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A. A. Genbach, N. O. Jamankulova

Almaty university of power engineering & telecommunications, Almaty, Kazakhstan.
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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.

VIIK 536.248.2
A. A. T'enbay, H. O. I:'xamankyJ1oBa

AJMaTHHCKHUM YHUBEPCUTET SHEPTeTUKHU U cBsA3M, Anmartsl, Kazaxcran

PA3PABOTKA BBICOKO®OPCHPOBAHHbIX
KAITMWJJIAPHO-ITIOPUCTBIX TEIIVIOOTBOAALIINX CUCTEM

AnHotanus. Pa3paboTaHa KamwUISPHO-IIOPUCTAs CHUCTEMAa OXJIAXKJCHUS KECCOHOB IUIABHIIBHBIX IEYCH.
[TockonbKy TIaBHAS MPUYHMHA aBaPHiA, CBsI3aHA C KOHIICHTPATOpAMU HANPSHKCHUH, TO pelraeTcs 3aaada 1mo onpese-
JICHHIO Pa3pyIIAOINX TEIUIOBBIX MIOTOKOB. Perienne NaHo A1 TOPHUCTHIX MOKPHITHHA U METALTHYECKUX MaTCPHAIIOB.
OmnpeneneHpl TEIIOBBIE MOTOKH, BBI3BIBAIOIINE Pa3pyIICHHE MAaTEPHAIOB PACTIKCHHEM, CXKATHEM U IUIABIICHHEM.
BrrsBiieHO BIUSHIE BPEMEHHU JAEHCTBHS TEIUIOBBIX IIOTOKOB. PaccMoTpeHa pa3nnvHas TiTyOMHa MPOHUKHOBEHUS TETl-
JIOBOH BOJIHBI B OKPECTHOCTSIX KOHIICHTPATOPOB HANPSHKEHUH M pa3Mep OTPHIBAFOIINXCS YaCTHUI] TOPUCTOTO MOKPHI-
tus. [IpencrapneHa KOHCTPYKTUBHAS CXeMa KaMUIIPHO-TIOPUCTON CHCTEMBI OXJIaXIEHHS KECCOHA C Z-00pa3HBIMHU
IUTACTUHAMH JKECTKOCTH M TOKa3aHa YCTaHOBKA MCHAPUTENHHO-KOHICHCATMOHHON KalMUIAPHO-TIOPUCTON CHCTEMBI
OXJIKIICHUS AeTaleil (KeCCOHOB) IIABMIIBHOM TIeUH.

KiroueBble cji0Ba: KamWUISPHO-TIOPUCTAs CTPYKTYPa; KOHICHTPATOPhI HAMPSHKCHUH; CHCTEMa OXJIAXKICHHS
KECCOHOB; TEIJIOBOM IOTOK.

KoHnieHTpaTOpsl HaNpsHKEHUH, UMEIOIIME MECTO B BHICOKO(OPCHUPOBAHHBIX KATMILISPHO-TIOPUCTHIX
CHUCTEMax M B CaMUX CTPYKTypax, SBISIOTCS NCTOYHUKOM MHOTHX aBapUil U HECUACTHBHIX ciy4aeB. JaH-
HBIA BOTIPOC OCOOEHHO aKTyajeH Ul CO3/1aBa€MbIX B3PBIBOOE30OITACHBIX CHCTEM OXJIAXKICHUS METaJLIyp-
THYECKUX Teded, MMOCKOJIBKY KOHIEHTPATOp HANpPSKEHHs CHOCOOCTBYET MpOTapy OXJIaXJaeMoro 3iie-
MEHTa, KOTJla TPOWCXOJUT IONaJaHue TEIUIOHOCHUTENS B pacilaB arperata. XpyIKHe pa3pyIIeHus
ABIIIOTCS HauOoJiee OMACHBIMH, OHHM BJIEKYT 3a cO0OM TONHOE pa3pylIeHHe KeCCOHAa M TOBPEXIEHUS
JIpyroro o0OpyIOBaHWS, a WHOTJA M 4YEJIOBEUYECKHE >KEPTBBL. Takue MOJOMKH MPOMCXOAST BHE3AITHO.
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Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

TpeuHbl B MeTalllle KECCOHA MOTYT 0Opa30BBIBATHCS BCJICICTBUE YCTAIOCTH WIIH IMKJIOBOW (TEpPMH-
9eCKOM) yCTaJ0CTH MaTepHaia.

[TockonpKy B KOHILIEHTPAaTOpax HaMpsOKEHUH, B KOHEYHOM CYETe, COCPEeNOTayMBaAEeTCs TEIUIOTa, TO
MPEJICTABIIICT HHTEPEC MPOU3BECTH OIICHKY YIEIBHBIX TEILIOBBIX MOTOKOB (f; , BHI3BIBAIONIUX PA3INIHBIC
BUJIBI HANPSDKEHUN G; B AJieMeHTaX KeccoHa. ClielyeT OXHIaTh, YTO yJIENbHbBIE TEIUIOBBIC TIOTOKH MOTYT
pocturats BenndnH nopsaka (10°-107) Br/m? u Goree.

