A A XKyrayckac

KOHBEKTUBHDLIT
IIEPEHOC
B TEIDIOOGEMEHHVIKAX

Wsnarenscrro <HAVEA»



Axapmemma mayr CCCP

Axrapmemna Hayr JImtoscxoi CCP
HMuctaryt dHBMKO-TeXHAYeCKAX Npo0iaeM DHEPreTHRH

A. A. JKykayckac

KOHBEKTHBHLII
ITEPEHOC
B TEINIOOBMEHHHMKAX

Wanarenscrso «HAVHKA» - Mocksa 1982



VIIK 536.24
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Kupra NOCEAMEHA COBPEMEHHHM npobaemam coapauna afer-
THBHHX OIE0(asHNX TeINoo6MeHHUKOB, BONPOCAM THPOIERAMEKT
¥ KOHBEKTHBHOTO TEIMOOGMEHA B MOTOKAX TA300 H PasiAHTHLIX IKu-
KOCTEIl.

IlpepcTaBacnnl HOBCIIINE IAHHEE TEOPETHYCCKHX H SKCIOCPH-
MCHTAJIBHEX HCCIeA0BAHNL KOHBCKTHBHOIO TEILIONEPeHOCA B JIaMi-
HAPHIX, TYPOYIeHTHRX M OTPHBHKNX TeYeHHUAX € OXBATOM IIMPOKOTO
maTepsana uncen Peiimonppaca u Ipanprisn. 3uaqnTensnoe BHIMA-
HEe Y[ieleso BOIpocaM HHTeHCH(IMKau®u TeroobMena, mpobne-
MaM 00TeKaHNA ¥ THIPOAEHAMITIECKOl BHOpPAIiN, NOBKMCHEHI0 3g-
deKTHBHOCTH H KOMOAKTHOCTH TPYOUATHX 7TeInooOMeHHHEOR.

JlagH NPaKTUYECKNC PEKOMCHAANER IO TEILIOBOMY N IHMADO-
AHHAMHAIECKOMY Pacuery TennooOMeHHHKOB.

Hanaene paccuuTaHO HA HAYYEHX paGOTHEKOB H KOHCTPYK-
TOPOB, BAHATHX HIyYeHUeM n paspaboTroil TemmoobMeREEX amma-
PATOB M SHEPTETHTCCKHX YCTAHOBOK.
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TIPEJIVICIIOBUE

B Hucruryre ¢uauro-texnnueckux mpofiem sneprermkn Akxagemun nayx Jlop-
rorckoit CCP ma mporssienmm pPsaga Jer IMupoKQ MAYIaIOTCH IPOLECCH KOHBEK-
THBHOTO TEINIODEPEH0CA, CBeIEeHNA O KOTOPHX WMEIT BAIKHOEe 3HAYEHUE g
pasBuTHA HOBHX obnacreii smepretuku u cospganuf 3¢QeKTHBHHIX TemnoobMen-
pEX anmapatos. PeaynpraTel mccieposanmii cucreMarmieckn obobmanrea u ¢
1968 r. mybamkyiores B Monorpadguax B cepun «Temnodusuray. ¥Yixe BeImmTo B
cBer TPHHAAUATL MOEOTpadmi s 3Tol cepum. 3a nociaenume Topsl B OTIII mo-
Jy4eH HOBHIE oOMIMpHELA Marepuan B obnacTu TennoobMeHa B DOTOKAX Ppasimi-
HBIX JKHIKOCTEH H BEICOKOTEMIEPaTYpPHOIO rasa, KOTOPHI MOGKeT IpPeACTaBUTh
BHAYUTENGHbH HATEpeC L IIHEPOKOTO KPyra CHenualucToB.,

