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Pedepar. Ha ocHOBe 4MCIIEHHOIO MOJEIUPOBaHMS NPOLECCOB MEPEHOCA TEIUIOTHI U MAacChl B
OTaNIMBaEMOM MOMEIIEHUHU BBIMOIHEHO HCCIIE0BAaHUE JIOKANBHBIX XapaKTEPUCTUK TETI000MEHa
Ha BHYTPEHHHX TOBEPXHOCTSIX OTPAKICHHUN B YCIIOBUSIX €CTECTBEHHON KOHBEKLMH. AHAIHU3 OCy-
IIECTBJIEH Ha OCHOBAHMH PACIIPE/CICHUII TeMIepaTypbl HOBEPXHOCTH, KOHBEKTUBHOIO K03(du-
LIUEHTA TeII000MEHa, Y/IIbHOIO KOHBEKTHBHOTO M Y/IENBHOTO PaJHallMOHHOTO IIOTOKOB. Paspa-
GoTaHHas ABYMepHas (U3MKO-MaTeMaTH4YecKas MOJIENb YUHTHIBACT CIIOXKHBIH COMpPSIKEHHbIN TeIIo-
OOMEH B OTpaX<JarOIIUX KOHCTPYKIMSAX U B CBOOOJHOM IPOCTPAHCTBE HOMEIIEHHMH, BIUSHUE BHA
OTOIHUTENIBHOTO NMPHOOpa Ha MPOLECCHl MEPEHOCa. YUUTHIBACTCA KOHCTPYKTHBHAS HEOIHOPOAHOCTH
OTpaXXIEHNH 1 3aIIOTHEHHS CBETOBBIX POEMOB. MoIeNb Takke CONEPIKUT YPABHEHMS PaIHalliOHHO-
TO TEIUI000MeHa MEXy MOBEPXHOCTSIMI BHYTPH ITOMEIICHNS, OKOHHBIME CTEKJIAMH U OKpY’Kalomen
cpenoii. [IpencTaBneH aHaN3 JTOKAJBHBIX XapaKTEPHUCTHK TEINIOOOMEHa Ha BHYTPEHHHUX MOBEPXHO-
CTSIX OKHA, HIDKHEH YacTW HapyXXHOI CTEHBI, PacHOJIOKCHHON MOJ OKHOM, M Toia. PaccMoTpens
4eThIpe BHUA HarpeBaTelieil: paanuaTop, KOHBEKTOP, MOJOKOHHAS! OTOMHUTENbHAS TTaHeIb 1 HAIIOIBbHOE
oToIUIeHHE. BhIsBIeHA CylecTBEeHHAs: MPOCTPAHCTBEHHAS HEOTHOPOJHOCTD PACIIPEACIICHUS apa-
METPOB TEIIIO00MEHA HAa BHYTPEHHHX HOBEPXHOCTSIX OTPaXKACHUH, 00YCIOBICHHAs. BUIOM OTOIH-
TenpHOrO pubopa. Hanbomnee Oiuskuii XapakTep pacupeneiaeHii COOTBETCTBYIOIINX BEIHINH HA
MIOBEPXHOCTH OTPaKACHMIT HAOIIOJaeTcsl B YCIOBHAX NPUMEHEHUS PAAuaTopa U KOHBEKTOPA, YTO
OTIPEAENAeTCS] 3HAYUTENBHBIM CXOJICTBOM IIOJISH ITapaMeTPOB MHUKPOKINMAaTa B IIOMEIICHUH B
9THX BapuaHtax. OOHapyKeHBI XapaKTepPHbIE OCOOCHHOCTH (OPMHUPOBAHHUS JIOKATBHBIX MapameT-
POB TemIo00MeHa Ha BHYTPEHHHUX MOBEPXHOCTSAX PACCMOTPEHHBIX OTPAXKJAIOMNX KOHCTPYKIIHH.

