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AHHOTaNuA

B pabome 6vi10 paccmomperno ucnonb308anue HUKOMeMnepamypHol 8UXpesoti mexHoL02Ul,
ona eé NPUMEHEHUA 8 CXeME eo3dymH020 Komaa. BO3aymel12 KOomeJl A6AAemcst OOHUM U3 KIIOYEEblX
anemenmos 8 cxeme 2ubpuonou INI'Y—BLI ¢ enewnum coicueanuem moniuea Ha 0CHO8e NPOYeccos
mepM006pa60m1<u Yensd u «6BHeulHe20» Cotfcucanus moniued. Tocne ananuza 6vina 6bl6paHa cxema
6030)/1/1/”—!020 Komaa.

Kutouessble cinoBa: [1I'V-BI]I', 6o30yuwinbiti kKome, HU3KAs memnepamypad, Uuxpesds monka,
PeYUPKYIAYUSA ObIMOBBIX 2A308.

Abstract

The article considered the use of low-temperature swirling-type technology, for its application
in the air-boiler design. The air boiler is one of the key elements in the scheme of hybrid integrated
gasification combined cycle with external fuel combustion based on processes of coal heat treatment
and "external™ combustion of fuel. The scheme of the air boiler was chosen after analysis.
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B HacTosiiee BpeMsi pacTET MHTEPEC UCIIOIb30BaHUs TBEPABIX TOIUIMB B SHEpre-
tuke. [II'Y Ha TBEpIOM TOIUIMBE SIBIAETCA OJHUM M3 MEPCIEKTUBHBIX HAIPABICHUN
UCIIOJIb30BaHUs IPUPOJAHBIX PECYPCOB B BUJIE YTJIA.

Ha 6a3e Ypannckoro suepreruueckoro uucruryta (YpanOHUH) Yp®V Boimnon-
HstoTCs uccineaoBanus rudpuaHoit [II'Y—-BIII' ¢ BHENTHUM C)KMUTaHUEM TBEPJIbIX TOII-
auB [1]. OqHUM U3 OCHOBHBIX 3JIeMeHTOB B cxeme rudpuaHoi [TT'Y-BII ¢ BHemHUM
CXKUTaHUEM TOIUIMBA HAa OCHOBE IMPOIIECCOB TEPMOOOPAOOTKH YIJIA M «BHEIIHETO)
CKUTaHUA TOTUIMBA siBJsieTcs: Bo3AyiiHbld koTen (BK). Cxxatblii BO31yX HarpeBaeTcs
B BK 110 750-900 °C, a 3arem HampaBiiseTcsl B Kamepy CropaHusl.

KomnpumupoBanusiii Bo3ayx 10 temneparypbl 900 °C M0KHO HarpeBaTh B KOH-
BEKTHBHBIX MTOBEPXHOCTSAX BO3IYIITHOTO KOTJIA, TOATOMY OBIJIO PEIIEHO OTKa3aThCs OT
paavaIMOHHBIX IOBEPXHOCTEN HArpeBa. B CBsI3u ¢ 3TUM BO3HUKAET BOMPOC: Kak oOec-
NEYNTh HEOOXOUMYIO Temreparypa mpoaykToB cropanus (~950 °C) Ha BXoje B KOH-
BEKTUBHYIO IIAXTy?

JIns moasiepaHusi OTHOCUTENIBHO HU3KOW TEMIEPATYPhl B TOMKE MpEJiaraeTcs
HCIIOJIB30BaTh HU3KOTEMIIEPATYPHYIO BUXPEBYIO TONIKY, KOTOPAasi SIBJISIETCS COBPEMEH-
HOM 2(PPEeKTUBHON TEXHOJIOTHEH MCTOIB30BAHUS TBEPIOTO OPTAaHMYECKOTO TOTUIHBA.
ITepcniektuBHOCTE HTB-TexHOMOTHNU OOBSICHSETCS TEM, YTO B DHEPTETUUECKON CTpa-
terun Poccun Ha nepuon 10 2035 roma ona pekoMeHxyeTcs s BHeaApeHus [2].

