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Beenenue

TemnooOMeHHbBIE anmapaThl HA CETOTHANTHUN JI€HB, ITUPOKO PACIIPOCTPAHEHBI U
NPUMEHSIIOTCSI B TMPOM3BOJCTBE W MPOMBIIUICHHOCTH, OH  SIBJISIOTCS
KpYIHOTa0apUTHBIM,  METAIDIOEMKHUM M JOPOTOCTOSIIIUM  OOOPYJIOBAHUEM,
CYIIECTBEHHO BIUSAIONIMM, a HHOTJAAa | omnpeaeistomuM 3PHEKTUBHOCTh U
HAJCKHOCTh PpabOThl MOAKIIOYeHHBIX cucTeM (Hampumep TOC). Ilo orenkam
Bcepoccniickoro TEMIOTEXHUYECKOTO MHCTUTYTA, NMPU HEU3MEHHBIX IapaMerpax
CBEXEro Mapa W Mmapa mnpommeperpeBa Bkjiaa B obmee mosbimenue KIIJ[ TITY,
MOJIYYCHHBIA 3a CUeT YJIY4IEeHUS XapaKTePUCTHUK TEIJIOOOMEHHBIX ammnapaToB
(KOHIEHCATOPOB, MOJOrpPEBATENEl CETEeBOM BOJBI M CHCTEMBI PEreHEPATUBHOIO
M0JIOIPEBA, MACIOOXIAJAUTENEH U T. [1.), MOXKET AocTUuraTh npumepHo 30 %.

CoXHOCTh  MPOLIECCOB, TMPOUCXOIAIIMX B TEIUIOOOMEHHBIX ammaparax,
oOyCJIOBJIeHa  COBOKYNHBIM  BIMSHHUEM  OOJIBIIOTO  KOJM4YeCTBa  (PaKTOpOB,
onpenensronmux 3h(PEeKTUBHOCTh U HAJIEKHOCTh Pa0OTHI anmapaTtoB. AHaiIU3 paHee
U3BECTHBIX METOAMK pacyeTa TEIUIOOOMEHHBIX alapaToB IOKa3ad, YTO P
(GbakTOpoB B ITHX METOJIMKAaX JHOO BOOOIIE HE YYUTHIBAICA, JIMOO YUHUTHIBAJICS
HETMPaBWIbHO. ITO 0OCTOSATEILCTBO MOTPEOOBATIO YTOUHEHHSI HEKOTOPBIX METOUK, a
B OTJEJIBHBIX CIy4asiX U HOBBIX pa3padOTOK.

B Meroanueckux yKazaHUAX ~pacCMATPUBAIOTCS  BONPOCHI  pacyeTa U
MPOCKTUPOBAHMS PEKYNEPATUBHOTO TEIUIOOOMEHHOI'O arapara MPOMBIIIJIECHHOTO
oOopynoBaHusi. JlatoTcsi MeTOAMYECKHE PEKOMEHJAIUU MO THAPABINYECKOMY H
TEIJIOBOMY PAacyeTy, OCBEIIEHBI BOIPOCHI IPOEKTUPOBAHUS.

Mertoauyeckoe pyKOBOACTBO, MPEIHA3HAYEHO MJIs CTYyJACHTOB 3HEPreTUYECKUX
¥ DHEPrOMAlTUHOCTPOUTEIBHBIX CIEUATLHOCTEH BY30B, M OYJET TMOJE3HO IS
cylmareneid KypcoB NEPENOATOTOBKM U TMOBBINICHHUS KBadu(UKAlMK TepcoHaia
TOC, a Takke Ui WHXKXEHEPHO-TEXHUYECKHX pPaOOTHUKOB, 3aHUMAIOIINXCS
MIPOCKTUPOBAHKUEM, U3TOTOBJICHUEM U KCIUTyaTallued TerI0BOro 000py0BaHUS.



1.1 OBIIUE CBEAEHUSA O KOXKYXOTPYBUYATBIX
TEIINIOOBMEHHBIX AIIITAPATAX

Temo0OMEHHUKN — 3TO YCTPOUMCTBA, B KOTOPHIX TEIUIOTA MEPEXOIUT OT OJTHOU
cpeabl K Jpyrou. TemnooOMeH MexXAy TEIUIOHOCUTEISIMU SBISIETCA OJHUM U3
Han0oJiee BaXKHBIX UM YACTO HCIOJB3YEMbIX B TEXHUKE MPOIeCCOB. TernnooOMeHHbIE
amnmnapaThl UMEIOT OOJIBIIIOE PACIPOCTPAHEHHUE BO BCEX OTPACIIAX MPOMBIILICHHOCTH U
IIMPOKO TPUMEHSIOTCS B KadeCTBE BCIIOMOTATEbHBIX SJIEMEHTOB pPa3IMYHBIX
TEIJIOBBIX YCTAaHOBOK.

B 3aBucumocTH OT Ha3HA4YCHUS TEIIOOOMEHHBIC alapaThl Ha3bIBAIOTCS
MOJIOTPEBATENIIMH, KOHACHCATOpaMHU, HCIAPUTEISIMHU, MMapONpeoOpa3oBaTEIsIMU U
T.0. [lo mpuHuumy ACHCTBUS TEIMIOOOMEHHUKH JENSITCS Ha IMOBEPXHOCTHBIE M
CMECHUTEIIbHBIE.