KnroueBble ci0Ba: 4iCIEHHOE MOJACIMPOBAHUE, TEIUIOOOMEH, MOMEIIEHHE, OTPaKatomas KOH-
CTPYKIHSI, OTONUTENBHEINA IPHOOP
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Local Values of Heat Transfer Parameters
on the Interior Surfaces of the Building Envelope

A. E. Zakharevich"
YBelarusian National Technical University (Minsk, Republic of Belarus)
Abstract. The investigation of local heat-transfer characteristics on the interior surfaces of the

building envelope under natural convection conditions was carried out on the basis of numerical
simulation of heat and mass transfer processes in the heated room. The analysis was based on the
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distributions of surface temperature, convective heat-transfer coefficient, convective heat flux and
radiative heat flux. The developed two-dimensional physical and mathematical model takes into
account the complex conjugated heat transfer in the building envelopes and indoor free spaces, the
influence of heater type on the transfer processes. Constructional irregularities of the structures
and the windows are considered. The model also contains the equations of radiative heat transfer
between indoor surfaces, window panes and outdoor environment. The publication presents the
analysis of the local heat-transfer characteristics on the interior surfaces of the window, the lower
part of the external wall located beneath the window, and the floor. Four types of heaters are
considered: radiator, convector radiator, wall-radiator under the window and the floor heating.
The study reveals considerable heat-transfer parameters spatial nonuniformity on the interior surfaces
of the building envelope conditioned by the type of the heat emitter in use. The radiator and the con-
vector radiator use shows the closest distribution character of the corresponding values on the building
envelope surface, the fact predicated upon considerable similarity of the indoor-microclimate para-
meter fields in these variants. The characteristic features of the heat-transfer local parameters forming
on the interior surfaces of the considered enclosing structures were discovered.

Keywords: numerical simulation, heat transfer, room, building envelope; heat emitter

For citation: Zakharevich A. E. (2016) Local Values of Heat Transfer Parameters on the Inte-
rior Surfaces of the Building Envelope. Energetika. Proc. CIS Higher Educ. Inst. and Power Eng.
Assoc. 59 (1), 56—64 (in Russian)

BBenenue

OrpaxkaeHust Hapsoy ¢ CHCTEMaMH OTOIUICHUSI, BEHTWISIIUK W KOHIWIHO-
HUPOBAHUS BO3/yXa y4acTBYIOT B (JOPMUPOBAHMU MApaMETPOB MUKPOKIMMATa
B moMelneHusx. MccnenoBanus MHOrMX BUAHBIX y4eHbIX, B ToM unciie K. @. ®o-
kuHa [1], B. H. Borocnosckoro [2], B. I'. T"arapuna [3] u FO. A. TaOynuwkosa [4],
HOCBSIIEHbl W3YYEHHIO TEIJIOMAacCOOOMEHAa BHYTPU CTPOUTENILHBIX KOHCTPYKLHUM
W Ha MX MOBEPXHOCTSIX. Jl0CTaTOMHO 3HAYMMBIC M3MEHEHHUs TpeOOBaHUH K TeIUIo-
3aIIUTHBIM CBOMCTBAM OIPaKACHHUM, NPOM3OLICINE B MOCIECIHEE BPEMs], M03BO-
JISIFOT YTBEPIKAaTh, UTO UCCIIEI0BaHKE MPOLIECCOB MEPEHOCA B OTPaXKIACHUAX U Ha UX
MOBEPXHOCTSIX MPEACTABIAECT HAYUHBIH 1 IPAKTHIECKUI HHTEpeC.

B paspaboranHOli  IByMepHOW (U3NKO-MaTEeMaTHUECKON MOJENH, MpHUBeE-
NEeHHOM B [5], yuTeHa COMpPsIKEHHOCTh Pa3lM4yHBIX BUIOB MEPEHOCA TEMJIOTHI
B OTPaKACHUSX M B CBOOOAHOM IPOCTPAHCTBE OTAIIMBAEMBIX IOMELICHMH,
BJIMSIHUE Ha 3TH IPOLECCH BHJA OTONMHUTENBHOTO MpUOOpa. YUHUTHIBAIOTCS KOH-
CTPYKTHBHAsl. HEOJHOPOJHOCTh OTPAKIEHUM M HaJUYHE CBETOBBIX IIPOEMOB.
Pa3zpaboranHast mporpamMma BKJIIOYaeT B ceOsi OJOK pacueTa paauarioHHOTO
TEII000MEHa MEX]ly MOBEPXHOCTSIMH BHYTPH MOMEIICHUs, OKOHHBIMHU CTEKIIa-
MU U OKpy’Karomieil cpenoil. CTeneHb COOTBETCTBUS JBYMEPHON MOJAEIHN peallb-
HBIM TPEXMEPHBIM IIpOLIEccCaM MPOBEpPEHa B IKCIIEPUMEHTAaX.

