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K ONPEJIEJEHUIO TEMIIEPATYPHOT' O IOJISI B OTHEYIIOPHOM KJAJIKE
BAPOYHOI'O BACCEMHA CTEKJIOBAPEHHOM ITEYH

B 6anHuIx naamenuvix CMeKi08apeHHbIX Neyax 0OHUM U3 OCHOBHBIX (haKmopos, KOMOpwlil onpedensiem
OnUMenTbHOCL pabomul azpe2ama, SIGIAEMCs CPOK CLyHcObl HOKOBO20 02paNCOeHUsi 8aPOUHO20 bAcCCelina.
100 6030¢eiicmeuem 6bICOKOMEMNEPAMYPHO20 PACHAABA, A MAKI’CEe NPOOYKIMOE C2OPAHUS MONUBA, B03HU-
Kaem npoyecc QuaUKO-XUMUYECKOU KOPPO3UU MAMEPUANos 0ZHEYROPHLIX OpYChes K1aoKu Odccelina nedu.
Yem eblute yposeHvb memnepamyp, mem dvicmpee npoucxooum npoyecc paspyuieHus kiaoxu. Haubonee oeii-
CMBEHHBIM MEMOOOM CHUNCEHUSL CKOPOCMU OAHHO20 NpoYeccd, SAGNSemcs NpuHyoOumeibHoe OXAANCOeHUe
HAPYICHOU NOBEPXHOCHU 8APOUHO20 baccelina 8 mouKe pazoeia mpéx ¢has, mo ecmv Ha TUHUU 3EPKATA CTEK-
JIOMAcchl, 20e CONPUKACAIOMCs 6Cce MpPU cpedbl, KOMopble Y4ACmEyIom 8 npoyecce 8apKu Cmekia — meépoas
(oecneynopHulil 6pyc), dHcudKas (PAcnias cmekaoMacceyt), eazo0opasuas (npodymul ceopanusy). Ha saxniouu-
MeNbHOM dmane pabomul neyu, 8 pesyivbmane maKo2o OXAAHCOEHUs HA BHYMPEHHel NOBEPXHOCTNU 0ZHEYNOP-
HO020 bpyca Modicem 0Opa308bl8aAMbCsL 2APHUCCAIC — NPUCHEHHDLIL COU OXAANHCOGHHOU (OMHOCUMETbHO 00-
weao yposHs) cmexaomaccel. Hanuuue maxozo cnos pesko cHudcaem He2amusHoe 8030elicmeaie pacniasd Ha
ozpavicoenue, Ymo CnocoOCmeyem noGbIUEeHUI0 CPoKa Cyacovl neyu 6 yenom. Ilpusedenvt pesyrbmamol pe-
wienust 08yMepHoU 3a0ayu HeCMAayUoOHaAPHOU MenionPoBOOHOCIU 8 02PAdICOEHUU CMEKI08APEHHOU neyu npu
HAnuU4uy 8030YUHO20 OXNANCOCHUS, MHOLOCIOUHOU U30NAYUL C YUEMOM NPUCTHEHHO20 OXIANCOEHHO20 ClOs
cmexiomMaccyl. Bulnonueno cpagrenue noryyenHbix pacuémuuix OAHHbIX ¢ OAHHBIMU IKCNEPUMEHMATbHBIX UC-

Cle0o8anull.

Knwueevie cnosa: Hecmayuoraphas menﬂonpoeoanocmb, CMEKN06APERHAA nedb, npucmeHanZ caotl

cmexKiaomaccaol.

