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1 OBLWME METOOUYECKUE YKASAHUA

Mpn n3ydeHnn kypca «TennoTexHUKa» CTYAEHTbI-3a04HUKN, PYKOBOA-
CTBYSICb MPOrpaMmon, CamMoCToATENbHO paboTaloT Hag yd4ebHukamn n y4ed-
HbIMW NOCOOMSMM, BLINOSTHAKT KOHTPOSbHYIO padoTy 1 nabopaTtopHble pabo-
Tbl. 2KenatenbHo npocnywaTtb 0630pHble NEeKUUM NO OCHOBHbLIM BOMpocam
Kypca. lNpn mnsydyeHun Kaxkgoro pasgena pekoMeHOyeTCsl COCTaBnATb KOH-
CMeKT, KOTopbIn ByaeT noneseH Npu NOBTOPEHUN MaTepuana, U pelaTtb 3a-
aadn Onsa 3akpenneHus TeopeTundeckoro marepmana. o BceM BO3HMKLINM
BOMpPOCaM CTYOEHT MOXET MOSydnTb KOHCYNbTauuio Ha kadpegpe Xvmuinm m
oXpaHbl Tpyaa.

[na ynydweHns oCBOEHUSA Kypca CTYAEHTbI-3a04HUKM AOMMKHbI BbIMNOS-
HUTb creayoume nabopatopHble paboThbl:

-onpegeneHne xapakTepucTuk UCTeYeHNa rasa unm napa;

-onpegeneHne KoarumeHTa TennonpoBoAHOCTM U30NALMM;

-onpegeneHne koadduumeHTa TennooTgadum npu cBoboaHOM U Bbi-
HY>KOEHHOW KOHBEKLNN,

-onpeaenexHne koaddrumeHTa Tennonepenayn B TeENI00OMEHHUKE;

-onpeaeneHune TennoTbl CropaHnsa TOMMVBa;

-MCNbITaHNe KOMMpeccopa Unmn BEHTUNATopa.

K peweHunto 3agay crnieqyeT NpucTtynaTb TOMbKO MOCe U3y4YeHnst CooT-
BETCTBYIOLLEro pasgena Kypca. KoHTponbHble 3a4ayvm coCTaBreHbl MO CToBa-
PUAHTHOWM (4MCIIOBOMN) CUCTEME, B KOTOPOWM K KaXKOOW 3ajade UCXoaHble OaH-
Hble BbIOMPAOTCA U3 COOTBETCTBYHOLMX Tabnuu nNo nocneaHen u npeanocneq-
Her umdpam wndpa (3a4eTHON KHXKKN) CTYAeHTa-3aouHuKa. BapuaHTt paboTsl
Takke JOIPKEH COOTBETCTBOBATL ATOMY LWMpY. PaboThbl, BbIMOMHEHHbIE HE MO
CBOEMY BapuaHTy, HE pacCMaTpuBatoTCS.

[Mpyn BbINONHEHMM KOHTPOMbHbLIX 3a4a4 HEODXOAMMO:

a) BbINMNCaTb yCrioBMe 3agayvn n UCXogHble JaHHbIE,



6) pelLeHne 3a4ay COMpPOBOANTL KPATKUM MOSICHUTENbHBIM TEKCTOM, B
KOTOPOM YyKa3aTb, Kakasi BeriMynHa ornpeaensieTcs U no kakor dopmyre, Kakve
BENMYUHbI NOACTaBNATCS B hOpMyry M OTKyAa oHM BepyTcs (M3 ycrnoBus 3a-
[ayn, 13 CnpaBoYHKUKa UK ObINK onpeaeneHb! Bbille U T. A4.);

B) BbIMMCIIEHWSI NPOBECTU B eanHMLax cucteMbl CU, nokasatb xof pe-
weHwus. Nocne pelleHns 3agaym aatb KpaTkMn aHanmua nosyYeHHbIX pesyrnbTa-
TOB W caenaTb BbIBOAbI;

r) B KOHUE paboTbl NPUBECTU CMINCOK WCMONb30BaHHOW NUTEpaTypbl U
NOCTaBWUTb CBOK MOAMMCY;

[) AN MUCbMEHHbIX 3aMeYaHui peLeH3eHTa OCTaBUTb YMCTbIE MOMs B
TeTpaau 1 YncTble 1—2 cTpaHuLpbl B KOHLE paboThbi;

e) UcnpaBneHns No 3aMeYaHnio peLIeH3eHTa 3anucaTb OTAENbHO Ha Y-
CTbIX NUCTax B TOW e TeTpaau nocne 3aronoBka «/cnpaeneHunsi no 3ameva-
HUSIMY.

PaboTa, B KOTOPOW BbllLEHa3BaHHbIE MYHKTbl HE BbINOMHEHbI, HE MPO-

BeEpAETCA.

2 NMPOIrPAMMA KYPCA
Tema 1. BBegeHue

MpegmeT TennoTeXHUKN, MECTO U POSlb €€ B CUCTEME MOArOTOBKU WH-
XEHEPHbIX KaapoB. CBsA3b TEMMOTEXHUKM CO CMEXHbIMW Haykamn. Vctopude-
CKOe pa3BuUTHE N NPOBIEMbl COBPEMEHHOW TEMMOTEXHUKM B CBS3U C pasBUTUEM
HOBOWM TEXHWUKM N TEXHONOMMU. TENNOTEXHUKA B MaLLMHOCTpoeHnn. CoBepLUEH-
CTBOBaHWE CTPYKTYpPbl 3HepretTnyeckoro 6anaHca, 9KOHOMUSA TONMMBa U SHEp-
rn. MNepcnekTyBbl pasBUTUS SSAEPHON N TEPMOSIAEPHON 3HEPreTUku. 3alumTta
OKpy>KaroLLen cpeabl.

Jlutepatypa [1, c. 4-5; 2, c. 4-5]



Tema 2. TexHnyeckaa TepMoaUHaAMMUKA
OcHogHble roHsMus1 U orpederneHusi

[MpeomeT TexHu4eckon TepMoaUHaMUKM U ee MeTodbl. Tennota u pa-
boTa Kak dopmbl nepegayn aHeprun. Pabouee Teno. TepmoamHammyeckas cu-
ctema. OcHOBHble napamMeTpbl COCTOSIHWUS. PaBHOBECHOE M HepaBHOBECHOE
COCTOsIHME. YpaBHEHWe COCTOSHUSA. TepmMoauHammyeckun npouecc. PaBHO-
BECHble 1 HepaBHOBECHbIE npoLecchbl. ObpaTumble N HeobpaTUMbIe NPOLECCHI.
N306parkeHne obpaTMMbIX NPOLECCOB B TEPMOAMHAMWYECKMX AuarpaMmmax.
Kpyroson npouecc (umkn).