B Hacrosmiee Bpems uccienoBareny MUpOKo MPUMEHSIOT MaTeMaTHYECKOE MO-
TIENMPOBaHNE KaK HETIOCPEICTBEHHO TS aHATN3a TeII000MeHa orpakaeHuit [6—8],
TaK ¥ U OTpeleNieHus] SHepronoTpedaeHns npoekTupyeMsix [9, 10], a Takxke
CYILECTBYIOLINX 31aHUH, HAIPUMED B paMKaX 3HEProayaura.

B nanHOl nmyOnuKanyuy NpeAcTaBIeHbl Pe3yabTaThl YUCICHHOTO MOACIHPO-
BaHUsI MPOIECCOB TEIUIOOOMEHA B OTAINTMBAEMOM ITOMEUICHUH B YCIIOBHAX €CTe-
CTBEHHOW KOHBEKILIHH.

Onucanne 3agauu

PacueTtnas o0macThb MpeaACTaBJIACT co0oif BepTI/IKaJIBHHﬁ Pa3pe3 NOMCUICHUA
IMoCEepEANHE OKHA. Ilomemenue PacCIiojio’)K€HO Ha HMXKHEM OTaXE 3aHUA, CHU-
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3y — moaBai ¢ temmeparypoit 5 °C. B cMeXHBIX ITOMEMICHISIX 3a/laHa TeMIlepa-
Typa Bozayxa 20 °C. BeicoTa moMerneHus coctaBiser 2,5 M, aimuHa — 6,0 M.

Matepuan Hapy>KHOTO M BHYTPEHHETO CJIOCB HAPYKHOIM CTEHOBOH MaHeIn —
XKeNe300eTOH, B Ka4eCTBE TEIUIOM30JSILIMOHHOTO CJI0S IPUHAT MEHOIOIUCTHPOI.
OxoHHast pamMa ¥ TOJOKOHHUK — W3 JpeBecHHBl. Kamepsl cTexiomakeTa mpen-
CTaBJICHBl MAaTEPHAJIOM C AKBUBAJICHTHBIMH TETUIO(U3NIECKIMH XapaKTEePHCTH-
kaMu. Marepuan HepeKpbiTHii 1 BHYTPEHHEH CTEeHBI — jkene3o00eToH. s wuc-
KITFOUCHUSI BIIVMSIHAS Ha KOHCUHBINA PE3yJbTaT aMIUIUTY Il CYTOYHBIX KOJICOaAHMH
TeMIlepaTypa Hapy>KHOTO BO3yXa 3a/laHa IOCTOSTHHOH — muHYC 24 °C.

[TyOnukarmst [11] mo3BonsAeT 03HAKOMHUTBCS C XapaKTePOM PaCUYETHBIX II0-
Jiel mapaMeTpoB MHUKPOKJIMMAaTa B OTAIUIMBAEMOM TOMEIICHUU MPU HCIIONb30-
BaHUH PAa3TUYHBIX BUAOB MPHOOPOB.

Ienb paboOThl — MPOAHAM3UPOBATH OTJIMYHS B YCIOBUSX TEIUIOOOMEHA Ha
BHYTPEHHHX MOBEPXHOCTSIX OTPAYXKACHUN TPU UCTIOIH30BAHAN PA3IINIHBIX BUOB
OTOMHTENBHBIX TPHOOPOB. PaccMOTpeHbI YeThIpe BUa HarpeBaTeseii: paguarop,
KOHBEKTOpP, MOJOKOHHAs OTONWTENbHAsl IaHellb W HamoJbHOE OTOIUICHHE.
Harpyska npubopoB 3amaHa B COOTBETCTBHH C TEIUIOBBIM OallaHCOM, OIperie-
JICHHBIM TI0 TPAAUIIMOHHON METO/IHKE.