‘Hacrosmaa KHERIa, B SHAYDTENLHOM CTeNEHN OTpayKalollag MHOTOJNETHUH
TPYNl KONJICKTHEA HMICTHTYTA, TOCBAMIEHA TEIUIOOOMEHHEIM 1 THEPOANHAMNYE-
cEUM mpobnemam cospamus sexTmBEEX ozrofasHEX Tenaoobmennmkos. Ha-
PARLY ¢ YacTHYHBIM HMCUOJIL3OBaEmeM n o0o0menmeM MaTepmalla, paHee omyb-
JNKOBAHHOTO B cepnu mMonorpadmit «Temnodusukay, npeficTaBieH HOBEHIIAR Ma-
Tepuan mo JaHHOU mpobneme, MONYYEHHEIH B UHCTHTYTE, a TaKkKe B OPyroX co-
BETCKHX W 3apyO0eKHEX HaYYHHX IeHTPaXx.

AKTHBHO yYaCTBOBANM B COBMECTHHIX HCCJEAOBAHHNAX W SHAYMTEJBHYIO TO-
MOIb B MOATOTOBKE MaTepmajia [JAf OTHeNBHHX IJaB JAHHOH KBHILH OKasall
M. 1. Wwormpa, A. A. Hagmnoe, P. B. Viumcxac, 0. B. Bmuewmac,
B. 1. Maxapasnuioc, A.B. AmGpasasmaioc, C. M. Baprrye, 1l. Il. Baiire-
kynac, JI. M. Jlarme, A. A. WManayckac, I'. B. 3panasmaioc, B. U. Harunac,
K. @. Mapnurayckac, I, C. Ilomkac, M, M. Tamonne, B. A. Yecma u mHO-
rge Apyrue MOM KOJJIETH.

Hayunoe nanpasnenne HOTIII dopmaporanoch Mpn NoAKep:kaHIH HOCTOAH-
HBIX KOHTAKTOB C BeflyIMN CHEelNaJiCTaMi CTParsl B 00aacTu TemnoobMena, IPH
coneiictema HuctuTyra BRicoknx temmeparyp AH CCCP, Mockosckoro smepre-
THYECKOT0 WHCTHTYTa, JHepreTmyeckoro mucturyta mM. I'. M. KpsmuxanoBecko-
To ® pAfia APYIEX Hay49HHX Tennoapeprermieckux nearpos Mocksw, Jlennnrpa-
na, Kuesa, Hosocubnpera, Muncka.

Bripasiarno ray6oxyo mpusHaTeabHOCTS wieHam-koppecnonnentam AH CCCP
B. C. Ileryxosy m P. M. Comoyxmny, a marske npod. A. A. Hlnamusyckacy
32 03HAKOMJEHNE ¢ PYKONHCHIO U [eHHHE COBETHL

Uckpenre Gnaropaper II. M. Jlayéracy, P. M. [pmziocy, Jl. K. Bypxoi,

- A. Hnrynere m BeceM IPYrHM, KT0 DPUHIMAJ y4aCTue B NOATOTOBKE PYRONNCH
K maganmo.
A. Kyraycrac
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I'nasa 1

BBEJIEHVIE

1.1. Obmme cregeHus

Muposoe morpefienme »HEPIuI W TOLIIUBA PACTET OYeHb OBICTPHIME TEMIIAMH.
Ecau 8 1920 1. B Mupe pacXofosajioch OPUMEPHO 2 MIPA. T YCAOBHOTO TOLJINBA,
T0 B KOHIE HACTOAIETO CTOJNETHs HporHosmpyercA morpebaenme mo 20 mapy. T.
OcHoBHas 4aCTh TOINMHBA HAeT HA NPOMSBOACTBO BJIEKTPOIHEPIUN, HA HYHKJbL
[eHTPaJM30BAHHOTO TenyoCHa0KeHHA 1 TPOMBIIITIeHHOCTH. B Corercrom Coroze
Ha JOJ10 PHEPTETHKN M NPOMEIUIEHHOCTH npuxoxmrcs oxojo 60% scero pacxo-
nyemoro touimsa. IlpoGiema panmonaibHOro m dQQEKTHBHOIC HCIOAb30BAHUA
TOILTHBHO-DHEPTETHIECKHX PecypCoB ABISETCH OfHON W3 Basxmeimmx [1].