IMocranoBka 3agaun. Cpok CiIy>KObI TOIUIHB-
HBIX CTEKIIOBAPEHHBIX Tledeli BAHHOTO THTIA OTPaHu-
YHBACTCSI, B OCHOBHOM, CTOMKOCTBIO OTHEYTIOPOB Ba-
pouHoro 6acceiiHa Ha ypoBHE 3epKajia CTEKIOMACChI
U B paiione nporoka. CTOMKOCTh OTHEYNOPHBIX Ma-
TEpHajoB 0OYCIOBJIEHA CKOPOCTHIO MX KOPPO3UOH-
HOT'0 M3HOCA, BEJTMUYMHA KOTOPOT'0 3aBUCHT OT MHO-
rux (HakTOpOB, TAKMX KaK COPT CTEKIIOMACCHI, BH/I
OTHEYIIOPOB, TEMIIEPATypPHBIH PEKHM BapKH CTEKa,
30HYy PACIOJIOKEHHUS y4acTKa, U T.1. Belcokuil ypo-
BEHb TeMIIEpaTyp, MeXaHH4IecKoe, (PU3NKO-XHUMHUIe-
CKO€ B3aUMOJICHCTBHE, a TaK JKE€ BIIUSHUE arpecCHB-
HBIX COCIMHEHWH W KOMITOHEHTOB IIMXTOBBIX Mate-
pHAJIOB HA DIIEMEHTHI KOHCTPYKIMH OacceifHa cuu-
TaIOT ONPEEISIONINMU MIPH ONPEIETICHUN CKOPOCTH
paspylieHns orHeynopHbix Marepuaios [1—4]. Oc-
HOBHOH CIOCOO CHMKEHUSI CKOPOCTH KOPPO3HH OT-
HEYIIOPOB — CHHKCHUE TEMIIEpaTyphl OTHEYIIOpPOB,
YTO JIOCTUTAETCsl MPUMEHEHHUEM BO3YIIHOTO, BOJIS-
HOT'O WJIM MCTIAPUTENBHOTO OXJIQXKJCHUSI CTEHOBBIX
Opyches [2].

B sr10i1 cBA3M akTyadbHOM 3ajayeil sBIsAeTcA
MPOJUICHUE CPOKA CITY)KOBI OTHEYIOPOB MPH COXpa-
HEHHHU TEIIOBOH A(PQPEKTHBHOCTH CTEKIIOMIABHIIb-
Horo arperara. Hamu Obilia pazpaboTana MatemMaTu-
YecKasi MOJIeNb, TTO3BOJISIONIAs ONPEAETUTh pacipe-
JIeTICHYE OTHEYITOPOB B PA3IMYHBIX 30HAX CTCHOBBIX
OTHEYTIOPHBIX OpPYChEB B JIBYMEPHOH IMOCTaHOBKE.

B nmannoit pabote, OCHOBBIBasCh Ha M3JIOXKEH-
HBIX B pabotax [5, 6] mpennoceiiKax, MaTeMaTHue-
CKasi MOJIeNb IpoIlecca TerionepeHoca Obuia yTod-
HEHa IyTEM Yy4€Ta BIMSHUS CIIOS OXJIAXKIEHHOU
CTEKJIOMACChl, KOTOPBII 00pa3yercst Ipu CONMPUKOC-
HOBEHHU pacIlaBa C BHYTPEHHEH IOBEPXHOCTHIO
OXJIAKAEHHBIX OTHEYTIOPOB OTPaKJICHHSI BAPOUYHOTO
Oaccelina.

Hanmuwme Takoro ciosi oka3bIBaeT CyIIECTBEH-
HOE BIMSIHHE Ha (OPMHUPOBAHHE TEMIEPATYPHOTO
TOJIsl OTHEYIOpa M TEIUIOBOM H30JSAIMHA BapOYHOTO
Oaccelina, 4o TpeOyeT OOee TOYHOrO ydera ero
BIIMSIHUS HA DKCILTyaTallMOHHBIE TTapaMeTPhl paOOThI
CTEKJIOBapeHHOM neuu. [7-9].