Jns uccnepoBaHus OCOOCHHOCTEH TEIUIOOOMEHA HCIONB30Ball Tpaduku
pacrmpeeneHus ClIeqyIoUMX BeJUUnH: TeMuepaTypbl noBepxHoctu 7T, °C; KoH-
BEKTHBHOTO KO>((HIHEHTa TEmIoooMena oy, B1/(M*K); ynenbHOro KOHBEK-
THBHOTO TIOTOKA ¢, BT/M’; yIIENBHOTO paMalmORHOTO MOTOKA ¢, BT/M.

B pazpaboranHoil MOAeIr MECTHOE 3HAUYEHHE O OMPEICIISUIN HA OCHOBE JIO-
KaJIbHBIX XapaKTEPUCTHK IOTOKA. BEIWYHMHY ¢, PACCUUTHIBAIM IO MECTHBIM
3HAYEHHSIM O, B PA3HOCTH TEMIIEpATyp MOBEPXHOCTH M OMBIBAIOIIETO BO3IyXa,
g, HaXOJIMIIH C TIOMOLIBIO METOAA calbo [5].

3HaYeHNs g U g, ABIAIOTCA MOJOKUTEIbHBIMH, €CIM IOBEPXHOCTh OrpakK-
JCHUS TOJTyYaeT TeIwIoTy. B cilydae oTmaun TEIIOTHl MOBEPXHOCTBHIO OTrpaxje-
HUS TaHHBIE BEITMYUHBI TPUHUMAIOT OTPHIIATENbHbIE 3HAUCHMS.

Pe3yabTaThl pacueToB

I'paduku N3MEHEHUS MICCICAYEMbBIX BEIMYUH HA BHYTPEHHUX IMOBEPXHOCTSIX
OKHA, HI)KHEH 4YacTh HApY>KHOH CTEHBI, PACIOJIOKEHHOM MOJ OKHOM, M IMOja
COOTBETCTBCHHO TIpEICTaBICHBI Ha pHcC. 1-3. Bemmunna H Ha BepTUKAIBHBIX
0CSIX Tpa)MKOB — 3TO PACCTOSHHE OT IMOJia TMOMEIICHHS JI0 paccMaTpUBACMOM
TOYKU HAa BEPTUKAIBLHOM orpaxaeHuu. [lapamerp X Ha rOpU30HTAIBHBIX OCAX
MOKAa3bIBACT PACCTOSHUE OT BHYTPEHHEHN MOBEPXHOCTU HAPY>KHOM CTEHBI 10 pac-
CMaTpHUBaEMOTr0 MECTa I0JIa.

[Ipoananmm3upyeM OCHOBHBIE OCOOEHHOCTH TMPOCTPAHCTBEHHOTO pacIpeie-
JICHUS UCCIIeyeMbIX apameTpoB. Ha puc. 1 HaOmronaroTes pa3iuuvs B HHTCH-
CUBHOCTHA KOHBEKTHBHOTO W PaJMAIMOHHOTO TEIUIOOOMEHOB HAa MOBEPXHOCTH
OCTEKJICHUSI M MOBEPXHOCTAX BEPXHEN M HMXKHEH yacTell OoKOHHOU pambl. Jlepe-
BSHHBIE JJIEMEHTH MMEIOT Oojiee BBICOKYIO TeMIIepaTypy, €M IOBEPXHOCTH
crekna (puc. 1a). 3Ha4YeHUS yACTHLHOIO KOHBEKTUBHOTO MOTOKA, MOCTYIAIOIIETO
Ha BHYTPEHHIOIO MOBEPXHOCTh CTEKJIa, B MOJTOpa-IBa pa3a 0oJjblle, YeM Ha 10~
BEPXHOCTH JEPEBIHHBIX DJIIEMEHTOB pamsl (puc. 1¢).
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Puc. 1. Pacpenenenue napaMeTpoB 10 BHYTPEHHEH MOBEPXHOCTH OKHA:

a— temmeparypa I b — KOHBEeKTHBHBII KO PHIHEHT TEINI0O0OMEHA 0
C — yZeIbHbI KOHBEKTUBHBIH MOTOK ¢,; d — y/IeIbHBINA PaNallMOHHBIN ITOTOK ¢p;
1 —pazguarop; 2 — KOHBEKTOD; 3 — HOJOKOHHAs MaHeNb; 4 — HAIOJIbHOE OTOIICHHE

Fig. 1. Parametrization over the inside window-surface:
a — temperature 7, b — convection heat-transfer coefficient o,
¢ — convectional heat flux ¢,; d — radiative heat flux g,;
1 —radiator; 2 — convector radiator; 3 — wall-type radiator; 4 — floor heating

B cooTBeTcTBHM C 3aKOHAMHM TEpEeHOCa TEIIOBOTO M3TyYCHHS TOHMKEHHOE
3HAYEHUE TEeMIIEPaTypbl OCTEKJICHUs JOJDKHO ObUTo OBl MpHBECTH K Oojiee WH-
TEHCHBHOMY TIOCTYIUICHHIO pPaJWMallMOHHOW TEIUIOTHI HA MOBEPXHOCTHh CTEKIA,
94eM Ha MOBEPXHOCTH JEPEBSIHHBIX dIeMEHTOB. OnHAKO KO (HUIIMEHT MOTJIoNIe-
HUSl OCTEKJICHHS C CEJEKTUBHBIM MOKpbITHEM paBeH 0,1 (4To B OeBsTH pas
MEHBIIE, YeM Y JACPEBSIHHBIX MEperuieToB). B utore ynenpHbIN pagnaoHHbIH
MOTOK, MOTJIOIIAEMBIH TOBEPXHOCTHIO OCTEKIICHHS, B TSTh Pa3 MEHBIIIE, YeM IS
JIEPEBSIHHBIX A7IeMeHTOB (puc. 1d).
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Puc. 2. Pacipesenenne napaMeTpoB 10 BHYTPEHHEH MOBEPXHOCTH HAPYKHOM CTEHBI —
HIDKHEW 4acTH, pacroioKEeHHO! 1o OKHOM (0003HaueHus Ha puc. 1)

Fig. 2. Parametrization over the inner surface of the external wall —
lower part under the window (notations in Fig. 1)

Ha6mromgaeTcs cnenyromasi o0coOeHHOCTh. CBEpPXY OKOHHBIN OJIOK KOHTAKTH-
pYeT C JKele300€TOHHBIM TOPIIOM CTEHOBOW MAaHENH, KOTOPBIM IPEICTaBIIICT
co0o#t «MocTHK xoJiofiay. [1o 3TOW mpuYMHE BEPXHSISI 4acTh JIEPEBSIHHON KOH-
CTPYKITUH 3aII0JTHEHNSI OKOHHOTO MpoeMa (Ha CTHIKE C MaHENbI0) UMEET TeMIle-
patypy Oornee HU3KyI0, 4eM TeMmIieparypa ocrekieHus. CHHU3Y KOHCTPYKIIHS
CBETOMPO3PAYHOTO OTPAKICHUS TAKKE COMPATACTCS C TOPIIOM IMAHENH, KOTOPHIH
OKa3bIBAET aHAJIIOTUYHOE BIHSHME HA IOJIE TEMIepaTyp 3aloNHEHUS OKOHHOTO
npoema. Ilpy wKcrnonb30BaHMM NOJOKOHHOM OTONUTENBHON MAHENH HIKHSISL
4acTh JICPEBIHHONW KOHCTPYKIIMU UMEET 00JIee BBICOKYIO TEMIIEpaTypy IO CpaB-
HEHUIO C JaHHBIMH JUTSI IPYTHX TPUOOPOB, YTO CBA3aHO C MOCTYIICHHEM TEILIO-
THl OT HarpeBaTeNbHBIX 3JEMEHTOB, PACIOJIOKEHHBIX B HIDKHEH 4acTH HapyX-
HOM CTEHBI.
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Puc. 3. PacnipenesieHre mapaMeTpoB 110 MOBEPXHOCTH I10J1a HAJl II0JBAJIOM
(0bo3HaueHus Ha puc. 1)