Ha mpomsBoncTBe OCHOBHAS YacTh TEIJIOBO DHEPTHH TPaHCPOPMUPYeTCH B
pasSIIUERX TemnooOMeHHBX ammapartax. llpm0ausmrenbHEle HOJCYeTH IIOKABE-
BaiOT, TO, MOBHICHB TOJNBKO Ha HECKONBKO IPONEHTOB PHEPreTmyecKymo afiex-
THEHOCTH TEINIO’HEepreTHYeCKHX YCTAHOBOK, B MacmTale Hamed CTPAHE MOKHO
LONYYNTh DKOHOMHIO TOILIHBA, UCHHCAAEMYI0 MECATHKAMH MHIJUIMOHOB TOHH.

C pocroM 9Heprermdeckux Mommuocteit n ofBeMa mpoussosicTBa Bee Golee
VBEIIMUEBAIOTCSA TabapyTsl OPHMEHAEMBX Temyo00MeHHIKOB. Y MeHbIenne 00%-
eMa, CO3nNaREe Gojee KOMIAKTHHX Tem1000MEHHMKOB MOTYT 06€eCTieInTL 3HAYH-
TeNLHYI0 PKOHOMHUIO MAaTePHAJIOB W METAIIJIOB, MOHWSHTE 3aTPaTH TPYJA.

Tosrmenue sHepreTHyeckoil 3PQeKTHBHOCTH W KOMIAKTHOCTH TeIJIQOOMEH-
HEKOB TeCHO CEA38HO ¢ HHTeHCH(uKanmedl mponecca tenloobMena. BmecTe ¢ TeM
KAK METEHCHBHOCTH IIPOLecca Temjolepefadd. Tak u adipexTnBHOCTD TENN006-
MEHHIKa B 3HAYNTE/NbHOM CTEIeHN 3aBHCAT 0T ocobennocTeit o6TexannsA u rujpas-
JAMIECKOTO CONPOTHB/EHUA TemTo0OMEeHHBIX NMOBEPXHOCTEH.

B sreprernie, Xumuuecko#l H APYTHX OTPacisX OPOMBIIJIEHHOCTH BCe TIHDE
MCHOJB3YITCA KPynHOrafapuTHEE TelsI000MeHHEIe annaparthl, OCHOBHBIMHI 3Jie-
MEHTAMH KOTOPHX ABAAKTCHA ofrexaemble mywkn TpyO. Ilosmmenue rupponuHa-
MIMECKHX HArpy30K m rabapmror remnooOMeHHNKOB Hem30eHHO BEIIBHTaeT Upo-
Gaemy BuGpamuii cucteM TPYO, Bo30yKIaeMBIX HOTOKOM TEIJIONOCUTEN S,

Jlanbrefinree paseutHe coBpeMeNHHX 2(QQeKTUBUBIX 3HEPreTHIECKUX YCTa-
HOEOK W TeIooOMeHHHMKOR Oasmpyercs Ha IOCHENHHX AOCTHHEHUAX TeopuM
Tennoo6Mena ¥ THAPOUMHAMAKE. HapCKaHne HOBHIX IyTell TEINIOOTBOAA COJei-
CTBYET IPOTPeCCHBHOMY PasBHTHIO KOHCTPYKI{AI TeTI000MeHUEOB | Iy YIIeHHI0
HX BHCONyaTaiuoOHHEBIX XapaKTePUCTHE. BMEOTE ¢ Hapam@bBaHueM MOmHOGTeﬁ
TemI000MEHEHKOB Bejlercsa paboTa Mo pasBETHI0 HX THIOB H yCOBeDHIEHCTBOBa-
NI KOHCTPYKI[MII.

