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DEVELOPMENT OF THE HIGH-FORCED CAPILLARY-POROUS
HEAT-REMOVING SYSTEMS

Abstract. The capillary-porous cooling system of caissons of flowing furnaces is developed. As the main
reason of accidents, is associated with the stress raisers, the problem of definition of the destructive heat fluxes is
solved. The decision is given for the porous coatings and metallic materials. The heat fluxes causing destruction of
material by stretching, compression and melting are defined. Time effect of action of heat fluxes is revealed. Various
depth of penetration of a thermal wave in the neighborhood of stress raisers and the size of the coming-off particles
of the porous coating is considered. The constructive scheme of a capillary - porous cooling system of a caisson with
z-shaped plates of rigidity is submitted and installation of an evaporative and condensation capillary - porous cooling
system of details (caissons) of a flowing furnace is shown.

Key words: capillary-porous structure; stress raisers; cooling system of caissons; heat flux.

YK 536.248.2
A. A. T'enbau, H. O. IzxamankyjioBa

ATMaTHHCKUH YHUBEPCUTET SHEPIETHKHU M CBA3H, AmMarsl, Kazaxcran

PA3PABOTKA BBICOKO®OPCHUPOBAHHBIX
KAITNMJUVIAPHO-ITOPUCTBIX TEINIOOTBOAALINX CUCTEM

AnHoramus. Pa3paboTaHa KAMHWUIPHO-TIOPHCTAS CHCTEMA OXJIAKICHHUS KCCCOHOB IUIABHIBHBIX IICUCH.
[MockompKy rIaBHAS MPHYMUHA ABAPHUH, CBA3aHA C KOHICHTPATOPAMH HATIPSHKCHHH, TO PEIIACTCA 3a4ada Mo OMpee-
JICHUKO Pa3py aroIuX TCIIOBBIX IMTOTOKOB. Pemenue JAHO OJIT MOPHUCTHIX HOKpLITHfI A MCTANTHICCKUX MATCPHAJIOB.
Onpe/:[eneHbI TCIUIOBBIC MOTOKH, BBI3BIBAIOINHC PA3SPYIICHHC MATCPHAIOB PACTHKCHHCM, CKATHCM H IIABJIICHHCM.
BbIABICHO BIISTHHUE BPEMEHH JSHCTBHUS TEILIOBBIX MMOTOKOB. PaccMOTpeHa pa3miyHas IIyOHHA MPOHHKHOBCHHUS TETI-
JIOBOH BOJIHBI B OKPECTHOCTAX KOHIIGHTPATOPOB HAPSDKCHHH M Pa3MeEP OTPHIBAIOLIMXCS YACTHIl IIOPUCTOTO TMOKPHI-
trs. [IpencTaBieHa KOHCTPYKTHBHAS CXeMA KAMMJULIPHO-MIOPUCTON CHCTEMBI OXJIAKACHUS KECCOHA C Z-00pa3HBIMH
ITACTHHAMH KCCTKOCTH H IMOKAa3aHa YCTAHOBKA I/ICHapI/ITeJ'[LHO-I(OHZ[GHCB.I.[I/IOHHOfI KﬁHHﬂJIﬂpHO-HOpHCTOfI CHUCTCMBL
OXJIAKIACHUS ACTANICH (KSCCOHOB) IIABHIIBHOU TICHH.

KimroueBnie €/10BA: KAMHULIPHO-TIOPUCTAS CTPYKTYPA; KOHICHTPATOPHI HANPSDKCHHH, CHCTEMA OXJIOKICHUS
KECCOHOB, TEIJIOBOM MOTOK.

KonreHTparops! HanpspKCHHUH, UMCIOLMIME MECTO B BRICOKO(OPCHPOBAHHBIX KAITWUISIPHO-TIOPHUCTHIX
CHUCTEMAxX M B CaMHUX CTPYKTYpax, SBISIOTCS NCTOYHMKOM MHOTHX aBapvi M HECYACTHBIX ciydacs. JlaH-
HBIH BOIIPOC OCOOCHHO aKTYaJCH TS CO3JABACMBIX B3PHIBOOC3OMACHBIX CHCTEM OXJIAXKICHUS MCTAILTyp-
TUYECKUX MEYCH, IMOCKOIBKY KOHILEHTPATOP HANPSDKEHHS CHOCOOCTBYET MPOrapy OXJIAKAACMOTO 3Iie-
MEHTA, KOTJa MPOUCXOIUT TMOMATAHUC TCIUVIOHOCUTEIS B PACIUIaB arperara. XpyIKUE paspylueHHs
SBISIIOTCS HanOOJICC OMACHBIMH, OHH BJICKYT 32 COOOH MOIHOE Pa3pyIICHHUC KCCCOHA M MOBPCIKICHUS
Jpyroro oOOpyIOBaHHUA, a MHOTAA W YEIOBEYECKHE >KEPTBBL. Takue MONOMKH MPOHUCXOMAT BHE3AITHO.
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Hseecmua Hayuonanenoti axademuu nayk Pecnybnuxu Kasaxcman

TpeiuHel B METAIC KSCCOHA MOTYT OOPa30BBIBATHCSA BCJICACTBHC YCTAJIOCTH WM LUKIOBOH (TCPMU-
YCCKOM) YCTAIOCTH MATCPHAIIA.

