H3BECTUA

TOMCKOI'O OPJEHA OKTSBPbCKOM PEBOJIIOIIUH
1 OPJIEHA TPYJAOBOI'O KPACHOI'O 3HAMEHHW
MOJINTEXHHUYECKOTO UHCTUTYTA umenu C. M. KNPOBA

Tom 234 1974

YCTAHOBKA OJid HCCJENOBAHHSA TEMJOOBMEHA
JUCNEPCHOTO CJ1og C NMOBEPXHOCTbIO

AL AJIEKCEEB, B, I1. OCHIT

(Ipeacrapacna HayuiLiM ceMOIapoM KaQejiphl mpoLeceon, Malllig
H annapaToB XHMHUCCKHX NPOU3BO,1CTR)

B paGotax (1, 2) nokazaHo, YTO NpPH IPOAYyBaHHH 3E€PHICTOIO €05 CH-
HYCOW1abHO-1YJAbCAPYIOUIAM  [OTOKOM  BO3AyXa -CTaldH paclunpeHus
(NCeBMOOKMIKEHHs) Tpe/IUIecTBYeT ero ymiortHenne. O6pasyercs KayecTBeH-
HO HOBOE COCTOSIHHe /IMCHEePCHOR CHCTEMBI, XapaKTepuaylomeecss HeGOMbIIH-
MH Ty,IbCalMaMH 9acTHIL M ¢1alGbiM MX IepeMelluBanveM. B atom cocros-
HHM JMCOepCHAs Cpena «pas3KHkKeHa»; OHAa COXPaHSET OCHOBHble CBOHCTBA
TICEBIOOXKHKEHHBIX CHCTEM, YTO JejldeT ee MPUTOAHOH AJsl OCYLIECTBJEHHS
TeTePOreHHbIX [POLECccoB, He TPeOyIoIUX OOMBIIHX PACX010B OXKHKAOUErO
areita. HesHauuTenbHoe nepeMellnBaHie YaCTHIL B C/AOE€ OTKpPbIBAeT Tepc-
TMeKTHBY €r0 WMCIMOJb30BAHHUS MPH OCYUIECTBAEHHH TPYINbL MPOLECCoB, /A
KOTOPbIX OHO HexKeJaTelbHo.

Bonpoc 0 BO3MOKHOCTH M 11€J1€CO06PA3HOCTH HCIOJNB30BAIIHA «Pa3KH-
JKEHHOTO» COCTOSIHHSI B TPOMBILIIEHHON NpaKTHKe MOKA He MOJYUYHa JOJXK-
HOTO paCcmpoCTpaHeHHs 0 NPpUUHHE 1200l ero H3yueHHOCTH.

Hamu nposoasiTes Mcc/Iel0OBaHHSA 110 BBIIBJEHHIO BJAUSHHA YCIOBHH TpO-
IyBKH Ha 0COOeHHOCTH NPOTEKAHHH IIPOLECCOB B JIMCIEPCHBIX CHCTEMAaXx, B
TOM YHCJAe M TelooBMena <jiofl ¢ HarpeTofl moBepXHOCThblO. JIast 5THX Le-
Jefl Obljla H3IOTOBJIEHA SKCICPUMEHTabHas YCTARHOBKA, BKJIOYAIOUlAs Npo3-
pauHyio xamepy auamerpom 200 mm.

Bb160p KOHCTPYKIHHH HArpeBaTC/JbHOI0 3IJEMECHTA

B npaktuke ncciaefoBaHusl BONPOCOB TelaooOMeHa NPUMEHSIOTCS Kak
cleuuanbHbie HarpeBaTeNbHele 3J€MeHTHl, IIoMelllaeMble BHYTPb JTHCIEPCHOH
Cpejbl, TaK H CTeHKH caMmol kaMepbl. Haily ombIThHl NPOBOAHNHCL B KaMepe,
H3TOTOBJEHHOH M3 OPraHHYECKOro CTeKJd, UTO MCKJI0YaJ0 BO3MOXKHOCTh HC-
NOJb30BAHHA ee CTEHOK B KauecTBe MOBEPXHOCTH HATPeBa H3-3a HHU3KOH Tep-
MOCTOMKOCTH MaTepuaJa, Io3TOMY BO3HHK/IA HeOOXOAHMOCTb B pa3palboTke
HarpeBaTe/JbHOTO 3J€MEeHTa INOTPY:KHOTO THIA.

Pacnpocrpanenue MOJyuYHaIH ABe PA3HOBHAHOCTH HATIPeBATEALHLIX 3Jje-
MEHTOB TOTPYIKHOTO THIA ~— 3JACKTPHUECKHE M HesJeKTpHuecKHe.