OTO MpeanonoxkeHne CieqyeT M3 TOTro, YTO BBIICIICHHE TETIOTHI MOKET MPOUCXOIUTH IMOJ OIU-
HOYHBIMU TTAPOBBIMU Iy3bIpsiMUA. Oco00 OMacHbBIE TEIUIOBBIE TIOTOKH BO3HUKAIOT B PEXKHMAaX ITyCKa U OC-
TAHOBKH TI€YH, IPOUCXOIAT (pa3oBbIe M3MEHEHUS TeTUIOHOCHTENS (pabodero Tena). [Ipu 3ToM BO3HUKAIOT
B3pbIBO0Opa3Ho 3a (10°-107) mapoBbie My3bIpH Ha MOBEPXHOCTH KECCOHA, MO0 MPOMCXOAUT CXJIOIMBI-
BaHME ITy3bIpel B Mpolecce KOHUeHTpanuu napa [1]. Bo3Hukaer mpenenbHOe COCTOSIHHAE MOBEPXHOCTH
HarpeBa W IMOPHUCTOTO TOKPHITHS, KOTOPOE HCCIEIOBAHO METOIOM TepMmoympyroctu [2]. 3a cuer co-
BMECTHOTO JICHCTBUS KANMWUISPHBIX M MACCOBBIX CHJI B MOPHUCTHIX CTPYKTYpax CO3JaeTcsi HEJOTpeB M
BBIHYXJICHHAs! CKOPOCTh MOTOKA, YTO PACHIMPSET MPEJENibl OTBOAA TEIIOBBIX HArpy3ok [3-4]. Hamwmuue
M30BITKA OXJIaJIUTEINs TO3BOJISIET YIPAaBIATh WHTETPANLHBIMH XapaKTepUCTUKaMu TerioooMeHa [5]. Ha
OCHOBE TEOPHH MMOI00HS, MOIEIHPOBAHNS U aHAIOTHUH MOTy4eHO KpUTEpHUAIbHOE YpaBHEHHE IS pacdeTa
OTBOJIUMEBIX yAETHHBIX TEIUIOBBIX TOTOKOB [6]. O000IIEHNE TPOU3BEACHO I KUTISIIETO TETUIOHOCHTES
W U1 TIEHHOTO MHOTO(a3HOTO TMOTOKA, KOTOPBIA MPHMEHSETCS IS MBUICTIONABICHUS U TbIICYIaBIId-
BaHMS MHUKpOCKommdeckod meutn [7]. UHTeHCHDHKaImu TermiooOMeHa W MEHOTeHEPallui CIIOCOOCTBYIOT
yIpaBieHHe BHYTPEHHUMHU (TE€PMOTHIPABINYECKMMHU) Xapakrepuctukamu [1, 8]. Dto nemaer mpemna-
raeMyro TIOPUCTYIO CUCTEMY OXJIaXIEHHsI HE Y3KOLEIeBOH, a Takxke (P (PEKTUBHOM NpH pa3paboTKe ycio-
BHUI OXpaHBI TPYyJla U OKPY>KAIOIIEH cpeabl B METAILTypruuecKoil MpoMbIIUIEHHOCTH [9]. PacueT oTBOAM-
MBIX TEIUIOBBIX MOTOKOB KECCOHOM MOXKHO TPOW3BECTH Ha OCHOBE (PH3MKO-MATEMAaTUYECKUX MOJENei
tertoniepenayn [10]. YnpaBnenue npoueccaMu TEIUIOMAacCONepeHoca MPOU3BOANTCS 3a CUET pa3AeieHus
SHEPIUH KUITSIIETO TETUIOHOCUTENST Ha DHEPTUI0 TEIUIOBOW BOJHBI M 3HEPTHIO0 MapoBoro moroka [11],
MPUMEHEHUs] UHTEHCH(UKATOPOB TOTPaHUYIHOTO cios [12] W M3MEHEeHUs TeOMEeTPUH KamWIIIPOB U TIOp
CcTpyKTypHI [13].

[Ipu TepMuveckoM BO3JEHCTBHHM Ha KOHIIGHTPATOp, Yepe3 HEKOTOPOE BPEeMs YacTh MOBEPXHOCTH
HarpeBaeTcs 1O OTNpEAeTICHHON TeMIepaTyphl, B APYTUX e YacTAX 3JEeMEHTa COXpaHSeTCS HadalbHas
Temreparypa. [loaToMy BHYTpHM MeTaljia M MOPUCTOTO TOKPHITHS BO3HHKAET TPAJUCHT TEMIIEPaTypH,
BCJIEZICTBUE YETO METaJul paciuupsiercss HepaBHOMepHO. OKpysKalollue HEHarpeTble CJIOW OKasbIBaloT
COTIPOTHUBIICHHE 3TOMY PaCIIUPEHHI0. B pe3ynbraTe BO3HUKAIOT TEPMHUYECKUE HANIPSDKEHUS, Kak B Harpe-
TOHM YacTd, TaK U B OKPY’KAIOIIEM HEHAarpeTOM MacCHBe. DTH HANPsDKEHUS MOTYT JOCTHUTATh pa3pylIaro-
IIUX 3HAUCHUM.