B Poccuu B 1970-x r.r. Oblma pa3paboTaHa HH3KOTEMIIEpaTypHash BHXpeBas
(HTB) Texuonorus cxuranus. C 1970 mo 1990 roxst HTB-texHomoTHs COXKUTaHus
IpolUIa IKUPOKYIO anpoOaIuio B SHEPTeTHKE.
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XapakTepHOU uepToil JaHHOW TEXHOJIOTHH SBJISICTCS] MPUHLIUI (DAKETBHOTO C3KHU-
raHusl TOTUIMBA YrpyOJ€HHOrO0 MOMOJAa B YCIOBHUSIX MHOTOKPATHOW LMPKYJISIUU Ya-
CTHUIl B 30HE AKTUBHOI'O TOPEHHUA. 3a CYET HUZKOTEMIIEPATYPHOTO BUXPS CHUKAIOTCS
BbIOpoCchl NOy, 4TO JaeT MOMOJHUTEIbHBIE SKOJOTUYECKHUE MperuMyliecTBa. Takxke
PEUMYIIECTBAMH JTAHHOW TEXHOJIOTUU SIBISIIOTCS CTaOMIBHOE BOCILIAMEHEHUE HU3-
KOCOPTHBIX TOTUIMB, PAOOTHI B OOJIBIIIOM JHMAMa30HE KOJCOAHUN XapaKTEPUCTHK TOII-
nuBa, Oe3nuTaKoBaYHas paboTa MOBEPXHOCTEH HarpeBa.

Huskasi 4yBCTBUTENBHOCTh K M3MEHEHUSIM XapPAaKTEPUCTUK TOIUIMBA SIBJISIETCS
cunbHOM cTopoHol HTB-TexHonmoruu. DTO MO3BOJIAET CXKUTAaTh HECKOJIBKO BHUOB
TBEPJIOTO TOILTMBA U YHU(PHUIIUPYET TOMKY IO TOILIUBY.

B nacTosiiee Bpems pa3paboTaHbl HOBBIE TEXHOJOTHUECKUE CXEMbl U KOHCTPYK-
IIUU TOPEIIOYHO-COTUIOBBIX YCTPOMCTB BUXPEBBIX TOMOK IS MOBBIICHUS (P HEKTUB-
Hoctd HTB-Texnomoruu cxxuranus [3, 4].

Cxema HTB-Tomnku moyyoTKpbITOTO TUIIA MPEICTaBlIeHa Ha pucyHke 1. Buxpenas
TOIKA COAEPKUT KaMepy CropaHusi, BKIIIOYAIOIIYI0 CTEHKHU, NEPEXOAIINE B HUKHEN
YacTU B BOPOHKY, IO MEHBIIIEH Mepe, OAHY FOPENIKY, BMOHTUPOBAHHYIO B CTEHKY, U
YCTAHOBJICHHOE B HUKHEW YaCTU BOPOHKHU COIIOBOE YCTPOMCTBO MIJIs1 OJAA4YH BO3AyXa
B TOIIKY, COJI€p Kallee ABa COIIa, OJHO M3 COIEJ HAIPaBICHO HA BHYTPEHHIOK IO-
BEPXHOCTh BOPOHKH, PACIIOJIOKEHHYIO CO CTOPOHBI TOPEJIKH MOJ yTIIoM 65°>0>1°, a
BTOPOE COTIO OPUEHTUPOBAHO TAK, YTO YTOJI MEXAY MPOJAOJIbHBIMHU OCSIMUA 00OUX CO-
nes cocTaBisieT 75°>B>1° B mI0CKOCTU, NEPIEHAUKYISIPHON BHYTPEHHEN MOBEPXHO-
CTH BOPOHKH CO CTOPOHBI ropesiku. [1o MeHbIeit Mepe, 0JHO COTLIO MOXKET OBbITh BbI-
MOJTHEHO CEeKIIMOHHBIM. Coruia MOTYT OBITh CHAOKEHBI peryisropaMu pacxoaa. M300-
peTeHue 03BOJISIET YMEHBIITUTh 3PO3UOHHbBIEC BO3/ICHCTBUSI HA CTEHKY KaMephbl Cropa-