Fig. 3. Parametrization over the floor surface atop the basement
(notations in Fig. 1)

Bo3ayx, KOHTaKTHpPYsI C XOJIOJHOW MOBEPXHOCTHIO OCTECKJICHHS, OCTHIBAET
U TOJl JCWCTBHEM TPaBUTAINMOHHBIX CHJI JIBUXKETCS BHH3. BcCleacTBue Takoro
HaTpaBJICHUs IBUKCHUS BO3/IyXa TeMIIEpaTypa BHYTPEHHEH TOBEPXHOCTH CTEK-
Jla MOHIKAETCS B HaIpaBIIEHWH CBepXy BHH3 moutd Ha 2 °C (puc. la, obmacTth
ot 2,0 mo 1,0 m).

Pacnipenenenus mapamerpoB, XapaKTEpPH3YIONMUX TEIIOOOMEH 3arOJIHEHUS
OKOHHOT'O TpoeMa JUIs BCEX YEThIpeX BHJIOB MPHOOPOB, MMEIOT MOJOOHBIN Xa-
pakrep. OCHOBHOE OTJIMYME 3aKIOYAaeTCs B Pa3sHOM COOTHOIICHHHM KOHBEK-
TUBHOW W JYYHCTOU JToJIel B COCTaBe OOIIEro MOTOKA TEIUIOTHI AJIi BAPHAHTOB
C KOHBEKTOPOM MJIM paavuaTopoOM U JJid BapUAHTOB C IMOJOKOHHBIM WUJIM HAIIOJIb-
HBIM OTOIUICHHEM (puc. 1c, d).

I'padmku pacnpeneneHus TemmepaTypbl Ha TOBEPXHOCTH HIDKHEW dYacTH
Hapy>XHOH CTCHBI, PACIIOJIOKCHHOM O] OKHOM, IIPH MCIIOJIb30BaHUU PaccMaT-
pUBaeMBIX PUOOPOB 00JIaAa0T CXOACTBOM (pHC. 2a). boslee HU3KKME 3HAUCHUS
B BEpXHEHW M HIDKHEH JacTsaX rpa(uKoB CBSI3aHBI C OXJIKIAIONINM JIEHCTBHEM
TETUIOMPOBOIHBIX JKeTIe300€ TOHHBIX TOPIIOB CTEHOBOW MaHEIH.
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CpaBHHM 0COOCHHOCTH TEINIOOOMEHA TTOBEPXHOCTH HAPY>KHOM CTEHBI B Paii-
one ormerkn 0,4 M B BapuaHTax C NMPUMEHEHHEM paJuaTopa W HaIOJIFHOTO
ororyieHus. [loBepXHOCTh HarpeBaeTcsi 3a CYET MOCTYIUICHHSI JTYYHUCTON TeIuio-
ThHI, B TO K€ BpeMSI KOHBEKTHBHBIA TEIIIOOOMEH MPaKTHYECKH OTCYTCTBYET IO
MpUYuHE MPUOIIKEHUST TEMIIEPATyphl MMOBEPXHOCTH K TEMIIEPaType OMBIBAO-
e Bo3aymHo# cpensl (puc. 2c, d). Ilpu 3tom HaOMIOAAIOTCS TOHWUKCHHBIC
3Ha4YeHHsI KOHBEKTUBHOTO Kod((pHUIIMEeHTa TeIuIooOMeHa.

