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B cmammi nasedeno pesynvmamu 00cniodicenv akmopis, wo 6nauU6ams HA CMIUKICMb CKAENIHHS 8UCOKOMEMNEPaAntypHUX
aepezamis. Pospaxosano mennosuil bananc, Ha OCHOBI K020 pO3POOIEHO HOBULL PAYIOHATbHULL PEXHCUM PO3IeDi8AHHS, WO 0036801UMb
3abe3neuumu piGHOMIPHULL MeMNepamypHuil 2padicum no 6Citi NOBEPXHI CKAEeNiHHA, A maxodic npocmopy neui. OYiHeHO 3HUNCEHHS

naauea Ha npoyec po3ipiGaHHsi.

The article presents the results of studies of factors affecting the stability of the vault of high-temperature aggregates. The thermal
balance was calculated, on the basis of which a new rational heating mode was developed, which will ensure a uniform temperature
gradient over the entire surface of the vault, as well as the space of the furnace. Estimated reduction of fuel for the heating process.

bi6m. 8, Tabm. 1, puc. 2.

KonrouoBi ciioBa: TernsioBuil peskumM, HarpiBaHHsl, TEIJIOBUI OanlaHc, MPUXiJ TETIIOTH, AJMBO, TEIUIOTA.

AH - HaJUTUIIIOK TEIJIOTH;

MHPMX - KUTBKICTh TEIUIOTH, 110 TIPUXO/IUTh;

Bcmyn

OnmHier0 3 TONOBHHUX TMPOOJNEeM CydacHOTO CBITY
€ TIONIyK EKOHOMIi eHepropecypciB, a came IMajuBa.
BucokoremneparypHi 1me4i € OJHUMH 3 HaWOUIBIINX
CTIOKMBaYiB TaliMBa. TeruIoTeXHOJOr YHa yCTaHOBKa (ITi-
arperar), siBJisie cO00I0 CyKyIHICTH POOOYOTO TPOCTOPY, V
MeXaxX SIKOTO 3IIHCHIOEThCS BHUCOKOTEMIIEpPATYpHHUH MpPO-
Lec, 1 ycTaTKyBaHHSI, 0 3a0e3meuye Horo peasizaliio.

BepxHsi yacTuHa OTOpoIDKEHHsI peakropa (pobo4oro
MIPOCTOPY) HA3UBAETHCS CKIICTHHSIM. CKICTHHS — IIe elle-
MEHT, [0 BU3HAYa€ CTIHKICTh arperary 3arajoM i BILTUBA€E
Ha TEXHIKO-€KOHOMIYHI TOKa3HUKW BUPOOHHUIITBA.

Ha medax 3 iHTEHCUBHMM TIPOJyBaHHSIM BaHHU KHCHEM
CTIMKICTh CKJIETHHA CTaHOBUTH Omm3pko 300 mmaBok. Y
MpOoIIeCci TEXHOJIOTIYHOTO MPOIIEeCy Ha CKIISTIHHS Tedi BILTH-
BaIOTh Taki (aKTopu:

*  HEpiBHOMIpHICTh HarpiBaHHS BHYTPIIIHBOT
MOBEPXHI CKIEMiHHS IO JOBKWHI Ta IIMPUHI BHACIIIOK
HEpIBHOMIPHOCTI TemIeparypHOro Tmonsg Qakena MpH
po3irpiBaHHi arperary;

° KOJIMBaHHS TEMIIEPATYpU XOOy
TEXHOJIOTIYHHX MEPiO/IiB;

* 3MiHA XIMIYHOTO Ta (a30BOTO CKIIAIiB BOTHETPUB-
KOTO Marepially CKJICMIHHS B Pe3yJibTaTi BIUIMBY OpHU30K
LIJIaKy Ta METaly, MIaBUIBHOTO MUy Ta Ta30BOi aTMocde-
pu poOOUYOTro IPOCTOPY Teyi.

3aJ€KHO  BIJ

M, - KiIbKiCTh TEIUIOTH, IO BUTPAYA€ThCS;

I'JI)x — oquHULI BUMipY KUJIBKOCTI TEIUIOTH.

InreHcudikamiss TEMIOBOrO Ta TEXHOJOTIYHOTO pe-
KHMIB CIIPUSIE TIOCUIICHHIO Ta MPUCKOPEHHIO Jii BHIICB-
Ka3aHWX MporeciB. ToMy MUTaHHIO SKICHOTO PO3irpiBaHHS
CKJICTIIHHSI arperary Tpeba npuaiisTiH ocodnuBy ysary [1].