IMockompKy B KOHIICHTPATOpaX HAMPSDKCHHH, B KOHCYHOM CUCTE, COCPCAOTAUMBACTCS TCILIOTA, TO
MPEACTABIACT HHTCPEC MPOU3BECTH OLCHKY VACIBHBIX TEIUIOBBIX MOTOKOB ([; , BRI3BIBAIOIINX PA3IAIHBIC
BUJIBI HANPSDKCHUH O; B 3JeMeHTaX kKeccoHa. CleayeT 0xKuaaTh, YTO YIACABHBIC TCIUIOBBIC TIOTOKH MOTYT
JOCTUTATE BCIUYHH OPSIKA (106-107) Br/m* u Gonee.

ITO TPCAMONOKCHUE CICAYCT M3 TOTO, YTO BBIACICHHC TCILIOTHI MOMKCT IPOHMCXOIWTH IMOJ OTHU-
HOYHBIMH MAPOBBIMH My3bipsivi. Oc0o00 OMACHBIC TCIUIOBBIC MOTOKKA BO3HUKAIOT B PEKUMAX IMyCKa U OC-
TAHOBKH NCYH, MPOUCXOIAT (ha30BBIC H3MECHEHMS TeILIOHOCUTES (padotuero Tena). [Ipu 3ToM BO3HHKAIOT
B3peiBooGpasno 3a (10°-107) mapoBsie my3bIpH HA TIOBEPXHOCTH KECCOHA, JTHOO MPOMCXOIHUT CXIOIbI-
BaHUE My3bIPEH B mporecce KoHIeHTpanuu napa [1]. Bo3HukaeT mpeaenpHOe COCTOSHHE MOBEPXHOCTH
HATPCBA W TMOPHUCTOTO TMOKPBITHS, KOTOPOS HMCCICAOBAHO METOAOM TepMmoympyroctu [2]. 3a cuer co-
BMECTHOTO JICHCTBHSI KAMMULIPHBIX U MAaCCOBBIX CHII B HMOPHUCTBIX CTPYKTypaxX CO3[AacTCs HEIOTPEB H
BBIHY>KACHHAS! CKOPOCTb MOTOKA, YTO PACHIUPACT MPEIEIbl OTBOJA TEIUIOBHIX Harpy3ok [3-4]. Hamuume
M30BITKA OXJIQAUTEIIS TO3BOJISICT VIIPABIATh MHTCIPATBHBIMH XapaKTCpPHCTHKaMHU TerooOMeHa [5]. Ha
OCHOBC TCOPHH MOAOOMS, MOJCTUPOBAHMS M AHAJIOTHH MOJIYYCHO KPUTCPHATIBHOC YPABHCHHUE I pacucTa
OTBOAMMBIX VACABHBIX TCIUIOBBIX MOTOKOB [6]. O600ImECHE MPOU3BEACHO ISl KUIISIIETO TCILIOHOCHTEIIS
¥ I8 [EHHOTO MHOTO(]A3HOr0 MOTOKA, KOTOPHIM HPUMEHSIETCS ISl IbLUICTIONABICHHUS W IBLICYIABIH-
BaHHs MHKpPOCKOMuuecKod mputd [7]. MaTeHCHpuKkanmu TermiooOMeHa U MICHOTCHEPALIHK CIIOCOOCTBY FOT
VIPaBICHUEC BHYTPCHHUMH (TEPMOTHIPABINYCCKUMHM) Xapaktepuctukamu [1, 8]. Dto memaer mpeana-
racMyro MOPHUCTYIO CHCTCMY OXJIXKACHUS HC V3KOLCICBOH, a Takxke 3(dekruBHOM mpu pa3paboTke yCiio-
BHH OXpaHbI TPYAa U OKPYKAIOLICH CPEABl B METAILTYPIHUSCKON MpoMbIieHHOCTH [9]. Pacuer oTBoam-
MBIX TCIUIOBBIX MMOTOKOB KECCOHOM MOKHO HPOM3BECTH HA OCHOBE (PH3HKO-MATEMATHUCCKUX MOJCIICH
teronepenaun [10]. YopasneHue nponeccamMu TEINTOMACCONCPSHOCA MPOU3BOIUTCS 33 CUCT PA3ICICHHUS
SHEPTUM KUILIIIETO TEIUIOHOCHUTEIS! HA DHEPTHIO TEIUIOBOM BOJHBI U SHEPTUIO MapoBoro mortoka [11],
MPUMCHCHHST MHTCHCU(HUKATOPOB MOTPAHUYHOTO €105 [12] M M3MCHCHHS TCOMETPHH KAMMJLLIPOB U TIOP
cTpykTypsI [13].