[[@a3oBble cmecK, cnocobbl 3adaHus rasoBblX CMeECEW, COOTHOLLEHME
MeXgy MaccoBbIMU N 06 bEMHBIMW OMSIMU, BbIMUCIIEHUS NapaMeTPOB COCTOS-
HUSA CMecK, onpeaeneHne KaxyLLencs MOneKynsipHOM Macchbl U ra3oBOW MOCTO-
SIHHOW cMecwn, onpeaeneHre napunasnbHbIX AaBNeHNN.

TennoemkocTb. MaccoBas, obbeMHasa 1 MorbHas TennoemkocTu. Ten-
FNIOEMKOCTb NPV MOCTOSAHHbIX AaBreHnn n obbeme. 3aBUCMMOCTb TEMNSIOEMKO-
CTU OT TemMnepatypbl. CpeaHsa U UCTUHHaAsS TennoemMkocTu. Popmyrbl U Tab-
nvubl Ona onpegeneHns TensioeMKOCTeN. TernnoeMKoCTb CMecn mnaearnbHbIX
rasos.

Jlutepatypa [1, c. 6—11, 42—43; 2, c. 6—12, 62—68]

[epebili 3aKOH MepMoOUHaMUKU

CyLLHOCTb NepBoOro 3akoHa TepmoanHamMuki. PopmMynUpOBKM NEPBOro
3aKOHa TepMoaNHaMUKKN. AHanNUTUYECKoe BbipaXXeHne NepBoro 3akoHa TepMo-
AVHaMWKK, NPUHLMN 9KBMBANEHTHOCTU TENNOoThl U paboTbl. BeipaxkeHne Tenno-
Tbl 1 paboTbl Yepe3 TeEpMOAMHAMUYECKME NapaMeTPbl COCTOSIHUA. BHYTPEHHSAS
SHeprna. SHTanbnns. AHTponus. epBbi 3aKOH TEPMOAMHAMUKN ONA KPYyro-
BbIX (UMKIMdecknx) npoueccoB. duddepeHumanbHble COOTHOLLEHUS TEPMO-
OVHaMUKK. 3Ha4YeHre 1 Ucnonb3oBaHue anddepeHumnanbHbIX COOTHOLLEHWUA.

Jlnutepatypa [1,c. 12—19; 2, cC. 16-30]



Bmopol 3aKoH mepMoOuHaMUKuU

CyLLHOCTb BTOPOro 3akoHa TepMoguHaMumkn. OCHOBHbIE GOOPMYNMPOBKM
BTOPOro 3akoHa TepMoAMHaMUKK. TepmMoanHaMuUyeckne LMKIbl TeNMoBbIX Ma-
LWKH. Mpamble n obpaTHble UKkl TepmoanHamudeckuin KIMNO n xonogunbHbIn
koappmumeHT. Lukn KapHo n ero ceBomctBa. AHanMTU4eckoe BblpaXKeHue
BTOPOro 3akoHa TepMoauHaMuKn. VIsmeHeHve aHTponum B HeobpaTuMbIX Npo-
Leccax. CtaTmctTuieckoe TofKoBaHMEe BTOPOro 3akoHa TepMoguHaMumkun. duno-
codpckoe TOSIKOBaHMEe BTOPOro 3aKkoHa TepMoauHaMUKKU. VIsMeHeHne aHTponmu
N30rMPOBaAHHOW TEPMOONHAMUYECKON CUCTEMBI.

Jlutepatypa [1, c. 20—31, 2, c. 39—61]

TepmodOuHamu4veckue rpoyecchbl

Knaccmndoukaumss npoueccoB U3MeHeHust cocTosHus. Oblume metonpl
nccneaoBaHnst NPOLIECCOB U3MEHEHMSI COCTOAHUSA NoBbIX pabounx Ten.

MonutponHble npouecchl. YpaBHeHUe nonuTponbl. OnpeaeneHne noka-
3aTend nonmTponbl. AHanM3 NPoLIECCOB Ha OCHOBE CpaBHEHUS MokKasaTesien
nonuTponsbl. MNMpouecckl B koopauHatax PV n TS. OCHOBHble TepMoauHaMmye-
CKuMe MpoLECChl: M30XOPHbIN, M306apHbINA, N30TEPMUYECKMN U aanabaTHbIn —
YacTHble Criy4am NonNUTPONHOro npoLecca.

TepmoamHammnyeckme npoLecchl B peasnbHbIX rasax n napax. Csonctsa
pearnbHbIX ra3oB. ®a3oBble paBHOBECUSA U dha3oBble nepexobl. Tennota ga-
30BbIX nepexogoB. dasoBble aOuarpammbl. TPoOMHas U KPUTUHECKAs TOYKW.
YpaBHeHWe COCTOSIHUA pearbHbIX ra3oB. KoadhduumeHT cxumaemocTu. MNapbl.
OcHoBHble onpeaeneHus. lNpoueccbl napoobpasoBaHms B PV- n TS- gua-
rpammax. BogaHon nap. NoHsaTne o6 ypasHeHun BykarnoBuda — HosukoBa.
TepmognHammnyeckne Tabnuubl Boabl U BogsiHoro napa, PV-, TS- n hS- gna-
rpamMmbl BOAAHOrO napa. Pacyer TepmoanHaMmyeckmx npoLeccoB BOASHOMO
napa ¢ NomoLLbLo Tabnuy n hS-anarpammbi.