B cBoro ouepenr MOBEpXHOCTHbIE ammaparbl AENATCA Ha PEKYNEepaTUBHbBIE U
pereHepatuBHble. PekynepaTuBHbIE TEIJIOOOMEHHBIE ammnapaThl PEACTaBIISIOT
co00# yCTpOHCTBA, B KOTOPHIX JBa TEIJIOHOCUTENS C Pa3IMYHBIMHU TeMIlepaTypaMu
MEepeMEeIIalTCs B MPOCTPAHCTBE, pasleieHHble TBepAOW cTeHKoH. TemmooOMeH
IIPOUCXOJIUT 32 CYET KOHBEKLHUH U TEIUIONPOBOJHOCTH CTEHKH, & €CJIA XOTh OJIHA U3
Cpell SIBJISIETCS M3JIy4arollei, TO U 3a CYET TEIJIOBOTrO u3nydeHus. [IpumepoM Takux
anmnapaToB SIBJISIOTCA KOTEJIbHBIE arperarbl, KOHACHCATOPHI, BhIIAPHbIE annaparsl U
Ap.

B perenepaTuBHBIX TEMJIOOOMEHHBIX ammapaTax OJHA U Ta € MOBEPXHOCTb
HarpeBa 4epe3 OIPEICIICHHbIE IPOMEKYTKH BPEMEHU OMBIBAETCS TO TOPSYEH, TO
xonogHou cpenoi. CHauana MOBEPXHOCTh pPETreHepaTopa OTOMpPAET TEIUIOTY OT
ropsiyed cpeipl U HarpeBaeTcs, 3aT€EM IOBEPXHOCTh OTJAET SHEPIHI0 XOJIOJHOU
cpene.

B cMecutenpHbIX ~ anmaparax = TEIUIONEpenadya  OCYIIECTBIAECTCA  IPH
HETIOCPEJICTBEHHOM KOHTAKT€ W TEPEMEIICHUU TOpsiYed M XOJOJHOM Cpell.
TUMUYHBIM TPUMEPOM TAKUX TEIJIOOOMEHHHUKOB SIBJISIOTCS TPAIUPHU KOTEIbHBIX. B
rpagupHsIX BOJa OXJIAXKIaeTcsi aTMOC(hEpHBIM BO31yXoM. Bo3myx HemocpencTBeHHO
CONIPUKAcCaeTcsi C BOAOM M TNIEPEMEIIMBACTCA C I1apOM, BO3HUKAKOIIUM H3-32
YaCTHYHOTO UCTIAPEHUS BOJBI.

B 3aBucMMOCTM OT CXE€MBbl JBWKEHUS TEIUIOHOCUTENEH pa3inyaroTcs
OPSIMOTOYHBIE, TPOTUBOTOYHBIE M C TMEPEKPECTHBIM TOKOM TEIIOOOMEHHbIE
annapartbl. B OpsSIMOTOYHOM  TEMIOOOMEHHHMKE TEIJIOHOCUTENW  IPOTEKAoT
[apajuleJbHO B OJHOM HAIPABJIEHUWHU, B NMPOTHUBOTOYHOM — B IPOTHUBOIOIONKHOM
HaIpaBJICHUU.



B araaparax ¢ ICPCKPECTHBIM TOKOM TCINIOHOCHUTCIM IIpU JBHKCHHUU
MMECPCCCKAOTCA 1104 YIJIOM. XapaKTep HU3MCHCHUS TCMIICPATYP TEILIOHOCUTEIICH
BIOJIb ITIOBCPXHOCTU HAIr'p€Bd BO MHOTOM OIIPCACIIAIOTCA cXeMou JABUIXKCHMUSI.

B 3aBucHMMOCTM OT Ha3HaY€HHS IPOU3BOACTBEHHBIX IPOLECCOB B KAYECTBE
TEIUIOHOCUTENIEH MOTYT MPUMEHSATHCA BOJISIHOM map, ropsidasi BOAA, AbIMOBBIE Ia3bl U
Ap.

['opsyas BojJa Kak TIpPEIOMIMA  TEIJIOHOCUTENb  MOdy4ywiaa  OoJIbLIOE
pacrpocTpaHeHre, 0COOEHHO B OTONMUTENIBHBIX U BEHTWISIIIMOHHBIX ycTaHOBKaxX. OHa
MIPUTOTOBIIAETCA B CHEUUAIBHBIX BOJOTPEUHBIX KOTJIaX, MPOU3BOJICTBEHHBIX
TEXHOJIOTUYECKUX arperarax (Hampumep, B I€Yax) WIM BOJIOHAIPEBATEIbHBIX
yctanoBkax TOLl. ['opsiuyro BoJly Kak TEIJIOHOCUTEIh MOKHO TPAHCIOPTHPOBATH IO
TpyOOIPOBOaM Ha 3HAYUTEIIbHBIC PACCTOSHHUS.

JIOCTOMHCTBOM BOJIbl KaK TEIJIOHOCUTENS SIBISIETCS CPABHUTEIIBHO BBICOKHIA
KO3(pPULIMEHT TETI00TIauH.



1.2 KIACCUPUKAIUS KOKYXOTPYBUATBIX
TEIIJIOOBMEHHBIX AIIITAPATOB

B KOXyXOTpyOuaThIX TEINIOOOMEHHBIX amaparax MOBEPXHOCTh TEIIO0OMEHA
co3aeTcs TPyOKamH, KOTOPbBIC 3aKPEIICHbI B TPYOHBIX OCKaX M pPa3MEIICHBI B
KoXxyxe (puc. 1).