IIpu TepmudgeckoM BO3ACHCTBHM HA KOHIICHTPATOP, YePe3 HEKOTOPOE BPEMs YacTh MOBEPXHOCTH
HATPEeBACTCA M0 OMPCACICHHOW TCMIICPATYPHI, B APYTHX KE YACTAX IJICMCHTA COXPAHSCTCS HAYAIbHAS
temneparypa. [losToMy BHYTpH METa/Ula U MOPHUCTOTO MOKPHITHS BO3HUKACT TPAJUCHT TCMIICPATYPBI,
BCICACTBHC YCTO MCTAUT PACIIMPICTCS HEPaBHOMCPHO. OKPYXKAMOLIHC HCHATPETHIC CIIOM OKA3BIBAIOT
COMPOTHBIICHAC 3TOMY PACIIUPCHUIO. B pe3ybrare BOZHUKAIOT TCPMHUUCCKUC HAMPSIKCHHUS, KaK B HATPC-
TOW YaCTH, TaK U B OKPYIKAIOIIEM HCHArPETOM MACCHBE. JTH HANPSHKCHUS MOTYT JOCTHUTATh Pa3pyIIA0-
IUX 3HAYCHUH.

B pabGote [2] mpuBeacHO peImICHHE 3aa49H O TCPMOYIIPYTHUX HAMPSHKCHUIX IS HACATH3HPOBAHHBIX
MPOLECCOB. JJOMUHHPYIOIIYIO POJIb B MPOLECCE PA3PYIICHUS HUTPATH HOPMAJIBHBIC CKUMAFOIIUC HATIPSI-
sKeHuUs1. PaspylieHne KOHLCHTPATOPa MPOUCXOANIO B PE3yIbTATEe MOTEPH YCTOHUYUBOCTHA B TOHKOM CIIOE,
MPUJICKAIIEM K CBOOOAHOM moBepXHOCTH. [103TOMY paccMaTprBaIOCh HAMPSHKCHHOE COCTOSIHUE BEPXHETO
CJ10s1, TOJILIMHA KOTOPOTO 3aBHUCHT OT KO3 (HUIMCHTA TCIUIOOTAAYH H CTPYKTYPH META/UIA U MOPHUCTOrO
TTOKPBITHSL,

B HarpeBacMOM METAJLIC M MOKPHITHH OYypPHO BO3PACTACT IUIOTHOCTh BAKAHCHIA, KOTOPHIC OBICTPO
OOBCAMHSIOTCS B MOJOCTH, TAK KAK HHTCHCHBHOCTD MPOLIECCA OOBCAUHCHIS BAKAHCHI MTPOTIOPLIMOHATIbHA
KBQIPaTy MX ILUIOTHOCTH. ECTH MOMOCTH BakaHCHU MOTYT MHPEBPAINATHCS B JUCIIOKAIWH, TO MATCPHAT
nprOOPETACT MIACTUICCKUC CBOMCTBA H HE PA3PYyLIACTCS MO/ ACHCTBHEM TCILIOTHL. TaKOBBI BCC MCTAJLIBI.
ITHUM CBOHCTBOM O0JIANAIOT TAKKE M HCKOTOPBIC KAIMMLISPHO-TIOPUCTHIC CTPYKTYPHIL.

Ecnu >x¢ B mMarepuane IUCIOKAIMKA HC OOPa3yrOTCSA, TO PACTYIIMC IMOJIOCTH BAKAHCHI KOHLICHTPH-
PYIOT Ha CBOMX Kpasx HANMPSDKCHHUA U BEAYT K Pa3pYLICHHUIO CTPYKTYPHI B TO BPEMs, KOTAa TCPMHUCCKIEC
HATPSDKCHUS LIS HE JOCTUTAIOT MPEICia IIACTHICCKON TeKydecTh. [IpOUCXOIUT XPYKOe TCPMUUECKOS
pa3spyLIcHHUE.

Jns mo3HAHUS MCXaHM3MA MPOLECCA PA3PYLICHHS TMPOBCICHBI OMBITHL ¢ MPUMCHCHHCM MCTOIOB
doroympyrocru u romorpadum [2, 11]. OucHka HAMPSIKCHHOTO COCTOSHHS MOJACICH B CXOJCTBCHHBIC
MOMEHTBI BPEMEHH MPOU3BOAMIOCH MyTeM (hoTOrpaduecKoi perucTpay KapTHH H30XPOM U TOACHETA
MOPSAKA MOJIOC B PA3THYHBIX TOUKAX HCCIICAYCMbIX HAIPABIICHHUI.