Memoouxa npogedennsa 00caidHcenHs
Po3rsitHeMo cxeMy MOTOKIB TEIJIOTH Y BUCOKOTEMIIEpa-
TypHOMY arperari [2] npu ioro po3sirpiBansi (Puc.1).
TerioBuii 6anmaHc Oyae MaTH BUTIIS:

le/IX:MBI/lTpaT ( 1 )
[Tpuxin TemnoTr po3paxoByeThCs M0 HACTYMHIN Gopmyii:

M =M

TIpHuX

+M

Xim.T diz.T

+M )

®iz.nos °

ne M. - ximiuHa Temyora naausa, I'JIx;

M, - disnuna Temnora nanmsa, I7hk;
ooy - (I3MYHA TEIUIOTA TIOBITPSA, AKE HAMIMILIO Ha

ropinss, I'JDx.

BuTparu TerioTu po3paxoByIOTHCS IO HACTYITHINA POPMYITi:

=M__+M_ +M

BHUTpAT Harpis BiIX OXOJLK

+M

0XO0JI

+M

BHIIPOM BHO.I.

U_I+MOK+M

Triaem?
3)

ne M - BUTPATH TETUIOTH Ha HarpiB ckierninas, [)J]x;

Harpis
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Puc. 1. Ilomoxu mennomu y ucoKomemnepamypHomy azpezami npu po3izpiei:

1 — pobouuit npocmip neui; 2 — nanvHuK; 3 — ckjieninusa; 4 — oumosuii kanan; 5 — oumosa mpyoa;

6 — eenmunamop; 7 — oumosuil wiuoep

M, - BUTPATH TEIUIOTH 3 IMMOBHMH Ta3aMHu, IO BIAXO/ITH
3 meui, ['JIx;
M_ - BATpard TEIUIOTH Ha OXOJIOIUKEHHS KPHUIIOK 3aBa-
noyHuX BikoH, I'J]x;

sxon~ BATPATH TCIUIOTH Ha OXOJIO/KCHHS m?16ep13, F}I)K.;
M_ - BUTpaTH TEIIOTH Ye€pe3 OropOKYBalIbHI KOHCTPYKIII,
[JIx;

- BUTpPaTH TEIUIOTH BUIIPOMIHIOBAHHSM 4Yepes

_ BUIPOM o . .
BITYMHEH1 BikHa ¥ Tsaauiky, [JIx;
M, . .- BUTpATH TEIJIOTH 3 Ta3aMu, o BubuBaroThes, [Tk,

Mr{i;(CM_ BUTpPATU TCIUIOTH Bi,[[ XO0JI0aHOTO HOBiTp}I, 11 (0)

MiJICMOKTY€ThCs B iy, [J[x.
O1iHKa HAITUIIKY TEIJIOTH TPOBOAUTHCS IO HACTYITHIM

bopmyiti:

AH=M

BHTP

-M__-M

BHTP Tpux

)*100%/M, (4)

Bapro BigznaunTh, mo npu AH>0 — € npucyTHiii Haj-
JUIIOK MPUOYTKOBOI YAaCTHHM TEIJIOTH, TOOTO B arperat
BHOCHUTHCS OUTBIIIE TETIJIOTH, HiXK CTIOXKUBAETHCSI, 1110 Y CBOIO
4yepry iae Ha 30inbmenHs Brpat; npu AH < 0 - B arperar
BHOCHUTBCS MEHIIIE TEIUIOTH, HiXK HEOOXigHO It 3a0e3-
TIeYeHHs] HOPMaJIbHOT TETUIOBOi poOoTH arperary (arperar
MPALIOE 3 HEAOJIIKOM TEIJIOTH), IO Y CBOIO Yepry MpU3BO-
JITH JI0 HESIKICHOTO TPOTpiBaHHs CKiemiHHsA. HaiOinbi
panioHaJbHO BECTH TEIUIOBHH OaJIaHC IIABKH 3 HAAJIMILIKOM
TEIIOTH B Jiana3oHi 10 2,5 % [3].