Puc. 1. BHemHuii BU ropu30HTAIBHOTO TEIJI00OOMEHHUKA

OnvH TEIUIOHOCHTENh JBHXKETCS BHYTPU TPYyOOK, a BTOPOH OMBIBACT HX C
BHEIIIHEH CTOPOHBI (puC. 2).

i\

1 2 6 4 7 : 2 \8

Ay 1y

Puc. 2. [lonepeunslit pa3pe3 ABYXXOJOBOTO TEIUIOOOMEHHMKA: 1 — KpBIIIKa ¢
neperopoakoi; 2 — TpyOHast jocka ¢ QuaHieM; 3- KOMIIEHCATOp JUH30BBIN, 4 —
TpyObl TEIJIOOOMEHHbIE; S5 — TIONEpeYHbIe MEPErOpoJIKU B MEXKTPyOHOM
MPOCTPAHCTBE; 6 U 7 — OMOPHI; § — KPBIIIKa MpaBast



B 3aBucumMocTu OT Ha3HA4YEHUS CTAaHAAPTHI [3 — 6] mpeaycMaT- puBarOT YEThIPE
BUJIa KOKYXOTpYOUaThIX ammapaToB, UCHOJIb3YEMbIX C PA3IMYHBIMU MapaMeTpamMu
TeIIoHocHuTe ek (Tadi. 1).

Bun anmapara o6Go3naudaror mnepBoit OykBoit: U — wucmapurenu, K —
KOHJICHCATOPHI, X — XOJIOJUIBHUKHU, T — TETUIOOOMEHHHKHU.

KoHcTpykTHBHOE HCHOTHEHUE anmnapara, o0ecleyrBarollee KOMIIEHCAIUIO
TEeMITepaTypHBIX AepopMallnii €ro 3JIEMEHTOB, YKa3aHO BTOPOW OYKBOM YCIOBHOIO
0003HAYEHUS.

[Tpumeps! OYKBEHHBIX 0003HAYCHUI TETIII000OMEHHUKOB.

TH — TenminooOMEHHUK C HEMOABMXHBIMM TpyOHbIMU pemieTkamu; XK —
XOJIOAWIBHUK C TEMIEPaTypHbBIM KOMIIEHCATOpOM Ha Koxyxe; TII —
TEIJIOOOMEHHUK C IUIaBawolie rojoBkoi; MY — ucnaputens ¢ U-o0pa3HbiMU
TpyOKamu.

Tpetbst OykBa B YCIOBHOM OO0O3HAUE€HHMHM TMOKa3bIBa€T HCHOJNHEHue: [ —
TrOPU30HTANIBHOE; B — BepTHKaIbHOE.

O6o3Havenus B uucnurene: 325 — auamMeTp Koxkyxa, MM (auamna3oH ot 159 no
1200 mm); THI" — TeninooOMEHHUK ¢ HEMOABUKHBIMHU TPYOHBIMU pe- ILIETKAMH,
TOPHU3OHTANBHEIN; | — NCTIOTHEHNE ¢ HEPa3beMHBIMH PACIPE/IEITH- TETbHBIMU
kamepamu (ucronHenue I — ¢ pacnpenenuTenbHBIME KaMepaMu, UMEIOIITMHE
ChEMHBIC KPBIIIKK); 1,6 — ycinoBHoe maBiaenue, MIla (psaa: 0,6;1,0; 1,6; 2,5; 4,0);
b9 — matepuan koxyxa u Tpyook mo 'OCT 15122-79.

O0o3HaueHNs B 3HAMeEHAaTeJ1e:
20 — Hapy>XHBIN AUaMETp TeII000MeHHbIX TpyO B MM (psia: 16, 20, 25, 38, 57);
I' — rmankue Tpyoxu (H — TpyObI ¢ HakaTKoOM);
6 — mmuHa TpyO, M (psax: 1, 1,5, 2, 3, 4, 6, 9);
4 — 9uCIo X0JI0B MO TPyOHOMY MpocTpaHcTBY (psa: 1, 2, 4, 6).

Ten1000MeHHUK ¢ MJIABAIOIIEH rOJIOBKOM:
600 TII-1,6-M1/20-6-2-Y-U o TY 3612-023-00220302-01.

600 — quameTp xoxxyxa, MMm; TII — TermIOOOMEHHUK ¢ TIIaBaroIIEH TOJOBKOH, 1,6 —
nasienue B koxxyxe, MIla; M1 —matepuan ucnionnenus; 20 —auamerp
TerI000MEeHHBIX TPYO, MM; 6 — uIMHA TPYO, M; 2 — IBYXXO0BOMU; Y —
KJIMMaTHIeCKOe CTIOMHEeHne; M — ¢ eTansMu [Tl KpeTUIeHUsT H30JISIUH.

CxeMbl HEKOTOPBIX BHJIOB KOXKYXOTpYOUaThIX annaparoB NpUBEACHbI Hapuc. 3-6
(meperopoKu B KphIILIKAX MHOIOXO/IOBBIX alllapaToOB HE ITOKA3aHBbI).



Tabnuma 1. O0nacTh NPUMEHEHHSI KOKYXOTPYyOUaThIX TEIMJIOOOMEHHBIX alllapaToB
CO CTaJIbHBIMU TpyOaMu

Tun [IpumeHeHne u HOpMbI
amnmapara B KOXKYXe B TpyOax
I'peromas cpena Hcnapsiemas cpena
Hcnapurenn T . .
eMIiepaTypa IrperoIIeil U UCIapseMOon CPeIbl OT
NHB u UKB paTyp p_30 s 4350 0(5) p
Py o TH ot 0,6 no 4 MIla
Py nna UK ot 0,6 mo 1,6 MIla Py 01 0,6 no 1 MIla
Hcnapurenn
WUIIC u UYT Hcnapsiemas cpeaa I'peromasi cpeaa
TemnepaTypa rperuiei 1 uiCrapseMou cpeibl OT
paivp p—30 g0 +350 ° P
Py ot 1 no 2,5 MIla Py ot 1,6 10 4 MIla
OxJaaxkaaemMast
XONOIUIBHUK cpenaTemneparypa ot —20
nXH u XK 10 +300 °C P, nins XH ot 0,6 Oxumaxcaamoniasi cpeia Bojaa
710 4 MIIa WIN IPYrasi HeTOKCHYHASA
Py nng XK ot 0,6 1o 1,6 MIla U HEB3PbIBO- U
Konngencupyemas cpena HeMmoKapoonacHasicpeaa
Konpnencartop Temmnepatypa ot 0 10
sIKH u KK +350 °CP) s KH ot 0,6 Temmneparypa ot —20 g0 +60 °C
10 2,5 MIla Py nns KK ot Py 1o 0,6 MIIa
0,6 no 1,6 MIla
HarpeBanue u oxyiaxjaeHue ;KUJAKUX U
TermooOMeHHM ra3oo0pa3HbIX cpej
xuTH u TK TemrmepaTypa TEMI000MEHUBAOIINXCS CPEJ] OT —
70 mo +350 °C