Jlutepatypa [1, c. 32—41,; 2, c. 31—36, 92—102]



BriaxkHbili 6030yx
OnpepeneHne NOHATUSA «BNaXHbI BO3ayx». Bnarocogepxaunne, abco-
MOTHasA 1 OTHOCUTENbHAs BNaXXHOCTb BO3ayxa. TemnepaTtypa ToYku pockl. hd-
avarpaMmma BnakHoro Bo3ayxa.
Jlntepatypa [1, c. 44—46; 2, c. 147—150]

TepmoduHaMmuKa romoka

NcTeueHne n gpoccenmpoBaHme ra3os 1 napoB. OCHOBHbIE MOSTOXEHUS.
YpaBHEHMEe NEPBOro 3aKkoHa TEPMOAMHAMUKWU AN1s1 NOTOKa, ero aHanua. NoHs-
TWe O connosoM U anddy3opHOM TeyeHuun rasa. AgmabaTtHble TeveHusi. Cko-
poCTb aguabaTHoro TeveHus. CBA3b KPUTUYECKOM CKOPOCTUM MCTEYEHMSI C
MECTHOM CKOPOCTbLIO pacnpocTpaHeHnsa 3Byka. Kputnyeckoe OTHOLLEHWE OaB-
neHun. PacyeT CcKopoCTU UCTEYEHUS U CEeKyHOHOro MacCoBOro pacxoja [ans
KPUTUYECKOTO pexmma. YCrnoBusa nepexoda Yepes KPUTUYECKYHD CKOPOCTb.
Conno JlaBans. Pac4eT npouecca UctedeHns BogsiHOro napa ¢ nomoLubto hSs-
anarpammbl. [lenctBuTenbHbIM Npouecc nctedeHns. [poccennpoBaHue rasoB
n napos. CylHOCTb npouecca. VIsameHeHne napaMeTpoB B npoLecce apocce-
nnpoBaHus. MNMoHsaTMe 06 adpdekTe [rkoyna — TomcoHa. OcobeHHOCTM apoc-
CEnMpoBaHua naearnbHOro M pearibHOro rasos. [MoHATUE O Temnepartype WH-
Bepcun. lNpakTnyeckoe MCnonb30BaHME Npouecca OpOoCcCenMpoBaHns. YCroB-
Hoe n3obpakeHne npouecca apoccennpoBaHns B hS-gnarpamme.

Jlutepatypa [1. c. 47—55, 58—59; 2, c. 132—146]

TepmoOuHamu4ecKul aHarnu3 rpoyeccos 8 KOMrpeccopax
MopwHeBon komnpeccop. MNpuHumn genctems. Pabota, 3aTpaunBaemas
Ha NpMBOA, Komnpeccopa. MHaukaTopHas anarpamma. M3otepmuyeckoe, agna-
B6aTHOEe M nonuUTponHoe cxatue. TepmoanHammyeckoe 06OCHOBaHWE MHOMO-
cTyneH4yaToro cxartus. M3obpaxeHune B PV- n TS-guarpammax tepmognHamm-

YECKMX MPOLIECCOB, NpOTeKaloLLMX B KoMmnpeccopax. HeobpaTtumoe cxatue.



OTtHocuTenbHbIn BHYTpeHHUW Kl komnpeccopa. [NoHATME 0 LeHTPOoBEXHOM
KomMmnpeccope.
Jlutepatypa [1, c. 56—57; 2, c. 69—74]

Luknbl dsucameriell 8HympeHHe20 c2opaHusi U 2a30mypOuHHbIX
yCmMaHOB8O0K

Linknbl agBuratenen sHyTpeHHero cropanunsa (ABC), nx knaccuduka-
uuns. Xapakrepuctuku [IBC, ocHOBHbIE HanpaBneHus nx passuTuS.

Linknbl rasoTypbuHHbIX YyCTaHOBOK. [@30TypbUHHbIE YCTaHOBKM
(FTY) B oOTpacnax HapogHoro xo3sanctea. Cxembl [TY, TexHUKO-
9KoHOMUM4Yeckne rnokasartenn. Metoabl nosbiweHus K.

Jlutepatypa [1, c. 60—64; 2, c. 75—90]

L{ukribl napocuriosbix ycmaHO80K
MpyHUMNManbHaa cxema NapocusioBon yctaHoBkW. Lk PeHkuHa n ero
nccnenoBaHne. BnusaHne HavarnbHbIX M KOHEYHbIX MapaMeTpoB Ha TepMudye-
ckuin KIMM umkna PeHknHa. N3obpaxeHune uukna B PV-, TS- n hS-guarpammax.
[MyT¥ NOBbLILLEHNS SKOHOMUYHOCTM NAPOCUIIOBbLIX YCTAHOBOK.
Jlutepatypa [1, c. 65—69; 2, c. 103—121].

L{ukribl xoroQusibHbIX MawuH
LInknbl xonoamnbHbIX YCTAHOBOK. XOMOAWIbHbIN KOIMUUMEHT U XO-
noaonpon3BoaMTENbHOCTL. LIMkn napoBon 1 BO3OYLLHOW KOMMPECCOPHOU XO-
NOANNBHON YCTaHOBKWN. XapaKTepUCTUKa XOSOAMSbHbBIX areHToB, MpUMeHsie-
MbIX B MapOBbIX XONOAMIbHbIX YcTaHOBKaX. NoHATME 06 abCopOLMOHHBIX U Na-
POIPKEKTOPHBLIX XONOANUSBHbIX YCTAaHOBKaX.

Jlutepatypa [2,c. 151 — 160]



Tema 3. Teopusi TennoodbmeHa
OCHO8HbIe nMoHsMUs1 U orpederneHusi
MpegmeT n 3agaym Teopum TennoobmeHa. 3HayeHne TenrnoobmeHa B
NPOMbILWIEHHBbIX npoueccax. OCHOBHbIE MOHATUS W onpeaeneHus. Buapl ne-
peHoca TennoTtbl. TennonpoBOAHOCTb, KOHBEKUMS U manydeHue. CrioxHbIn
TEnIoo0OMeH.
Jlutepatypa [1,c. 72—73; 2,c. 161 — 163]

TennorpoeoOHOCMb

OCHOBHbIE MOSTIOXKEHNA YYEHUA O TErnSIoNpPOBOOHOCTU. 3akoH Pypbe.
KoadhdpmupmeHT TennonpoBogHocTn. MexaHnsm nepefayv Tennotbl B MeTarsn-
nax, OuanekTpukax, nosynpoBOAHMKAX, XUOKOCTAX U rasax. JuddepeHumarns-
HOE ypaBHEeHVe TennonpoBOAHOCTU A5 OOHOPOAHBLIX M3OTPONMHbLIX TEM; YCIo-
BMS1 0gHO3HaYHOCTU. KoadhdmumeHT TemMnepaTyponpoBOAHOCTM.

