0 MOJNS TUCKY. B mincymky
0JIe LIBUKOCTEH CTa€ CONEHOIJaTbHIM.

Jiist po3B’si3aHHS PiBHSHHS TeIIonepeHocy (3) TakoX BUKOPUCTOBYEThCS SIBHA CXEMa!

T”+1=T"+f[—€ (T" \7”)+6(1'6T")/C+Q'”/C]. (14)
[IpocTopoBa anpokcumaiiisi paBux 4acTiH piBHIHB (11)—(14) BUKOHYETHCS Ha MIaXOBil CiT-
1, JIe 3HAUCHHS CKAISPHHUX BEIMYUH (TEMIepaTypu 1 , THCKY P') BU3HAYAIOTHCS B IIEHTPaX po3paxy-

HKOBHX KOMipOK, 2 KOMIIOHEHTIB MIBUAKOCTel V Ta V Ha IX FpaHMIIIX.

I'pannyni yMOBH AJ1s1 BCiX BEJIMYHH, 1[0 PO3PAXOBYIOTHCS, BUOMPAIOTHCS Y BiAMOBIIHOCTI O
MIPUITYILEHHS 7.

[IporpaMuy peaitizaiilo po3podJeHOI MaTeMaTHYHOI Mojeil OyJio 3po0JeHO y CepeloBHIIi
Visual Studio 2022 na moBi mporpamyBanHsi C#, 3a TOIOMOT0I0 SIKOi OYyJI0 BUKOHAHO CEpil0 TECTOBHX
PO3paxyHKiB, sIKi 3aCBIAYMIN AKICHY aI€KBaTHICTb PO3pOOICHOT MOIETI.

Ha pruc. 2 npencraBiaeHo pe3ynbTaTH pO3paxyHKY IOJIB MIBHAKOCTEH 1 TEMIIEpaTyp y AUHAMI-
111 (YUCIIOBI XapaKTEPUCTUKHU TYyT HE HABOJAMMO, OCKIJTLKH HAIIIOI0 METOIO Ha TAHOMY €Talll € BCTAHOB-
JICHHS SIKICHOI aIeKBaTHOCTI po3po0ieHoi Mozeni). ['a30Bi moTOKH B poO0YOMY IPOCTOPi KOHBEPTEPA,
CIIPHYMHECHI BUCOKOTEMIEPATYpHUM (haKeIoM, BU3HAYAIOTh HANpPSIMOK TerionepeHocy. Jlocaraoun
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METaJIeBOro OpyXTy BOHM NPHU3BOIATH JO HOTO MOCTYIOBOI'O MPOTPiBaHHS, IO B LIJIOMY BiAMOBigae
SAKICHIM KapTHHI TIPOIIeCy, M0 MOJEIOEThCS. Pe3ynpTaT po3paxyHKiB MOKa3ai 3aJICKHICTh KAPTHUHU
ra3oBUX MOTOKIB BiA (hopMHU MOBEpXHI 3aBaHTAKEHOTO y KOHBEpTEP OpyXTy. 30Kpema, y 3ariuOnHax
MIOBEPXH1 OPYXTY MOXYTh YTBOPIOBATHCS JIOKAJIbHI BUXOPH. AJIe 3arallbHOI0 XapaKTEPUCTHKOIO ra30-
JUHAMIYHOI KapTHHH B poOOYOMY MPOCTOPI KOHBepTepa € (OpPMYBaHHS IBOX TINI0OAIbHUX BUXOPIB
(puc. 2): omHOTO 61151 (hakemy 3 00epTaHHSAM MPOTH TOAWHHUKOBOI CTPiNKH (y HaBeIEeHUX po3pizax), a
IHIIIOTO — 3a TOJUHHHUKOBOIO CTPUIKOIO 3 (DOPMYBaHHSIM HU3X1IHUX Ta30BHUX IOTOKIB Oisl BHYTpImI-
HBOI MOBepXHi KOHBepTOopa. Lli BUXOpH B OCHOBHOMY i BH3HAUYaIOTh TEIJIOBY KapTUHY y pobouomy
MPOCTOp1 KOHBEpTepa 1 30KkpemMa Toi (hakTt, mo OpYyXT, SIKUM 3HAXOIUTHCA OiNs CTIHKM KOHBEpTEpa,
Oyze mporpiBaTrcs MEHIIE.
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Puc. 2. Po3paxyHKoBa AMHaMiKa TEIUIOMACOIIEPEHOCHUX MPOLECIB y pOO0YOMY IPOCTOPi KOH-
BepTepa MiJ Yac MifirpiBaHHs METaJeBOro OpyXTy HMHJIOBYTiIbHUM (akenoMm. CTPIIKKM BKa3ylOTh Ha-
NpPSMKH PyXy Ta30Boi (a3u, KpUBI — i30TepMHu

BucHoBkn

1. [MoOynoBaHO MaTeMaTH4HY MOJETh MiIIrPiBy METajIeBOro OPYXTy B poOOYOMY MPOCTOPI
KOHBEpTepa MHUJIOBYTUIBHUM (hakelloM Ta BUKOHAHO ii TporpamMHy peanmizaiiio B cepenoBuil Visual
Studio 2022 na moBi C#.