Py nns TH ot 0,6 mo 2,5 MIla
Py s TK ot 0,6 1o 1,6 MIla Py ot 0,6 10 1,6 MIla

OcHoBHbIE MapaMeTPbI TENJI000OMEHHBIX aNNAPATOB 001ero HAa3HAYEHHU S
JlnameTp KoxKyxa, MM:

HapyXHbIH (13 TPYO) D. =159, 273, 325, 426;
BHYTpPEHHUM (BaJIbIIOBAHHBIN ) Dy =400, 600, 800, 1000, 1200.
Jlnuna TermoooMeHHol yactu Tpyo, m:  |.=1; 1,5; 2,0; 3,0; 4,0; 6,0; 9,0.

[T101ma b IIOBEPXHOCTHU TEMIIOOOMEHA, M;
F = ndcplTnoﬁ y (1.1)
rie dep — cpeauil fuametp Tpy0, M; | — uMHa TermIooOMeHHBIX TPYO, M;

Nos — 001IIeE YHCIIO TPYO B TEIJIOOOMEHHUKE.
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Puc. 3. 'opuzoHTansHEII MHOTOX010BOM TermmoooMeHHUK Tuma TKI ¢
JUH30BBIM KoMITeHcaTopoM Ha koxyxe (TOCT 15122-79)

100£10 ) 4500410
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D, D2 650 3000+10
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€ L

Puc. 4. I'opuzonTanehsiii koHaeHcaTop tuna KIII' ¢ miaBaronieid rog1oBKOM U JIMHOK
tpy6 6000 mm (ITOCT 14246-69, TY 3612-023-00220302-01)
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Puc. 5. Ucnaputens ¢ mapoBbIM MPOCTPAHCTBOM C TUIaBarolieit roigoskon tumna UIT
(TY 3612-013-00220302-99)

A,

;l

H%6

D.

- .
- -

Puc. 6. 'opusonTanbHblil TemnooOMeHHUK ¢ U-00pa3HbIM TpyOHBIM ITyYKOM THIIA
TYT (I'OCT 14245-69)
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2.0CHOBHBIE ITOJIOKEHUM S TEIIVIOBOI'O PACYETA

TemnoBeie pacdeTsl TEIUIOOOMEHHBIX AanmapaTroB MOTYT OBITH MPOEKTHBIMU U
IPOBEPOYHBIMHU.

[TpoexTHble (KOHCTPYKTHUBHBIE) TEIUIOBBIE pPACUYEThbl BBINOJHAIOTCS IPH
IPOEKTUPOBAHUM HOBBIX allapaToB, IEJNbI0 pacdeTa SBISETCS OIpeeicHHe
IUIOLIAAN OBEPXHOCTH TEINIOOOMEHA.

[IpoBepouHbIC TETIOBBIE pAacueThl BBHIMOJIHSIOTCS B Clydae, €CId HM3BECTHa
IUIOIIAAb TOBEPXHOCTH HarpeBa TEIIOOOMEHHOro ammapata #  Tpelyercs
OINPENENIUTh KOJNMYECTBO TEPENaHHONW TEIIOThI M KOHEYHBIE TeMIepaTypbl
TETIOHOCHUTEJICH.

TemnoBoli pacyeT TEMIOOOMEHHBIX ammapaToB CBOAMTCA K COBMECTHOMY
pEIICHUI0 YpaBHEHHUI TemoBoro OajaHca M Telulonepedadyd. DTU JIBa YpaBHEHHS
JexXaT B OCHOBE JIIOOOro TEIIoBOro pacyera. Hmxe paccMaTpuBarOTCs OCHOBBI
TEIUIOBOTO pacdyeTa HOBOTO PEKYIMEPATUBHOTO TETNIOOOMEHHUKA MPH CTAllMOHAPHOM
pexXHuMe.

[Ipy IpOEKTHPOBAHNN OCHOBHBIMH PACYETHBIMH YPABHEHHUSIMH SIBJISTFOTCSL:

ypaBHEHHE TeIIonepe1aun

Q = K-F (tm - tmz) (l)

raie Q — remwmoBoit motok, BT; K — xoaddunment remmonepenayn, Br/(MmK); F —

wIomaas TEmioobMeHa, M2 tyi, txx — TeMIeparypa TIperolieli M HarpeBaeMoi

KNIKOCTHU COOTBCTCTBCHHO.

YPaBHCHHUC TCIIJIOBOTO 6ancha, KOTOpPOC IIpHU YCIOBUM OTCYTCTBHUA TCIIJIOBBIX
IMOTCPb UMCCT BU:

Q =Gy (i1/ - i1//) =G (iz” - izl) (2)

rae G — MaccoBbIf pacxo/] TEIIOHOCUTEIIS, KI/C; | — yaeabHast SHTanbus, [IK/KT.
31ech U ganee UHACKCHI 1,2 OTHOCATCS COOTBETCTBEHHO K rOpsiueil U
XOJIOJTHOM XKHUIKOCTSM, UHACKCHI / , /[ - K TapaMeTpaM )HUJIKOCTH Ha BXOJIC B
ammapaT ¥ Ha BBIXOJIC U3 HETO.