TennonpoBOAHOCTb MPU CTauMOHApPHOM pexume. TennonpoBoaHOCTb
OOHOCMNOWHOW U MHOIOCITOMHOW MIOCKOM U LMITMHOPWUYECKON CTEHKN NpWU rpa-
HUYHbLIX ycrnoBusx 1-ro poga. TennonpoBOAHOCTb cdyepuyeckon CTEHKW. Ter-
NONPOBOAHOCTL MPY CTaLUMOHAPHOM PEXME N MPaHUYHbIX YCIoBUSX 3-r0 poda
(Tennonepenayva). Tennonepegaya 4epe3 OAHOCMOMHYHD WM MHOFOCIOMHYHO
MSIOCKYH U UMITMHOPWUYECKYIO CTEHKW; KO3huumneHT Tennonepenayn. INytn ne-
TeHcndmKauumm npouecca Tennonepenadn. Kputnyeckun gnameTp TensioBomn
nsonsaumun. Belbop LenecoobpasHoro matepuarna TEMNOBOWN U30SSILMN.

HecTtaumoHapHbI npouecc TennonpoBogHocTU. MeTtoabl pelueHust 3a-
Aady HecTauuoHapHOW TennonpoBogHocTU. OxnaxaeHue (HarpesaHue) He-
OrpaHMYEeHHON nnacTuHbl. [paHuydHbIe ycrnosusa 1-ro, 2-ro u 3-ro poga. Pery-
NAPHBIA PEXUM OXNaXaeHnst (HarpesaHus) Ten. TennonpoBOAHOCTb Terna C
BHYTPEHHUMWN MUCTOYHMKaMKU TennoTbl. OCHOBLI pacyeTa 3adady TEenonpoBoa-
HOCTW Ha 3BM.

Jlutepatypa [1, c. 73—75, 118—122; 2,c. 164—177]
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KoHeekmueHbIl merioobmeH

OcCHOBHbIE MOMOXEHUSI Y4EHUA O KOHBEKTMBHOM TennoobmeHe. duau-
Yeckasi CyLLIHOCTb KOHBEKTUMBHOTO TennoobmeHa. YpaBHeHne HbtoToHa — Pux-
mMaHa. OuddepeHumanbHble ypaBHEHUS TENNOOOMEHaA: ypaBHEHNE OBVKEHUS
BA3KOM >KMOKOCTW, ypaBHEHWE TennonpoBOOHOCTM NS MOTOKa OBWXKYLLENCH
XUOKOCTW, ypaBHEHME TENNOOTAAYM Ha rpaHuLe rnoToka U CTEHKWU, ypaBHEHMe
3aKOHa COXpaHEeHWs1 Macchbl. YCNoBuUs OOHO3HAYHOCTU K AndddoepeHumarnbHbIM
ypaBHEHNSIM KOHBEKTUBHOIO TenrnoobmMeHa. OCHOBHbIE MOMOXEHUS TEOPUM MO-
rpaHn4HOro crnosi. MectHbIn 1 cpeaHUn Ko MUUMEHTLI TENOOTAAYN.

OcHoBbl Teopun Nogobust n mogenuposaHus. OCHOBHbIE OnpeaeneHuns.
Ycnosus nogobus dunsndeckmx seneHnin. Teopembl nogobus. KputepmnanbHbie
ypaBHeHUs, onpegensowme kputepun. Metog mogenvposaHus. Pusnyeckui
CMbICIT OCHOBHbIX KpUTepueB nogobus. AHanma pasmepHocTen. MNoHsaTHe o ma-
TemMaTM4eCcKoM MogeNMpPoBaHUN.

TennoobmeH MpU BbIHYKOEHHOM ABWKEHUM XMOKOCTW. TennoobmeH
NPV OABWXKEHWUU XXUOKOCTU BOOSb MIIOCKOM MOBEPXHOCTU: Tennootaadya npu na-
MWHapPHOM 1 TypOYyneHTHOM norpaHnYHOM crioe. PacyeTHble ypaBHeHus. Ten-
NO0BMEH NP BbIHYXAEHHOM TEYEHUM XUOKOCTM B Tpybax: Tennootaada npuv
NaMVHapHOM 1 TYpPBOYNEHTHOM TEYEHUSAX XKUOKOCTU B rMagKMX U LLEPOXOBaTbIX,
NPAMbIX M U3OTHYTLIX TPyOaX, KPYrnoro M HEKpyrnoro ceyeHus. PacyeTHble
ypaBHeHus. Tennootgada npuv rnonepeyHoM OMbIBaHUM OOUHOYHOW KpYriion
Tpybbl. Tennootaaya nNpu nNornepeyHoOM OMbIBaHUU My4YKOB TPYO KOPUOOPHO U
LLIAXMATHO pacroroXeHHbIX. PacyeTHble ypaBHEHUS.

TennoobmeH npu cBO6OAHOM ABWXEHUWN XUMOKOCTU. TennooTtgada npu
CBOOOAHOM OBWXKEHUWN XUOKOCTU B HEOrpaHMYeHHOM obbeme; NnamMuHapHasi v
TypOyneHTHasa KOHBEKUMS Y BEpPTUKanbHbIX NMOBEPXHOCTEN. ECTECTBEHHAsH KOH-
BEKLMS Y rOpn3oHTarnbHbIX TPy6. PacyeTHble ypaBHEHUS.

Jlutepatypa [1,c. 79—102; 2, c. 178—206]
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TernoobmeH usnydyeHuem

Ob6Lwme noHaTHA 1 onpegeneHuns. YactoTbl TENNOBOro M3nyyeHus, 6a-
naHc ny4uctoro TennioobmeHa. OCHOBHbIE 3aKOHbI JTYYUCTOro TennoodmeHa.
TennoobMeH M3nyyYeHneM mexay Ternamu, pasgeneHHbIMU Npo3padvyHon cpe-
O0Wn; Ko3(hrUMEHT 0BYy4YEHHOCTU; TENNOOOMEH N3NyYEeHNEM MEXOY Tenamu,
NPOM3BOSIbHO PACMONOXEHHbIMX B NMPOCTPAHCTBE. 3alumTta oT usnyveHus. MNs-
ny4yeHne ras3oB; Ny4UCTbI TEMNIOOOMEH B TOMKaXxX U KamMepax CropaHusi.