Pezynomamu 0ocnioicens

PospaxyBaBmm  TeruoBuit  Oamanc  (tabmuisa 1)
HarpiBy CKJICMHHS BIiIIMOBITHO JO KJIACHYHOTO Tpadixy
po3sirpiBaras [3] i MeTonuKH [2] BiA3HAYNMO MPUCYTHICTH
npodimuTy TeraoTd. Ha miacTaBi OTpUMaHUX pPE3yabTaTiB
1 HasSBHOCTI HAIJIUINKY TEIUIOTH B MPHOYTKOBIM YacTHHI
PO3PaxXyHKOBUM IIIJITXOM BHKOHAEMO IMiIOIp TPUBAIOCTI i
BHUTpAT IMaJiiBa I HOBOTO rpadiky (HOBOTO TETIOBOTO pe-
KUMY ). Pe3yibraT po3paxyHKiB 3BEICHO B TaOIHUITO 1.

Crmin 3a3HaYWTH, MO Y MIYHIA CHCTEMi, BUTpPaTH Te-
TUTOTH 3 JMMOBHMH Ta3aMH, IO BIIXOISATH 3 Tedi, CKiIaja-
IOTBCS 3 (PI3MYHOT TEIUIOTH TapsiuX Tas3iB, IO BiAXOISATH,
Ta iX 00’emy [2]. [Ipu mpOMy Ha HUX Ma€ ICTOTHUN BIUINB
LIBUAKICTB rasiB, 1110 BIIAXOATh.

[[{o6 matm 3MOTy 3HH3UTH BHUTpATH MajHBa IPH
pO3irpiBaHHI BHCOKOTEMIIEpaTypHOTO arperary, Tpeda 3HHU-
3UTH BTPATH TEIUIOTH 3 JUMOBHUMH Ta3aMH, IO BiIXOIATh.
OmHuM 13 MIIAXIB € 3MEHIICHHS MIBUIKOCTI TPOMYKTIB 3T0-
PSHHS IUISIXOM 3MEHIIeHHs po3pimkeHHs (Ha 20-25%) B
TUMOBOMY TpakTi (Ta3iB, IO WAYTh Ha TUMOBY TPYOy), 3a
JTIOTIOMOTOI0 KePYBaHHS CHCTEMOIO JUMOBHUX ITHOEPIB.

Bukonannii TOpIBHAIBRHUN  aHANi3  PO3IrpiBaHHA
JIOCITITHOTO Ta 0a30BOTO BapiaHTIB PEKUMIB PO3IrpiBaHHS.
3 aHaizy BCTAHOBJICHE HACTYyITHE:

*  TPHUBAJICTH PO3ITPiBaHHS 3HIKEHO Ha 4 TonuHA 260
Ha 12,5 % (3 32 no 28 rogunn);

* BWTpaTa rmajguBa 3HmWKeHa Ha 234,9 '/ a6o 10,7 %
(32014,9 no 1780,0 I'Ix);
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* BHUTpara TEIUIOTH 3 ra3aMu, 10 BiAXOIATh, 3SHUKECHO
Ha 212,7 I'JIxx a60 19,7 % (3 1079,0 mo 866,0 I'JIx).

[Ipu upoMy HeB's13Ky 1o OanaHcy 3HMXKEHO Ha 5,59 %
(35,59 o 0 %).

Hani Tabmumi 1 cBig4aTh Mpo iCTOTHE MOMIMIIECHHS
[IOKA3HUKIB HarpiBaHHs arperary, KOpuCHO BUKOPHUCTOBYBa-
HE TeIJIO arperary 3pocTae, a BUTPATH MajiBa 3HUKYIOTh-
csl.

OTpuMaHi pe3ysbTaTH J03BOJISIOTH BIPUTYI IIiIIATH
0 TIMTaHHS TOOYIOBH HOBOTO paliOHAIBHOTO Trpadika
PO3irpiBaHHs CKJIEMiHHS BUCOKOTEMIIEPATyPHOTO arperary.

Tabm. 1. TerutoBuit OanaHc arperary mpHu po3irpiBaHHi

[Ilo 103BONMTH 3HWU3UTH BHUTPATH MAJMBA HA HArpiBaHHS,
a TaKOX IIIBHIIUTH MPOJYKTUBHICTh arperary 3a paxyHoOK
CKOpIIIOTO BUXO/Y Ha POOOUHIT pexKHM.