[Tonaras, 4TO TEIIOEMKOCTh IIPU MOCTOSIHHOM JiaBieHnn Cp=CONst,
ypaBHEHHE TEIJIOBOT0 OalaHca MOXKHO 3aIMCaTh:

Q =Gi1Cp1 (twd — ta") = G2Cp2 (ta2” — t ) (3)

12



Bemnuuna G-Cp=C npexacranisier co00i MOJHYIO TEIIOEMKOCTh MacCOBOTO
pacxo/a TeIUIOHOCHUTENIS M Ha3bIBACTCSl PACXOTHOM TEIIOEMKOCTBIO, HIIN BOISTHBIM
sKBUBaJIeHTOM. W3 ypaBHeHus (3) cienyer:

- th// - th/ Ath
C = tu-tud = Ata

T.€. B TEINIOOOMEHHBIX anmnaparax TeMIEepaTypbl ropsyed U XOIO0JHOM KUIKOCTEN
U3MEHSIOTCA 00paTHO MPOMOPLMOHATIBHO UX BOASHOM 3KBUBAJIEHTAM.

B o6mieM cinydae remnepaTypa JKUJIKOCTH BHYTPH TEIJIO0OOMEHHUKA HE
octaercs nocrostHHou. [loaToMy ypaBHeHue Temtonepenayu (1) cnpaBeasvBo JHIIb
JUTS DJIEMEHTa TIOBEPXHOCTH Tertooomena dF, T.e.

dQ = K-At; -F

OO6muit TEMI0BOM MOTOK Yepe3 MOBEPXHOCTh TEMI000MEHA ONpeIeseTcsl Kak

WHTETpaj
Q= Jr K-Ati-dF 4)

Koadpdunment rermnonepenaun K B OOJBIIHHCTBE CIyYacB U3MEHSICTCS BIOJIb
MOBEPXHOCTH TETUIOOOMEHA HE3HAYUTEIIBHO, M €T0 MOKHO TIPUHSITH TTOCTOSTHHBIM.
Torna

Q= K-F-At (5)
riae At - cpeHee 3HaUeHUE TEMIIEPaTyYpPHOTO Hamopa Mo BCEil TOBEPXHOCTH HArpeBa,
C; K - ko3¢ duuuent Tennonepenaun, Br/(m?K); F - miomaas moBepxXHOCTH
Teronepeadn, M2,

N3 ypaBuenus (5) criemyer, 9ro Uil ONpPENETCHUS TMOBEPXHOCTH HarpeBa
MPEeIBAPUTEITLHO TpeOyeTcss HAWTH BETWYMHBI KOd(DQUITMEHTA Teruionepeaaun u
CpeIIHEro TeMITepaTypHOTO HaIopa.

Jlis pacyeta TETUIOOOMEHHMKOB C MHWJIWHAPHUYECKUMHU TPYOKaMH, TOJIIIMHA
CTEHKH KOTOPBIX HE OO0JbIle 2.5 MM, MOXKHO MOJE30BaThCS (POPMYJION I MIIOCKON
CTEHKH, OIIMOKa B 3TOM Ciyyae cocTaBiisget He 6osee 1-3%.

Koaddunuent rermmonepenayu s miIoCKOW CTEHKH UMEET BUJL:

K - 1 scm 1
a1 4+ Aem + O
rae o1 - KodGHIMEeHT TEeImIooTAaud OT IEPBOr0 TEIUIOHOCHUTENS (OXJIaKIacMOn

JKUIKOCTH) K cTeHke, Br/(M*K);
Ocm - TOJNIIIMHA CTEHKH TPYOKH, M;
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Aem - KO3 HUIMEHT TEIIOMPOBOIHOCTH MaTepuaia Tpyook, Bt/(m K);
02 - KO3((HIMEHT TEIUIOOTIaYl OT CTECHKH KO BTOPOMY TEILIOHOCHUTEIIO
(marpeBaemoli sxuaxocTn), Br/m? - °C,

Ecnu Ttemmeparypa o0OOMX TEIUIOHOCUTENIEH WU3MEHSIETCS BIIOJIb MOBEPXHOCTH
TEIJI000MEHa, TO TPH TPOTUBOTOKE U  TMPSMOTOKE CpEeIHEee 3HAYCHHE
TEMIIEpaTypHOTO Hanopa onpeaeisercs no Gopmyie:

Als - Aty

At 231 A
Aly

rae Ats - TemnepaTypHbIi Hamop (pa3HOCTb TEMIEpaTyp 00OUX TEIUIOHOCHUTENEH) Ha
TOM KOHIIE TeTUIOOOMEHHOI0 anmnapara, rjie OH OOJbIIIe;

Aty - TeMIepaTypHbIM Haop Ha ApyroM KOHIIE almapara, rie¢ OH MEHbIIE.

At - Ha3bIBaeTCs cpeHeNorapu(pMUIECKUM TEMIIEPATYPHBIM HAITOPOM.

Eciu Ats = Aty, To At = Atg = Aty

B Tex caydasx, korja TeMmIiieparypa TEILUIOHOCUTEIEH BJOJb MOBEPXHOCTH
TemI0o0MeHa u3MeHsercs HesHauuTenbHo (Otp / Oty [ 2), cpeaHio pa3HOCTH
TEMIIEPATYp MOKHO BBIYHCIUTh KaK CPEJHION apU(PMETUUECKYI0 M3 KpailHuX
HaIoOpPOB:

At)

_ A At
At = = At
5 (Ats +Aty) > I+

Ha puc. 7 moka3aH xapakTep HM3MEHEHHUs TeMIepaTyp BAOJb MOBEPXHOCTH
TEMI000MeHa MPHU MPSMOTOKE U MPOTUBOTOKE JUISI TPEX BO3MOXKHBIX COOTHOIICHHM
BOJSIHBIX 9KBUBAJIEHTOB TEILNIOHOCUTEIIEH.