B pabote [2] mpuBeneHO penieHue 3aadd O TEPMOYIPYTHX HANPSOKSHHUSIX IS UAeaTH3UPOBAHHBIX
mporeccoB. JJOMUHUPYIONIYIO POIb B MPOIECCE Pa3pyIICHUSI WTPAd HOpPMaJbHBIE CXKMMAFOIINE Hamps-
skeHus. PaspyiieHne KOHIEHTpaTopa MPOMCXOAMIIO B pe3yIbTaTe MOTEPHU YCTOMUMBOCTH B TOHKOM CIIOE,
npuiIeXxalieM K CBOOOHOH moBepxHOCTH. [103TOMyY paccMaTpuBanoch HaNPsHKEHHOE COCTOSTHUE BEPXHETO
CJI0S1, TOJNIIWHA KOTOPOTO 3aBHCUT OT KO3((HUIIMEHTa TEIUIOOTAa4X U CTPYKTYpPHl MeTaiia ¥ IOPUCTOTO
MTOKPBITHSIL.

B HarpeBaeMoM MeTajuie M MOKPBHITUM OypHO BO3pacTaeT IUIOTHOCTh BaKaHCHH, KOTOPBIE OBICTPO
00BEIUHSIOTCS B TIOJIOCTH, TaK KAaK HHTEHCHUBHOCTH TPOIlecca OObEeMHEHNS BaKaHCHIA MPOTIOPIIMOHATIFHA
KBaJpaTy WX IUIOTHOCTH. EcCiiM mojocTw BakaHCHI MOTYT MpeBpamiaThCcs B TUCIOKAI[MH, TO MaTepHai
MpHOOpeTaeT IIIACTUYECKHE CBOMCTBA U HE pa3pyIIaeTcs Mo AeHCTBHEM TEIIOTHL. TakoBBI BCe METAJLIbI.
DTHUM CBOWCTBOM 00JIQIal0T TaKXKe U HEKOTOPHIE KAIMJUIAPHO-TIOPUCTEIE CTPYKTYPHI.

Ecmu xe B MaTepumanie muCIOKaruy He 00pa3yroTCs, TO pacTyIIHe IOJOCTH BAaKaHCHI KOHIEHTPH-
PYIOT Ha CBOMX KpasiX HAIPSDKEHHUS M BEAYT K Pa3pyIICHUIO CTPYKTYPBI B TO BpeMsi, KOTJla TEPMHUCCKUE
HaNpsDKEHUS ellle He JOCTHUTaloT Ipejeia MIacTUYeCKOr TeKydecTH. [IpoucxomuT Xpynkoe TepMUIecKoe
paspyluieHue.

Jnst mo3HaHWsT MEXaHW3Ma Ipollecca pa3pylIeHHs TMPOBEJCHBI OMBITHI C MPUMEHEHHWEM METOIOB
¢doroynpyroctu u ronorpaduu [2, 11]. OneHka HANPSHKEHHOTO COCTOSHMSI MOJICNICH B CXOJICTBCHHBIC
MOMEHTHI BPEMEHH MPOU3BOIMIIOCH TyTeM (poTorpadyudeckoll perucTpanny KapTUH U30XPOM H TI0JcUeTa
MOPSAIKA TTOJIOC B PA3IMIHBIX TOYKAX WCCIIEIYEMbIX HAIPaBICHUH.
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Mopenu W3roTaBIMBaMCh KBaJApaTHOW (OpMBI M3 JUCTOBOro Marepuana DJ[-6M TommuHOM
5.10” M. Ha moBepXHOCTb MIACTHH HAHOCU/IACh KOOPAMHATHAS CETKA, 4 B MOJC/H BHIIOIHSIINCH KAHABKY,
MMHUTUPOBABILHUE TOPUCTYIO CTPYKTYPY KOHLIEHTPATOpa M UMEIOIUE Pa3InYHbIE 3arayOIeHUs, U PaJgNyChl
3akpyrieHus. HarpeBarespHble 3JIEMEHTHI IIPEICTABILUIM HUXPOMOBYIO (DONBIY C LIMPHUHOM IIOJIOCHI
5-10” M M BKJIEHBAIICH B MOJIETH KJIEEM XOJOIHOTO OTBEP/ICHHSL.

Pemenue 3aaun TepMOYIPYTroCTH MO3BOJSIET ONPEAETUTh MPEAEIbHOE COCTOSIHIE TTOPUCTOM Cpelibl
1 METAJUINYECKON MaporeHepUpyIoIei MOBEpXHOCTH [2] .

[Ipu TepmMuuecKkoM pa3pyLICHUH IOPUCTOM CTPYKTYpPhl M METaJUIMYECKON CTEHKH Tpelyercs
BBISICHUTD BJIMSHUE BEIMYMHBI YAEIBHOTO TEIJIOBOIO MOTOKA, IOABOAMMOIO K IIOBEPXHOCTH, U BPEMEHH
€ro BO3JEHCTBHS Ha CO3JaHUE pa3pylLIAIOIUX HaNpsKEHUH, pa3Mephl OTPHIBAEMBIX YACTHIl OT MOKPBITUS
Y ITyOWHY IPOHUKHOBEHUS TEMIIEPaTypHOTI0 BO3MYILIECHHUS (TIIyOUHY 3aX0JIaXKUBAHHUS).