Jlutepatypa [1, c. 103—111; 2, c. 210—218]

OcHosbl pacdema merrnoobMeHHbIX arnapamos

Tennonepegayva B TennoodbmMeHHuKax. OCHOBHbIE CXEMbl OBWXEHUSI U
TennoobMeHa NOTOKOB TensfioHocuTenen. TennoHOCUTENW, UX OCHOBHbIE Xa-
paktepuctukun. TpeboBaHua, NpeabsBiseMble K TENNOHOCUTENAM. YpaBHEHNUS
ONga TENMOBOro NOTOKa U CpeaHen pasHOCTU Temnepatyp nobon cxemMbl Ten-
noobmeHa; crioxHbi TennoodbmeH. Metoabl HTEHCMdMKaUMKM Tennonepeaa-
yn. HasHayeHue, Knaccudukaumsi M CXembl TenrIoOOMEHHbIX annapaTtoB.
MpuHUKMN pacyeTa TENNOOOMEHHLIX annapaToB.

Jlutepatypa [1,c. 112—117, 121 — 128; 2, c. 219—227]

Tema 4 lNMpombliwneHHble TensIo3HepreTuYecKmue yCTaHOBKN
(ana cneuwansHocTten J1M v OM[)

Tornueo, 0CHO8bI MeopUU 20PEHUS U MOIoYHbIe ycmpoulcmea
Bugbl ckuvraemoro TonnuBa M UX XapaktepucTuku. Knaccudoukaums
Tonnmea. [NepcnekTBbl NPUMEHEHUST PA3NMYHOIO TOMMMBA B NMPOMbILLSIEHHO-
cTn. TBepaoe mn Xunakoe TONSIMBO U €ro0 OCHOBHbIE XapaKTEPUCTUKN. DrieMeH-
TapHbIN COCTaB Tonnuea. TennoTta cropaHus. a3oobpasHoe TONNMBO U ero
OCHOBHbIE XapaKTEPUCTUKK. YcroBHoe Tonnmeo. Npobrnema 3KoOHOMUKM TONSK-
Ba U NyTn ee pelleHns. MNMpobnembl 3awmTbl OKpyKatoLLen cpeapl oT Bblbpoca

NPOAYKTOB CropaHnA Torsimea.
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OcHOoBbI TEOPUM TOPEHUST N OpraHU3auns CXKuUraHus Tonnmea B MPo-
MbILLSIEHHBIX YCNOBUSAX. ToMoyHble YycTponcTBa. CxuraHne rasoobpasHoro
TOoNNMBa M ra3oobpasHbiX OTXOA0B MPOU3BOACTB; KMHETUKA ra30BbIX peakuun
ropeHust (roMoreHHoe ropeHue), KoapurumeHT n3bbiTka Bo3ayXa U ero Benu-
YMHa MpU CKUraHUM razoobpasHoOro ToNMnBa, BOCMaMeHeHe 1 TeMneparypa
BOCMIAaMEHEHNSA, (PPOHT MNfamMeHn N CKOPOCTb €ro pacrnpocTpaHeHus, npe-
O€enbHble KOHLEHTPaLMM FOprYnNX ra3oBbIX CMEeCcen, KMHetudeckoe u andpdy-
3MOHHOE ropeHne, cMmeceobpa3oBaHne U ropeHne TypobyneHTHbIX CTpyW rasa,
cpeaHsisi o6beMHasi CKOPOCTb ropeHust. TOMOYHbIE YCTPOMCTBA AN CXKUraHus
rasoobpa3HOoro Tonnmea 1 ra3oobpasHbIX 0TXOA0B NPON3BOACTBA.

CxxuraHve XuMakoro TOMMMBa W XUOKUX OTXodoB npomssonctea. Oco-
BGEHHOCTb FOpeHns XXMaKoro Tonnmea. 30Hbl ropeHnst hakena dgopcyHkn. Ko-
a(ppruUmMeHT n3bbITKa BO3ayxa Npu CXUraHum xumakoro tonnmea. OcobeHHoCTH
CXKUraHNS XXUOKNUX OTXOA0B NPOM3BOACTB, TOMOYHbLIE YCTPOMCTBA.

CxvraHvne TBepOoOro Tonnmea U TBEpAbIX OTXOA0B MPOU3BOACTBA; asie-
MEHTbI TEOPUW TOpPeHUs1 yrnepoda (reTeporeHHoe ropeHue), KMHeTUYeckas,
anddy3noHHas 1 nepexogHas obracTn ropeHns yrnepoaHbiX YacTul, Brvs-
HMe NeTy4Mx COCTaBMSAOLLMX TBEPAOro TONMMBA Ha NPOLLECC BOCMNIAMEHEHNS N
ropeHnsi, CTaaum ropeHus TBepaoro TonnmMea B peasibHbIX yeroBusix. Cnocobbl
CKUraHusi TBEPAOro TOMMMBA: CIOEBOE, B MCEBOOCKMKEHHOM crioe; doakerib-
Hoe. OcoBeHHOCTN CxXuraHus TBepAblX OTXOO0B MpPOM3BOACTBA. TOMKM ONd
CXKUraHus TBEPLOro TOMNMBa U TBEPAbIX OTXOA0B NPOM3BOACTBA.

OuncTtka AbIMOBbIX Fa30B OT CEPHUCTLIX Fa30B, OKUCIIOB a30Ta U MNbiSn.

PacueTbl NpoLeccoB ropeHnst TBEPLOrO, XXMOKOro U razoobpasHoro Tor-
nvea. OnpegeneHne TeopeTnyeckn HeobxoaMmMOoro KonmyecTsa Bo3gyxa Ans
CXKuraHnsa TBEpOOro, XUAKoro 1 razoodpasHoro tonnvea. OnpenenerHne obbe-
Ma NPoAyKTOB cropaHus npu o= 1 n o> 1. PacyeT aHTanenum OsIMOBbIX ra3oB.
TeopeTnyeckada TemnepaTtypa ropeHnsi. OCHOBbI pacyeTa TOMOYHbIX YCTPOUCTB.

Jlutepatypa [1,c. 130—160; 3, c. 211—249]
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TexHoroaudeckue rpoMbILUIEHHbIE reyu

OcHoBbl 06Len Teopumn neden. HasHadeHne 1 xapakrepucTmka OCHOB-
HbIX TUNOB reYven. MNpuHuMnuaneHas cxema nNpoMbiLLieHHoW rnevn. OcobeHHo-
CTW CXuUraHusi Tonnnea B neyax. Tennonepegadya B nevax. OCOBEHHOCTU KOH-
CTPYKUMN Nedven ona Tepmudeckon obpaboTkun. PereHepaums TensnoTbl yxoas-
LLIMX MEYHbIX ras3oB. YTUNusauua TennoTbl YXoOaLwmx ra3os. [binerasosble Bbl-
Bpocbl Nneyen, NbirieynasnmMBaHme, CXeMbl O4YUCTKU ra3os.