[Ipu 3TOM OfHOM M3 HamOoNee BaKHBIX 3ajad,
SIBIISICTCSL BEIOOP OTHEYMIOPHOTO MaTepuana JJisi Ba-
pouHoro daccelina neuu

Kpome Toro, cymecTBeHHOE BIHSHHE Ha IMPO-
1ecc BapKH CTEKIIOMACChl U JITUTENLHOCTh PabOoThI
arperata B IIeJIOM, OKa3bIBaeT HAJIWYHE CHUCTEMBbI
OXJIaXKJIEHUs CTEKJIOBapeHHOW me4yu. B uvactHOCTH,
HaMHU yYTE€HO BJIHSIHHE MPUHYAUTEIHHOTO BO3AYIII-
HOTO OXJaXJEeHHA HapyKHOM MOBEPXHOCTH OTHE-
yIopHOro Opyca Ha JIMHWUHU 3epKajia CTEKIOMACChI
[10], kak HanboOJICEe PACIPOCTPAHEHHOT'O HA MPOU3-
BOJICTBE.
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Hepeménnasa vacts npodaembl. B HacTos-
1iee BpeMsl OTCYTCTBYFOT MHOI'OMEPHBIE MaTeMaTH-
YECKUE MOJEIH, MTO3BOJISIOINE ONPEAEIUTh TEMIIE-
paTypHOE COCTOSIHME OTHEYNOPHOM KIAaJKU IpuU
HaJIMYUM TEIUIOBOM W30JSALIMM B COYETAHUU C BO3-
JOYUIHBIM OXJIaX/ICHHEM CTEHOBBIX OpYChEB Bapou-
HOro OacceliHa CTEKJIOBapEHHBIX TICUCH.

Heas paboTbl — pazpaboTka MaTeMaTHYECKON
MOJIENIU C UCIIOJIb30BAaHUEM METOAA KOHEUYHBIX 3Jle-
MEHTOB JUIsl OLIPEIEIICHHS] IBYMEPHOI O TEMIIEpaTyp-
HOTO IO0Jsl B OTHEYHNOPHBIX Marepuanax orpaxnie-
HHUsI, KOTOpasi YYUTHIBAECT BIIMSHUE OXJIAXKIEHHOTO
IIPUCTEHHOI'O CJI0SI CTEKIOMAacChl M IMPUMEHEHHE
TEIJIOBOM M30JISILIUM B COYETAHUEM C IPUHYAUTEIb-
HBIM BO3AYLIHBIM OXJIKJICHUEM.

N30:xeHHe 0CHOBHOIO MaTepuaaa. Marema-
THYECKasl IOCTAHOBKA 3aJja4d CBA3aHA C PELICHUEM
B 00II[eM BH/JIC HECTAIIMOHAPHOM IBYMEPHOH 3a1a4u
TEIJIONPOBOIHOCTH, KOTOPAsi OMMUCHIBAETCS YpaBHE-
HUEM

0 ot 0 ot ot
0| At) == |+ 0| Alt) == |=c(t)p(t)=—> (D)
2002 a0 |=cp)

rae A(t), c(t), p(t) — k03pPUIHMEHT TEIIOMPOBOIHO-
CTH, TEIIOEMKOCTh M IUIOTHOCTh MaTepHala, 3aBH-
CAIINE OT TEMIIEPATYPBI, COOTBETCTBEHHO.
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Ha pucynke 1 mpenacraBiieHbl reOMETPUYECKHE
rmapaMeTpbl MOJENIHN JUIsl Pealu3alyy MPEIIoKEH-
HO# Meroauku [3].