[Ipu Bo3pacTaHuM BEIMUYUHBI J; 32 OU€Hb KOPOTKUI MIPOMEKYTOK BPEMEHH AuHAMU4IecKue 3G GeKTs
CTaHOBATCS BECbMa 3HAYUTENBHBIMH, HANPSHKEHHUS CXKATHS JOCTHUTAlOT OOJNBIIMX 3HAYEHHH, 4acTo B
HECKOJIBKO pa3 MPEeBBIIIAIONINX Mpeaes IPOYHOCTH MaTepuana Ha ckaTue. [losTomy Heo0X0AuMO y4ecTb
9TU HAIPSXKECHUS B MEXaHNW3ME TEPMHUUYECKOI0 paspylleHHus MaTepuana. TpeOyercs: BBIACHUTD, KAKOH BUA
HaNpsDKEHUH JTOCTUTAET PaHbIIe CBOMX MpelesIbHBIX 3HauYeHnd. PaccMoTpuM mnactuny TommuHoi 2h. K
MOBEPXHOCTH z=+th, HaYMHAas ¢ MOMEHTa BpeMeHHU t=0, MOJBOJUTCS MOCTOSHHBIA YJENbHBIN TEMI0BOM
notok. HikHss moBepxHOCTh z= —h 1 G0KOBBIE Kpasi MIIaCTHHBI — TEIUIOU30JINPOBAHBI.

Jis m1acTHH, BBIIOJIHEHHBIX W3 IOPUCTHIX MaTepHaioB, MEAM M HEpKaBeroliedl cTamu (QyHK-
[MOHAJBHBIE 3aBUCUMOCTH (; (2 (3 paccuuThiBaimuch Ha [IK. Tepmomexanuueckue XapaKTepHUCTHKH
CTPYKTYP ¥ METAJUIOB NPEACTABIECHHI B [2]. Pe3ynbTaTsl pacueToB moka3aHbl Ha pUCyHKe 1.2.

B cnydae mopucToil rpaHUTHON ITACTHHBI (IIOKPBHITHS) TEIUIOBBIC IOTOKU MOJACUYUTAHBI JUIS LIMPO-
xoro uHTepBana Bpemennu — (107-10%) ¢. Hiknuii npenen storo uatepsana (10 ¢) — Bpems penaxcarum.
Jlnst uaTepana Bpemern 107-107 ¢ cOOTHOIMICHUS 1S BEMUUHH (), p ¥ (3 OMUCHIBAIOT MUKPOIIPOLIECCHI
JMHAMHUKH IPOLIECCOB MAapOBLIX IMy3bipeil. [Tockonbky TepMopaspylieHre 3T0 MaKponpoLece, IpUHIMaeM
ero mpoTeKAroNINM 3a Bpems 5-107-10™ c.

Y4acTKM KpUBBIX CXaTUs, ONpEAeIoUINe INMyOMHY NPOHUKHOBEHHMS MeETaula WM pasMep
OTPBIBAIOIIMXCS YACTHI] TTOKPBHITHS 8>0,3-107 M U /151 GONBIINX BENTHYMH ( M MATbIX t, SKPAHHPYIOTCS
KpuBoi mnaBneHus II, a ciaydae ManbIX TENMJIOBBIX NMOTOKOB M 3HAYUTEIBHBIX MHTEPBAJIOB BPEMEHU —
KpHuBO# pacTspkeHus |. KpuBas mmaBieHuUs MOprCTOi TOBEPXHOCTH € TIOPUCTOCTHIO €=5% MPOXOJUT 3HAYH-
TEJIBHO BBIIIE, YeM Y IOBEPXHOCTH C £€=30%, 9TO 0OBACHSIET €€ yCTOMUHNBOE XPYITKOE TEPMOPA3PYIICHHUE.

JIasi MeTamioB KPUCTaibl paspylmaroTcss mpu Hampspkenmsx no 10°-E, rae E —moxyns IOmra.
IIporecc cocTouT M3 cTanuii 3apokIeHUs TPEIIMH U UX pa3BUTH. B pesynpTare TepMHUUYECKOro BO3AEH-
CTBHA BO3HUKAIOT MHUKPOTPEIIMHBI B OOJIACTH KOHIEHTPATOPOB HANPSHKCHWH (BKIIOYCHHMH, HEOIHO-
poaHocTeii). Boicokue BHyTpeHHHE HANpSDKEHHS TAKKE MOTYT IOSBIATHCS BCIEACTBHE HEOXHOPOIAHOTO
MPOTEKaHUs TUIACTHYECKOH aedopMmanyu, MOCIe 4Yero HAcTyMaeT XPYINKOe pa3pylleHHe, aHaJOTHYHOEe
nopucroMy Matepuany. Ilmactudeckass nedopmauusi mpH 3TOM PacCMaTpUBAETCsS Kak MEPBONPHYUHA
paspyLCHHs, XOTsI OHA MOKET 3aJePKUBATh POCT TPELIHH.