HHSI, @ TAK)KE BBIPABHUBATH TEMIIEPATYPHOE M0Jie B Kamepe cropanus [3].
1

Puc. 1. Cxema HTB-Tomku nonyotkpeitoro tuna [3]:
1 — kamepa cropanusi; 2 — CTEHKH; 3 — BOPOHKA; 4 — MbUICYTOJIbHAS TOPEIIKA;
5, 6 — comuta; 7 — perynsTop pacxoja; 8 — daken; 9 — BuUXpeBas 30Ha TOPSHUS
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B 2004 r. B pamkax [Iporpammbl TEXHUYECKOTO MEPEBOOPYKEHUS U PEKOHCTPYK-
uuu sektpoctaniuii OAO «TymsHepro» peanu3oBaH NpoekT nepeoja kotina bK3—
220-9,8 HosomockoBckor I'POC na HTB-cxxuranme BBICOKO30JILHOTO, CHIJILHOIILIA-
KYIOIIEro MOJMOCKOBHOTO Oyporo yriisi, ¢ o0ecrnedeHueM BO3MOKHOCTH PabOThl Ha
npupoaHoM rase [5]. B mporecce MmomepHu3aliuy Tomnka Obliia 3aMEHEHA Ha ra30IlIoT-
HYIO TIOJyOTKPBITOTO THIMA, TaK)Ke OBbLJI OPTaHU30BaH MEPEKUM (PPOHTOBOTO HKpaHa
(mons mepexuma — 0,4) ¢ yCTaHOBKOW Ha HIDKHEH oOpa3yroliei moj yriioM 45° k ro-
pU30HTANU 8 NPSAMOTOYHBIX MBUICYTOJBHBIX TOPEIOK, C JIBYXCOIUIOBOM CHCTEMOI
HIDKHETO TYThs, C IBYMS SIPyCaMH TPETUYHOTO TyThs HA ThUILHOM cTeHe TonKu. [Tocie
MOJIEpPHU3AIIUH TIOTYYMIIOCh OTKA3aThCsl OT MOACBETKH (haKena pe3epBHBIM TOILTUBOM
Y MTOTHATHh MaKCUMAJIbHYIO O€CIINIAKOBOYHYIO MOITHOCTB KOTJIa, @ TAKKE 3HAYUTEIIHHO
YIIYUIIAIUCH MTOKa3aTeNId KOTJIa TI0 BPEIHBIM BbIOpOCaMm.

B 2006 r. 611 peann3oBaH MUJIOTHBIN MPOEKT MojiepHu3aIuu kotiaa bK3-85-1,3
IOxHo# TeroBoit cranimu B T. Py6rioBeke [6]. [Ipu MoxepHu3anuu B Tomke (OIS
nepexxuma — 0,36) ObUTO yCTaHOBJIEHO 3 MPSAMOTOYHBIC TOPEJIKH, IBYXCOILJIOBAas CH-
CTeMa HUKHETO AYThA, 1Ba Ipyca TPETUYHOTO Ty Ths

B 2008 r. na Kuposckoii TOIl-4 peanu3zoBaiu MpoeKT MOJEpPHU3AUU KOTIa
bK3-210-13,8 nis paznenbHoro HTB-cxxuranust Ky3HEIKHX KaMEHHBIX yTiei (Mapok
I' u 1), bpeseproro Topdha n mpupoaHOTo raza B oHoM Tomke [7]. Tonky npeamona-
rajioch CZeJIaTh ra30IUIOTHOM TOJYOTKPBITOro THMa (10 nmepeskuma — 0,4), obopyio-
BaTh ¢€ 6 MPSIMOTOYHBIMHU TBIEBBIMU TOPENIKaMH (Ha (J)POHTOBOM BBICTYIIC TIOJT YTIIOM
45° K rOpU30HTANN), IBYXCOIJIOBOW CUCTEMOI HUYKHETO AYThs, TPEMsI Spycamu Tpe-
TUYHOTO JYThsl, PACTIOJIOKEHHBIMU Ha THUILHOW cTeHe Tomku. [locie MomepHU3aIum
npu padoTe Ha Topde TemiepaTypa (akena B 30HE aKTUBHOIO TOPEHUsI HAXOAWIIACh B
npenenax 1000...1100°C, npu pabote Ha kamernHoM yrie — 1200...1300 °C.