B cinyuae ecnu reoMmerpus, TEIIOGU3UYECKUE
XapaKTePUCTUKHA MaTeprajioB, HaYaJbHbIC YCIOBHUS,
OIIPENENSIONINE TEMIIEPATYPHOE MOJIE Tela P T =
0 um3BecTHBI, €€ HEOOXOAMMO JOMOJHUTH I'PaHUY-
HBIMHM YCIIOBHSIMH, KOTOPBIC BBIACISAIOT KOHKpET-
HYIO 3aJIa4y U3 BCEro Kjacca 3aay TeIIONpPOBOIHO-
ct. JIJia pelieHus MOCTaBJICHHON 3aJadd MBI HC-
M0JIb3YEM IPaHUYHbBIC YCIIOBHUS TIEPBOTO PoOJIa:

ti.(x,y,r):f(x,y,r), (2)
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ot
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Hamu cocraBiieHa u peanu3oBaHa IIporpamMma,
C IIOMOLIBIO KOTOPOH OCYIIECTBIIETCS PELlIeHHE 110-
CTaBJIEHHOW 3aJaud METOAOM KOHEYHBIX 3JIeMEH-
TOB. THII 2JIEMEHTOB pa30HEHUs UCCIIEyeMOro 00b-
€KTa — paBHOCTOPOHHUI TPEYrOJIbHUK C IJIMHOU pe-
Opa 10 MM. Yu€r BIUSIHUS IPUCTEHHOTO CJIOS CTEK-
JIOMacchl BBIMOIMHSIICS YTEM aedopMaly TeMIie-
paTypHOro Mo [IamMoTa MoJ BO3ACHCTBUEM H3Me-
HSIIOMIUXCS  TEIIO(QU3HYECKUX CBOWCTB CTEKIJIO-
Macchbl.
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Puc. 1. 'eomeTpuueckuie mapaMeTpbl pacy€THBIX MOJIEINEH:
a — mamor, 0 — 6akop 33: 1 — orHeymnop; 2 — IPUCTEHHBIH CIIOH CTEKIOMACcChl; 3 — pacIlIaB CTEKIIa

Hcxomable naHHbIe, KOTOPhIe HEOOXOMMBI IS
pellieHUs] TaHHOHM 3a/1a4u, IPUBE/IEHBI HIDKE B Ta0-
nunax 1-3.

ITo pe3ynbTaTaM MpoBENEHHBIX pacuéroB Oblia
orpenieneHa BenYrnHa yIeNbHOM MI0THOCTH TEIIo-
BOTO MOTOKa (p = 2960 BT/M, 4epe3 orpaxacHus
OpycheB OacceliHa CTEKJIIOBAPCHHOM MEYH IPH eCTe-
CTBEHHOM BO3JIYIIIHOM OXJIQ)K/ICHHH.

IIo naHHBIM SKCIIEPUMEHTANBHBIX H3MEPEHUN
Temrepatyp B Opyce [2], paccuMTaHa BelWYMHA
YAETbHOW IIJIOTHOCTH TEIJIOBOIO TIOTOKA ¢y =
2675 Br/m™.

HaiinenHas HaMy BEIMYHMHA ITOTPEIIHOCTH pac-
YETHBIX JIAHHBIX OTHOCHUTENBFHO SKCIEPUMEHTAIb-
HBIX [2] cocraBuser 9,6 % U NEXUT B AOMYCTUMOM
JUTA TIPaKTHUYECKOr'0 NCIIOIb30BAHMS HHTEpPBAJIE.

Ha ocHoBe paccMOTpeHHON MoJienu, TPOBEAEH
pacdér TeMIepaTypHOro Mo JUIs IIaBJISHOIUTOTO
OTHEYIIOpHOI'0 MaTepraja Oakop 33, MONydHBIIErO
HIMPOKOE MPUMEHEHNE B CTPOUTENHCTBE CTEKIOBA-
PEHHBIX Teueid. ITOT MaTepuan uMeer OoJee BbICO-
KYIO0 CTEKJIOCTOMKOCTh MO CPABHEHUIO C IIAMOTOM,
YTO TIO3BOJSIET YMEHBIIUTH TOJIIIHUHY CTEHOBOI'O
opyca 10 250-300 mm. KpuBbie pacrpeneieHus TeM-
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nepaTyp Ha pUCYHKE 3, COOTBETCTBYIOT TeOMeTprye-
CKHUM COOTHOIICHHUSM, KOTOPBIE MpPEeCTaBIeHbl pa-
Hee Ha puc. 1.

