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EHEPTOE®EKTHBHI PILIEHHS IIIOJ0 PAG®IHYBAHHS CTAJII
B EJIEKTPOJIVT'OBII ITEYI JINBAPHOTI'O KJIACY
Timomienko C.M.! HemiieB E.M.!, I'youHcbkuit M.B.2

UTouHTY, Jlyuvk, Ykpaina
“Incmumym uopHoi memanypeii HAH Ykpainu, /[Hinpo, YkpaiHa

Bcryn. Ha BigmiHy Bif ABOCTaAi/iHOI TeXHOJIOrii 3 MO3amiyHOK AOBOAKOIO
crani [1], y AuBapHOMY BMPOOHMIITBI padiHyBaHHS, 30KpeMa BUOAJE€HHSI CipKu,
npoBoaSTh Oesmocepenubo B [CII. Tlorik cipku 3i crami B mwtak | (Kr/c)
BU3HAUa€EThCS [2] KoedilieHTOM MacorepeHocy 3 (M/c), IOBEPXHEI PO3aiy MeTal-
nuiak F (M%) ta BMicToM cipku (Kr/M°) y MeTadi [S] # miaky (S).

J=B-F(S]-(S)), (1)

Po3BuHeHa Mikda3Ha MOBEpXHS crpusie necyabdypailii, mo KoedilieHTy
dbopmu cranmeBoi BaHHM (BigHOIIEHHS AiameTpa a0 rubuHu) m = 4,5-5,5. OgHak
KOBIIIOBi CTaJIelJIaBU/IbHI arperaTi «BeJMKoi» MeTaIyprii MaloTh «IJIMO0KY» BaHHY 3
m = 0,8-1,1. BeimunHa /| B yMOBax 3HMKeHOTo F 3abe3MeuyeThcsi BUCOKMM [ 3a
pPaxXyHOK IPMMYCOBOTO MepeMilllyBaHHS.

EHeproeMHa KjaacuM4yHa TEXHOJIOTiS /i HM3bKa MUTOMA MOTYXHiICTb 3yMOBJIIOIOTh
3HaYHO MeHIy eHeproedekTuBHicTb [ICII nMBapHOro kjacy B nopiBHsSHHI 3 IICII
«BeJIMKOi» MeTamyprii. IIoTpebyioTh AoC/TigkeHb MUTAHHS KiHETUKM Jecyabdyparitii
CTajli Mpu Tepexofi Bif cTaHAAPTHOI 0 «IJIMOOKOi» BaHHU [3] 3 ypaxXyBaHHSIM
3MeHIlIeHHS Mik(a3Hoi MOBepXHi MeTaI-1IJIaK i THEBMATUYHOTO MepeMilllyBaHHS.

Meta po60TH mossaraia B JOCTiIKeHHi BIUIMBY KoedillieHTa opmu BaHHM Ha
eHeproe@eKkTUBHICTb TEXHOJIOTiYHOTO Tepioay IJaBKM Ha MPUKIaAi Jecyabdypaliii
CTati.

MeToauka nepeabauasa ymce/ibHe MOJIETIOBAHHS MacOIIepeHOCY CipKu.

Hocmimkennst. Cxema, IO BimoOpaka€e TeOMeTpil0 BaHHU, PEXKUM
MMHEeBMATUYHOTO IlepeMilllyBaHHSI Ta TiApPOAMHAMiKy pO3IUIaBy IOAO KiHETUKU
mecynbdyparnii crani B [ICII, HaBemeHa Ha puc. 1. JlocaimskeHHSI MTPOBOIMIM Ha
OCHOBi KpUTepiaabHOTO PiBHSIHHS, OTpUMaHOTO J. Meitz, S. Schneider i F. Oeters [4]:

Sh=2+0,511-Re®"*.Sc%", (2)
ne Sh = B:-L/Ds — uucno lllepByna; p — KoedillieHT MacoliepeHOCy CipKu, M/C;
L - xapakTepHuit posmip, Mm; Ds — KoedilieHT nudy3sii cipku B piakiii crami, m?/c;
Re = u-L/v — yucno PeitHoNbACA; U — MBUOKICTb PyXY, M/C; v — KiHeMaTU4YHa B SI3KiCTb
pigxoi crani, M%/c; Sc = v/Ds— uucio lmigra.
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AproH

1 - pigka cranb, 2 — mBodasHa 06y1acTh, 3 — IaK, 4 — OynbbaIika, 5 — crajesa IIiBKa,
6 — 6pU3KM IUIaBUIBHOTO Ty, 7 — MIOPUCTa IMPOOKa
Pucynoxk 1 — Cxema mporiecy mecynbdypaitii B ICIT 3i cranmapTHOO (CB) i «rmmbokoio»

BaHHOMWO (['B) 3 THEBMAaTUYHUM TepeMilllyBaHHSIM

IMpouec mecynbdypaiiii B JCII BkIOUaE IMJIAKOYTBOPEHHST Ta MepeMilllyBaHHS
pO3IJIaBy MPOYBKOIO aprOHOM 3 BUTpaToio Q uepe3 MOPUCTY MPOOKyY paxaiycom r. Y
npoiieci 6ap60oTaxky B po3IuiaBi yTBOPIOETHCS ABO(a3Ha 06/1aCTh 3 KYTOM PO3KPUTTS
v i pamgiycom BuximHOi ruisiMu r;. JIBodasHa 06aCThb iHIiIliI0€ LIMPKYJISII0 Y BaHHI
niameTrpoM D i rmmbuHoo H. CepenHi MBUAKOCTI cTati y ABodasHii ob6acTi Ta Ha
nepudepii u; i uz Bu3HauaoThcs 3a D. Mazumdar i R. Guthrie [5].

dx mokaszanu Z. Han i L. Holappa [6], Ha moBepxHi Oy/nb0alioKk aproHy e
necynbdypallisi cTajeBuX miiBok. BHecok 11boro akTopy B mpoiiec B 1isiomy B JICIT
paHillle He BUBYAJIN.

3aBHaHHS TIIOJsITa€ B  OIiHIII KoedillieHTa MacoIllepeHocy Cipku 3a
piBHSHHSIM (2) Ta 3arajJibHOi MOBepxXHi OYyJIbOANIOK y MHIIAKy, SIK BEJIWYMH, IO
BU3HAUAIOTh KiHETUKY Hecyiabdypaiiii crami, 3a piBHAHHIM (1), 3 ypaxXyBaHHSM,
reoMmerTpii. Ta rizpoauHaMika BaHHN.

OcHoBHI mapameTpu aBoda3Hoi 06/1acTi (3pi3aHMii 3BOPOTHMIA KOHYC) — BMICT
rasy ¢ Ta KyT pO3KPUTTS Y BU3HAvYa/IN 3a [7]:

y =82,35-Fr ***.(H / D) >**(2r / D)***, (3)

@ =(aQ-H/u,)/V, 4

ne Fr, = [o-Q /(3-12)/(g-H)].(pg/p) — MmomudikoBaHe uncio @pynpa; & — Biakpura

MTOPUCTICTh TIPOOKM; pg, p — IIJIBHICTh ra3y Ta piAKoi crasti, BigmoBigHo, Kr/m>; V =
(11/3)(ri? + + rr; + r?) — 06’eM aBoGa3HOi 0bacTi, m>;
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ChniBBigHOlIeHHsT ¢ = J/Jo (XapakTepusye TMOPiBHSIIbHY e(QeKTUBHICTh
BUAAJIEHHS CipKM B «IJIMOOKii» BaHHI 3 MPOIYBKOIO iHEPTHMUM Ta30M i CTaHOAPTHii
BaHHi 0e3 MPMMYCOBOro IlepeMilllyBaHHS. Pe3yiabTaTu, 3a7€KHO Bif peXumMy

00pOOKM cTasti Ta reoMeTpii, JaHO Ha puC. 2.