3rigHo [3, 7] posirpiBaHHS CTaJEIIABHIIBHUX TIe4ei
ICJIA TIOBHOT 3aMIHU CKJICIIIHHSA 301HCHIOETHCSA 3a 32 TOIUH-
HuUMU Tpadikamu. [IBUAKICTh po3irpiBaHHS NIPH MTOCTIHHIN
momaui majnuBa ckiagae 55-75 °C/ron. IlimiiMaHHS TEM-
MepaTypyu CKIEMiHHS 3IIHCHIOEThCS Oe3repepBHO Ta 0e3
TeMIIepaTypHUX BHUTPUMOK, II0 HE BPAaXOBY€ BHUHUKAIOYi
B IpoOIIeCi po3irpiBaHHS BHYTPIIIHI MEXaHIuHI HaNpyKeH-
HSl BOTHETPUBKUX MarepiajiB ,II0 BUHHUKAIOTH BHACIIIOK

No . . | Ne Kmacnunuit | 3anpomoHoBaHmiA
Knacuunwnii 3anpornoHoBaHHUN . .
) . . Butpara rpadik rpagik
wi | TIpuxin rpadik rpadik n/m , .
. . Teria HarpiBaHHs HarpiBaHHS
Terotn | HarpiBaHHs 32 rof | HarpiBaHHA 28 TOx
32 rox 28 Tox
IJTx % IJTx % IJlx % IJTx %
1 XimiaHa Ha Harpis
terora | 2014,9 93,7 1780 93,8 P 559,3 127,56 559,3 29,4
CKJICTIIHHS
najvBa
2 Pizmna 3 razamu, 110
TeIIoTa 2,0 0,1 2,0 0,1 . > 1 1079 |[53,15| 866,0 45,6
BIZIXO/IATH
najuBa
3 _ Ha oxonomxenns
DizuaHa KPHILIOK 67,0 | 3,30 | 587 | 3,09
feriora 3aBAJIOYHNX BiKOH
HOBITPA, Ha oxonomxenns
1o 132,7 6,2 116 6,1 . 24,1 | 1,19 21,1 1,11
N mbepiB
HATIAIILIO
Ha Uepes
ropisEs oropomeBanEHl 211,3 (10,41 | 189,4 9,98
KOHCTPYKIIii
BunpomiaroBaHHIM
yepes Bikpuri BikHa [ 7,1 0,35 6,9 0,36
Ta DIUIKA
SrasaMiL o\l 4l o8 | 1780 | 9,38
BHOWBAIOTHCS
BiJl XOJIOAHOTO
[TOBTTPA, o 213 | 1,05 | 186 | 098
M1JICMOKTY€ThCSI
B ITiY
3aranbHui CymapHi
npuxig | 2149,5 100 1898 100 TEIIOBI 2029,4 1 100 | 1898,0 100
TEIIOTH BUTpATH
HeB's13ka OanaHcy KIacHuHUM rpadik 5,59%
HeB'sI3ka OasiaHCy 3arpoNOHOBaHUM rpadik 0,0%
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Puc. 2. I'paghik po3zizcpieanns cKi1eninHA 6UCOKOMEMNEPAMYPHO20 azpezamy

3a Kaacuunol mexnonoziew (1) ma 3anpononosanuii (2)

MiABHIICHOTO JIHIHHOTO PpO3IMIUPEHHS TNPSMO3B'SI3aHUX
MIEPUKIA30XPOMITOBUX BOITHETPUBKUX BUPOOIB, MOB'SI3aHNX
3 X mepekpucramizauieto B inTepBanax 300-350 °C i 800-
850 °C, mo MoXKe TPU3BECTH 10 YTBOPEHHS TPIIIHH i, SK
HACJIJIOK, CKOJIOBaHHS CKJCMiHh B TPOIECi MOJANBIIOL
EKCIUTyaTallii, 3HMKEHHS CTINKOCTI FOJIOBHOTO CKJICITIHHSI.

Ha ocHOBi po3paxyHKiB, B OCHOBi SKHX JI€KaTbh
PIBHSIHHS TEILIOBOTO 0ajlaHCy BUCOKOTEMIIEPATyPHOTO arpe-
rary [2,6], a Takok pekomenmamii [3,4,8] momo po3irpiBy
BOTHETPUBKHUX BHPOOIB, po3p00IEHO HOBHI pallioHaIbHUH
pexkuM posirpiBanHs. [ padiku po3irpiBaHHs CKIEMIHHS BHU-
COKOTEMIIEPaTyPHOTO arperary 3a KJIaCHYHOI0 TEXHOJIOTIE0
[3, 7] Ta 3anpornoHOBaHMI NPUBEACHO HA pHC. 1.