VYCTaHOBNIEHO, YTO BCIEACTBUE YMEHBIICHHS
TOJIIUHBI Opyca U YYUTBIBas TOT (hAKT, 4TO KOIPU-
IUEHT TEIUIONPOBOMHOCTH Oakopa 3HAYUTEIBHO
BBIIIIE TI0 CPaBHEHUIO C IaMoToM (Tabi. 2), odiee
TEPMHUYECKOE CONPOTHUBIICHHE Opyca yMEHBIIAEeTCsI.
3TO NMPHUBOAUT K PE3KOMY IOBBIIICHUIO TeMIIepa-
Typbl HapyXHOW MOBEPXHOCTU CTeHKU ¢ 326 °C no

815 °C. B arom cityuae oueBUIHON SIBJISIETCS HE0O-
XOOAMMOCTb CHMIXKCHHA TCIIOBBIX IIOTCPb, CBA3AH-
HBIX C YBCIMYCHHUEM IIJIOTHOCTH TCIIJIOBOI'O ITOTOKA,
MPOXOJIAIIEro 4Yepe3 OOKOBOE OTpakJeHHE BaHHBI
CTEKJIOBapEHHOM Ie4r IMyTEM HaHECEHUs TEIIOBOU
W3OJISIIMH, KOTOpasi MO3BOJSET YMEHBIIUTH TLIOT-
HOCTh TEIUIOBOI'O IOTOKAa W YPOBEHb TEMIIEPATYpP
HapY>KHOH TTOBEPXHOCTH Opyca MpH MCIIOIb30BaHUH
BO3YITHOTO OXJaXKICHUS.

Tabruya 1
Hcxoanble JaHHbBIE JJIS pacyéra
HaunmenoBanue Benu4nHbI [Mapamerpsr
Matepuain Ki1ajaku ramor; Oakop 33
Tonmunaa, MM 400; 250
Temneparypa Bo3ayxa, °C 30
Koo pUIMENT TEMI00TAau1 OT HApYXKHOMN IOBEPXHOCTH CTEHKHU K BO3ayxy, Br/(M*K) 10
Temneparypa Ha BHyTpeHHEH MOBEPXHOCTHU cTeHKH, °C 1300
Cpennsisi TeMIepaTypa CTEeHOBBIX OpycheB B HauaJIbHBII MOMEHT BpemeHH, °C 750
Tabauya 2
Tensodpusnyeckue cBOiicTBa OrHEYNOPHBIX MATEPUATOB OOKOBBIX CTEH U TEIJIOH30JISIIUU
Martepuan ILnoTHOCTH, KI/M Koa¢ppunuent rermonposoanocty, Br/(m-K)

bakop 33 3500 4,07 +0,2686:103t

Hlamor 1860 0,7 +0,64-1031

Suenctslii hocdatHblii OeTOH 950 0,348 + 10t

[IlaMOTOBOJIOKOHHAS TIITHTA

HIBIT-1150 375 0,130 +10*¢
HIBI1-1350 500 0,07 +0,30-10° ¢t
Ilepnurann 225 0,068 +0,9-10-4
KepamMoBepMUKYIUTOBBIE IUIUTHI 350 0,085 +0,21-103 t

Tabauya 3

3aBucumMocTh ko3¢ dunuenta Temnonpooanoctu PbO-coaepxrammux cTékosa oT TeMnepaTypsl [5]

Mapka Temneparypa, °C
CTCKIIa 700 800 900 1000 1100 1200 1300 1400 1500
JID-5 5,0 7,5 18,33 35 63,4 115 148,3 126,7 116,7
O-8 3.4 8 13,2 20 34 47,8 39,2 42,8 46,6
TD-1 3.4 8,2 13 20,4 34 44 39 27,3 15,5
toC 1400
1200 +
1000 ~
800 4
600 -
400
200 -
0 T T T T T T T M
0 0,05 0.1 0,15 02 0,25 03 035 0.4