2. 3a 101oMOrow po3po0IieHO MOJIEITi MPOBEICHO CEPII0 PO3PAXYHKIB, SKI 3aCBIMUMIN 11 sKi-
CHY aJIeKBaTHICTh MPOIIECY, IO PO3TIISIAETHCS.

Hactynaum etanom ganoi poOOTH € AOCSTHEHHS KUIBKICHOT a/IeKBaTHOCTI po3po0IIeHOi Moie-
Ji 71 pI3HOMAHITHUX €KCIIEPUMEHTAIBHUX Ta TEXHOJIOTIYHMX YMOB HIISIXOM KOHKpETH3allii HalleK-
HUX MOJICTIbHUX MapaMeTpiB.
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MATHEMATICAL MODEL OF METAL SCRAP HEATING IN THE CONVERTER
WITH A COAL TORCH

Abstract

Increasing requirements for energy efficiency and the level of competitiveness of domestic
metal products led to the development of new technological solutions to increase the share of scrap
metal in the charge of oxygen-converter melting. Data on temperature distribution in the working
space of the converter and in the layer of scrap metal during its pre-heating using standard oxygen or
special fuel-oxygen nozzles are limited and do not go beyond the scope of scientific assumptions. The
results of numerous simulations of the process of heating metal scrap in the working space of an oxy-
gen converter with a high-temperature torch formed by burning pulverized coal fuel in an oxygen
stream using a fuel-oxygen nozzle are presented. A mathematical model of heating scrap metal in the
working space of the converter with a pulverized coal torch was built and its software implementation
has been done in the Visual Studio 2022 environment in the C# language. With the help of the model,
a series of RO-calculations was carried out, which proved its qualitative adequacy of the process under
consideration. The results of the calculation with the determination of the fields of velocities and tem-
peratures in the working space of the converter during the heating of scrap metal are presented. It was
established that the direction of heat transfer is determined by gas flows caused by a high-temperature
torch. Upon reaching the metal scrap, the gas flows lead to its gradual heating, which generally corre-
sponds to the qualitative picture of the simulated process. The dependence of the distribution of gas
flows on the shape of the surface of the scrap loaded into the converter is shown. It was established
that local vortices can form in the depths of the scrap surface during heating by a high-temperature
torch. But the general characteristic of the gas-dynamic picture in the working space of the converter
is the formation of two global vortices: one near the torch with counterclockwise rotation (in the sec-
tions shown), and the other clockwise with the formation of downward gas flows near the inner sur-
face of the converter. These vortices mainly determine the thermal pattern in the working space of the
converter and, in particular, the fact that the scrap near the wall of the converter will warm up less.

References

[1] Nugumanov, R., Protopopov, E. and Chernyatevich, A. (2008). Numerical modeling of scrap pre-
heating in a converter using lump coal. News of universities. Ferrous metallurgy, 6, 15—19. [in
Russian].

[2] Zhuang, S., Zhan, D., Wang, T., Li, P. and Yang, Y. (2023). Influence of Oxy-Fuel Lance Parame-
ters on the Scrap Pre-Heating Temperature in the Hot Metal Ladle. Metals, 13, 847.
https://doi.org/10.3390/met13050847.

[3] Samokhvalov, S., Chernyatevich, A., Sigarev, Ye. and Pokhvalityi, A. (2023). Mathematical model
of a pulverized coal torch. Problems of mathematical modeling: materials of the All-Ukrainian
scientific and methodological conference. Kamianske: DDTU, 60—62. [in Ukranian].

[4] Ogurtsov, A. and Samokhvalov, S. (2001). Mathematical modeling of thermophysical processes in
multiphase environments. K.: Scientific opinion. [in Ukranian].

[5] Belotserkovsky, O. (1984). Numerical modeling in continuum mechanics. M.: Science. [in Rus-
sian].

Haoiwna oo peoroneeii 14.10.2024


https://doi.org/10.3390/met13050847