DJEKTPHUYCCKHe HarpeBaTe M TOJAYYHJIH HauboJbliiee PacOpocTpaHeHHe
Giarogapsa caeayIOlUM JTPEHMYILECTBAM: JIEFKOCTH PEry/JTHPOBAHHS H3AyHa-
eMOH 3Hepruu, He3aBUCHMOCTH MOILLHOCTH OT reOMeTpHUeCKHX pasMepoB, Mpo-
CTOTE yCTpOHCTBA M JAp. OHH MOTryT OBITH H3roTOBJIEHBl B BHIe chep, Tpys
C MOMEIEeHUBIMH BIIyTDH HHUX CIHPaJdMH, B BHIE TOHKUX NPOBOJOK, KATy-
[IeK ¢ HapYXKHOH HAMOTKOH u ;p.

Harpesarenn ¢ BuyTpeHHuM o6orpeBoM TpeOylOT 3aMepa TeMraepaTypbi
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B HECKOJbKHX TOYKAX TIOBEPXHOCTH, UTO YCJOXKHSAET TNPOBEICHHE IKCIEpH-
MeHTa U MNOC/IeAYIOIIHE PAaCUCTHL

[IpoBO/JOYHbIC HarpeBaTe H 1H3-38 MaJIOTO AHAMETPA NPOBOJAOKH 06BIUHO
NPHMEHSIOTCST 1IPH HCCA€/0BaHHH Tenaoo0Mela ¢ MeJdKOLHCIICPCHBIMH MaTe-
pHaJaMu.

HaunboJsiee ynuBepcadbHLIMU SIBJAAIOTCA 1arpeBaTC/AH B BILJIC KAaTYLICK.
Temnepatypy UX NOBEPXHOCTH MOZKHO NMOJ/CPKHBATDL TOCTOAHHOIN HNPH BKIIO-
YeHHH Harpepare s B MOCTOBYIO cxemy. Oun 1ic TpedyloT cHeuiaapiLIX YyCT-
pPOHCTB A5l 3aMepa TeMIepaTypbl nopepxHocTH. MM MoKHO npuaarte pas-
JUUHY0 GOPMY H pasMepol

B nalux HCC/JICAGBAHHAX OLII HPUMCHCH TCKCTOJAHTOBLIH IUARHADP -
aMeTpoMm 7,5 M BLICOTOH 25 MM, HA KOTODBII HAMATLIRAJICST BIHTOK K BUTKY
MeJHBIH H30AMPOBAHHBIN nposo jHanmerport 0,18 u aanuoii 3170 aa. Ceue-
HHue nmpoBona S=0,0254 am?. Meiab MMeCT CPABHHTEADIO BLICOKIT KO3 (H-
LHEHT COIPOTHBJIEHHS 1 JHHCIHBII XapanTep Cro H3MCHCHIS B HHTepBalIe
temnepatyp ot —o0 1o —200° C [3].

[TapaMeTpLl KaTyLWKIl PACCUHTLIBAGICL 110 CACAVIONUIM QopMyaam:

o= po (1 +al); (h
Pt:Rt_lS; (2)

TIe gy U p, — YJEALHOE CONPOTHBAeHHe Matepiana ripi 0° 1 Temie-
parype f, oM MM [M;

! — temmepatypa nposoaunuxa, °C;

o — TeMIepaTypHblil Ko3pdHUMeHT auneiinoro paciupenus, ljepad.;

R; —moaHoe CONPOTHBIEHHE MPOBO,HITKA TPIT TeMIepaType {, oM;

[ — nMMHA OpOBOJIOKH, M.

M3 pewrenmst 9TUX ypaBHEHHI [101YYHM:

S
Rt'l' — Po
t=—t 3)
Po?
RS
=t 4)
pu(1+4 =t) ( '

s vepn po=0,017 om-mm?/m; a=4,267-10 % 1/epad. [3]. B peay.nb-
TATC IOJCTANOBKM H3BECTHRIX Beduuui dopmyaa (3) npundMaeT BHL:

{=(116,7-R, —234,7)°C. (5)

Sanepennoc CONPOTHBIElHE KaTyWlku npH Ttemnepatype 23°C okasa-
Joch paBubivM 2,35 oxm. Pacuerias AanHa — 3,2 M, UTO NMPAKTHUECKH COBIIA-
aaer ¢ npunatol. ITosepxnocTs TemnoofMena HarpeBaTebHOro 3JICMEHTA
F cocrapasna 5,887-107* m2.

Temneparypa HarpepaTe/si TOLJLEPKHBANACH NOCTOANION NPH MOMOLILY
KOMIIEHCAIHOHHOH MOCTOBOU CXEMbI, IpejCcTaBJelHol Ha puc. 1.

Puc. 1. MocroBas  noMmnexcauuon-
Had cxeMa. Ry, -—HarpeBatesb; R,
R2 — NOCTOSIHHLIC  CONPOTHBJEHAS,
Ry — nogcrpoedlioe conpoTHBACHIC,
R, — peocrar; rajJbBaHOMET).
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Mocr naxoaurcs B paBHOBE€CHU NMPH BbINNOJHEHHH PABEHCTBA!