B ocHoBe pa3zpylueHusi, ¢ 0OJHOI CTOPOHBI J€KaT Pa3pbIBbl MEXKATOMHBIX CBfA3€H, 00yCIOBIECHHBIE
TEIIOBBIMH (MITYKTYalUsIMU, a C APYTOM — pa3pyLICHNUE eCTh KMHETHYECKUH TePMOAKTHBALMOHHBIN MpO-
1ecc, Korjaa MPOUCXOAUT INEepeMelleHre BaKaHCHH K TpEeIMHAM, POCT KOTOPBIX ONPEACISIeT KUHETHUKY
paspymeHus. B okpecTHOCTH ocTpusl KOHLIEHTPATOpa BO3HUKAET BBICOKAsi HHTEHCUBHOCTD HANIPSKCHUH U
HACTyMaeT IUIAaCTHYeCKOoe TeUeHHe MaTepHaja WIH paclpoCTpaHEHHE XPYIKOM TpeIuHBL. YCTaHaBIIU-
BaeTCs MpeAeIbHOE PABHOBECHE XPYIIKUX TEJ C TPEIIHHAMH.

TakuMm 00pa3oM, MEXaHHW3M pa3pyIICHUs METAUIOB MPUHIMINAIBHO OTINYAETCS OT MEXaHH3Ma
pa3pylIeHHs MOPUCTBIX MaTepHalioB. Psij TepMoMexaHHYecKHX CBOMCTB Takke pasnuyueH. HecMoTps Ha
9TO, HA OCHOBE DELICHHs YpaBHEHMs HECTALMOHAPHON TEIUIONPOBOJHOCTH HPHU TPAHUYHBIX YCIOBHUAX
BTOPOTO POZAA MPOBEACHA aHAJOIWs B MOBEICHUM MAaTepHallOB B IPEACIbHOM COCTOSHHUHU. BBISABICHEI
3aBUCHMOCTHU TEIUIOBBIX IIOTOKOB OT BPEMEHU MX JEUCTBUS U INIyOHMHBI IPOHUKHOBEHUS TEMIIEPATypPHBIX
BO3MYILEHUI MO0 OT pa3Mepa OTPBHIBAIOIIUXCA HYACTHUI] MOKPBITHS, YTO MO3BOJSAET MPEICKa3bIBaTh U
NPeIOTBpAIlaTh BO3HHUKHOBCHHS TAaKMX COCTOSHUH U METaJIMYECKOH IaporeHepHpyoLed MOBepX-
HOCTH M IOAOMPATh ONTHUMAJbHBIE TEIUIOBBIE HArpy3KH IUIsI MOPUCTBIX MAaTE€PHANIOB U3 €CTECTBEHHBIX
MUHEPAJIBbHBIX CpeJl (TOPHBIX MTOPOS).
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Pucynok 1 — 3aBHCUMOCTH TEIUIOBBIX OTOKOB (;, BBI3BIBAIOIIUX HANPSHKEHUS CXKATHS B 00JIACTH KOHIIGHTPATOPOB
HAaIPSHKEHUH MOPHCTOrO IPAHUTHOTO HOKPBITHS B 3aBUCUMOCTH OT BPEMEHH JACHCTBHSA JUIS PA3IMYHOMN [Ty OHHBI
[POHUKHOBEHUS TEILIOBOM BOJIHBI O MJIM TOJIUMHBI OTPHIBAIOIIUXCS YACTHLL:

[ — HATIPSDKEHHS PACTSHKEHHS, TocTaToumbIe ams paspymenns (I', [" — Meap i HepkaBeromas cranmb, h = 0,1-107 wm),
II — onnasnenue nosepxuoctu (II', I[I" — Menp u HeprkaBerolas craip, h = 0,1-107 M), h — TonmMHA CTEHKH

= | f

Br
-

&5+

PrcyHoK 2 — 3aBrcnmocTs q = f(t), peacTaBieHHas Ha pucyHKe 1 B quamasone q = (0,25 - 0,75)-10” Br/m?

Hamu pa3paboraHa KOHCTPYKTHBHAS cXeMa KalWLISPHO-TIOPUCTON CUCTEMbI OXJIAKICHHS KECCOHA ¢
[JIACTUHAMHU 3KECTKOCTHU (PUCYHOK 3).