& Ey 3 '3

BEM=3T p—k 1=0.030M S M=3T1
...... 2= & Aede r=0.045M :
oy & M=6r ey r=0.060 M

At M=6T
&= M=12T1 4
r=0.060 M

e M=121

j : E M=36121
r=0.060 M R [, %
0 LA 4 :
0 18 36 54 0 14.4 28.8 2 3 4 m
Burpara aprony (M°/rox.) Burpara aprony (vM°/rox.)
a) 0) 6)

PucyHnok 2 — CriiBBigHOIIIeHHST eeKTUBHOCTI Aecyabdypaliii B «rmboKiii» i craHgapTHi

BaHHIi g, BKIIOUa04y YMOBHMIT BUIIAIOK IIepeMilllyBaHHSI CTAaHapTHOI BaHHMU ¢ , Bif
BUTpATU aproHy (a, 6), pamiyca mopuctoi mpobku (6) i koediiieHta popmu BaHHM M TIpK
MOPOroBiit BUTpaTi aprony Q. (8)

BucHoBKM. MakcuManbHe 3HAUYEHHSI & CTAaHOBUTb 5-6,7 TpM ONTUMAIbHI
BUTpaTi aprony Q. = 11-23 m3/roa. (puc. 2a). Poboua 30Ha Qo Ma€ TEHAEHIIIO A0
3poctaHHs 3i 36inbmenHsiM mictkocti [ICIT i miameTpa rmopucToi mpobku. OTpuMaHi
pe3yysbTaT [OO3BOJSIOTh OYiKyBaTM CKOPOYEHHSI TEXHOJIOTIYHOTO Iiepiogy B
cepenHboMy B 1,5 pa3u, a vacy maBku Ha 8-10 %. EkoHoMmis enektpoeHeprii B [ICII
JIMBApHOTrO Kjacy ouikyeTbcsa 60-70 KBTr/T.
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ENERGY EFFICIENT SOLUTIONS FOR STEEL REFINING
IN FOUNDRY CLASS ELECTRIC ARC FURNACE
Timoshenko Sergii, Niemtsev Eduard, Gubinskij Mikhail

Abstract. Analysis of recent research and publications. The technological
period in foundry class electric arc furnaces (EAF) is usually long term, is determined
by desulfurization of steel and accompanied by significant energy loss through
emissive surface of shallow steelmaking bath. Known mathematical models of
Sulphur removal do not take into attention the impact of hydrodynamics factors due
to deepening of the steelmaking bath of the same volume. Purpose. The task is to
show feasibility of energy savings in foundry class EAF due to implementation of
“deep” bath with forced pneumatic mixing. Method. Numerical modeling of sulfur
removal in the steelmaking bath under conditions of forced pneumatic mixing.
Research findings. Mathematical model takes into account removal of sulfur on
interfacial surface of thin steel film, covering gas bubbles, geometry of bath and two-
phase region, hydrodynamics, coalescence of bubbles. Simulation showed that in a
“deep” bath, having shape factor (diameter to depth ratio) 2.5, rate of
desulfurization, increases up to 5-6.7 times compared with a standard not forcibly
stirred bath with shape factor 4.5, due to amplification of mass transfer in two-phase
region and film desulfurization, reaching at least 23-28 % in overall process. Rise of
porous plug radius contributes to increase sulfur removal velocity due to
enlargement of threshold flowrates, corresponding to transition bubble - jet mode
and bath "breakdown” mode. Effect of bath deepening in overall improvement of
desulfurization kinetics is on average 23%. Practical significance. The obtained
results allow to expect a shortening of the technological period due to increase of
sulfur removal processes by an average of 1.5 times. Taking into account the share of
the technological period in the total duration of melting on average 25-30%, the
reduction of melting time will be 8-10%, and the saving of electricity, with an
average specific consumption in small-capacity arc furnaces of 850 kWh/t, is
expected to be 60-70 kWh per ton of crude steel.

Keywords: arc steelmaking furnace, energy efficiency, “deep” bath,

desulfurization, pneumatic stirring.
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