[Ipy KOHCTPYKTMBHOM pacyeTe TEIJIOOOMEHHBIX aIllllapaToB  TeIIoBast
NpOU3BOAUTENBLHOCTE Q, 00bIyHO 3amaercs. TpeOyercss omnpeaenuTb IUIOIIAlb
MOBEPXHOCTH TEIJI000MEHa, KOTOpast HAaXOUTCA U3 ypaBHeHUs (5):

I
K At
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Puc. 7. I'paduk u3aMeHeHus: TEMIIEpATyp TEIJIOHOCUTENIEH BAOJIb MOBEPXHOCTU
arrapara npy ux NpssMOTOKE U IPOTUBOTOKE.
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3. TEILIOBOM PACUET U BOITPOCHI MIPOEKTUPBOAHUS

3.1. UcxonHble faHHBIE.

IIponsBecT  TEIUIOBOM W KOHCTPYKTHBHBIA  pacueTr  OTOIMUTEIBHOIO
CEKLIMOHHOTO BOJIOBOJSTHOTO TMOJOTpEBATeNsl MPOU3BOIUTENBHOCTRIO Q, kJ[K/4ac.
TemmnepaTypa HarpeBaeMoii BObI IPH BXOJe B mogorpesarens t7 , °C, u npu BeIXO1E
-t/ ,°C.

Temneparypa rperolieil (cereBoil) BOAbI MPU BXOAE B  BOJOBOASHOM
nonorpesarens - ti’, °C, npu Beixone - t1” , °C.

Marepuan TpyOOK TEIJIOOOMEHHHKA C HApyXHBIM JAHaMETpoM On, MM. H
BHYTPEHHUM Oy, MM.

TermonpoBogHOCTh MaTepuaia TpPyOOK Aem, B1/(MK), xosddumment,
YUHUTHIBAIOIIMM TOTEpU TEIJIa IMOBEPXHOCTHIO MOJOIPEBATENI B OKPY>KAIOIIYIO
cpeny, nn= 0,97.

BapuanTel 3aaHust npuBeAeHBI B Ta0. 2., cXeMa TeIJI000MEHHUKA Ha puc.8.

t ] iy t ]
[ pewwyas boda /P ‘_I

11
t, A

<t <

Hazpebaemas boda

i

=
E

N 3
Y ! = — |

Puc.8 - Cxema CexImoHHOTO BOASTHOTO TEINIOOOMEHHOTO ammapara
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Tabnuia 2. BapuaHnTbl UHAUBHUIYaIbHbBIX 33JJaHUM

Br10op BapuanTa no nocJjaeaneii undg

€ HOMEPA 3aAYETHON KHUKKH

Howmep

0123 (4|5/6|7|8]9
BapHaHTa
TemmoBast IPON3BOAUTEIHLHOCTD
TennooOMenHoro anmnapara, Q (x10°), |4,5(5,0/5,5(6,0/6,5/7,0/7,5/8,0/8,5(9,0
kJ>x/gac
Cxema nBXEHHS TerioHocuTenei (1- 1120112011211 121112
PSIMOTOK, 2-TIPOTUBOTOK)
Temmepatypa rperoiieii BOZILI IPH BXOAC| | 3 1 3511 34/136|138|131/133(135(137|139
B TETUIOOOMEHHBIN anmapar, ti', °C
TemnepaTypa rperoiei BoAsl Ipu
BBIXOJIe M3 TeriooomMenHoro anmapara, (100(101{102|103|104] 96 | 97 | 98 | 99 100
t1//, oC
Temmnepatypa HArpeBaeMoii BOJbI prlo 60161162163 64165 66 676869
BXOJI€ B TEIJIOOOMEHHBIN anmnapar, to', °C
TemmepaTtypa HarpeBaeMoi BOABI TIPU
BBIXOJI€ U3 TerIooOMeHHoro anmapara, |94 |96 95|99 |96 |100| 96 |101| 98 |102
t2//, oC

Br10op BapuaHTa no npejanocijaeaHei nudgpe Homepa 3a46THON KHUKKHU
Howmep 121345 7189
BapHaHTa
Marepuan TpyOOK TEII000MEHHOTO
anmapata (M-mens, A-amomunui, JI- MA|JOMA|JOM|A|JT|M
JaTyHb)
Koshduuuent TeronpoBoAROCT 305150611 171385/206(117|385(206(117|385
MaTtepuasa Tpyook, A, Br/(mK)
TemmepaTtypa CTEHOK TPyOOK, IPUHSTAS
pu pacuére, tem, °C 96|98 (99 |101(100/100{ 97 |101/101/102
Bb10op BapuaHTa 10 TpeThel cnpaBa mudpe HoMepa 3a46THON KHUKKHU

Howmep 0/1|2|3|4|5|6|7|8]9
BapHaHTa
Hapyxubiii quametp Tpyoox 12(14 16|18 |20 |21 /1917|1513
TEIUI000MEHHOr0 anmapara, dy, MM
Buyrpennuii amerp Tpy6ox 10|12|14|16|18|19 |17 |15 /13|11

TEIJI00OMEHHOr0 anmnapara, Jsu, MM
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3.2. llopsanok pacuera.
3.2.1. OnpenenuTs cpelHU OOBEMHBIA PACXOJ I'PEIOIIEH BOJBI MPU CpeIHEN
TeMIiepaType

%= i oC
2

no dopmyne:
Q
Vi = e,
LT T C (th t)p e 3600 TC

rae Q — TerioBasi MPOM3BOIUTENHHOCTD (TEIIIOBON MOTOK), KJ[>K/CeK;

C’p - MaccoBas TEIJIOEMKOCTh TIpeloIield BOAbl MpPU CpelHEH TeMIeparype,
k/J[x/(xr-K);

p’ - INIOTHOCTH TPEIOLIEH BOBI IIPH CPEIHEN TeMmeparype, Kr/m® (cM. mpuiL. A).