B 2011 r. 6p11a BIOpaHa HU3KOTEMIIEpaTypHasi BUXPEBas TEXHOJIOTUS CKUTAHUS
JUTSI TIOBBITIIEHHS O0ECIIUTAKOBOYHON Harpy3ku Kotiia sHeproOsoka Ne 7 HazapoBckoii
I'POC [8].

Koren o6opynosanmu HTB-Tomnkoii moayoTKpHITOrO TUIA € TA30TUIOTHBIM HCIIOJI-
HEHUEM HIDKHSIS paJMallMOHHAs YacTh M TBEP/ABIM IUIaKOyJajieHueM. B gacTHoCTH,
BUXPEBYIO 30HY CBEPXY OTPaHUYMIIN BhICTYNOM (jouis nepexxkuma — 0,33), ycTaHOBHB
Ha HIDKHEN o0pasyronieit 12 npsMOTOYHBIX MBUIEBBIX TOPEIOK MO yriioM 45° K ropu-
30HTaIU. B yCThe TOMMOYHOI BOPOHKM yCTaHOBJICHA JIBYXCOIUIOBAsI CHCTEMA HIYKHETO
ayThs. Takxke OBIJIO YCTAHOBJICHO Ha THUILHOM CTEHE TONKHU JBa Spyca TPETHUYHOTO
OyThs (ra3sl peuupKysiiun), 10 BHyTpuTonounsix mupM ['-o0pa3Hoit popmsbl B BUX-
PEBOIi 30HE EPIICHANKYISIPHO 3aAHEH CTEHKE TOTIKH JIJIsi CHUKEHHS TEMIIEpaTyphlI (a-
kena. Jlnis ymydiieHus a’dpoArHAMUKHA Ha BBIXOJE U3 TOMKH MPETyCMOTPETH BBICTYII
TBUTBHOTO DKpaHa

Ha nmepBom 3Tane nycko-Halag0YHbIX pab0T MakCUMallbHasl TEMIIEpaTypa B 30HE
akTuBHOTO ropenus coctaBmia 1290 °C, a a Beixone u3 tonku — 1250 °C. Ha BTopom
sTane ObUIO MPUHSATO PeIlleHHe BBECTH MOauy ra30B PEHUPKYISIIIH (¢ KodpduiueH-
ToM perupkyJsinuu 10 0,15) yepes HIKHUH SIpyC TPETUIHOTO AYThs JIJIS 00€CIICUCHISI
WHTEHCU(DHUKAIINU TEIJI0- U MaCCOOOMEHHBIX MPOIECCOB M CHIKCHUS TEMIIEPATYPHI B
BUXPEBOM 30HE aKTUBHOTO ropeHus. [locie BBoIa ra30B peHUpKyJISIIMU TEMIIEpaTypa
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B 30HE aKTUBHOTO ropenus cocrasmia 1190 °C, a TemmnepaTypa Ha BbIX0OJI€ U3 TOMOY-
Hoit kamepsl 1100 °C.

B [9] obocHOBaHa 3(hPheKTUBHOCTH MCIIOIB30BaHMS TOJIBKO KOHBEKTUBHBIX T10-
BEPXHOCTEH HarpeBa B BO3AYIIHOM KOTJIe (0€3 paJauallMOHHBIX TOBEPXHOCTEH
HarpeBa), OJHAKO Ha JAHHBIM MOMEHT HET OMbITHI UCIOJb30BaHus Tonok ¢ HTB-Tex-
HOJIOTHEN 1 0€3 pauallMOHHbIX IOBEPXHOCTEN HarpeBa. BBeneHne razoB pelupKyis-
MM TIOMOIJIO CHU3WTH TEMIIEPATYPhl B 30HE AKTMBHOIO ropeHus Ha Haszaposckon
I'POC, no3toMy ecTb BEPOSITHOCTD, YTO YAACTCS CAENATh TONKY BO3AYIIHOTO KOTJA C
HTB-texnomnorueit 6e3 moBepxHOCTEW HarpeBa, a MOAJICPKaHUE HYXKHOW TeMIiepa-
Typsl 1100 °C 6ynet obecrieunBaThCs 3a CUET PELUPKYIIALNU Ta30B.