Ru‘/Rl =R n‘,R‘_’:

H3 KOTOpOTO
Ri=kK-R,... (6)

[Ipu paBuOBECHHM MOCTA COMPOTHBJAEHHME R, OXHO3HAYHO ONpenessercst
compotusacuueM R,.

Ha nuaronans mocra AB nmogaercs MOCTOAHHDLIH TOK, KOTOPDLIH BBI3BI-
BaeT HArpeB 3JMeMeHTa W VBeJHYHUBAET ero conporusiaenue. PaBHoBecHe MoO-
cTa Hapylaercs, uTo (PUKCHPYeTCH UYBCTBHTENIbHLIM Td1bBAaHOMETPOM, BKIIO-
yeHHbIM B anaronann CJI.

33](0]1 HBNCHCQHH 5t C()”p()I‘HBJIL‘HHH OT 'IICM“OP?]T)’P[)] Bblpa‘/l\’aCTCﬂ ypaB-
HEHHOCM! :
R[ =R0(1——Otl), (7)
e Rt 1 R() —‘C()[]‘pOTlll‘BJIeHHe [IPpOBOIHI KA Hp'H TeMIlepaTy'pe ! n ‘00, OTKY/14a
R —R
= Sl ®)
R,

Tak kak Ro W o NOCTOSIHIILIC BeJHYHHLI, TO CONPOTHBACHHE NPOBOHHKA
OJIHO3HAUHO OIpeJesieTCs €ro TeMiepaTypoit ¥ HaoGOporT.
BanaHcupoBka cxeMbl OCYILECTBASIACH TMOACTPOSUHBIM COIMPOTHBJEHK-
eM. MaMeHeHHe TeMmepaTyphsl MOBEPXHOCTH HarpeBaTesast KOMIIGHCHPOBAJOCh
COOTBETCTBYIOUIMM H3MEHCHHEM CHJIbl TOKA, NPOTEKaoUlero yepes Hero.
CxeMa BKJIOUEHHSI HarpeBaTe/ist lipeIcTaBICHA Ha pHC. 2.

g
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Puc. 2. TlpuHuunuaabHasa cxeMa BKJIO-
ueHWst Harpesareds. | — craOHAK3ATOD
HanpsxKcHHs; 2 -— yHUBCpcadbHHIR He-
TOYHHK THMTaHus, 3— peocrar; 4 —
MOCT mocTosiHoro Toka (tin P333);
5 — amnepmeTp; 6 — narpeBaTenbHDI
IAEMEHT

Tlepexatouarenstmu Ty w Ilo... Tl MoxHo OblI0 YCTAHABAWBATL PaBHO-
BEClIOe CONPOTHBJelNe HAaTpeBaTeaA ¢ TouHocTblo a0 0,001 om, uto coorsert-
CTBOB&J/IO M3MEHeHHIO TCMIIePATYphl IIOBEPXHOCTH KaTyllkd Ha 0,1°

Cpennuit Kos3(pQHUHEHT TelTooOMena onpeAe/syics H3 BbIpaKEHHS:

[Z'Rt:af'F(tCT_tcn)) (9)

rjge: { — cHja TOKa, NpoTeXalonero yepes Harpesaredb, 4,

lo— TemnepaTypa CTEeHKH TelJo0OMeHHOH moBepxHocTH, °C;

t., — Temnepatrypa caos, °C.

Jlesas vactb ypaBHenusi (9) npeacrasiasier co00H TEMJIOBYIO 3HEPTHIO,
H3JyudeMyl0 NMOBEPXHOCTBIO Harpepare/s, a lpasasi — TEIJI0, BOCIPHHHMAae-
MO€ CJIOEM.

Temmnepatvpa CTeHKH HarpepaTe/si BO BCEX ONbTax MNOAJAEpKHBasach
nnocrosinuol, pasnoit 85x£0,1°C. ConpoTupieHue KaTyLUIKH HAarpesaTess IpH
3TOH TemIlleparype cocraraano 2,9 oma.

Temneparypa B yyacTkax cJ0sl 3aMepaaach TpeMs OTKPHITHIMH XPOMEJIb-
KamneJjeBbIMH TEpMONapaMHM H HEIPepPbIBHO PETHCTPHpOBaJiach MOTEHLHOMET-
pom ITCP 1-18 (kaacc 0,5). 3a pacuernyio remueparypy c/10st IPHIHMAJOCH
cpepnee apupMeTHUECKOe NOKA3aHUH Tpex TepMmomap,
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Ecnmu B ypaBHeHue (9) NoAcTaBHTb YHC/AEHHbBIE 3HAUEHHS BXOASIIUX B
Hero BeqHYUH, TO OHO NMpPHHHMAaeT BHA:

0.2,
= =" _gr/m?-epad. 10
o T [M2-ep (10)

Cuna TOKa H3Mepsgachb aMmMnepMeTrpom b.
B npouecce sxkcnepumenra onpeenstincs [ u f ., a kKoapduuneHT ten-
JIOOTauH [paccyuThiBaca o gopmyie (10).
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