TennoobMennbie agpnapaThl B 3aBHCHMOCTH OT Oponecca nepefady TeXnoThl
OT OIHOM CpejHl K APYTOit [eJATCA Ha CMECHTelblke n moBepXxHocThEe. B cxecn-
TeJBHEX ammapaTaX TemiooOMeH oCymecTBIfAeTCs UyTeM HepeMeluBaHHA To-
PAYBX U XOJIOJHEX JKUJKHX MIn I'a3000pasHEX BemecTB. B mOBepXHOCTHEIX am-
mapaTax TemnoofMeH IPOMCXOMT Messpy TBepjoll CTEHKOH M OMBIBAIIMM ee
tennonocurenenm. Ilpomece Temnoo6Mena MoiReT mpoTekath B ofFodasnoil cpene
IIX TPH W3MeHEHHH arperaTtHOro COCTOAHEA Temnonocurens. B smeprernxe,
H3 Tpancnop're, B HE(iJTEXHMH‘IECI{Uﬁ H JUPYIEX OTPacJHX NPOMBIIJIEHHOCTH 0CO-
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BBEIEHHE

Gernpo Gonbuioil yuenbuki BeC HMEKT NOBEPXHOCTHLIE TeIIO0DMEHANKM, B KOTO-
PHIX NPH Hepefatuc Tellia arperaTHoe COCTOMHNe TENJOHOCHTEN el 11 N3MEeHATCH,
[loBepXHOCTHBIE aNIAPaTH JENATCA HA PeKyIepaTHBHLIE W PerenepaTububle.
B pekymepaTHBHEIX almaparaX Teni0 MepPefaeTcH OT TOPAYETo TEeNJNOHOCHTEIA
K XOJIO0JHOMY Uepes TBEDAYIO CTEHKY, a B PereHepaTHBHBIX Ta jKe NOBEPXHoCTh
TePHOIIIeCKH OMBBAETCH TO POPHUell, TO XOJNOIHOM JKUIROCTHIO WL FA30M.

Byecte ¢ TeM B DOCTE[Hee BpeMA B CBSA3U ¢ PasBHTHEM aTOMUOI SHEPreTHKH
U sIeKTpoHarpeearelieil Bce Gonbiree sHaueHHe LONYYal0T TENNI000OMEHIHKY C
BHYTPEHHEMH MCTOYHNKAMI 9HEPTHH, B KOTOPHIX Ta3d WIH RMJKOCTL OT CTEHKH
OTBOIAT TEIVIOTY, BRIECIMIOMYIOCA B 3lleMeHTe caMoTo aumapara.

B coBpeMenHHX MOINHEX JHEPreTHICCKHX U TEXHONOTHIeCKHX YCTaHOBKaX
HpeBAINPYIOMYI PONL WUrPaloT CTanuoHAPHEE IPONEcCh KOHBEKTUBHOTO TEIr-
JomepeHoca, KOTOpHe XaPaKTePHH [IH PeRyIepaTopoB H Tenro00MEHHNKOB €
BHYTPEHHOMHA HCTOYHMKAMHA 3SHEPTHH.

1.2. OpnodasHble KOHBEKTHBHEIE TEIINI000MEeHHIIKH

KoaBexTuBHEEE Temioo0MeHHEe anIapaThl IO POAY HCIOJNL3YEMBIX TEeNNOHOCHTEe-
el JenATCH HA TENNOOOMEHHMKN THIA 4ras—Tasy, GKHIKOCTH—TIasy u
GEBEOKOCT —KuEAKOCTEY, OOHYHO B TaKmX Ten000MeHHAKAX WIN Temao00MeH-
HIKaX (GKHIKOCTh—IIapoBas Cpeja», «raz—uaposas cpepia» nHa obemx mim oji-
HOif CTOPOHE CTEHKN Kamaja WIH TPYOH HPOMCXOAMT Iporece 0pHO(pasnoro KoH-
BeKTHBHOIO TemnooOMena.