Bucnoseku ma nepcnekmueu nooanbsuiozo po3sumKy 6
UbOMy Hanpami

Ha ocHoBi nocimimkeHb, B OCHOBI SKUX JICKATh PIBHSIHHS
TEIUIOBOTO OaaHCy BUCOKOTEMIIEPAaTypHOIO arperary, pos-
PpOOICHO HOBHIA PalliOHANBHUI PEKUM PO3IrpiBaHHS.

3riiHO 3ampOIIOHOBAHOIO TEMIIEPATYPHOIO PEXUMY
LIBUIKICTh PO3IrpiBaHHs Npu JUdepeHuianbHid mogadi
najguBa ckiajgae: 3 1 mo 6 roguny - 43 °C/ron, BUTpUMKA
mpu temneparypi 300°C (TpusamicTio 3 romuHH), 3 9 1O
17 roquny - 62 °C/ron, BurpuMka mpu temmeparypi 800°C
(TpuBanictio 3 rogunun), 3 20 10 28 roguuu -100 °C/rox.

3a po3paxyHKaMH, KiJIbKICTh TEIUIOTH, IO HEOOXiIHO
MiJIBECTH JI0 CKIICTIHHSI, II00 HOTO HATPITH CKIIAJIAE:

*  3a KJIACMYHOIO TeXHoJoriero - 13 TJhx/Mm>2,

* 32 HOBOIO TexHouoriero — 11,6 TJx/M? (3HWKCHHS
Ha 1,4 TJDx/m? a6o 10,7%).

HoBuii TemnoBuil pexkuMm po3irpiBy CKIICHIHHS Medi
JIO3BOJINTH  3a0C3TICUUTH PIBHOMIPHUHA TeMIlepaTypHU
Tpajii€eHT 1O BCiH TIOBEPXHI CKJICMIHHS, a TaKoXK Hpo-
cropy medi: 3 BuTpuMkoro Ha 300°C i1 800°C B 30Hax
MiZIBUIICHOTO JIHIMHOTO PO3IMIMPEHHS MPSMO3B'SI3aHUX
MEPUKIIa30XPOMITOBUX BHPOOIB. [Ipy IbOMy 3HHIKCHHS T1a-
nuBa cknagae 10,7%.
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One of the main problems of the modern world is the
search for economy of energy resources that could compete
with natural gas. High-temperature furnaces are one of the
biggest consumers of fuel. The heat-technology installation
(furnace unit) is a set of working space within which a high-
temperature process is carried out, and the equipment that
ensures its implementation.

The upper part of the reactor enclosure (working space)
is called the vault. The vault is an element that determines
the stability of the unit in general and affects the technical
and economic indicators of production.

On furnaces with intensive blowing of the bath with
oxygen, the stability of the vault is about 300 melts. In the
course of the technological process, the furnace vault is
affected by the following factors:

* uneven heating of the inner surface of the vault along
the length and width due to the uneven temperature field of
the torch when heating the unit;

* temperature fluctuations depending on technological
periods;

* a change in the chemical and phase composition of the
refractory vault material as aresult of the influence of slag and
metal splashes, smelting dust and the gas atmosphere of the
working space of the furnace. The intensification of thermal
and technological regimes contributes to strengthening and
accelerating the action of the above-mentioned processes.
Therefore, special attention should be paid to the issue of
high-quality heating of the vault of the unit.

The article presents the results of studies of factors
affecting the stability of the vault of high-temperature
aggregates.

On the basis of calculations based on the heat balance
equations of the high-temperature unit, as well as

recommendations for heating refractory products. In this
article has been developed a new rational heating mode.

The new thermal mode of heating the vault of the furnace
will ensure a uniform temperature gradient over the entire
surface of the vault, as well as the space of the furnace:
with exposure to 300°C and 800°C in the zones of increased
linear expansion of directly bonded high-temperature
products. And also increase the productivity of the unit due
to faster entry into the working mode. The fuel reduction for
the heating process is estimated about 10.7%.

References 8, tables 1, figures 2.

Keywords: thermal regime, heating, thermal balance, heat
arrival, fuel.
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