Bricokas TemmepaTypa mOBEpXHOCTH TP UCTIOIB30BAHNH MTOJTOKOHHOM OTO-
MUTETIbHON MaHenu oOycloBiMBaeT Oojiee BBHICOKOE 3HAUEHUE KOHBEKTHBHOTO
koad¢uImerTa TeriooOMeHa A AaHHOro mpuoopa (puc. 2b). IIpomcxomut
WHTEHCHUBHBIN TEIUIOChEM C TIOBEPXHOCTH TMaHENH, K TOMY )K€ TeIUIoOTAada 13-
JIYUYCHHEM BBILIC, YCM KOHBCKTHUBHAsA TCILIOOT/a4a.

[Tomobue pacrpeneneHnii COOTBETCTBYIOIINX BETMYHH HA IMOBEPXHOCTH I10-
Ja B YCJIOBUSAX NMPUMEHEHHS paauaTopa W KOHBEKTopa (puc.3) ompenemnsercs
3HAYUTCIIbHBIM CXOACTBOM noaeun pacnpeaciCcHd mapaMeTpoB MUKPOKIMMATa
B 3TuX BapuaHTaX. [IpW MCHONB30BaHWH TMOAOKOHHON OTONMUTENBHOW ITaHEIH
OCHOBHOE OTJIMYHE YCJIOBHI TEIUIOOOMEHA Ha TIOBEPXHOCTH I0JIa HAOIIOAaeTCsI
B 005acTH, MpUMBIKAONIeH K Hapy»XHOH cTeHe. B maHHOM BapuaHTe TeIuora,
BbIJIEJIIEMasl HarpeBaTEIbHBIMU JJIEMEHTAMH, BCJICACTBHE TEILIONPOBOIHOCTH
OTPaXIAIOMINX KOHCTPYKIMH JOCTUTAET MEPEKPBITHUS U KOHCTPYKIUH T10J1a, JI0-
KaJIbHO TOBBIIIAs ero TeMmeparypy (puc.3a). [loaToMy moBepxHOCTH B Mpefe-
nmax 1,5 M oT Hapy>KHOH CTEHBI OTAAET TEIUIOTY 3a CYeT KOHBEKIHH (puc. 3¢).
B pacuerax ¢ pagmatopom, KOHBEKTOPOM M HAIOJBHBIM OTOIUICHHEM IOBEpPX-
HOCTP II0JIa BO3JI€ HAPYKHOW CTEHBI MMEET MOHIKEHHYIO TeMIIepaTypy BCIE-
CTBHE OXJIXKJIAIOIIETO BIUSIHAS CThIKA CTCHOBBIX MaHEJICH.

MaxkcuManbHOE OTIHYHE TOJIeH pacipeesieHus TapaMeTpoB MUKPOKINMaTa
M COOTBETCTBEHHO TpauKoB Ha puc.3 HaOIromaercs NpH HCIOIb30BAHUH
HaroJbHOTO OTOMIeHUSA. OTOMUTENbHBIE SIEMEHTHI PACIIONOKEHBI B KOHCTPYK-
iy nojia ot 0,1 mo 5,6 M 1 00ecTieunBaIOT PAaBHOMEPHOE BBIIEIICHUE TETUIOTHI.
[TockonmpKy BO3IIyX ABYDKETCS BIOJH ITOBEPXHOCTH II0OJIA OT HAPY)KHOH CTEHBI
B TTIyOb MOMEIEHHs, TO OCHOBHOM HarpeB MPOMCXOAMT MpPU KOHTaKTe ¢ oOJia-
CTBIO TIOJTa, IPUIIETAOIIEH K HapyKHOMY orpaxkaeHuro. [lo mepe mpoaBmxeHus
K BHYTPEHHEH CTeHe BO3IyX Bce Oojiee HArpeBaeTcs W TEIDIO0Taada MOBEPXHO-
CTH TEIJIOro I0Jia 3a cueT KOHBEKIMH yMeHbIIaeTcs (puc. 3¢). B ycmoBusx 6o-
Jiee HU3KOTO KOHBEKTHBHOTO TEIUIOCHhEMA C YYaCTKOB, PACIIONOKEHHBIX JANbIIE
OT OKHAa, TIOBEPXHOCTh T0JIa UMEET B ITUX 30HaX O0Jiee BBICOKYIO TEMIIEPATYPY
Y COOTBETCTBEHHO IOBBIICHHYIO TEILIOOTAAa4Yy U3Iy4eHueM (puc. 3a, d).