KoHCTpyKTHBHOE HCIONHEHHE KECCOHOB MPEICTaBIseT KopoOuaTyto ¢opmy. OHH COCTOSAT U3
Kopryca 1 B CheMHOM KPBINIKKM 2, TEPMETHYHO CKpEIUIsieMble 10 TepuMeTpy Oontamu 3. BHyTpeHHSS
MOBEPXHOCTh CTEHKH 4 TMOKPHITA KAMMJUIIPHO-TIOPUCTON CTPYKTYPOU 5, MpUKaToi mephopupoBaHHBIMU
rractTiHamMu 6. Aprepun 7 COeIMHEHBI C BEPXHUMH KOHIIAMH CTPYKTYpPBI, 4epe3 TOpel KOTOPOH K OX-
JKAaeMOU MOBEPXHOCTH TOJAETCS KHJKOCTh MAaCCOBBIMU W KAIMWILISIPHBIME CHJIaMH. HUKHUE KOHIIBI
CTPYKTYPbI OOBIYHO CBOOOHBI M MOTPYKESHBI B KOPBITIIA 8, TJI¢ CKAIIMBACTCS KHUAKOCTh 32 CYET YTEUeK,
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PucyHnok 3 — CxeMa oxJaXkAeHHsI KECCOHA KalMUIIPHO-IOPUCTON CUCTEMBI OXJIAKACHUS KECCOHA € INIACTUHAMU JKECTKOCTH:
1 — kopryc; 2 — KpbIiiKa; 3 — 60MT; 4 — CTEHKA; 5 — KaMMIISIPHO-TIOPUCTas CTPYKTYpa; 6 — IIIACTHHA; 7 — apTepusi; 8 — KOPBITIIE;
9 — orBepcrue; 10 — kanan; 11,17 — marpy6ok; 12 — tpy6a; 13,15 — komekrop; 14 — cudoH; 16 — mnacTUHBI KECTKOCTH
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PucyHnok 4 — YcraHOBKa HCIIapUTEIbHO-KOAEHCAMOHHOM KaMJUIAPHO-IIOPUCTON CUCTEMBI OXJIAXKICHUS JleTajiell (KeCCOHOB)
IUIABIJIbHOM neun: 1 — oxmaxkaaemast aetalib; 2 — mapo-napoBoil Teio0OMeHHUK; 3 — 6ak MUTaHust; 4 — KOHASHCATOP JINHUU
MOJNHUTKY; 5 — KOHAEGHCATHBIN HACOC; 6 — HACOC TMOMNHUTKY; 7 — KOHTAKTHBIH MaHOMETp; 8 — perynsaTop ypoBHS; 9 — oOpaTHBIiI
knamas; 10 — perynupyronuii BeHTub; 11 — MaHometp; 12 — aBapuitHO-peMOHTHBIH 0ak; 13 — oxyaauTens KOHIeH aTa
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KaruleyHoca Wid u30bITKa. Ha MOBepXHOCTM IJIACTHH BBIITAMIIOBAHBI YITyOJIEHHsS ¢ OTBEPCTUSIMH 9,
KOTOpbIe 00€CIeYnBaOT BBIXOJ Mapa U3 CTPYKTYpHl B KaHau 10, a Taxke CiIy>KaT yJIOBUTEISIMHU BbIOpa-
CBIBAEMBIX W3 CTPYKTYpHI Kalelb M CTEKalomeil M30BITOYHOW >XKUAKOCTH IO BHEUIHEH MOBEPXHOCTH
TUTAaCTHHBL. ApTepus coennHeHa ¢ matpyokom 11, ¢ pasBopsmmmu Tpyoamu 12 u kosnextopom 13. U3051-
TOK OXJIQXKJAIOIIEH KUIKOCTH CKAaIJIMBAETCsl B HU)KHEH 4acTH KeccoHa U cudoHoM 14 ynansercs B HIX-
HHUH KOJJIEKTOp 15 u nanee B HaKONUTENb I BO3Bparta B cucteMy. C 1ebio 00Ier4eHust KOHCTPYKIHU
COXpaHEHUSI AOCTaTOYHOH JKECTKOCTH KECCOHBI CHAOXaloTCsl pacropkaMu 16, BBIOIHEHHBIMH B BHIE
Z-00pa3HbIX nephOopUpPOBaHHBIX IUIACTHH WIN pedpamm kecTKocTd. Pedpa MoryT pacmoiaratbesi CHa-
PYXH WIN BHYTPU KOpILyca M KPBIIKH KeccoHa. Ha kpbllike, B BepXHel ee yacTu, NPUBAPEHbI NaTpyO-
ki 17 ¢ GprmaHnamu Al COeAMHEHHS ¢ maponpoBoaoM. CTPYKTypa MOXKET OBITh BBITSIHYTOW B BEPTHKAIb-
HOM HJIM TOPU30HTAILHOM HalpaBIeHUH, BEPXHHUI MM HWYKHUN KOHIBI KOTOpOH (71100 00a) coeMHEHBI C
aprepueil. IlepdopupoBanHble MIACTUHBI W3rOTABIMBAIOT IO (opMe M pa3MepaM B COOTBETCTBHU CO
CTPYKTYpO#i. BeimtamMmoBanubie iepoprpoBaHHbIe YriTyOIeHUs] B HUX MOTYT UMETh (JopMy yCeueHHOTO
KOHYCa, JTUOO MPOJOIBHBIX NA30B C OTBEPCTHSIMHU, OOPAILICHHBIX KBEPXY.

Ha pucynke 4 moka3aHa ycTaHOBKa KallWJIJSIPHO-TIOPUCTOM CHCTEMbI OXJIKACHUS AeTaneil (kecco-
HOB) TUTABIJILHOM TICUH.