3.2.2. OnpenenuThb CpeIHU 00BEMHBIN PAcX0]] HarpeBaeMon BObI IIPU
CpeaHen TemMIieparype

tl2 + t”2 OC
tZCp = 2

o ¢popmyiie:
Q

Vo= 3,
2 C”p (t”Z i t'Z)p"' M /c

rae Q — TerioBasi MPOM3BOIUTENHHOCTD (TEIIIOBOM MOTOK), KJK/CEK;

C’’p - MaccoBas TEIUIOEMKOCTh HarpeBaeMoW BOJABI MPHU CpPEIAHEU TeMmIeparype,
k/x/(xr-K),
p’’ - IIOTHOCTH HArpeBaeMoi BOJKI IIPU CPEIHEH Temieparype, Kr/M° (cM. Ipui. A).

3.2.3. OnpeaenuTs MIOMIAb ONEPEUHOTO CEUEHUS TPYOOK B CEKLIMU MIPH 3a/1aHHOM
CKOPOCTH JIBFDKEHHMsI BOJIBI B TpyOkax vi = 0,5...1,0 m/c.

3.2.4. OnpenenuTh KOJTUYECTBO TPYOOK B CEKIUU:

n= —2o

HIT.
ndsnz ’

3.2.5. Tlo tabn. 2 Haiftu Onmxaiiiee KOHCTPYKTHBHOE YHMCIO TpyOOK N’, 1o
KoTopomy ormpezaensercs R u, cinemoBarensHo, quamerp D'=SR. Illar mo pamuycy
(puc.9) npunumaercs S=1,4d, ,a KosbIEBOM 3a30p M=8MM.

OnpenenuTs BHYTPEHHHM THaMETp KOPITyca TEII000OMEHHUKA 110 hopMyie:

D=D'+du+2M.
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Tabnuma 3. BapuanTel KOMIIOHOBKHM TPYOHOH pemIETKH TEII000MEHHUKA

R=D"/S n' R=D'/S n'
2 7 (1 psn) 22 410
4 19 (2 psiga) 24 485
6 37 (3 psana) 26 566
8 62 (4 psina) 28 653
10 93 (5 pss10B) 30 747
12 130 (6 psiz10B) 32 847
14 173 (7 psinoB) 34 953
16 223 (8 psizoB) 36 1066
18 279 (9 psinoB) 38 1185
20 341 (10 psnoB) 40 1310
n' - o0IIee KOJINIECTBO TPYOOK, pa3MeIaeMbIX He TPYOHOH TOCKe 1o
IIpumeyanue: KOHIIEHTPUYECKUM OKPYKHOCTSIM; S - mIar TpyOoK (pacCcTOSTHUE MEXKITY OCSIMHU
COCeHMX TPYOOK), S=1,4-d,.

S =0,0266 m

d, =0,019

 MY,008.1

2

D'=01596m

A

D =0,1946 u

A
A\ 4

Puc.9 — Cxema pasmemenus Tpyook B TpyoHOi# pemerke TOA (mpumep)




3.2.6. OnpenenuTh MII0MIA b NTONEPEYHOr0 CEUEHHSI KOPITyca TEIIO0OOMEHHUKA!
D
F= T
4

3.2.7. OnpenenuTp M0k, 3aHATYIO TPYOKamMu:

nd2.n’

f= =7
3.2.8. OmnpeaenuTp MI0Ma s> MEXTPYOHOTO MPOCTPAHCTBRA!

fi=F-f
3.2.9. Onpenenuts CKOPOCTh BOABI B MEXKTPYOHOM ITPOCTPAHCTBE:

\'Z)
f1

L2

3.2.10. OnpenenuTh AEUCTBUTEIBHYIO CKOPOCThH BOJIBI B TPYOKaX:

v/ n
= L1 n’

3.2.11. OnpenenuTs peKUM JBUKEHUS Tperollel BOAbI BHYTpH TPYOOK (IIs
BBIYUCIICHUS KOA((DUIIUEHTA TEIIIOOTIAYH 0l1):

L10en
Y

Re =

rae v - KooQQUIMEHT KUHEMATUYECKUH BA3KOCTH IPEIOIIEN BOIBIL, M%/C, (CM. UL
A).
3.2.12. Onpenenutsh K03GHUIMESHT TEIIIONEPEIAYH 01, TIOIB3YSICh
KPUTEPUATBHBIMUA YPABHEHUSIMU.

AJI1 JIAMUHAPHOT'0 PCKUMa JIBUIKCHHA:

Nu = _ OO =0,15Re%32 - Pro33.(Gr - Pr)%}( _Pr ) 025
A Prem

JUTsI TYpOYJICHTHOTO PEeXKUMa JABUKECHHUS:

rem

NU = (Xl}f‘ml = 0,021R,8 - Pro4s ( PPI’ )025

rne Nu - xputepuii Hyccenbra; A - KO3(p(UIHMEHT TEIIONPOBOIHOCTH BO/IbI,
Bt(m-K); Pr - kpurepuii [Ipanatis npu cpegHeit temneparype rperomeid Boabl 1P,
Prcm - kputepuii [Ipanaris npu TemnepaTtype CTeHKH TpYOBI tem;

-0 deilAt o
BQT - KpUTepHuu FpaCFO(ba,

Gr=

20



[Tapametpsl B, Y B3saTh u3 llpunoxenuss A npu Temneparype Iperolieid BoJbl,
g - yckopeHue cBoOoiHOTO TiageHus; At= tem — t1%.