[Ipu wcmonp30BaHNM HATOJIHHOTO OTOIUICHHS IMOBEPXHOCTh TOJIA B 30HE
0,2 M OT Hapy>XHOU cTeHBI U B paiioHe 0,5 M OT BHYTPEHHEW CTECHBI YCBaUBAET
TEIUIOTY, MepeJaBaeMyr0 BO3AYIIHON CpelIoil MOMENeHHs, YTO BUIHO IO JIaH-
HBIM, TIPUBEIEHHBIM Ha pHC. 3C.

BBIBO/JbI

1. TlomyuyeHbl aHANOTUYHBIE PE3YIBTAThl JUIsl COOTBETCTBYIOIIMX OIpaxje-
HUH 1 IPUOOPOB B CIydae PacHoIOKEeHHS MOMEIIEHHA Ha CPEAHEM U BepXHEM
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dTakax 37aHus. BBISBIIEHBI 0COOCHHOCTH (POPMHUPOBAHUS PACTIPEICICHUM JIO-
KaJbHBIX MapaMeTpOB TEIUIOOOMEHA Ha BHYTPEHHHX MOBEPXHOCTSAX OTPa)Iaro-
IIUX KOHCTPYKIUH, OIpelenseMble BHUAOM OTOMUTEIBLHOrO MPUOOpPa, TEIUIo-
TEXHUYECKUMH XapaKTEPUCTHKAMU OTPAXKICHUH W YCIOBUSIMH TEIUIOOOMEHa
C HapYXXHOU CcTOPOHBI. [y mccmenoBaHHBIX yCIOBHHA KO3(D(PHUIMEHT Teroos-
MEHA, YUMTHIBAIOIIMNA KaK KOHBCKTHUBHBIN, TaK U PaJMAlMOHHBIN MEPEHOC Tel-
noThl, coctaBmsier 2-4 Br/(M*-K), 9TO MeHbIIE HOPMATHBHOTO 3HAYCHHS
o, = 8,7 Br/(m*K) [12].

2. Tlpu ucnonp30BaHWM paauaTopa M KOHBEKTOpPA OTMeuaeTcs HamOoliee
ONMU3KWI XapakTep pacrpe/ieleHuii COOTBETCTBYIOIINX BEJUYWH HA TIOBEPXHO-
CTH OTPaXKJICHHH, YTO ONPEIeIsIeTCs] 3HAYUTEIBHBIM CXOJICTBOM ITOJIeH pacmpe-
JICJICHUS TTapaMeTPOB MUKPOKJIMMATa B IOMEIICHUH B 3THX BapuaHTax. B Bapu-
aHTax C IOJIOKOHHON OTONHTEIbHOW IMAHENbI0 W HAIMOJIBHBIM OTOIUIEHUEM
MPHUHIUITUAIBHO OTIMYAIOTCS PACHpPEeICHUsT MapaMeTpOB Ha TOBEPXHOCTH
OTpaXJICHUI, B KOTOPBIX Pa3MEIIAIOTCs HATPEBATEIBHBIC DJIEMEHTHI.

3. [MonyuuTh Hanboee JOCTOBEPHYIO U ICTALHYIO KapTUHY pacrpeIeeHust
XapaKTEPHBIX BEJIMYHH (B YACTHOCTH, TEMIICPATYPBI Ha MOBEPXHOCTAX Orpaxk]ie-
HUH) IpY MUHUMAJIBHBIX 3aTpaTaxX BPEMEHHU U CPEIICTB MOKHO TOJBKO B Clydac
WCTIOJIb30BaHMS YUCICHHOTO MOJICIMPOBAHHS HA OCHOBE MH(QepeHIIHATLHBIX
YpaBHEHUH, OTPaKAIOIINX B3aUMOCBSI3aHHBIE MPOIIECCH MIEPEHOCA B OTpa/ia-
IOIUX KOHCTPYKITUSAX U B BO3IYIIIHOM ITPOCTPAHCTBE TIOMEIIICHUS.
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