Puc. 3. PacuéTHOe pacmipenienieHue TeMIepaTyphl B CTCHOBOM OpYCe BBITIOJTHCHHOM U3
amoTa (—4—) u 6akopa 33(—A-)
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BuiBoabl. Pazpaborana Meromuka pacuéra Tem-
MEePaTypHOr'0 COCTOSHHUS Orpa)KACHUS BapOYHOTO
OacceiiHa CTEKJIOBaPEHHOM MEYM ¢ y4ETOM HaHUHs
TEIUIOBOW H3OJSAIMM B COYETAaHHHM C BO3AYIIHBIM
OXJIAKJCHUEM HapyKHOH TOBEPXHOCTH OTHEYIIOp-
HOH KJIaJKu.

IIpoBenéH cpaBHHUTENBHBIM aHaIU3 BEIUYHH
YAETbHBIX TEIJIOBBIX MOTOKOB MOMYYEHHBIX Ha OC-
HOBE Pacy€roB IO MpeIOKeHHOM Meroauke [3] u
M3MEpEeHHBIX OMBITHBIM NMyTEéM. BennumHa paccun-
TaHHOM MOTPEIIHOCTH cocTaBmia 9,6 %, 4To 1MO3BO-
JISieT cAenaTh BBHIBOJ O BOZMO)KHOCTH HCIOJh30Ba-
HUS JAaHHOW MOJIENU JUIsl pacu€roB Ooliee CIIOKHBIX
KoH(pHTrypanuiit 60KOBBIX orpaxkaenuii. [Ipemnoxen-
Hasg yTOYHEHHAsI MOJIENb, YUYUTHIBAIOLIAS XapaKTep-
HbIE 0COOEHHOCTH Pa0OThI OTHEYITOPHOM KIIaIKH Ba-
pouHoro OacceifiHa CTEKIOBApPEHHOH MEYH MOXKET
OBITH HCITONIH30BaHA ISl PEICHUs 3a]]a4 BEIOOpa Ofl-
TUMQJIBHOTO BAapHWaHTAa MHOIOCIOWHOM TEIUIOBOMI
M30JIALIMA B COYETAHHM C MPUHYAUTEIBHBIM BO3-
JTYUTHBIM OXJIQXKICHUEM.
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|K0shelnik V.M.

, Beknazaryan D.V.

TO THE DETERMINATION OF THE TEMPERATURE FIELD IN THE REFRACTORY
MASONRY OF THE MELTING TANK OF THE GLASS FURNACE

In the bath type flame glass melting furnaces, one of the main factor that determines the duration of the
unit operation is the service life of the side enclosure of the melting tank. Under the influence of high-temper-
ature melt, as well as combustion products of fuel, a process of physicochemical corrosion of refractory bar
material occurs in furnace bath. The higher the temperature level, the faster the mansory destruction process
takes place. The most effective method of reducing the speed of this process is forced cooling of the outer
surface of the melting tank at the point of separation of the three phases, that is on the line of the glass mirror,
where all three media that participate in the glass melting process are solid (refractory bar), liquid (melt),
gaseous (combustion products). At the final stage of the furnace operation as a result of such cooling, a garnet-
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wall layer of the cooled glass mass (relative to the general level) may from on the inner surface of the refrac-
tory bar. The presents of such a layer sharply reduces the negative impact of the melt on the enclosure, which
contributes to an increase in the life of the furnace as a whole. The results of solving the two-dimensional
problem of non-stationary thermal conductivity in the enclosure of the glass furnace are presented in the pres-
ence of air cooling, multilayer insulation, taking into account the cooled wall layer of glass mass. A compari-
son of the calculated data with the data of experimental studies is made.

Keywords: non-stationary thermal conductivity, glass furnace, wall-near layer of cooled glass.
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