OcHOoBHbIE MOSIOXEHUSA pacyeTa NMPOMbILUMIEHHbIX revyen. Tennoson u
mMaTepuanbHbih 6anaHc neun. Tepmudeckun Kr1 neun. PacdeT TOMNoYHOro
YCTPOMWCTBA Nneyn (onpenesieHne KonmyecTsa Tonnmnea, CKMraeMoro B eOuUHNLLY
BpeMeHW, yaernbHble pacxodbl TonnmBa MU crnocobbl X YMeHbLUEHWS, onpeae-
neHne rabapuTtHbIX pa3mMepoB TOMOYHOrO MPOCTPaHCTBa), NoAGOP roperiok u
dOpCyHOK, onpeaeneHve NoBEPXHOCTU pagauauun 1 temrepatypbl ObIMOBbIX
rasoB, ornpeaeneHne BpeMeHn TepMoobpaboTkM maTepuarnos B Neyn, aapoam-
HaMWU4YECKUI pacyeT neyu.

MeTannypruyeckue neun. OCHOBHble TpeboBaHus, npeabsBnsemMble K
neyam. OcobeHHOCTV Harpesa MeTansnoB 1 crnaBoB. Knaccudukaumsa neven
Nno TexXHosIorm4yeckomy npuHUmMNny. OCHOBHbIE TUMbl TOMMMBHBIX U 3NeKTpuye-
CKNX neyen: BpalLatolimecs bapabaHHble; neun 4ns odxura B KUNSLWEM CrIOe;
CYLLUUIbHbIE; LIaxXTHbIE; OTpaXaTerbHble; KOHBEPTOPbl M MapTEHOBCKUE Meyun,
SNEKTpUYECKne neyn ConpoTUBNEHNS; UHOYKUNOHHbIE; OYyroBble W ApYrie TUMbl
neyen (Nno crneumnanbHOCTAM).

OneMeHTbl KOHCTPYKLUMK U MaTepuarbl 45151 COOPY>KEHUA N PEMOHTA Me-
yen. Matepuanbl 411 CoopyeHusi nevyen. Buasl matepmnarnos, UCMONb3yeEMbIX
ans coopyxeHunst neden. OrHeynopHble mMatepuansl. VX knaccudukaums, oc-
HOBHbIE CBOMCTBA W X onpeferneHune. TennonsonsaunoHHble maTtepuansl. Uc-
naputensHoe oxnaxaeHue. Kapkac, knagka, rapHiTypa v gpyrue anemMeHTbl
NeYHbIX KOHCTPYKUMIA, 0OOpYyaOBaHUE Neyen.

Jlutepatypa [4, c. 5—501]
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3 KOHTPOJIbHAA PABOTA

3apava 1

a3 - BO34yx C Ha4YanbHOW Temnepatypon t; = 27°C - cKumaeTtcs B
OLHOCTYNeH4YaToM MopLLUHEBOM KoMnpeccope oT aasrnenuna P;=0,1 Mlla go
nasneHna P,. Cxatne MoXeT npoucxoamtb No n3otepme, no agmnabarte
U no nonuTpone ¢ nokasatenem nonutponel n. Onpegenutb ANS
KaXxgoro m3 Tpex NpoLecCoB CXaTUsa KOHEYHYK TemnepaTypy rasa
t,, oTBedeHHy OT rasa Tennoty Q (B kKunoBaTTax) U TeopeTuye-
CKYI MOLLHOCTb KoMnpeccopa N, ecnu ero npoussogntesisHocTb G.
[daTb cBOogHYlO Tabnuuy n naobpaxeHmne npoueccoB cxatna B PV- un
TS-anarpammax. [daHHble, HeoOxoaumMmbie ANA peleHud 3agayu,
BblbpaTb 13 Tabn. 1.

YkasaHue. PacyeT npoBecTu 6e3 yyeta 3aBUCUMOCTU TeNso-

€MKOCTUM OT TeMnepartypbl.

Tabnuua 1 - icxoaHble gaHHble ANSa peweHus 3agaydun 1

NocnenHsas Npeonocnen-

undopa n HAA undopa P,, Mlla 10« G, Kkr/y

Lwndppa wndopa
0 1,25 0 0,9 0,3
1 1,22 1 1,0 0,4
2 1,24 2 0,85 0,5
3 1,21 3 0,8 0,6
4 1,20 4 0,95 0,7
5 1,30 5 0,9 0,8
6 1,27 6 0,85 0,9
7 1,26 7 0,9 1,0
8 1,33 8 0,8 1,1
9 1,23 9 0,85 1,2
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3apava 2

BooaHon nap ¢ HavanbHbIM gasrneHnem P, = 3 Mlla u ctene-
HbtO cyxocTu X; = 0,95 noctynaeT B naponeperpeBaTtenb, rge ero
TemnepaTtypa nosbiwaetca Ha At. [locne neperpesatens nap M3o-
9HTPOMNHO pacwupsieTcsa B TypbuHe o gasneHunda P,. Onpegenntb
(no hS-gnarpamme) konu4vecTtBo Tennotbl (Ha 1 Kkr napa), nogBe-
OEHHON K HeMy B naponeperpeBartenie, paboty uumkna PeHknHa wu
CTeneHb CyXOCTU napa X, B KOHUe pacwupeHus. Onpegenutb Takxe
Tepmudeckun KMn uyukna. Onpenenntb paboTy UMKAA U KOHEYHYIO
CTeneHb CYXOCTW, ecnn nocre naponeperpeBatens nap gpoccenu-
pyeTca 0o nasneHuns P;. [laHHble, HeobXxoaAuMMble AN pelleHnsa 3a-

aayn, BblbpaTtb u3 Tabn. 2.