JUTEPATYPA

[1] Tonser B.M., I'en6au A.A. CkopocTh pocTa MapoBbIX Iy3bIpel B OPUCTHIX cTpyKTypax // M3Bectus By3oB. MarmHo-
crpoenue. — 1990. — Ne 10. — C. 56-61.

[2] TMonses B.M., I'enbau A.H., 'en6au A.A. IIpenensHoe coCTOsIHIE TOBEPXHOCTH MPHU TepMuieckoM Bozneiicteuu // TBT.
—1991. - T. 29, Ne 5. — C. 923-934.

[3] Polyaev V., Genbach A. Control of Heat Transfer in a Porous Cooling System // Second world conference on experi-
mental heat transfer, fluid mechanics and thermodynamics. — 1991. — Dubrovnik, Yugoslavia, 23-28 June. — P. 639-644.

[4] Tomses B.M., I'enbau A.A. O6nacTu nmpUMeHEHUsI MOPUCTOU cUcTeMsl. // M3Bectus By30B. DHeprermka. — 1991. —
Ne 12. - C. 97-101.

[5] Monses B.M., I'enbau A.A. VipaBiieHue TeriooOMEHOM B IOPHUCTHIX cTpykTypax // V3Bectus Poccuiickoit akanemun
HayK. DHepreTuka u TpaHcnopt. — 1992. — T. 38, Ne 6. — C. 105-110.

[6] Ilonmses B.M., I'en6au A.A. TennooOMeH B HOpUCTOIl cucTeMe, paboTaroieil Ipy COBMECTHOM I€HCTBUM KaTMILIAPHBIX
U rpaBuTanMoHHbIX cui // Terutosnepreruka. — 1993. — Ne 7. — C. 55-58.

[7] Tenbau A.A., Kyns6akuna H.B. IIpmenonasnenre u mbUIeyIaBIMBaHUAE ¢ TOMOIIBIO IIUPKYISIHOHHOTO TICHOTEHEpaTopa
¢ TIOPUCTOM CTPYKTYpOii // DHepreTrka u TOIMBHEIE pecypchl Kazaxcrana. — 2010. — Ne 4. — C. 62-65.

[8] Iomses B.M., I'enbau A.A. Ynpasnenue BHyTpEHHUMHU XapaKTEPUCTUKAMU KUIICHUS B MOPUCTOH cucteMe // Kpnoren-
Has TeXHHKa 1 KoHauuonuposanue: CO6. Tpyno MI'TVY. — 1991. — C. 224-237.

[9] Monse B.M., Ten6au A.A. [IpumeHeHne MOPUCTONH CUCTEMBI B SHEPreTHYECKNX yCTaHOBKax // [IpoMbllLIeHHAs TeIIo-
sHepreTuka. — 1992. — Ne 1. — C. 40-43.

[10] Tomser B.M., T'enb6au A.A. Pacyer TEIUIOBBIX NMOTOKOB B IOPHCTOH cHcTeMe oxnaxkaeHus // M3Bectus By30B. ABua-
IHOHHAasA TexHUKa. — 1992. — Ne 2. — C. 71-74.

[11] Polyaev V.M., Genbach A.N., Genbach A.A. Methods of Monitoring Energy Process // Experimental thermal and fluid
science, International of Thermodynamics, Experimental Heat Transfer, and Fluid Mechanics, avenue of the Americas. — New
York, 1995. — Vol. 10, april. — P. 273-286.

[12] Tenbau A.A., I'maruenko FO.A. CucteMbl OXJIaKACHHS TEIUIOHATPY>KEHHOTO 3JIEMEHTA JICTOHAMOHHOTO TOPEIOYHOTO
ycrpoiictBa — Kamepsl cropanus, nuddysopa, koudysopa / Bectauk Kaz HTY. — Anmatsr, 2007. — Ne 4(61) utons. — C. 87-91.

[13] Tenbau A.A., InonrtkoBckuit M.C. IlopHcThIi NBLUIEra30y/IOBUTENb C YIPABIIEMOH IeoMeTpHeil MHKpOKaHAloB //
DHepreTuka U ToIuMBHBIE pecyperl Kazaxcrana. —2010. — Ne 4. — C. 59-61.

REFERENCES

[1] Polyaev V.M., Genbach A.A. Skorost' rosta parovyh puzyrej v poristyh strukturah // Izvestija vuzov. Mashinostroenie.
1990, N 10, P. 56-61 (in Russ.).

[2] Polyaev V. M., Genbach A.N., Genbach A.A. Predel'noe sostojanie poverhnosti pri termicheskom vozdejstvii //
Teplofizika vysokikh temperatur (TVT). 1991, Vol. 29, N 5, P. 923-934 (in Russ.).

[3] Polyaev V.M., Genbach A.A. Control of Heat Transfer in a Porous Cooling System, Second world conference on expe-
rimental heat transfer, fluid mechanics and thermodynamics. 1991, Dubrovnik, Yugoslavia, 23-28 June, P. 639-644 (in Eng.).

[4] Polyaev V.M., Genbach A.A. Oblasti primenenija poristoj sistemy. // Izvestija vuzov. Energetika. 1991, N 12, P. 97-101
(in Russ.).