LHpEyasuus TEmIOHOCHTENsl B KOHECKTHBHEIX TeILTOOOMEHHHKAX BEIHYIK-
JleHHAaA, U MUTEHCHBHOCTH TEIToo0Mena, a TeM CaMEIM I TernooGMeHHAA DOBEPX-
HOCTL, B SHAYATE]BHON CTEMeHU 3aBHCAT OT poja rtermonocurens. Hawpnmep,
OpPHE OGUHAKOBHX YCIOBMAX H CKOPOCTAX HOTOKA kospPunmeHT TemNoOTAaYH B
LHOTOKE BOJH 0GHIMHO Ha OIHH-IBa IOPAMKA BHINE, 1eM B IOTOKe Bosfyxa. UHako
BO3IYX B HeOTPAHEYEHHOM KOJWYecTBe HAXOMUTCH B armocdepe 3emin, on menee
arpeccuBeH, YeM BOja, He BHIBEIBACT KOPPOSUH M COJIEBHIX OTJIOFKeHIl, UTO 1O~
3BOJISIET IPEMEHATh IPH HBTOTORIEHHH Teuioo6mMeHHnKoB Golee neuleBkie yrie-
pOMECTHE CTANH IJIH JerKHe CIIaBh.

Ipomeccs TemToOTAAaYH, 00TeKaHUA W I'MIPOJMHAMIMECKOT0 CONPOTUBIEHN
BaBHCHAT TAKIKE OT COCTOSHUA LOIPAHMIHOTO CJIOA, B KoropoM Gonbiloe snavuenue
AMEeT H3MEHEHNe RASKOCTH L0 ero Toame. Hospdunnment KuneMaTHIECKOH
RABKOCTH CIJILHO H3MEHFeTCH ¢ maMeHenmeM Temmeparypui. Hampmmep, mpu mo-
pmxenmn Temurepatyps ot 80 fo 20° C xoaddumnent KuneMaTIHIECKOU BABSKOCTH
aBHAIMOHHOTO Macjia ysemmunBaercss 8 27 pas, Bogsl — B 2,7 pasa, a roadu-
HneHT KAHEMATHIECKOH BASKOCTH Bo3myXa yMmembmaercs B 1,4 pasa.

TakeM 06pasoM, TP KOHCTPYHPOBAHAN TeII000MEHHIKOB BajKIOE 3HAYeHNe
AMEI0T POJI TEIIOHOCHTEeNA H BHOOP HaJIe/KAIero TeMIepaTypHOTo PeiKuMa ero
paboTsi. JTOT BOOPOC TECHO CBA3aH ¢ TIYOOKUM aHAIH3OM pabors TemrooGmen-
HAKA ¥ yIeToM (UsHIeCKHX CBOMCTB yRUJKOCTeH ¥ rasa.

BajKHEM BOIPOCOM Takske SBIAETCH BHOOP HAUPABICHHA ABIKEHWA TEIIIO-
HoCHTENs B TermoobMeHHuKe. B BTOM CMBICTe MOWKHO BEIENHThL TpH HamGonee
XapaKTepHNE I'PYIIIH TelToo0MeHHRKOB: npaMorTounke (puc. 1.1, a), B KoTopHX
ofa TenJOHOCHTeNs OBIDKYTCA mapajlielbHO B OOHOM HAXpaBIeHHH, IPOTHBOTOY-
awte (puc. 1.1, 6), B KOTOPHX ABa TEIIOHOCUTEJNA IBIKYTCH B IPOTHBOIONOFKHEIX
HaIpaBIeHEAX, M Hmepexpectnoro Toka (puc. 1.1, 6), Korna ojuH TemIOHOCHTEND
JIBIGRETCH WOJ IDPAMEIM YIJIOM K HAIPABJIEHUK J[BHKEHHA BTOPOre TeLJIOHO-
cuTens,