Tabnuua 2 - icxoaHble AaHHbIE ANS peLlleHns 3agayum 2

[NocnegHsasa MNpepnocnen-

undpa At HAS umdpa P2, klMa Ps, Mla

Lwindppa wundopa
0 250 0 3,0 0,50
1 245 1 3,5 0,48
2 240 2 4,0 0,46
3 235 3 4,5 0,44
4 230 4 4,0 0,42
5 225 5 3,5 0,40
6 220 6 3,0 0,38
7 215 7 3,9 0,36
8 210 8 4,0 0,34
9 205 9 4.5 0,32
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3apava 3

MO ropu3oHTanbHO pPacnonoXeHHOW cTanbHon Tpybe (koadhduum-
eHT TennonposoaHocTn A paseH 20 BT/(M*K) ) co ckopoCTbio o Te4eT BoAa,
nmerowaa temnepatypy ts. CHapyxu Tpyba oxnaxgaeTcs OKpyXKatoLnm
BO34YyXOM, TemnepaTtypa KOToporo tg.;, AaBneHue 0,1 Mla. Onpegenntb
KO3 MUMEHTbI TENNIOOTAAYN o1 U O, COOTBETCTBEHHO OT BOAbl K CTEHKE
TPpyObl U OT CTEeHKM TPyObl K BO34AyXy, KOIPDUUMEHT Tennonepenayn u
TENnnoBOM NOTOK , OTHECEHHbLIN K 1 M ANuHbI TPyObl, €CNM BHYTPEHHWUMN
anameTp Tpybbl paBeH d;, BHewHun — d,. [aHHble, HeobxoauMmble Ons
pelweHna 3agayn, Bblbpatb n3 Tadn. 3.

YkasaHue. [na onpegeneHunst o, NpUHATL B NEPBOM NPUBNMKEHUN
TemnepaTypy Hapy>XHOW MOBEPXHOCTU Tpybbl t, paBHOM TemnepaTtype BO-
obl. MNpn onpegeneHnn koadpduuneHTa TennootTaadun UCNonb3oBaTb AaH-

Hble U3 npunoxexus L.

Tabnuua 3 - MicxoaHble AaHHbIe ANS pellenus 3agayum 3

MNocnen- Mpegnocnen-

HAA und-| ts, °C | ©, M/c | HAA undpa | tges, 'C | di, MM | dz, MM

pa wndpa lwndopa
0 120 0,25 0 18 190 210
1 130 0,36 1 16 180 200
2 140 0,27 2 14 170 190
3 150 0,38 3 12 160 180
4 160 0,19 4 10 150 170
5 170 0,21 5 8 140 160
6 180 0,23 6 6 130 150
7 200 0,42 7 4 120 140
8 210 0,43 8 2 110 130
9 220 0,44 9 0 100 120
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OTBETUTL Ha BOMPOCHI: KAKON PEXUM TedeHusi BHYTpu TpyObl B Ba-
lWeM BapuwaHTe 3agaun? Kakon pexum OBWXKEHUSsI OKpyKaiollero Tpyby
Bo3gyxa? [loyeMy MOXHO Mpu pacyeTe MPUHATL B3aUMHOE PaBEHCTBO

Temnepartyp HapyXHOM NOBEPXHOCTN TPYybbl 1 BOALI?

3apgava 4

Onpegenntb NOBEPXHOCTb HarpeBa pekynepaTtMBHOIO ra3oBO3ayLu-
HOro TennoobMeHHMKa Npu NPSIMOTOYHOM N NPOTMBOTOYHOW Cxemax OBW-
XEHUs TennoHocuTenen, ecnm obbEMHbIA pacxod HarpeBaemMoro Bosagyxa
NpW HopmarbHbIX yCroBuax V, , cpeaHun KoaduumneHT Tennonepeanaydn
OT NPOAYKTOB cropaHust K Bo3ayxy K, HayanbHble N KOHEYHbIE Temneparty-
pbl MPOAYKTOB CropaHus U Bo3gyxa COOTBETCTBEeHHO t;', t1", to' u t,". [aH-
Hble, HeobXxoaMMmble ANs pelleHust 3agayu, BelbpaTb U3 Tabn. 4.

N306pa3nTb rpadmnkn nameHeHna TemnepaTtyp TennoHocuTenemn ona
obounx cryyaes.

Tabnuua 4 - cxogHble AaHHble Ans peweHns 3agaym 4

Mocnen- 1024V, K, [Mpegnocnen- o o o o
HA49 undopa VeI " Br | HAAa uudpa | t,°C | t',°C | t,,°C | t',°C
wmndppa m°-K wundpa
0 1 18 0 600 | 400 20 300
1 2 19 1 625 | 425 15 325
2 3 20 2 650 | 450 25 350
3 4 21 3 675 | 475 30 375
4 5 22 4 700 | 500 10 400
5 6 23 5 725 | 525 12 425
6 7 24 6 750 | 550 18 450
7 8 25 7 775 | 575 28 475
8 9 26 8 800 | 600 32 500
9 10 27 9 575 | 375 8 275
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3apava 5

[Ona Teopetunyeckoro umkna I'MY ¢ nogBoaom TensioThbl MPU NOCTO-
SSHHOM [aBneHun onpenenuTb NnapameTpbl paboyero Tena (Bosgyxa) B xa-
paKkTEPHbIX TOYKaX UMKNa, NoABEAEHHYO U OTBEAEHHYIO TENSOTY, paboTy u
Tepmudeckun KIMO uukna, ecnu HavanbHoe pasneHne P,=0,1 MIlla,
HavyanbHaa Temnepatypa t; = 27°C, cTeneHb MNOBbIWEHUS OaBfEHUS B
KoMrnpeccope nt, TeMnepatypa rasa nepeg TypbuHom ts.

Onpenenutb TeOpeTUYECKyo MoLHOCTb ' TY npu 3agaHHOM pacxo-
ne sosgyxa G. lNokasatb yukn yctaHoBku B PV- n TS-guarpammax. [aH-
Hble ONSA pelleHns 3agayn BoldpaTtb 13 tabn. 5.

YkasaHue. TensioeMKoCTb BO3ayxa MNPUHATb He3aBuCALEN OT TeMm-

neparypbil.