Mps1 ipeniaraem ucrolib3oBaTh Juisi BK cxemy, nmpencraBieHHy0 Ha pUCYHKE 2,
B KOTOPOM OTCYTCTBYIOT IIOBEPXHOCTH HarpeBa B TONKE. B JaHHON cXeme CKUTraHue
TOILJIMBA OCYILECTBIISIETCA B TOIIKE C HU3KOTEMIIEPATYPHBIM BHUXPEM, MOIJEpIKAHUE
HU3KOHM TEMIIEpaTypsl IIPU CKUTAHUM NPEIIAraeTcs OCYIECTBIIATh 3a CYET ra30BOro
OXJXKICHUS (PEUUPKYIISAUEH MPOAYKTOB CTOPAHUSI C BbIX0Ja KOHBEKTUBHOM IIaXThl
KOTJIa B BUXPEBYIO U IPSIMOTOUHYIO 30HBI TOpeHus1). B Tonke opraHuzyercst BHICTYII
IS yAyYIIeHus: adpoauHaMuku (mois nepeskuma — 0,33), ycTaHaBIMBaeTCS Ha HUX-
Hell oOpa3ytonieit 12 npsMOTOYHBIX IBUIEBBIX TOPEJIOK MO YIJIOM 45° K TOPU30HTAJIH,
JBYXCOIUIOBasi CUCTEMA HUKHErO JYyThs, HA TBUIbHOM CTEHE JBA fpyca TPETUYHOIO

IYThSI.

t N\ /—1

—0
BO3, /
03ayX % 5;

4

[2=]

Puc. 2. Cxema KOTeIbHON YCTAaHOBKHM C KOHBEKTUBHOM CEKIIMEH Harpena
KOMITPUMHPOBAHHOTO BO3yXa: 1 — BUXpeBasi 30Ha TOPEHUS;
2 — IpSIMOTOYHAs 30HA TOPEHUS; 3 — KOHBEKTUBHBIN BO3TyXOHArpeBaTelib;

4 — pereHepaTUBHBIN BO3yXOIOA0TPEBATEIb; 5 — JBIMOCOC PEHUPKYJIAIINHU Ta30B;
6, 7 — BXOJl ¥ BBIXOJI KOMITPUMHUPOBAHHOTO BO3/lyXa; 8 — MOABO TBEPIAOTO TOTUIMBA,;
9 — nytheBoit BeHTWIIITOP; 10 — crcTeMa OYMCTKH IBIMOBBIX T'a30B; 11 — neiMococ;
12 — nevoBas TpyOa; 13 — moBopoTHas kamepa
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TBepaoe TOIUIMBO MOCTYIIAET B BUXPEBYIO 30HY I'OPEHHUs TOIKH 1, a 3aTeM U B
OPSIMOTOYHYIO 2. /lanee MpoayKThl CrOpaHus MPOXOJAT IOBOPOTHYO KaMmepy 13 u mo-
[agaroT B OIyCKHOM I'a30X0J, I1¢ B KOHBEKTUBHOM BO3JyXOHArpeBarese 3 rnepeaaror
TEIUIOTY LMKIOBOMY BO3AYXY (CXeMa MPOTUBOTOKA). 3a KOHBEKTHBHBIM BO3yXOHA-
IpeBaTeeM OCYIIECTBISETCS 3a00p MPOAYKTOB CrOpaHMsl Ha PELMPKYISILMIO, AJIs
MO//Iep KaHusl HU3KOW TEMITEpaTyphl B TONKE. PelnpKyasuus npou3BOAUTCS JbIMOCO-
COM PELMPKYJISILHAN Ia30B 5 B BUXPEBYIO U MPSIMOTOYHYIO 30HBI ropeHus TonkH. [locie
KOHBEKTMBHOI'O BO3/lyXOHArpeBaTelis MPOAyKThl CTOPAaHUs MOCTYIAOT PEreHepaTHB-
HBII1 BO3JTyXOIOA0rpeBaTelib 4, MpoxXoAsaT cucteMy ourcTku 10 u gpimococom 11 copa-
CBIBAIOTCS B ILIMOBYIO TpyOy 12.