3/1ech B KQUECTBE OMPEAECISAIONIEr0 TEOMETPUUYECKOTO pa3Mepa IPUHST JUAMETP
Kpyriioir TpyObl ey B KA4ecTBE ONPEICISIONICH TeMIepaTypbl — CpEIHSS
TeMIiepaTypa moroka: t1.

3.2.13. OmpenenuTb peXUM JBHKCHHUS HarpeBaeMol BOABI B MEKTPYOHOM
NPOCTPAHCTBE (ISl BBIYUCIICHUS KO3 PHULIMEHTa TETIOOT/Aa4YH 02):

Uzd
Re = _ e
Y1
rime vi - KOBCI)CI)I/IHI/IGHT KHHeMaTI/I‘leCKOﬁ BA3KOCTU HaneBaeMOﬁ BOJbI HpI/I

temmeparype to".
3.2.14. Omnpenenuts  KO3QPHUIMEHT  TEINIOOTAAYd 02,  IOJB3YICh
KPUTEpHUAIIbHBIMYA YPAaBHEHUSIMHU, KaK B IIyHKTe 3.2.12.
3.2.15. Onpenenutb KO3 HULIUEHT TETIIONEepEaaun

1
o 1 B 1
o1 }\,cm o2

3.2.16. OnpenenuTps CpeIHUN TeMIEpPaTypHBIA HAIIOP B 3aBUCHUMOCTH OT CXEMBbI
JIBUOKEHUS TETJIOHOCUTEIIEH (CM. pasjaen 2).
3.2.17. Onpenenuts Ma0Maab MOBEPXHOCTH HArpeBa MoaorpeBaTesis

Q
KAt
3.2.18. Onpenenuts CyMMapHYIO JIJIMHY CEKILIUI MOJ0TpeBaTEN

F
L= -
o epN
roe
d d“ + dBH
Hep — f

3.2.20. 1o pe3ynpTaTam pacuera HaUEPTUTh B MacIITade C yKazaHUEM
pa3MepoB ACKU3 BHEITHETO BU/A TETNIOOOMEHHOTO arnrmapara (cM. puc. 8) u cxemy
pasmerieHus TpyOok B TpyOHOU peméTke TerutooOMenHuka (cm. puc. 9). Tonmmny
CTEHOK KOpITyca TEIUIOOOMEHHOTO ammapara IpuHAITh 2,5 MM.
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NPUJIOXKEHHUE A. PU3UYECKHUE CBOMCTBA BOJIbI HA IMHUM HACBIIIIEHUS

t, °C | P(x10°)%, P, h, Cp, A(x1072), |a(x108),| u(x10%), | v(x10°), | B(x10%), | o(x10%), Pr
Ma Kr/m3 kx/kr | kk/kr'K | Br/Mm'K M2/c Ma-c M2/c 1/K H/M
1 2 3 4 5 6 7 8 9 10 11 12
0 1,013 999,9 0 4,212 55,1 13,1 1788 1,789 -0,63 756,4 13,67
10 1,013 999,7 42,04 4,191 57,4 13,7 1306 1,306 0,70 741,6 9,52
20 1,013 998,2 83,91 4,183 59,9 14,3 1004 1,006 1,82 726,9 7,02
30 1,013 995,7 125,7 4,174 61,8 14,9 801,5 0,805 3,21 712,2 5,42
40 1,013 982,2 167,5 4,174 63,5 15,3 653,3 0,659 3,87 696,5 4,31
50 1,013 988,1 209,3 4,174 64,8 15,7 549,4 0,556 4,49 679,9 3,54
60 1,013 983,1 251,1 4,179 65,9 16,0 469,9 0,478 511 661,2 2,98
70 1,013 977,8 293,0 4,187 66,8 16,3 406,1 0,415 5,70 643,5 2,55
80 1,013 971,8 355,0 4,195 67,4 16,6 355,1 0,365 6,32 625,9 2,21
90 1,013 965,3 377,0 4,208 68,0 16,8 341,9 0,326 6,95 607,2 1,95
100 1,013 958,4 419,1 4,220 68,3 16,9 282,5 0,295 7,52 588,6 1,75
110 1,43 951,0 461,4 4,233 68,5 17,0 259,0 0,272 8,08 569,0 1,60
120 1,98 943,1 503,7 4,250 68,6 17,1 237,4 0,252 8,64 548,4 1,47
130 2,70 934,8 546,4 4,266 68,6 17,2 217,8 0,233 9,19 528,8 1,36
140 3,61 926,1 589,1 4,287 68,5 17,2 201,1 0,217 9,72 507,2 1,26
150 4,76 917,0 632,2 4,313 68,4 17,3 186,4 0,203 10,3 486,6 1,17
160 6,18 907,0 675,4 4,346 68,3 17,3 173,6 0,191 10,7 466,0 1,10
170 7,92 897,3 719,3 4,380 67,9 17,3 162,8 0,181 11,3 443,4 1,05
180 10,03 886,9 763,3 4,417 67,4 16,2 153,0 0,173 11,9 422,8 1,00
190 12,55 876,0 807,8 4,459 67,0 17,1 144,2 0,165 12,6 400,2 0,96
200 15,55 863,0 852,5 4,505 66,3 17,0 136,4 0,158 13,3 367,7 0,93

* 3HaueHue, NpuBeaéHHOE B Tabnuue, HeE06X0AMMO YMHOXWUTb Ha MHOXWTENb, YKa3aHHbI B CKOBKaxX B 3aronoBke CTosbua
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