[5] Polyaev V.M., Genbach A.A. Upravlenie teploobmenom v poristyh strukturah // Izvestija Rossijskoj akademii nauk.
Energetika i transport. 1992, Vol. 38, N 6, P. 105-110 (in Russ.).

[6] Polyaev V.M., Genbach A.A. Teploobmen v poristoj sisteme, rabotajuschej pri sovmestnom dejstvii kapilljarnyh i
gravitacionnyh sil // Teploenergetika. 1993, N 7, P. 55-58 (in Russ.).

—— 250 ——



ISSN 2224-5278 Cepus ceonoeuu u mexnuueckux Hayk. Ne 2. 2017

[71 Genbach A.A., Kulbakina N.V. Pylepodavlenie i pyleulavlivanie s pomosch'ju cirkuljacionnogo penogeneratora s poris-
toj strukturoj // Energetika i toplivnye resursy Kazakhstana. 2010, N 4, P. 62-65 (in Russ.).

[8] Polyaev V.M., Genbach A.A. Upravlenie vnutrennimi harakteristikami kipenija v poristoj sisteme // Kriogennaja tehnika
i kondicionirovanie: Sbornik trudov MGTU. Moscow, 1991, P. 224-237 (in Russ.).

[9] Polyaev V.M., Genbach A.A. Primenenie poristoj sistemy v energeticheskih ustanovkah // Promyshlennaja
teploenergetika. 1992, N 1, P. 40-43 (in Russ.).

[10] Polyaev V.M., Genbach A.A. Raschet teplovyh potokov v poristoj sisteme ohlazhdenija // Izvestija vuzov. Aviacionnaja
tehnika. 1992, N 2, P. 71-74 (in Russ.).

[11] Polyaev V.M., Genbach A.N., Genbach A.A. Methods of Monitoring Energy Process // Experimental thermal and fluid
science, International of Thermodynamics, Experimental Heat Transfer, and Fluid Mechanics, avenue of the Americas. New York,
1995. Vol. 10, april. P. 273-286 (in Eng.).

[12] Genbach. A.A., Gnatchenko. Y.A. Sistemy ohlazhdenija teplonagruzhennogo elementa detonacionnogo gorelochnogo
ustrojstva — Kamery sgoranija, diffuzora, konfuzora // Vestnik Kaz NTU. Almaty, 2007, N 4(61), July, P. 87-91 (in Russ.).

[13] Genbach A.A., Piontkovskiy M.S. Poristyj pylegazoulovitel' s upravljaemoj geometriej mikrokanalov // Energetika i
toplivnye resursy Kazakhstana. 2010. N 4. P. 59-61 (in Russ.).

A. A.Tenbay, H. O. IxxamaHKy/10Ba
ATMaThI SHEpreTHKa JKoHe OaiiylaHbIC YHUBEPCUTETHI, AMaThl, Kazakcrtan

JKOFAPBI OHIM/II KATUJLISIPJIBIK-KEYEKTI KBLTY IIBIFAPATBIH
JKYUEJIEPJI JAMBITY

AnHOTanusi. BankpITy nemTepiHiH KEeCCOHAApbhIH CAaNKBIHIAATYbIH KaNHUISPIIbl KEYeKTl xkKyieci KypacTbl-
pbuIFaH. Anartap/blH 6acTbl ce0ebi KepHeyep Il OFBIPIATKBII OOJIFaH/IBIKTaH KUPATYIIbI XKbUTY aFbIHBIH aHBIKTAY
OolibiHIIa cypakrap Kapactbuiajbl. lllemrimM keyekTi KanTamaliap MeH METaUIIbIK MaTepHaigapra apHajibin Oepin-
reH. Co3blly, CBIFy oHE OalKy ocepiHeH MaTepuasIblH OY3bUIyBIH TYBIHIATAaTHIH aHbIKTaymFaH. JKbuly arbiHIa-
PBIHBIH 9Cep €Ty yaKbIThl alKbIHAAIbI. KepHeyep i MOoFpIpIarbIlIThIH MaHAWBIH/AA KBUTY aFbIHIApBIHBIH 9p-TYpPJIi
€HY TEePCHIIITT MEH KEeyeKTi KalThIH BIIbIpay OOINIeKTEePiHiH eIIeMaepi KapacThIpIIFaH. Z-MIIIiHAI KaTaHIbIK I1ac-
THHANIAPHI 0ap KECCOHIBI CANKBIHAATYABIH KalMUIAPIBl KEYeKTi KYHECiHIH KOHCTPYKTOPIBIK CYI0achl YCHIHBUIFaH
JKOHE OalIKBITy MEUIiHIH OeiIeKkTepiH (KeccomaphlH) KamWwUILIPIsl KEYeKTi CANKBIHAATY XYHECiHiH OyIaHIbIpy
KOHAEHCALUSIIBIK KOHBIPFBICH! KOPCETIITeH.

Tyiiin ce3mep: KanMULIPIIbI KEYEKTi KyHeci; KeCCOHIapIbl CAJIKbIHIATHIH KYHeci; KepHEeYIep MOFbIPIATKBIIL;
KBTIy aFbIHBI.
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