Tabnuua 5 - VicxoaHble gaHHble Ans peleHns 3agadn 5

NocnegHsas P Mpegnocnen-

umdppa n= P—Z HAs umdpa ts, °C G, Kr/c

wndpa ' wmndpa
0 6 0 700 35
1 6,5 1 725 25
2 7 2 750 30
3 7,5 3 775 40
4 8 4 700 50
5 7,5 5 725 60
6 7 6 750 70
7 6,5 7 775 80
8 6 8 800 90
9 7 9 825 100
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[MpunoxeHue A

dusnyeckne napameTpbl Cyxoro Bosgyxa npu gasneHnn 101325 lMNa

T, K P, % Cp,:ff’;‘( x-lOZ,MB.TK v.loe,M: Pr
263 1,342 1,009 2,361 12,43 0,712
273 1,293 1,005 2,442 13,28 0,707
283 1,247 1,005 2,512 14,16 0,705
293 1,205 1,005 2,593 15,06 0,703
303 1,165 1,005 2,675 16,00 0,701
313 1,128 1,005 2,756 16,96 0,699
323 1,093 1,005 2,826 17,95 0,698
333 1,060 1,005 2,896 18,97 0,696
343 1,029 1,009 2,966 20,02 0,694
353 1,000 1,009 2,047 21,09 0,692
363 0,972 1,009 3,128 22,10 0,690
373 0,946 1,009 3,210 23,13 0,688
393 0,898 1,009 3,338 25,45 0,686
413 0,854 1,013 3,489 27,80 0,684
433 0,815 1,017 3,640 30,09 0,682
453 0,779 1,021 3,780 32,49 0,681
473 0,746 1,026 3,931 34,85 0,680
523 0,674 1,038 4,268 40,61 0,677
573 0,615 1,047 4,606 48,33 0,674
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Mpunoxexue b

dusnveckme napamMmeTpbl BOAbl HA NMNMHUN HaCbILLEeHUA

T, K Cp, W% LN v-lOG,M: Pr

273 4212 0,551 1,789 13,67
283 4191 0575 1,306 9,52
293 4,183 0,599 1,006 7.02
303 4174 0,618 0,805 5,42
313 4174 0.634 0,659 431
323 4174 0,648 0,556 3,54
333 4178 0,659 0,478 2.98
343 4,187 0,668 0,415 2,55
353 4,195 0.675 0,365 2.21
363 4,208 0,680 0,326 1,95
373 4,220 0,683 0,295 1,75
383 4,233 0,685 0.272 1,60
393 4,250 0,686 0,252 1,47
403 4,266 0,686 0,233 1,36
413 4,287 0,685 0.217 1,26
433 4,346 0,683 0,191 1,10
453 4417 0.675 0.173 1,00
473 4,505 0,663 0,158 0,93
493 4,614 0,645 0,148 0,89
513 4,756 0,628 0,141 0.87
533 4,949 0,605 0,135 0,87
553 5,229 0,575 0,131 0,90
573 5,736 0,540 0,128 0.97
593 6,473 0,506 0.128 111
613 8,163 0,457 0.127 1,39
633 13,984 0,395 0,126 2,35
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[MpunoxeHue B

CpenHsas TennoeMKocTb HEKOTOPLIX ra3oB B npeaenax ot 0 go 1500 °C

a3 Cp, lffb; Cv, :fb;

Bo3gyx Cp=0,9956 + 0,000093 t C,= 0,7088+0,000093 t
H> Cp= 14,33 + 0,0005945 t C,= 10,12 + 0,0005945 t
N> Cp,= 1,032 + 0,00008955 t C,=0,7304 + 0,00008955 t
o Cp= 0,919 + 0,0001065 t C,= 0,6594 + 0,0001065 t
CO Cp= 1,035 + 0,00009681 t C,=0,7331 + 0,00009681 t

H,O Cp,=1,833 + 0,0003111 t C,=1,372 + 0,0003111t
CO, Cp= 0,8725 + 0,0002406 t C,=0,6837 + 0,0002406 t
[Mpunoxenune [
hS-gunarpamma BogsiHOro napa
v S
Az r@%*
3600 qﬁ- %

A7

MpumeyaHune. PacyeTtbl no 3agayvye 2 npoBoauTb MO ToyHOM hS-

anarpamMmme BoAAHOro napa [5].
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[Mpunoxexwve [

OCHOBHbIe KpUTepuarnbHble YpaBHEHUS ANl pacyeTa

KOHBEKTUBHOro TennoobmeHa

Buag tennoodbmena

KputepnanbHoe ypaBHeHue

BbIHYy)XQEHHOE TeyeHune Xnako-
CTW B KPYMMbIX Tpyb6ax, pexmm
namMmMHapHbIN

Nu=0,15 Re** Pr0*® Gr®* (Pr/PrcT)*®

BblHyXOeHHOe TedeHue XUOKo-
CTU B KpyrnblX Tpybax, pexvm
TYpOYNEHTHLIN

Nu=0,021 Re%® Pr®*® (Pr/Prct)%?°

BbIHYy)XIEHHOE TeYyeHue rasa B
Kpyrnbix Tpybax, pexum namm-
HapHbIN

Nu=0,13 Re%* Gr*!

BbIHy)K,EI,eHHOG Te4yeHune ra3a B

KpyrnbiX Tpybax, pexum Typoy-
NEHTHbIN

Nu=0,018 Re®®

EcTtecTBeHHas koHBeKUMS,
Gr Pr <500

Nu=1,18 (Gr Pr)***

ECTeCTBeHHaﬂ KOHBEKLU WA,
500 < Gr Pr < 2*10°

Nu=0,54 (Gr Pr)*®

ECTeCTBeHHaFI KOHBEKLUNA,
Gr Pr > 2*10°

Nu=0,135 (Gr Pr)**

CeobogHoe namvHapHoe ABu-
XEeHne XnaKocTu OKOMo ropu-
30HTasbHbIX TPYO

Nu=0,5 (Gr Pr)>*(Pr/PrcT)**

OMbIBaHME XMOKOCTU OANHOY-
Hon Tpy6bl (Re<1000)

Nu=0,5 Re®° Pr®*® (Pr/PrcT)>*

OwmbliBaHWe rasza OANHOYHON
Tpy6bl (Re<1000)

Nu=0,43 Re®°

OMbIBaHME XMAKOCTN OOUNHOY-
Hon Tpy6bl (Re>1000)

Nu=0,25 Re®° Pr®*® (Pr/Prct)**°

OMbIBaHMe raza oguHO4YHON
Tpy6bl (Re>1000)

Nu=0,216 Re’®

MpooonbHoe obTekaHne nna-
CTUHbI XXWAKOCTbIO, PEXMM Na-
MUHaAPHbLIN

Nu=0,66 Re®° Pr®* (Pr/Prct)**°

MpooonbHoe obTekaHme nna-
CTUHBbI XXUOKOCTbIO, PEXUM TYp-

OYNEHTHbLIN

Nu=0,037 Re*® Pr®*® (Pr/PrcT)>*
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