B pe3ynbTate BpiOpaHa onTUMalbHas CXeMa TOIKH BO3AYIIHOIO KOTJIa, TO3TOMY
€€ MOJIEIMPOBAHUE CTABUTCS CIEAYIOLIEH 3a1a4ueil.
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PABPABOTKA KOHCTPYKIHUHU U PACUYET TEIIVIOOBMEHA
B PABOYEM INIPOCTPAHCTBE IIEYHU COITPOTUBJIEHUSA

AHHOTANUA

B pabome paccmompenvt KOHCMPYKYUsi KAMEPHOU 1eKMPONeUU ¢ 8blOBUNCHBIM NOOOM, d
makoice npuHyun Hacpeea C6apHblx uzoenui. Hpedcmameﬂbl pesyibmanitvl pacuema meniosvlx xa-
pPakmepucmuK 6ERmMuiIAmopoes, d makace menjioeoco bananca KaMepHOﬁ JJleKmponedu ¢ nptuc)u—
MeNbHOU 8epMUKALHOU YUPKYIAYUell meniogo2o nomoka. B xooe pabomul npogedenul ucciredosa-
HUSL MPAeKmMopUull 08UNCEHULI NOMOKO8 8030yXd 8 pabouem npocmpancmee neuu npu 6epmuKaIbHOM
U 20pu3OHmMAalIbHOM pACNOJIONCEHUU BEHMUIANOPOS. Buvinoanen ananuz naubonee onmumanbHo20
PACHOJIOJNCEHUSL 6EHMUIAMOPOB 015 obecneuenus bonee PABHOMEPHO20 pacnpec)eﬂeﬁwl menjioevlx
nonioKoe6 6Hympu pa60qeeo npocmpancmea KaMepHOZZ nevyu conpomueleHuAsl. Pacuem cazoounamuxu
BbINOJIHEH C UCNONb308AHUEM YHUBEPCATIbHO20 npocpammiozo npodykma ANSYS Fluent, umerowezo
mupOKmZ cnekmp B803MOIICHOCIE MO()@ﬂupOSdHu}l meyeHull HCUOKoCmu U 24308 O npombsliudleH-
HBIX 3a0a4 ¢ y4emom mypoyieHmHOCmU, Meni000MeHd U XUMUYECKUX PeaKyull.

KiroueBble ciioBa: xamepuas snekmponeysb, NPUHYOUMENbHASL YUPKYIAYUS, KOMNbIOMEPHOE
Mooenuposarue, meniogou OALauc.

Abstract

The paper considers the design of a chamber electric furnace with a retractable hearth, as well
as the principle of heating welded products. The results of the calculation of the thermal character-
istics of the fan and the heat balance of the chamber furnaces with forced circulation vertical heat
flux. In the course of the work, the trajectories of air flows in the working space of the furnace with
vertical and horizontal arrangement of fans were investigated. The analysis of the most optimal lo-
cation of the fans to ensure a more uniform distribution of heat flows inside the working space of the
chamber resistance furnace. Gas dynamics calculation is performed using the universal software
ANSYS Fluent, which has a wide range of possibilities for modeling fluid flows for industrial appli-
cations, taking into account turbulence, heat transfer and chemical reactions.

Key words: chamber electric furnace, forced circulation, computer modeling, thermal bal-
ance.

J71st n”3BMEHEeHUsI CTPYKTYPhl U CBOMCTB CTAJIBHBIX U3JICIUI TPUMEHSETCS TEPMHU-
gyeckas 00paboTka. 3a4acTyro TepMooOpabOTKa OKa3bIBAET PEIIAIOIIEEe BIMSHUE HA Ka-
YECTBO U CTOMMOCTH M3JICIIUIA, B CBSI3U C YEM HEOOXOJUMO KOHTPOJIUPOBAThH JAHHBIM
MPOLIECC C MAKCUMAJIbHOW TOYHOCTBIO.

CymectByronias Ha 3aBoge AO "Ypanrpancmain" kaMepHas 3J€KTPOIeyb C BbI-
JBKHBIM TIOJIOM MPUMEHSIETCS JIJII HArpeBa CBAPHBIX KOHCTPYKIIHH C IETBI0 CHITHS
TI0JIS1 OCTATOYHBIX HANIPSDKEHUI B 30HE COeIMHEHMsI YacTer u3aenuii (puc. 1). [Tporece
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